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ENHANCEMENT 
 
 
SOCKEYE SALMON 
 

Predator Control to Enhance Sockeye Salmon Freshwater Survival in Cultus Lake 
 

Project Lead: Ken Connolly, Area E Gillnetters Association, Maple Ridge, BC  
Project Cost:  $71,540 CAN $63,885 US 
 
In 2004/05 DFO estimated the adult pikeminnow population in Cultus Lake to be about 60,000 
individuals. In 2005 about 5,000 fish were removed with a combined trap-net and angling program lasting 
nearly 4 months. In 2006, a commercial fishing vessel modified to operate a small-mesh purse seine was 
used in the lake. After an initial period of experimentation, the vessel captured nearly 15,000 adult 
pikeminnow over a 5 week period. Continued removals at this rate should significantly decrease the size 
of the adult pikeminnow population and lower the rate of predation on juvenile sockeye salmon. The 
survival of juvenile sockeye salmon will be monitored by DFO with acoustic estimates of fry abundance 
and smolt counts, and the survival of salmon broods affected by predator control will be compared to the 
long time series of pre-control data. Benefits should also accrue to hatchery fry releases in the lake, as 
they should be exposed to lower rates of predation during the fall and winter months in the lake. 
 
It should be noted that this program is 
experimental in nature as the significance of 
pikeminnow as predators relative to the other 
sources of mortality in the lake remains unknown. 
Unlike other predator control programs, however, 
the magnitude of the pikeminnow population is 
reasonably estimated, and removal methods, if 
applied over a number of years, have the potential 
to significantly decrease the size of the 
pikeminnow population, thus maximizing the 
potential for sockeye survival in Cultus Lake. 
 
A 250 m purse seine will be operated from a 36 ft 
fishing boat (Rumours I) specifically designed to catch northern pikeminnow on Cultus Lake.  The 
relatively small size of this boat, compared to other purse-seiners, ensures its suitability for the lake given 
the limited launching facilities, confined navigable waters and the large recreational boating use of the 
lake.  The boat has been modified to fish with the specially built northern pikeminnow purse-seine and 
was operated successfully last year on Cultus Lake.  Experience in 2006 will result in some modifications 
to both the boat and net. 
 

 2007 Predator Control to Enhance Sockeye Salmon Freshwater Survival in Cultus Lake.  
Final Report 

 
 
 
 
 
 
 
 



DNA Sampling of Broodstock Used for the Recovery of Cultus Sockeye. Year 2 
 
Project Lead: Stephen Latham, Pacific Salmon Commission, Vancouver, BC  
Project Cost:  $9,585 CAN $8,559 US 
 
Recovery efforts for Cultus Lake sockeye include traditional hatchery supplementation and complex 
captive broodstock procedures at two hatcheries. Each technique poses different potential risks to the 
genetic diversity of the population; also, their relative effectiveness as conservation tools has not yet been 
determined. To address these issues, tissue samples have been collected during spawning (since 2004) for 
future DNA analysis so that genotypic parentage analyses can be performed on successfully returning 
offspring in subsequent years. Genotypic data will permit an evaluation of the genetic benefits thought to 
be conferred by the ‘genebank’ approach to captive broodstock. The pedigree of successfully returning 
sockeye will be used to compare the success rates of captive-bred individuals with those that were 
supplemented traditionally. This project does not involve the actual DNA analysis. Rather, it is focused 
on the continuation of the sampling of tissues, ensuring that parental genotypes can be documented 
together with other data of interest (date of return, date of spawn, size, sex, number of mates, etc.), 
thereby facilitating this essential research after offspring return starting in 2011. 

 
Collection of DNA and Matching Data for Cultus Lake Sockeye 2007.   Final Report   

 
 
CHINOOK SALMON 
 

Campbell River Mainstem Chinook Enhancement 2007/08 - Year 3 
 

Project Lead: Mike Gage, Tyee Club of British Columbia, Campbell River, BC  
Project Cost:  $10,071 CAN $8,993 US 
 
Campbell River chinook have been enhanced at a facility established on the Quinsam River, a major 
tributary of the Campbell for nearly 30 years, with many adults now treating the Quinsam as their natal 
stream, leaving much of the mainstem Campbell River under-seeded.  Recent improvements to the flow 
regime, including establishing a more natural hydrograph and more controlled spill events on this BC 
Hydro regulated system, as well as restored spawning and rearing habitat on the Campbell River and its 
estuary have created an opportunity to increase mainstem spawner success. As the Quinsam River 
confluence is downstream of nearly 3.5km of the mainstem Campbell, getting adults to return to the high 
quality chinook habitat in the upper reaches is a priority objective. By placing instream incubators above 
the confluence it is anticipated the Chinook will migrate past the Quinsam River and utilize the high 
quality habitat now existing in the Campbell mainstem. Tracking where the Chinook adults choose to 
spawn will also help to direct future efforts to improve spawning conditions in the Campbell. 

 
Campbell River Mainstem Chinook Enhancement Year 3 -Brood 2007.  Final Report 

 
 

Salmon River Chinook Recovery 
 
Project Lead: Gerry Mitchell, Sayward Fish and Game Association, Sayward, BC  
Project Cost:  $4,500 CAN $4,019 US 
 
Escapements of chinook to the Salmon River have declined from a recorded high of an estimated 7,000 
adults to a low of 50-100 adults, with a fifty year average of approximately 1,000. Using a combination of 
soft and hard enhancement techniques in a partnership between a local non-profit community group, 



DFO’s Community Advisor and Quinsam hatchery, this project will accomplish a goal that neither can do 
on their own. In consultation with Atlegay Fisheries Society staff, broodstock will be captured in the 
lower river. The volunteers, with support from the DFO Community Advisor, will collect and incubate 
the eggs to the eyed stage and then transport them to Quinsam hatchery where they will be hatched, 
thermally marked and reared to release weight. Volunteers and hatchery staff will then move the smolts 
back to the Salmon River where they will be released into net pens and held for 24hrs to assist them in 
imprinting on the Salmon River. The release site is above an obstruction that prevented Chinook from 
accessing this part of the river for over 30 years. This barrier was removed several years ago, thus the 
release site will hopefully re-establish adults in the upper watershed. Once released, the smolts will 
migrate to the estuary, approximately 35 km downstream. This project is planned for a minimum of 5 
years or one brood cycle. This is the second year of the cycle with 2005/06 being the test year in which 
32,656 juveniles were released in May of 2006. Other initiatives related to this project include a 
partnership with The Center for Aquaculture and Environmental Research (formally West Van Lab). This 
project with assistance from Cedar Chittenden will show adult distribution and the extent of that 
distribution by tracking acoustic tags placed in returning adults and tracked from various sites in the 
Salmon River. We have also taken genetic samples and have done two helicopter flights to aid in 
broodstock capture as well as getting a better overall stock assessment number. These flights have been 
donated by Western Forest Products for the fall of 2006. The project staff hopes to see the stock recover 
to previous returns of 800 to 1000 spawning adults. The project staff will sample adults for otoliths to 
begin analyzing the extent of straying from Quinsam to the Salmon River. 

 
Final Report for Salmon River Chinook Recovery Project 2006-2007.  Final Report 

 
 
MULTI-SPECIES 
 

Evaluation of the Use of an Electrical Gradient as a Seal Deterrent 
 
Project Lead: Jim Cave, Pacific Salmon Commission, Vancouver, BC  
Project Cost:  $35,000 CAN $31,255 US 
 
Pinniped populations have increased dramatically along the west coast of North America since being 
protected in the early 1970s. Seals and sea lions are opportunistic predators and tend to forage where fish 
are most concentrated and vulnerable. Salmon may be preyed upon while holding in rivers, entering fish 
ladders or counting fences, or removed from nets and impoundments, which has created conservation 
concerns and interfered with stock assessment activities. Effective deterrents for mitigating these 
localized interactions are not currently available. Electrical fields have been successfully used to create 
barriers limiting fish and wildlife movements, and may have potential for deterring seals and sea lions.  
The barriers establish an electrical gradient between an anode and cathode placed up to several meters 
apart. The response of animals entering the gradient is a function of body size.  Given the size-selective 
exposure, it may be possible to establish an electrical barrier that would repel seals and sea lions, without 
affecting the smaller prey on which they are feeding. In recent years, the Pacific Salmon Commission’s 
Cottonwood and Whonnock test fishing operations have been severely impacted by seal presence and 
predation. Seals can remove a significant proportion of salmon caught in some cases up to 100% of the 
catch. During high sockeye abundance, the presence of aggressive seals may affect the behaviour of fish 
in the vicinity of the net such that the proportion of fish caught in these test fisheries is significantly less 
than the historical averages or inter-annual range. A prototype electrical deterrence system was designed 
and manufactured by Smith-Root for the Pacific Salmon Commission for deployment on salmon gillnets 
to deter seal predation; however, further trials are required before its effectiveness can be determined.  

 
Evaluation of the Use of an Electrical Gradient as a Seal Deterrent.  Final Report 



 
HABITAT RESTORATION 

 
GEORGIA BASIN 
 

Squamish River Estuary Restoration. Year 3 
 
Project Lead: Edith Tobe, Squamish River Watershed Society, Squamish, BC 
Project Cost:  $28,405 CAN $25,366 US 
 
This project would support the final phase of the Mamquam Reunion project that will be focused in 2007, 
on restoring and improving Squamish River estuary habitats, including the now isolated Mamquam Blind 
Channel and Wilson Slough (an arm of the Blind Channel). This major distributary channel of the 
Squamish and Mamquam Rivers has been isolated by highway and railway corridors for the past 80 years.  
This tidal channel, that has not supported juvenile salmonids for decades, will once more provide high 
quality rearing habitats for coho and chinook salmon juveniles throughout the year.  
 

A new culvert will be installed across the 
Vancouver-Whistler Highway 99 corridor into 
Wilson Slough and additional channels 
constructed by the spring of 2007 that will re-
connect the eastern and western tidal portions 
of the Loggers Lane Creek / Mamquam Blind 
Channel watershed. The culvert installation is 
specifically designed as an enhancement 
legacy of the highway project that will 
complement the Mamquam River floodplain 
and Squamish Estuary restoration works which 
the Southern Fund has supported over the last 
two years.  
 

The CN railway corridor, which isolates the Mamquam Blind Channel from the central Squamish River 
estuary, will be breached by a new water control structure which will allow rearing salmonids full use of 
both habitats by the spring of 2007. The proponents of both those projects will be expending in excess of 
$300,000 Canadian in early 2007, as their contribution to the overall Squamish River Estuary and 
Mamquam River floodplain restoration effort. The 2007 contribution requested from the Southern Fund 
will allow further restoration of the tidal habitats adjacent to these two new structures to take advantage of 
the newly accessible habitats that will provide good habitat for juvenile chinook, coho, chum and pink 
salmon during their freshwater rearing phase. 

 
Squamish River Estuary Restoration.  Final Report 

 
 

Cowichan River – Stoltz Bluff Remediation. Year 2 
 
Project Lead: James Craig, BC Conservation Foundation, Nanaimo, BC 
Project Cost:  $55,991 CAN $50,000 US 
 
The Stoltz Bluff remediation project began in July 2006 with in-stream civil works completed by 
September 15, and bioengineering treatments expected to be completed by May 31, 2007. In 2007/08, the 
following activities are proposed as an integral part of Stoltz project completion:  



 
(a) All in-stream and bioengineering works installed in 2006/07 will be monitored and maintained, as 
required. Any resultant in-stream construction will require an appropriate level of environmental 
monitoring consistent with federal/provincial regulations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) A geotechnical investigation of Stoltz Bluff will be done to determine the composition of underlying 
strata, groundwater levels, pore water pressures and likely failure mechanisms. (c) Instrumentation 
(peizometers) will be installed and monitored to facilitate slope stability analysis for identifying the 
mode(s) and potential severity of future slope failures. The results of slope stability analysis will dictate 
whether future upslope stabilization measures will be conducted, where these will be targeted, and what 
techniques are likely to be successful in the long term. (d) Design drawings, environmental approvals and 
construction management will be required for all work within Cowichan River Provincial Park. (e) A 
geotechnical report will be prepared which describes the monitoring results, options and 
recommendations for future upslope remediation to complement in-stream construction completed in 
2006. 
 

Stabilization Works at Stoltz Bluff in Cowichan River.  Final Report 
 

 
Englishman River Side-Channel. Year 2 – Channel Construction 

 
Project Lead: Bob Grant, Community Development Fisheries Centre, Nanaimo, BC 
Project Cost:  $100,000 CAN $89,300 US 
 
DFO has surveyed and developed a side-channel design on the Englishman River on the East Coast of 
Vancouver Island. The total channel length or wetted area will exceed 3.5 kms or a minimum of 30,000 
sq. m.  Due to the size and cost of the project, the channel will be built in 2 phases. The first phase, 



completed in the summer of 2006 and funded in part by the Southern Fund, involved the construction of 2 
river intakes. 
 
The second phase, proposed for the summer of 2007, 
will focus on the construction of the side-channel. The 
completion of the project will increase the habitat 
capacity of the Englishman watershed for coho by 50-
100%. We also anticipate that the channel will 
increase the overall productivity of the coho 
population in this watershed.  As a significant coho 
population in the Georgia Basin West Management 
Unit, the increase in productivity will benefit the 
status of the Unit, which is now low, and this may 
translate into larger long term average harvest rates. 

 
Englishman River Side Channel Phase 2 – Channel Construction.  Final Report 

 
 

Water Storage Feasibility on East Coast Vancouver Island 
 
Project Lead: James Craig, BC Conservation Foundation, Nanaimo, BC 
Project Cost:  $30,000 CAN $26,790 US 
 
In prioritized east coast Vancouver Island (ECVI) watersheds, the feasibility of potential stream flow 
improvement projects will be initiated and/or continued in partnership with Ministry of Environment 
(MoE), DFO and Ducks Unlimited Canada. Climate change in the North Pacific since the early 1990s has 
strongly influenced salmon and steelhead returns to the Southern Fund’s geographic area of concern.  In 
response to changing weather patterns, freshwater productivity has declined with an increased frequency 
of flood and drought events. On the ECVI the occurrence of summer droughts over the last decade has 
been tied to below normal precipitation compounded by low residual mountain snow packs. The net result 
is that streams unsupported by storage from lakes or reservoirs are increasingly subject to low flows and 
high water temperatures with significant impacts to native salmon and trout stocks. This is particularly 
true for species like coho, chinook, steelhead and anadromous cutthroat trout that depend on extended 
stream rearing (up to 3 years) before migrating to the ocean as smolts. Droughts and warm water also 
affect the survival and reproductive success of early adult migrants like summer chinook (Puntledge and 
Nanaimo rivers). Initial assessment and ranking of potential storage projects on ECVI headwater lakes 
and wetlands is underway supported by funding from the new provincial Georgia Basin Living Rivers 
Program. Working with the above partners, BCCF has begun to identify institutional, biological and 
engineering factors and constraints to be considered prior to further project development (i.e., dam/weir 
construction/modification). Consultations with and support from landowner and/or tenure holders is 
crucial to the success of such projects. This project will support ongoing consultations as well as 
hydrologic, engineering and other feasibility assessments required to confirm or reject candidate sites 
identified in 2006. Restoring watershed processes, particularly creation of headwater storage to reduce 
drought impacts, is consistent with the BC government's plan to improve scientific understanding of water 
management issues related to climate change, develop practical tools and strengthen water management 
policies. Through adaptation, the goal is to be able to reduce some of the adverse effects of climate 
change. New models for water management and allocation are being considered for community level 
implementation in Southern BC. 

 
Project Update - Water Storage Feasibility on East Coast Vancouver Island, 2007.  Final Report 



Millstone River Side-Channel. Year 2 – Channel Construction 
 
Project Lead: Steve Corscadden, Nanaimo Fish and Game, Nanaimo, BC 
Project Cost:  $125,000 CAN $111,625 US 
 
Coho salmon introduced into the Millstone River in the early 1980’s, are currently unable to migrate past 
a set of falls in upper Bowen Park. These falls are located immediately above an existing series of 
fishways that were built by DFO and the Nanaimo Fish and Game Club in 1982. Coho studies on 
Millstone River were conducted between 
1981 and 1998. The habitat above these 
obstructions was concluded to be highly 
productive for coho salmon. The coho 
would be able to utilize over 10 kms of 
mainstem habitat, Brannen Lake and its 
tributaries for spawning and rearing.  
From 1981 to 1997, up to 150,000 coho 
fry were transplanted into the upper 
Millstone River. The maximum 
production from these releases was 
30,000 smolts. Six years ago, Nanaimo 
Hatchery began transplanting 200-300 
adult coho salmon from the Nanaimo 
River into the Millstone. Up to 30,000 
smolts have been produced from these 
adult transplants. In 2003 and 2004, 500-
1,000 adults returned. Nanaimo hatchery staff now captures these returning fish and transports them back 
above the falls. We are proposing the construction of a by-pass side-channel around the last series of falls 
in Bowen Park. This will allow the coho to migrate into the upper watershed on their own.  This will also 
provide adult access for cutthroat and steelhead salmon. The long-term goal is to develop a self-sustaining 
coho run in the Millstone River.  This has the full support of the DFO and the Ministry of Environment 
and the City of Nanaimo, Parks Commission. 

 
Millstone River Fish Bypass Channel Design and Construction Summary. Final Report 

 
 

Georgia Basin Eelgrass Habitat Restoration Project 
 

Project Lead: Nikki Wright, SeaChange Marine Conservation Society, Seagrass Conservation Working 
Group, Brentwood, BC 

Project Cost:  $49,260 CAN $43,989 US 
 
This project will investigate the potential for restoration of eelgrass beds in three locations within the 
Georgia Basin: Nanaimo River estuary, Squamish River estuary and McKenzie Bight. Three test plots 
will be established in areas that historically have been used for log storage. The monitoring results will 
inform further restoration plans in these locations, as well as provide much needed information on the 
future prospects for restoration of salmonid habitat in retired log lease areas. Zostera marina beds are 
critical marine environments for chinook, coho, pink, chum, and sockeye salmonid stocks. 
 

A Strategy for Community Eelgrass Restoration in British Columbia.  Final Report 
 

 



Habitat Assessment and Rehabilitation Designs for Koksilah River Watershed 
 

Project Lead: Ernie Elliott, Cowichan Tribes, Duncan, BC 
Project Cost:  $22,396 CAN $20,000 US 
 
The Koksilah River watershed supports anadromous populations of Chinook, coho, chum and steelhead 
as well as other species. Forestry and agriculture (largely dairy farms) are the main land use activities in 
the watershed. This proposal applies to the Koksilah River mainstem, and Kelvin, Norrie and Glenora 
Creeks and consists of the following three components: (1) an overview watershed assessment to identify 
priority sub-basins and reaches in relation to their importance to target salmon species, probable critical 
limiting factors and potential for rehabilitation success, (2) detailed habitat assessments on priority 
reaches to identify habitat condition, type and severity of impact and opportunities for rehabilitation, and 
(3) designs for specific treatments or structures that address the rehabilitation of watershed processes and 
critical habitats. Burns (2002) described 68 opportunities to improve salmon production in the Koksilah 
River and tributaries in a report titled ‘A Salmon Production Plan for the Cowichan Valley Regional 
District’. The rehabilitation opportunities will be reviewed in the field with T. Burns and detailed designs 
will be prepared for high priority sites. This will be a collaborative project between Cowichan Tribes, 
LGL Limited, Island Timberlands and BC Ministry of Agriculture and Lands. Cowichan Tribes and LGL 
Limited will be responsible for fish habitat assessments and in-stream and off-channel rehabilitation 
designs. Island Timberlands will implement a detailed watershed assessment, concentrating on 
hydrologic, hillslope, road, riparian and channel assessments on the lands they manage. BC Agriculture 
will contact landowners that have lands adjacent to watercourses to encourage the initiation of 
Environmental Farm Plans with an emphasis on riparian zone protection measures and rehabilitation 
activities. 

 
Fish Habitat Assessment of the Koksilah River Watershed, British Columbia.  Final Report 

 
 
FRASER BASIN 
 

Fish Passage Improvements in the BC Interior. Year 3 
 
Project Lead: Sean Bennett, Fisheries and Oceans Canada, Kamloops, BC 
Project Cost:  $39,194 CAN $35,000 US 
 
Several culverts have been identified by Fisheries and Oceans Canada, Ministry of Transportation, 
First Nations and Community Groups in the BC Interior as requiring passage improvement.  Through 
partnership with the obstruction’s “owner”, passage conditions can be improved to restore access to 
several kilometers of habitat for Coho, Chinook, and Sockeye.  Due to the large area of habitat that 
becomes re-accessible, the cost effectiveness of passage projects is often very high with little or no 
on-going maintenance requirements other than routine monitoring to ensure physical stability of the 
improvements and the continued passage. Culvert and Weir Passage Improvements in the BC Interior 
was funded by the PSC for the 2005/06 and 2006/07 years.  Through these projects an additional 32 
structures have been further identified as being passage barriers that need to be addressed.  When 
completed the 2006/07 fish passage project should address 8-12 of these structures (exact figure will 
depend on funding from external partners).  The same techniques such as baffling, as per the Land 
Development Guidelines, downstream rock weir(s), small fishways or complete structure removal 
will continue to be used.  It is expected that the 2007/08 continuation will re-open another 30 km (19 
miles) of habitat. 

 
Culvert and Weir Passage Improvements in the BC Interior.  Final Report 



Coldwater River Habitat Restoration. Year 3. 
 

Project Lead: Dave Coutlee, Nicola Tribal Association, Merritt, BC. 
Project Cost:  $63,234 CAN $56,468 US 
 
The Nicola Tribal Association (NTA) in partnership with DFO, local landowners, and the Nicola 
Watershed Community Round Table, proposes to restore critical in-stream fish habitat at two sites on the 
Coldwater River near Merritt, BC to assist in the recovery of Interior Fraser coho and “early early” run 
spring chinook salmon.  Lack of stable, complex over-summering and over-wintering habitat for these 
species, including adult spawner cover, was identified in the Coldwater River Watershed Recovery Plan.  
Treatment designs and specifications have been developed by LGL Ltd. of Sydney, BC for the NTA.  Site 
1 is a chronic sediment source; and Site 10 has been assessed as having potential to provide high benefits 
for coho, chinook, and steelhead rearing habitats when restored.  Completion of Sites 1 and 10 will, in 
combination with the work done in 2005 and 2006 supported by the Southern Boundary Fund and other 
partnership funding, result in substantial completion of the high priority sites identified in the LGL report 
of 2005.  In brief, the following work will be carried out:   
Site 1: intensive planting and watering program, coupled with livestock exclusion fencing in cooperation 
with the landowner;  
Site 10: bank stabilization and provision of in-stream habitat structures, combined with riparian 
restoration (planting and livestock exclusion fencing) in cooperation with the landowner. 

 
Coldwater River Habitat Restoration 2007 As Built Report.  Final Report 1  Final Report 2 

 
 

Chilliwack River Off-Channel Habitat Project. Year 3 
 

Project Lead: Krista Englund, Fraser Valley Regional Watersheds Coalition, Chillwack, BC 
Project Cost:  $69,000 CAN $61,617 US 
 
This project will be the final phase of an on-going high priority off-channel habitat restoration project at 
Pierce Ponds in the Chilliwack River Watershed. This abandoned 2,000 meter long side channel of the 
Chilliwack River is groundwater fed from the nearby Larson’s Bench aquifer. The combination of cool 
and consistent groundwater flows and its location out of the present river flood plain makes Pierce Ponds 
an excellent site for restoring off channel habitats for coho salmon. This population of the Lower Fraser 
coho conservation group has suffered extensive losses of floodplain habitat over the past 125 years and 
continues to lose habitat to land development as a result of ongoing human population growth in the 
watershed.  Although the Chilliwack River has strong numbers of hatchery produced coho salmon, wild 
coho salmon numbers have declined over the past decades due to decreased marine survivals and 
deteriorating freshwater habitat conditions.   
 
Due to the immense size and potential of the site, the restoration work has been phased over multiple 
years. With partial funding from the Southern Boundary Enhancement and Restoration Fund in 2005 and 
2006, a series of five groundwater fed ponds were established and connected to each other, to Pierce 
Creek, and to the Chilliwack River via spawning channels.  This final phase of the project will maximize 
the potential of the site by enhancing access to additional pond habitat at the uppermost end of the site 
and throughout the entire complex. Specifically, 3,000 square meters of additional pond habitat will be 
linked to the complex and a 2,500 square meter riffle-pool sequence will be created, drawing additional 
groundwater into the restored habitat complex downstream. This will provide coho with consistent access 
to established rearing habitats and new spawning and rearing habitat at the upper end of the complex. 
Since 1999, project partners other than PSC have contributed $193,500 in cash and in-kind services to 



support restoration work at Pierce Ponds. These same partners will be approached for a partnership in 
2007 to complete the final phase of the project. 

 
Pierce Ponds Off-Channel Habitat Project Summary.  Final Report 

 
 

Nicola Basin Stream Flow Recovery and Development of In-stream Flow Requirements. Year 2. 
 
Project Lead: Phil Hallinan, Fraser Basin Council, Kamloops, BC 
Project Cost:  $80,000 CAN $71,440 US 
 
The Nicola River and many of its major tributaries have been jointly identified by provincial and federal 
agencies, as well as the Nicola Tribal Association, as one of the most flow and temperature sensitive fish 
streams in British Columbia. In 2003/04, the Outdoor Recreation Council identified the Nicola as the 
most endangered river in B.C. – mostly due to recent trends of critical low flow and lethal stream 
temperatures. The basin is a critical spawning and rearing area for a variety of salmonid and non-
salmonid fishes including Thompson Coho (listed by COSEWIC), Chinook (key indicator stock for the 
Pacific Salmon Treaty), Thompson Steelhead (threatened) and Bull Trout (blue listed). The key limiting 
factor to fish production is water, and more specifically, suitable flow regimes for fish and their specific 
life history requirements. Off-stream water demand is intense and competes directly with in-stream 
requirements.  Historically, agriculture, industry, and urban/domestic sectors have been the main users of 
surface and groundwater sources, but new development proposals with associated water needs are on the 
rise. Without groundwater regulation, new wells are being drilled without knowledge of potential impacts 
to surface hydrology and in-stream flow needs. The basin has been at least fully allocated in terms of 
water licensing in relation to storage (e.g. Nicola Lake, Mamitt Lake), while river base flows have likely 
been over-allocated, without consideration of in-stream flow requirements. Both government agencies, as 
well as First Nations and the community at large realize that the lack of proper water management (supply 
and demand) needs to be addressed in order to meet future challenges (e.g. climate change). To this end, 
members of the Nicola Watershed Roundtable have initiated a process known as the Nicola Water Use 
Management Plan (WUMP). To date, various information gaps have been identified, and in-stream flow 
requirements together with improved hydrometric and temperature data have been highlighted as key to 
development of a comprehensive water use plan. The overall goal of this project is to gain a better 
understanding of the relationships between stream flow, stream temperature and anadromous fish stocks 
at key life history stages. Information collected will be used to make science-based recommendations on 
in-stream flow requirements to a multi-stakeholder group within the WUMP process. The project aim is 
to improve the productive capacity of habitat in the basin, particularly in low flow and drought years 
which directly limits fish production.  
 

Nicola Basin Stream Flow Recovery & Development of In-stream Flow Guidelines.  Final Report 
 

 
South Thompson River Chinook Spawning Area Remediation. 

 
Project Lead: Phil Hallinan, Fraser Basin Council, Kamloops, BC 
Project Cost:  $60,000 CAN $53,580 US 
 
On the South Thompson River immediately below the outlet of Little Shuswap Lake a one kilometer 
stretch of the river bank is being actively eroded and as a result, massive amounts of fine silty material are 
being washed over an area that contains the highest density of spawning Chinook salmon not only within 
the BC Interior but the Pacific Region. This area of the river immediately downstream of Little Shuswap 
Lake is a preferred spawning location for Chinook salmon, and during the third week of October 2005 an 



estimated 35,000 chinook salmon were counted 
just within and near this stretch of the river.  
During the fall spawning period in 2006 an 
estimated 100,400 adult Chinook spawned within 
the South Thompson River either immediately 
adjacent or downstream of this bank failure.  The 
size of this chinook run is the largest in the Pacific 
region (R. Bailey, pers comm.). The landowner 
has been trying to prevent sedimentation from 
entering the river and degrading the water quality 
through a large tree planting program to slow the 
erosion rate of the bank. Unfortunately these 
efforts are futile without assistance from more 
erosion resistant materials such as rock and large trees.  
 
A series of 4 rock and log groins that extend 3 m 
into the stream channel and 6 meters back into the 
bank itself will be constructed at intervals of 
approximately 100 meters. In between each of the 
groins 20 logging truck loads of mature conifer 
trees with branches and root wads attached will be 
placed and anchored back to the rock groin.  In 
addition extensive planting will be undertaken to 
further stabilize the toe of the bank and provide 
long term stability while improving the quality of 
fish habitat in the reach through additional 
complexity. Extensive planting at the toe of the 
slope using quick growing and deep rooted willow 
species will provide future bank and fish protection.  Planting will involve the use of hundreds of 
large diameter pre-cut and sharpened willow stakes that are a minimum of 1.5 to 2 m in length and 10 
to 15 cm in diameter.  These willow stakes will be driven into the bank with the excavator on site at 
approximately 1 m intervals.   
 

South Thompson Streambank Restoration.  Final Report 
 

 
Assessment of Contaminant Exposure Risks to Cultus Lake Sockeye Embryos 

 
Project Lead: Sue Grant, Fisheries and Oceans Canada, Delta, BC 
Project Cost:  $46,000 CAN $41,078 US 
 
The Cultus Lake sockeye recovery plan identifies contaminant exposure of Cultus Lake sockeye in the 
freshwater environment as one potential threat to population recovery. Although other aspects of 
freshwater survival have been assessed, contaminant exposure risk to the freshwater survival of Cultus 
Lake sockeye has not yet been investigated. Contaminants that represent an exposure risk to this 
population include polycyclic organic hydrocarbons (PAH’s) introduced from the heavy boating activity 
that occurs in Cultus Lake, in addition to contaminants released from septic fields such as 
pharmaceuticals e.g. antibiotics and antibacterials e.g. Tryclosan and contaminants deposited 
atmospherically through long-range transport mechanisms  e.g. pesticides, metals, persistent 
organochlorines. The life-history stages most vulnerable to contaminant exposure include the embryo and 
aelvin stages.  After deposition by spawning adults, the egg and subsequent aelvin stages incubate in 



spawning gravel substrate on the lake bottom.  These stages may be exposed to contaminants in the 
surrounding water and sediment. Both the development and survival of these stages can be affected by 
exposure to contaminants and can therefore affect subsequent recruitment. This proposal is part of a two 
phase proposal. In the first phase, we propose to assess contaminant concentrations in environmental 
compartments (water and sediments) that represent exposure routes for developing embryos and aelvins. 
A suite of contaminant concentrations will be assessed that include PAH’s, metals, pesticides and 
pharmaceuticals. Laboratory analysis will involve a suite of standardized analytical packages conducted 
by Environment Canada’s Environmental Sciences Centre (PESC). If contaminants are detected, the 
second phase (subsequent proposal) will assess the toxicological effects of observed contaminant ranges 
on developing embryos both in the laboratory and in situ.  In the current proposal prior to phase II, in situ 
methods will be evaluated by placing egg tubes at key spawning locations to assess sockeye embryo 
development and mortality at these sites. 
 

Contaminant Exposure Risk to Developing Cultus Lake Sockeye Embryos: Part I. Metals, 
Pesticides and Polycyclic Aromatic Hydrocarbons.  Final Report    

 
 
WEST COAST VANCOUVER ISLAND 
 

Kauwinch River Side-Channel. Year 2 
 

Project Lead: Roger Dunlop, Nuu-chah-nulth Tribal Council, Port Alberni, BC 
Project Cost:  $19,932 CAN $17,799 US 
 
The Kauwinch River Sidechannel Habitat Enhancement project aims to increase the natural rearing 
capacity of an aggraded mainstem sidechannel of the Kauwinch River to enhance the natural production 
of a West Coast Vancouver Island Chinook spawning population. The project will install ten ballasted 
large woody debris complexes including an intake structure in a sidechannel of the Kauwinch River 
located at river km 1.3 (left bank) as per prescriptions developed by Komori and Wong 2004. Although 
not a Chinook Technical Committee WCVI Chinook indicator stream, rehabilitation of the side channel is 
expected to increase production of wild Chinook and coho from the Kauwinch River and Kyuquot Sound 
(Area 26). Salmon production from this river contributes to AABM and ISBM Chinook fisheries and 
Canadian First Nations and recreational coho fisheries.   

 
Summary Report Kauwinch River Sidechannel Habitat Enhancement, WCVI.  Final Report 

 
 

Harris Creek Side-Channel 
 

Project Lead: Helen Dunn, Pacheedaht First Nation, Port Renfrew, BC 
Project Cost:  $75,000 CAN $66,975 US 
 
Fisheries & Oceans Canada (DFO) will provide biological and engineering support to construct a side-
channel complex, approximately 1.7 kilometers long. The channel has a regulated surface water intake on 
Harris Creek designed to deliver over 14 cfs (0.4cms) during fall and winter base flow period. Additional 
spring and early summer flow as well as late fall and winter flow is also provided from an intermittent 
creek originating from Lizard Lake. Due to the size and cost of the project, construction is planned over a 
two year period. In the summer of 2006, road access to the channel was completed and a portion of the 
channel was excavated. Pipe and intake fabrication is still outstanding but will be completed by Teal 
Jones’ Forest Investment Account (FIA) by the end of 2006/07 fiscal. The completed side channel 
complex will provide quality stable spawning and rearing habitat for chinook and coho salmon and will 



also benefit trout, steelhead and chum salmon. Opportunities exist for planting up to 25K hatchery 
chinook juveniles in the channel from the Port Renfrew Enhancement Society Hatchery to off-set costs 
for producing 0+ smolts. An additional 15-30K wild chinook juvenile are expected to rear in the channel. 
Post-construction monitoring will be undertaken by the Pacheedaht First Nation staff with assistance from 
the DFO Resource Restoration Division. 
 

 Harris Creek Side-Channel.  Final Report 
 

 
Charters Creek Salmon Habitat Restoration Project 

 
Project Lead: Jim Hamly, Juan De Fuca Salmon Restoration Society, Victoria, BC 
Project Cost:  $14,980 CAN $13,377 US 
 
The Sooke River, South West Vancouver Island, supports runs of anadromous chinook, chum, coho, 
steelhead, cuttthroat as well as resident rainbow and cutthroat. The Sooke River (and Charters Creek) 
chinook and coho contribute to important Canadian and American mixed stock fisheries for both 
commercial and sport fishers. As well, Charters Creek and Sooke River chum provide important Food 
Social and Ceremonial fishing opportunities for the T’Sou-ke  First Nation.  
 
Charters Creek has been negatively impacted by stream channelization for highway construction and a 
Capital Regional District reservoir dam that limits sediment input. Thus factors limiting fish production 
on Charters Creek are a lack of suitable rearing pools and spawning habitats. The project’s planned LWD 
structures are designed to maintain pools and provide cover to emerging and rearing fry. By complexing 
with both riffles, spawning gravel and LWD, a variety of habitat will be created. 
 
The local non-profit Juan De Fuca Salmon Restoration Society (JFSRS) along with Hamly Environmental 
Technology (HET), T’Sou-ke Nation Fisheries (TNF), the South Islands Aquatic Stewardship Society 
(SIASS) and DFO have been working for the past five years towards the restoration of salmon habitat in 
the creek. Other partners in the project include CRD Water and Western Forest Products.  

 
Charters Creek Salmon Habitat Restoration Project.  Final Report 

 
 

Nahmint River Side-Channel Construction Feasibility Study 
 

Project Lead: Mel Sheng, Fisheries and Oceans Canada, Nanaimo, BC 
Project Cost:  $15,018 CAN $13,411 US 
 
A committee, with representation from DFO, local First Nations and the sports/commercial fishing 
industry recently reviewed Nahmint River chinook fisheries management issues, stock status, habitat 
conditions and the hatchery program. Following consultation with the Ministry of Environment, it was 
concluded that Chinook productivity in the watershed was limited to the lower 4.8 kilometers of the river. 
Within this reach, spawning habitat is limited partially due to tidal influence in the lower 2 kilometers and 
by a lack of riffle habitat in the remaining anadromous reach.  
 
DNA analyses and a review of age composition data indicated that this Chinook stock is unique on the 
West Coast of Vancouver Island. The proximity of the watershed to the Port Alberni Inlet Stamp-Somass 
Chinook sport fishery in conjunction with its limited productive capacity potentially places this stock at 
risk. Hatchery augmentation began in 1982 in response to declining returns, however, weak returns still 



occur in 2 out of 5 return years. This is in part due to the difficulties of capturing hatchery broodstock in 
weak years compounded by extreme difficulties accessing the site during low and high flow events.  
 
A side-channel restoration opportunity on the Lower Nahmint River has been identified as a good option 
for increasing spawning and rearing habitat. Development of this channel will also improve the 
enhancement program currently undertaken by staff from Robertson Creek Hatchery. The proponents will 
assess the feasibility of constructing the channel by installing test pits along the proposed route, 
examining the native substrate and recording the groundwater quality below the water table.  Staff will 
survey the site and determine the cost for constructing a road to the channel and river. 
 

Nahmint Chinook Habitat Restoration Side-Channel Feasibility Result - March 2009.   
Final Report 

 
 

Somass Estuary Salt Water Marsh Restoration 
 
Project Lead: Phil Edgell, Alberni Valley Enhancement Association, Port Alberni, BC 
Project Cost:  $50,000 CAN $44,650 US 
 
An 1,800 square meter saltwater bench was constructed and planted in the summer of 2006 in Somass 
Estuary marsh at Shoemaker Bay at a cost of $16,000 plus in-kind contributions. AVEA plans to continue 
this work in 2007 and construct another marsh bench approximately 7,700 square meters and plant 
estuary grass i.e. carex lynbyei, c. obnupta or slough sedge to accelerate re-vegetation. A detailed design 
will be prepared by DFO Resource Restoration and the Alberni Valley Enhancement Association. Less 
than 34% of the Somass Estuary remains in its natural state.  The loss of estuary habitat is identified as a 
limiting factor in Chinook juvenile smolt production.  Marsh benches similar to those constructed in the 
Somass Estuary in 2006 and in the Campbell River Estuary are proposed.  These marsh benches are a 
major source of food production for millions of salmonids that migrate through the estuary.  This activity 
was identified in the Somass Estuary Management Plan as a priority for increasing chinook production. 

 
2007 Somass Marsh Bench Report.  Final Report. 

 
 

Water Use Planning Forum for Stamp-Somass-Sproat Rivers, Port Alberni 
 
Project Lead: Craig Whiteman, BC Conservation Foundation, Nanaimo, BC 
Project Cost:  $100,000 CAN $89,300 US 
 
North Pacific Ocean climate change since the early 1990s has been strongly linked with decreased returns 
of salmon and steelhead to south coastal BC waters (Beamish et al 1997; Welch et al 1998, Smith and 
Ward 2000; Ward 2000, etc.).  This has coincided with reduced freshwater productivity mediated by an 
increased frequency of flood and drought events in response to regional weather patterns. Even large lake-
headed watersheds have not been spared from seasonal water supply and temperature crises, including the 
Puntledge, Cowichan and Stamp-Somass-Sproat systems on Vancouver Island.  Summer droughts, 
combined with industrial and urban water demands, have resulted in critical water shortages and 
temperature problems that threaten the sustainability of native fish stocks, hatchery operations and 
dependent First Nations, commercial and sport fisheries.   
 
The combined economic value of salmon, steelhead and trout populations in these waters represent a 
multi-million dollar resource to the province annually, and are increasingly important to coastal 
communities. For the Stamp-Somass-Sproat rivers in Port Alberni, enhanced sockeye and chinook returns 



support substantial fisheries and economic activity that have become increasingly important to the 
community’s future, particularly as the local forest industry and pulp sector continue to restructure and 
downsize.  In light of previous summer droughts, DFO has identified the rivers’ sockeye stocks as a high 
conservation priority, especially when river temperatures exceed the 18°C threshold that impedes river 
migration, and leaves hundreds of thousands of fish vulnerable to disease, reproductive failure and 
premature death. In past years, chinook salmon spawning in the upper river below Great Central Lake 
have experienced significant egg losses when flows were ramped-down at the Catalyst Paper 
Corporations dam to maintain lake storage levels in response to extended droughts.  This has heightened 
potential for conflicts and legal repercussions between government regulators, water licencees, First 
Nations and other interests. Consequently, in 2007/08 it is proposed to launch a Water Use Planning 
Forum for the basin as a whole.  
 
This process will engage government, First Nations, industry and community representatives in a 
facilitated “roundtable” review of water supply and water quality improvement options, leading to 
development of key strategies and projects for ensuring conservation flows for fish and water for other 
community needs. This process will be modeled after similar approaches in other Vancouver Island 
watersheds where Water Use Planning (WUP) has been successfully completed (i.e., Campbell, 
Puntledge, Ash and Jordan for BC Hydro facilities), or is currently underway (i.e., Cowichan and Sooke).  
In the former case, the primary objective was to “accommodate all water interests through incremental 
changes in how water control facilities store and release water” for the greater public good.  BC Hydro is 
expected to participate in the Stamp-Somass process given obvious linkages with their Ash River WUP, 
and contribution of Elsie Reservoir (Ash River) diverted flows to storage behind Catalyst’s Great Central 
Lake dam. 

 
Project in progress Final Report to be submitted in March 2010. 

 
 
PUGET SOUND 
 

North Fork Nooksack Side Channel Project 
 

Project Lead: Tim Hyatt, Nooksack Indian Tribe, Deming, WA 
Project Cost:  $65,000 US 
 
This project will see the construction of five ballasted logjams in strategic locations in the North Fork 
Nooksack River in a manner that will encourage the development of side channels attractive to spawning 
Nooksack spring chinook. The recently completed North Fork Nooksack Assessment (Hyatt et al 2006) 
has demonstrated a clear link between declining spring chinook populations and the disappearance of off-
channel spawning and rearing habitat. The prescriptions from that report emphasize construction of 
logjams to create and increase the longevity of channel islands and the side-channels associated with 
them. Ballasted logjams have been demonstrated as a cost-effective technique for habitat enhancement in 
certain circumstances, and can be constructed with less in-stream disturbance than many other methods. 
The logjams will take advantage of natural processes to encourage vegetation establishment and growth, 
resulting in protected side channel habitats where formerly there were only actively-shifting braids. 

 
North Fork Nooksack Lone Tree Habitat Restoration Project.  Final Report 

 
 
 
 
 



 
 
 

Powell Creek Off-Channel Restoration 
 

Project Lead: Kimberlie Gridley, South Puget Sound Salmon Enhancement Group, Olympia, WA 
Project Cost:  $47,000 US 
 
The Nisqually Land Trust recently bought 264 acres of Nisqually River shoreline and associated wetlands 
for permanent protection and to provide the opportunity for salmon habitat restoration. The property 
includes a small tributary to the Nisqually River, i.e. Powell Creek, and a large floodplain wetland 
complex. The wetland is connected to Powell Creek and the Nisqually River through three fish-blocking 
culverts. Restoring access to those wetlands and off-channel habitat to Nisqually salmon is ranked the 
second highest priority restoration project in the recently completed Nisqually River Off-Channel Habitat 
Assessment.  Removing the three culverts would provide connectivity to the single largest off-channel 
complex in the entire Nisqually River Basin. Following acquisition, this project will restore access to 
Powell Creek and its associated wetlands by removing the three culverts on Powell Creek. The access 
road that contains the three fish blocking culverts is no longer needed therefore the road and associated 
fill will also be removed.  An old concrete bridge abutment and rip rap left after collapse of the bridge at 
the end of the access road, located on the Nisqually River, will also be removed. The bridge abutments 
and river bank hardening prevents the river from migrating and maintaining off-channel wetlands.   The 
restoration project will make 3 miles of spawning and rearing habitat on Powell Creek accessible for 
coho, Chinook, steelhead, cutthroat, and possibly chum. 
 

Powell Creek Off-Channel Restoration.  Final Report 
 

 
OREGON 
 

Boatman Grove Channel and Wetlands Restoration 
 

Project Lead: Brett Brownscombe, Oregon Trout, Portland, OR 
Project Cost:  $10,000 US 
 
The Boatman Grove Channel and Wetlands Restoration project will restore estuary and wetland habitat 
critical to Oregon Coast chinook and coho salmon productivity by removing the lower portion of Lowe 
Creek from its currently straightened, man-made ditch and reconnecting it with a meandering tidal 
channel and its historic mouth on the Coquille River. Significant riparian and wetland habitat for 
salmonids will replace what has been managed as 107 acres of cattle pasture. One mile of creek will be 
reconnected to its floodplain, creating significant benefits for salmon habitat and improving water quality. 
Restoration will also include a detailed riparian planting plan and in-stream large wood placement to 
accelerate natural habitat formation. Extensive project monitoring will provide critical data on salmonid 
usage of restored tidal channels. Post-project, the area will be protected as a fish and wildlife preserve. 
 

Final Report to the Pacific Salmon Fisheries Commission – Southern Boundary Fund.   
Final Report  PowerPoint Report 

 
 
 
 
 



 
 
 

McKenzie-Willamette Confluence Floodplain Restoration Project (Phase I) 
 

Project Lead: Joe Moll, McKenzie River Trust, Eugene, OR 
Project Cost:  $50,000 US 
 
The McKenzie River Trust is working with the U.S. Fish and Wildlife Service and other partners to 
protect and restore over 1,000 acres of active floodplain habitat on the Green Island complex near the 
confluence of the McKenzie and Willamette Rivers.  This project is recognized as one of the largest 
habitat restoration efforts in the Willamette Valley and includes the conversion of nearly 500 acres of 
farmland to a mix of native floodplain habitats, as well as the removal of dikes and the reconnection of 
the rivers to their historic floodplain. This project will provide substantial additions of off-channel 
habitats, one of the limiting factors for recruitment of Chinook salmon in the basin.  The Trust seeks the 
support to implement the first phase of dike removal and hydrologic reconnection at Green Island. 
 

McKenzie-Willamette Confluence FloodplainRestoration Project (Phase I).  Final Report 
 

 
Inventory Fall Chinook Spawning Habitat in Oregon's Coastal River Basins 

 
Project Lead: Brian Riggers, Oregon Department of Fish and Wildlife, Moscow, ID 
Project Cost:  $70,000 US 
 
The Oregon Department of Fish and Wildlife (ODFW) have compiled an inventory on approximately 
two-thirds of the mainstem river spawning habitat available to north migrating Chinook salmon. Funding 
for these previous inventories was made available through the US-Canada Letter of Agreement (LOA) 
and administered by the Chinook Technical Committee (CTC) of the Pacific Salmon Commission (PSC).  
This project will conduct Chinook spawning habitat inventories in the remaining mainstem portions of 
rivers yet to be inventoried for Chinook spawning habitat, including areas of the Tillamook, Nestucca, 
Trask, Kilchis, Miami, Umpqua, Elk, Sixes, Yachats, and Upper Alsea Rivers. Fall Chinook are known to 
spawn extensively in both mainstem reaches and large tributaries. There is a general belief that the current 
inventory database does not accurately represent actual spawning habitat in these areas. The current 
spawning habitat database was originally developed primarily from recommendations by agency 
personnel, but due to the lack of an ongoing monitoring program, was not verified. Documenting the 
extent and location of suitable fall Chinook spawning habitat in mainstem reaches may narrow the 
sampling universe and improve the efficiency of fall Chinook survey procedures that are currently being 
evaluated. This will ultimately result in improved, more efficient monitoring methods and more reliable 
escapement estimates. 
 

Inventory of Fall Chinook Spawning Habitat in Mainstem Reaches of Oregon's Coastal Rivers.  
Final Report 

 
 
 
 
 
 
 
 



IMPROVED INFORMATION 
 
 
SOCKEYE SALMON 
 

Feasibility Study to Develop a Lower Fraser Live Capture and Tagging Facility for Salmon and 
Assess the In-river Migration Behaviour and Survival of Radio-Tagged Sockeye from Mission to 

the Spawning Grounds 
 
Project Lead: Karl English, President, LGL Ltd, Sidney, BC.  
Project Cost:  $428,244 CAN $382,422 US 
 
More reliable and timely information on return abundance and in-river survival of salmon and steelhead is 
required to manage the expanding harvests in Fraser River fisheries. Concerns regarding weak stocks 
(e.g., interior coho and steelhead, Cultus sockeye, spring-run Chinook) have increased the demand for 
more terminal and selective fisheries.  The integration of stock assessment with harvesting efforts is 
essential for building sustainable stock assessment systems.   
 
We propose to develop a lower river live capture and tagging facility that would, in conjunction with 
catch monitoring, provide reliable species specific estimates of abundance for salmon returns to the Fraser 
River.  A combination of annual mark-recapture efforts using conventional external tags and periodic 
radio-telemetry studies to assess mark-recapture assumptions and the nature of any in-river losses, would 
provide managers with more reliable estimates of spawning escapement, harvest, environmental impacts 
and enroute losses.  The facility would also provide a continuous source of salmon for biological 
sampling to assess species and stock composition, fish health, size, age and sex composition.  It is 
anticipated that the complete facility design will include at least 4 large fishwheels distributed across the 
river channel in the vicinity of the railway bridge at Mission.  Reconnaissance conducted in August 2006 
confirmed that the water depth and velocity under the Mission railway bridge are suitable for the 
operation of fishwheels at this site during a portion of the tidal cycle. Specific operational enhancements, 
including power assistance and fish guidance systems, will likely be required to increase catch 
efficiencies during low flow periods.  We propose to conduct a thorough test of 2-3 fishwheels at the 
Mission Railway Bridge and all the operational components of the proposed live capture facility and 
tagging program during the peak salmon migration period from June-September 2007.  The proposed 
study team has extensive experience with the design and deployment of fishwheels for capturing salmon, 
radio-telemetry studies and conventional mark-recapture approaches required to estimate total abundance 
and fates for upstream migrating salmon. This project builds on the 2005 and 2006 radio-telemetry 
studies used to assess sockeye survival between Mission and their spawning areas and 15 years of 
experience implementing similar assessment systems on several other large salmon rivers in BC and 
Alaska. 
 
Two fishwheels will be deployed and operated near the downstream end of the piers for the Mission 
Railway Bridge.  The bridge is owned and operated by CP Rail and we have tentative approval from CPR 
to conduct the proposed feasibility study from June through September 2007.  Fishwheel design, 
deployment and operation will be supervised by LGL staff working with local First Nations.  
Reconnaissance conducted in 2006 determined that the water depth and velocity under the Mission 
Railway Bridge are suitable for the operation of fishwheels at this site during a portion of the tidal cycle. 
Specific operational enhancements, including power assistance and fish guidance systems, will likely be 
required to increase catch efficiencies during low flow periods. Both fishwheels will be similar to designs 
successful used on the Nass and in the Fraser canyon, however, one of the fishwheels will be 50% larger 
than those deployed to date to increase the fishing depth. Power assistance technology, similar to that 
developed for the Nisga’a fishwheels in 1999, may be required to turn the fishwheels during low flow 



periods. Fish guidance systems similar to those used by US reef netters (e.g., vertical ropes connected to 
float and lead lines) will be deployed using cables and pilings driven into the river bottom downstream of 
the fishwheels.  Data forms and operational procedures will be similar to those used in the Nisga’a 
Fishwheel program for the past 15 years.   
 
Tag recovery and catch monitoring activities will be coordinated with First Nations and DFO catch 
monitoring programs.  The primary focus for catch monitoring and tag recovery in 2007 will be First 
Nation and recreational fisheries between Mission and Sawmill Creek and those in the vicinity of 
Lillooet.  Future efforts could include other fisheries.   
 
The approach for radio-tagging and sampling sockeye below Mission will be similar to that conducted in 
2005 and 2006, except that the tagging period will be extended to cover all run timing groups and some of 
the tags will be applied to sockeye caught by the fishwheels.  Depending on fishwheel capture rate, some 
sockeye may be captured using tangle netting techniques in the vicinity of Crescent Island, as in 2005 and 
2006.  Only healthy fish that are longer than 50 cm will be radio-tagged. Physiological samples (i.e., 
blood, gill tissue and fat probe readings) will be obtained from half of the sockeye tagged in 2007.  DNA 
samples will be obtained from every radio-tag sockeye for stock identification. Archival thermal loggers 
(iButton tags) will be attached to each radio tag.  This would make it possible to reconstruct the complete 
migration history for those fish where tags are recovered during spawning ground surveys.  DFO will 
cover the $11,000 required for analysis of the DNA samples (500 fish @ $22/fish) and $9000 for the 
purchase of iButton tags (500 fish @ $18/fish). 
  
The fixed-station tracking will involve the deployment of antennas and receivers at strategic locations 
along the Fraser River. Sockeye will be tracked as they pass stations located at Mission, Harrison, 
Rosedale, Hope, Hell's Gate, Thompson junction, Seton, Bridge River Rapids, Chilcotin junction, 
Quesnel junction, Nechako junction and in various spawning areas.  The Mission site will be comprised 
of two fixed stations on opposite banks for maximum detection range. Also, a fixed station will be 
deployed downstream of the tagging site at the western end of Crescent Island to determine whether any 
tagged fish move downstream after being tagged.  Methods and equipment that we plan to use will be 
similar to those used in the prior major radio-telemetry studies that we successfully conducted on Late-
run Sockeye in 2002 and 2003 (English et al. 2003; 2004a), summer-run in 2005 (Robichaud and English 
2006) and all run timing groups in 2006 (Robichaud et. al. in prep.). 
 

Feasibility of Fishwheel Use for Escapement Estimation and Results from the Salmon Radio 
Tracking on the Lower Fraser River in 2007.  Final Report 

 
 
A Study to Determine the Feasibility of Hydroacoustic Monitoring of Migrating Sockeye and Pink 

Salmon in the Marine Area 
 
Project Lead: Svein Vagle, DFO, Acoustical Research Scientist, Ocean Science Division, Institute of 

Ocean Sciences, Sidney, BC. 
Project Cost:  $144,450 CAN $128,994 US 
 
The management of Fraser River sockeye salmon fisheries relies on accurate and timely information on 
migration abundance and behavior of salmon returning to the river from marine waters. Such information 
is primarily estimated from CPUE data from purse seine test fisheries in both Juan de Fuca and Johnstone 
Straits.  As a sampling method, test fishing is time and space limited, resulting in patchy information on 
migration and behavior of returning stocks. For example, on Aug. 23, 2006, the catch estimate in the 
purse seine test fishery in upper Johnstone Strait (Area 12) was 110,800 by 2 boats for a total of 12 sets.  
This was a “guesstimate” based on the experience of the fishing crews.   Expansion of these CPUE data 



depends on the key assumption that catch ability (q) is well understood, i.e. uncertainty is modest and 
captured in the historical data.  This assumption was likely severely violated in 2006.  However, these 
observations have considerable weight on the in-season estimates of abundance of sockeye and pink 
salmon before they enter the river and pass the sonar counting station at Mission, B.C. Therefore, the in-
season run-size estimates based on the marine areas CPUE data has a profound influence on subsequent 
fishery management actions.  

Hydroacoustic technology provides an alternative approach that can sample a large volume of the water 
column on a continuing basis. The Pacific Salmon Commission has successfully applied this technology 
to in-river estimation of daily salmon passage in the lower Fraser River near Mission, B.C. since 1977. 
Here we propose a one-year feasibility study using a state-of-the-art medium-range sonar system 
combined with the development of novel data processing algorithms to determine whether acoustical 
monitoring of migrating salmon in the marine environment is feasible. Specifically, we propose to use an 
available system (DFO, in-kind contribution) consisting of a 12kHz steerable sonar array with detection 
range up to 7km, and a two-channel 100 kHz side-scan sonar for closer range target-detections (~100m). 
This sonar system has been successfully applied to detecting fish targets in the Fraser River and in the 
lower Strait of Georgia. We propose to utilize an existing marine structure; probably the lighthouse 
station at Chatham Point (50o 19.842N 125o 26.324W) in southern Johnstone Strait, as a staging area for 
deploying the cabled sonar system at a suitable depth close to shore to limit the cable length and to allow 
for monitoring of fish movement close to shore.  The goal of the proposed work is to determine whether 
such a system is capable of detecting and tracking returning salmon in Johnstone Strait. The detected 
targets will be verified by comparisons with test-fisheries samples collected by DFO in Johnstone Strait 
during the same time period and with PSC hydroacoustic data from Mission. In collaboration with DFO 
Applied Technology Section at the Pacific Biological Station (PBS) in Nanaimo we also plan to use a 
DIDSON imaging sonar to verify the observed fish targets and their migration behavior at close-up 
ranges. 

The proposed work consists of four parts: 1) to deploy a dual frequency (12kHz and 100kHz) steerable 
sidescan sonar system in 5-10m depth of Chatham Point, southern Johnstone Strait (he actual location 
may change slightly after we have had a chance to consult with local fishermen and experts). The system 
will be operated continuously during the summer migration period. 2) to determine the acoustical 
properties of the waters in the chosen location to allow for correct interpretation of the observations. 3) to 
develop algorithms for near real-time processing of data for automatic fish detection and fish flux 
estimates. This information will be passed on to the Pacific Salmon Commission on a daily basis, and 4) 
to compare these measurements with independent DIDSON measurements to identify the observed 
targets, especially close to shore. 
  

A Study to Determine the Feasibility of Hydroacoustic Monitoring of Migrating Sockeye 
and Pink Salmon in the Marine Area.  Final Report 

 
 

A Feasibility Study of Using DIDSON Imaging Sonar to Estimate Species Composition at Mission 
 
Project Lead:  Li Ding, Vitech Innovative Research & Consulting, Mission, BC. 
Project Cost:  $45,000 CAN $40,185 US 
 
The hydro-acoustics program operated by the Pacific Salmon Commission provides estimates of the daily 
passage of salmon at a site located near Mission B.C. The focus for Fraser River Panel management is 
sockeye and pink salmon and the estimates of daily passage for these key species are determined through 
an analysis of species composition of catches in test fisheries. The assessment and development of 
improved methods for the estimation of species composition has been identified by the Fraser Panel as a 
high priority. Recent applications of the high-resolution sonar system (DIDSON) at Mission and upstream 



locations have provided a unique opportunity to examine this challenging problem of species 
identification based on acquired sonar image data. (References: Xie et. al.  PSC Tech Report 16, Holmes 
et. al. ICES (63), Cronkite et. al. DFO Report 2647). 
 
The DIDSON sonar provides high resolution images of individual fish as they move across the acoustic 
beams. These images provide rich information about the shape, the size and the behavior of individual 
fish, as well as their behavior as a school. This information, when properly processed, could potentially be 
used to identify species in the Fraser River at Mission where resident species and migrating salmon 
display different behavior and distinguishable distributions of body-length.  

 
The purpose of this project is to investigate species classification methods based on fish morphometric 
and behavioral characteristics extracted from the DIDSON data collected at Mission. We will collaborate 
with the Stock Monitoring Group at the Pacific Salmon Commission (PSC), who will provide DIDSON 
data that have been collected at Mission from the 2004, 2005 and 2006 management seasons. Vitech has 
developed a software tool to automatically track individual fish in DIDSON data. The tool has been tested 
with the Mission data and shows considerable promise. In addition to generating individual trajectories, 
this tool can also be further developed to extract the size and shape of an identified fish.  
 

A Feasibility Study of Using DIDSON Imaging Sonar to Estimate Species Composition at 
Mission.  Final Report 

 
 

Evaluation of the Potential Freshwater Factors Linked to the Decline of Early and Late Stuart 
Sockeye Salmon 

 
Project Lead: David Patterson, DFO Science Research Biologist, Freshwater Ecosystems and Stock 

Assessment, Head of Environmental Watch Program, SFU, Burnaby.  
Project Cost:  $135,000 CAN $120,555 US 
 
Early and Late Stuart sockeye salmon have been declining for the past 3 generations.  A recent review by 
DFO concluded that 5 Conservation Units (CU’s) identified for the Stuart system would be classified in 
the red zone under the Wild Salmon Policy.  A proactive approach is needed to address these successive 
declines and thereby reducing the risk that COSEWIC would consider these sockeye CU’s as being at risk 
of extinction.  In contrast, Stellako and Nadina populations (Nechako), two populations that share similar 
freshwater migration corridors and marine environments, have maintained stability during the same time 
period. The disparity in abundance trends between Nechako and Stuart bound sockeye could be 
associated with freshwater habitat changes or innate biological vulnerabilities.  We propose to first review 
the status of Stuart sockeye at the run timing, CU, and spawning population level to identify potential 
freshwater factors that may be implicated in their decline.  Spatial and temporal scale analysis at the 
population level can help point to different freshwater environments within the watersheds that may have 
changed the most (e.g. forestry impacts).   
 
The second step is to provide a comprehensive evaluation of the main freshwater habitats used by Stuart 
sockeye and the potential changes associated with each habitat by life history stage.  This includes but is 
not limited to the following areas: problems associated with the freshwater adult migration conditions; 
changes in spawning habitats; deterioration in incubation environments; alterations in freshwater lake 
rearing environments; biological differences (likely genetic) in response to common environmental 
conditions (e.g. thermal tolerance/disease resistance).   
 



The third step is to provide advice on potential management actions that could be taken to facilitate a 
recovery, based on the likelihood of each of the factors identified.  Different recommendations will be 
laid out in the context of a decision analysis framework.  
 

Evaluation of the Potential Freshwater Factors Linked to the Decline of Early and Late Stuart 
Sockeye Salmon.  Final Report 

 
 

Development and Testing of In-river Fitness Biomarkers for In-season Management of Fraser 
River Sockeye Salmon 

 
Project Lead:  Kristi Miller, DFO, Head of Molecular Genetics, Pacific Biological Station, Nanaimo, 

BC. 
Project Cost:  $80,000 CAN $71,440 US 
 
It is well known that developmental and behavioral switches are largely determined by changes in gene 
expression (the turning on and off of genes to make proteins).  Hence, developmental and behavioral 
trade-offs should be detectable at the transcriptional (gene expression) level.  Gene arrays are a new 
genomics technology that monitors the expression of thousands of genes at once (expression profiling).  
This technology can be used to gain biological insight into the physiological changes associated with 
fitness and behavior under different environmental conditions.  Equally important, gene arrays can be 
used to sift through thousands of genes to identify biomarkers whose differential expression is predictive 
of a specific physiological state or behavior.    
 
For the past two years, the DFO molecular genetics laboratory (MGL) has been applying gene arrays to 
Summer and Late-run Fraser River sockeye salmon to better understand the changes in physiology that 
sockeye salmon undergo during spawning migration (Miller et al. 2006).  In these studies, we aimed to 
identify the physiological pathways that when shifted, trigger entry into the freshwater environment, and 
to find within these pathways genes that are predictive of holding behaviors and entry timing (biomarkers 
for entry time).  Furthermore, we aimed to identify the physiological states that exacerbate poor migratory 
success during adverse in river conditions (i.e. high in-river mortalities), with the ultimate goal being the 
development of predictive biomarkers that differentiate between salmon that die en-route (in river) vs. 
survive to spawn (biomarkers for in-river fitness).  Once biomarkers are identified, they can be surveyed 
using less expensive real-time technologies (e.g. quantitative PCR or QPCR) and applied for within 
season management, similar to the application of genetic markers for stock identification.   
 
This proposal is the second phase in the development of predictive in-river-fitness biomarkers, which 
involves the testing of potential biomarkers uncovered during previous studies to determine the accuracy 
and precision at which they can predict fate in subsequent years in a wider array of stocks.  Specifically, 
we will use these biomarkers to determine the percentage of fish within stocks sampled in the lower river 
that will make it to the spawning grounds.   
 
The end product of this research will be the development of a tool that can be used by fisheries managers 
to predict percentages of fish (by stock) that carry a high probability of dying en-route due to poor 
physiological condition.  We envision that the probabilities of mortality in these fish will be especially 
high during years with adverse river conditions (high temperature), and models will likely require 
adjustments based both on the physiological state of fish (biomarker predictions of spawning success) and 
the environmental conditions in a given year.  The research will also investigate the hypothesis that poor 
physiological condition upon entry into the Fraser River is a factor in the recent decline and over 30% in-
river mortality in 2005  in Stuart sockeye, as many of the biomarkers to be tested were developed from 
Stuart fish during their 2005 migration.  In 2006, preliminary results indicate that large percentages of 



tagged Early Stuart fish have again disappeared en-route (Note: there was a small sample size of early 
Stuart fish), and these fish will form part of the testing group for the biomarkers discovered in 2005.   

 
Biomarkers for Fate.  Final Report 

 
 

Calibration of Assessment Methods for Fraser Sockeye Enumeration 
 
Project Lead: Keri Benner, DFO, Fraser Sockeye Stock Assessment, Kamloops, BC. 
Project Cost:  $54,938 CAN $49,060 US 
 
Enumeration of Fraser River sockeye spawning escapement estimation follows a well established two-
tiered protocol developed by the former IPSFC. An abundance threshold of 25,000 spawners determined 
the methodology employed, with low precision techniques for escapements <25,000, and high precision 
(fences or mark-recapture studies) techniques for spawning escapements >25,000.  Recently, pressures on 
financial resources, coupled with increasing numbers of larger populations have strained capacity to meet 
these standards. As a result the threshold was increased to 75,000 in 2004, with the objective of 
maintaining coverage on as many populations as possible while realizing minimal negative precision 
related impacts to the enumeration program overall.  The standard expansion factor used to account for 
consistent underestimation of low precision visual counts was developed for small stream populations in 
the Fraser system. Its application to larger populations (> 25,000) will lead to substantial negative bias in 
spawning estimates for larger systems.  
 
Large stream populations (>25,000) tend to spawn in larger streams where the relative proportion of the 
sockeye population vulnerable to survey crews is much different than in smaller systems.  By way of 
example, the only simultaneous comparisons of high and low precision methods that have occurred for 
large Fraser River sockeye escapements indicate expansion factors ranging from 2.8 to 9.6.  These are 
much higher than the standard of 1.8, its improper application could lead to estimates that are only 20% of 
a high precision estimate.  As the proportion of the total Fraser sockeye escapement that is enumerated 
using visual techniques increases as a result of the change in enumeration threshold, it is crucial that 
structured calibration studies are undertaken to produce system, method and abundance specific 
expansion factors to avoid serious negative bias in future escapement estimates.   
 
This project proposes to evaluate estimate bias resulting from the application of visual counts and 
standard expansion factors against accurate methods of estimating sockeye abundance (fences and mark-
recapture programs), so that appropriate expansion factors can be developed to minimize estimation bias 
for large river populations.  Comparisons between enumeration fences, mark-recaptures and visual (foot, 
boat and aerial) techniques are proposed for four stream populations in 2007 where escapements are 
expected to range between 25-75K (possibilities include Stellako, Upper Pitt, Birkenhead, Mitchell and 
Horsefly rivers). 
 

Calibration of Assessment Methods for Fraser River Sockeye Salmon (Oncorhynchus nerka) 
Spawning Populations (25,000 to 75,000) in the Horsefly, Stellako and Adams River Systems.  

 Final Report 
 
 
 
 
 
 



Use of PIT Tags to Determine Upstream Migratory Timing and Survival of Columbia Basin 
Sockeye Salmon.  Year 2 

  
Project Lead: Jeff Fryer, Fisheries Scientist, Columbia River Inter-Tribal Fish Commission, Portland, 

OR. 
Project Cost:  $21,422 US 
 
PIT tag readers are now installed at fish ladders at a majority of mainstem Columbia and Snake River 
dams, as well as at dams and weirs on many tributaries.  By inserting PIT tags into fish sampled at 
Bonneville Dam, we can track their upstream migration giving valuable information on stock-specific 
migratory timing and migration mortality. In 2006 we first used Southern Fund funding to test this 
technique on sockeye salmon.  In 2007, we are asking for an additional year’s funding to test this 
technique prior to developing a more comprehensive proposal that likely will focus on the transboundary 
Okanogan stock.   
 
Columbia Basin sockeye salmon overwhelmingly return to only two subbasins, the Wenatchee and the 
Okanogan.  The Okanogan run is the Columbia Basin’s sole remaining transboundary stock and its 
productivity is believed to be limited by upstream and downstream migration survival and habitat factors.  
The fact that there are only subbasins producing significant numbers of sockeye salmon makes it easier to 
determine migration mortality since there are not multiple tributaries without detection facilities where 
fish can escape undetected.  All fish detected at Wells Dam can be considered Okanogan sockeye, while 
detection facilities to be installed in 2007 at Tumwater Dam will indicate which PIT tagged sockeye 
salmon are of Wenatchee stock.  (In 2006, we considered those sockeye that were detected at Rock Island 
Dam, but not at Wells Dam would be Wenatchee stock.)  The run timing of the Columbia Basin sockeye 
salmon migration, like the Fraser sockeye migration, is of particular interest because it has changed over 
the past 70 years (Fryer 1995, Quinn et al. 1997), and a recent radio-tagging study of 1997 sockeye 
salmon migrants found high mortality of the latter portion of the run (Naughton 2005) as well as no 
difference in stock-specific migration timing.  The Naughton study was conducted in an unusually high 
flow year that may not be typical of other years.  Preliminary results from our 2006 study confirmed 
higher mortality in the later part of the run (Bonneville to Rock Island survival declined from 90% to  
64% over the run); however we did find a difference in run timing.  The percentage of the run at 
Bonneville Dam that was of Okanogan origin increased from 59% to 79% over the run.  This, combined 
with the high mortality observed later in the run, suggests that the Okanogan stock faces higher upstream 
migration mortality than the Wenatchee stock.  Preliminary results also indicate that up to 15% of 
sockeye passage at mainstem dams is during night time hours when counting stations are not operating at 
some dams.  Okanogan stock sockeye are twice as likely to pass at night as Wenatchee stock sockeye.   
 

Use of PIT Tags to Determine Upstream Migratory Timing and Survival of Columbia Basin 
Sockeye Salmon in 2007.  Final Report 

 
 
CHINOOK SALMON 
 

Collection and Analysis of DNA Based Stock Composition Data – WCVI Chinook Troll Fishery. 
Year 4 

 
Project Lead: Karin Mathias, DFO Stock Assessment Biologist, Nanaimo, BC.  
Project Cost:  $44,980 CAN $40,167 US 
 
In response to domestic conservation requirements, the WCVI AABM troll fishery is conducted 
differently than it was during the base period (1979-1982) used in the PSC Chinook Model. 



Consequently, the impacts of the WCVI troll fishery as determined by the input of CWT recoveries into 
the PSC Chinook Model may not be accurate. The US considers the potential impacts to be a concern. 
This project provides an independent means of evaluating the annual impact of this fishery using DNA 
methods. In addition, DNA information will provide better understanding of stock group distribution, 
allowing fisheries to be planned around times/areas that have known presence of stocks of concern. 
 
This project proposal has two components: 
Component 1: DNA sample collection from 2007 WCVI troll fisheries: 
The first component is to continue the collection of DNA samples from the WCVI Chinook troll fishery. 
Although this component of the project has been funded for the last several years, a new sampling 
approach was used in 2006 WCVI fisheries that should be replicated. During the last few years of this 
project, DNA was collected only from the unmarked (mainly wild) portion of the catch. Stock 
composition data from DNA was combined with stock composition data derived from CWT recoveries 
(collected from marked fish) to provide an overall stock composition of the total catch. In the process of 
analysing these data in 2006, it became apparent that unassociated marked releases from US hatcheries 
were not able to be accounted for in the overall stock composition of the WCVI troll fishery catch. The 
problem is that these marked (adipose fin clip (AFC) only, no CWT) fish are not associated with a CWT 
marked release group, making it impossible to expand for these releases using DFO’s Mark Recapture 
Program database. The numbers of unassociated, mass marked fish are substantial; approximately 30-40% 
of all AFC fish released from US hatcheries are unassociated with a CWT release group. This component 
also involves the collection of DNA for the determination of stock composition of sub-legal Chinook 
releases through the use of onboard observers. 
 
Component 2: Summary and Analysis of DNA Chinook stock composition data: 
The second component of this project is to summarize existing DNA stock composition data collected 
from the WCVI Chinook troll fishery in a technical report format. The DNA based stock composition 
data will be compared to CWT based stock composition data. 
 

 DNA Stock Composition of Catch and Release Chinook Salmon in the 2007 WCVI Troll Fishery.  
Final Report 

 
 

Chinook Baseline Expansion with Additional Genetic Markers. Year 3 
 
Project Lead: Jeff Stephenson, Conservation Geneticist, Columbia River Inter-Tribal Fish Commission, 

Hagerman Fish Culture Experiment Station, ID. 
Project Cost:  $76,800 US 
 
This ongoing project is designed to further expand our capabilities for genetic stock identification (GSI) 
of Chinook salmon from mixed fisheries.  Starting in 2003, the GAPS (Genetic Analysis of Pacific 
Salmonids) consortium was funded by the PSC Chinook Technical Committee to construct a standardized 
Chinook salmon microsatellite baseline for mixed fishery GSI.  The initial baseline is representative of 
coast-wide populations of Chinook salmon of specific relevance to the Pacific Salmon Treaty. As a 
contributing GAPS laboratory, CRITFC recognizes the need to extend the baseline with additional genetic 
markers for improved stock resolution and accuracy.  This proposal seeks funding to improve the 
statistical power of GSI estimates by adding new genetic markers (Single Nucleotide Polymorphisms; 
SNPs) to selected populations in the baseline. 
 
This request for funding has significant cost-share contribution since the Chinook Technical Committee 
of the PSC has already funded several baseline populations (30) to be genotyped with SNPs.  The current 



proposal is a request for further funding to add SNP genotypes for 20 baseline populations.  This study 
will focus on locations in the Columbia River Basin to add to the baseline. 
 
For each of the 20 populations, 96 individuals will be genotyped with 30-36 SNP loci that have been 
standardized by the GAPS group.  The process includes DNA extraction from tissue samples followed by 
genotyping with TaqMan assays from Applied Biosystems.  Genotype data will be compared to standards 
for each locus.  Genotypes from SNPs will be incorporated into the genetic baseline for improved mixed 
fishery genetic stock identification. 
 
All agencies and organizations that utilize the Chinook baseline for genetic stock identification will 
benefit from a more powerful baseline.  Baseline data collected in this study will be made available to all 
agencies through a common database supported by the GAPS consortium. 
 

 Chinook Baseline Expansion with Additional Genetic Markers.  Final Report 
 

 
Genetic Stock Identification – Collection of Baseline data for WCVI Chinook Stocks 

 
Project Lead: Jim Lane, Nuu-chah-nulth Tribal Council, Biologist, Barclay Sound and Ditidaht (Area 

23), WCVI, BC. 
Project Cost:  $20,332 CAN $18,156 US 
 
This proposal is for field collection and laboratory DNA processing costs for WCVI chinook spawning 
populations not represented or under-represented in the coastwide baseline database.  The resulting 
information will be used to improve resolution of WCVI chinook stocks in GSI sampling programs in 
various fisheries. Samples will be collected, processed at the DFO Genetics Laboratory at the Pacific 
Biological Station, Nanaimo, and added to the coastwide baseline database. Funding will be principally 
directed to the cost of sample collection and preservation, transportation to the laboratory in Nanaimo, 
and sample processing. As baseline samples for spawning populations ideally require over 200 tissue 
samples over several years, further sampling is anticipated to be required in the future. Other WCVI 
chinook spawning populations will remain for baseline sample collection as well. 
 
Objectives: 
• A minimum of 200-400 tissue samples from unrepresented/ under-represented WCVI chinook 

spawning populations collected and processed. 
• Addition of the processed WCVI Chinook to the coastwide Genetic Stock Identification database. 
• Where more than 50 samples are collected from one species/stream/year the surplus samples may be 

provided to US labs for use as reference samples.  
 
The wild WCVI chinook stocks will benefit by improved resolution of WCVI chinook in existing GSI 
sampling programs.  Fisheries that will benefit from improved information are the AABM fisheries 
(SEAK Troll, NBC Troll and QCI Sport, WCVI troll and Outside Sport) and ISBM fisheries (WCVI 
terminal net, First Nations and inside sport fisheries). Information will also be used to develop 
enhancement strategies.  For example, the genetic make-up of the stock(s) that are planned to be enhanced 
will strongly influence the enhancement strategies that can be used.   
 

Summary of West Coast Vancouver Island Chinook Genetic Stock Identification Sample 
Collections: 2007 and 2008.  Final Report  

 
 
 



Mixed Stock Analysis of Selective and Sport Chinook Fisheries in the Strait of Juan de Fuca using 
Molecular Markers 

 
 Project Lead: Ken Warheit, WDFW, Director Molecular Genetics Lab, Olympia, WA and Denise 

Hawkins, WDFW, Operations Manager Genetics Program, Olympia, WA  
Project Cost:  $78,440 US 
 
A summer selective Chinook fishery occurs in the Strait of Juan de Fuca (Washington Marine Area 5 and 
the western part of Area 6). This fishery is limited to the retention of marked (adipose clipped) hatchery 
Chinook with a minimum size of 22 inches, and has a catch quota of 3,500 fish. A winter sport Chinook 
fishery also occurs throughout Washington Marine Areas 5-6. This is a non-selective fishery with respect 
to mark-status, but has a minimum size requirement of 22 inches. Such size and/or mark-status selective 
fisheries are implemented to increase the recreational fishing opportunities while still meeting the 
conservation goals for stocks of concern likely to be encountered. Encounter rates for these fisheries are 
predicted based on angler effort and historical CWT data. The fishery is closed when it is estimated that 
the quota or management goals have been met. WDFW has collected genetic samples from these fisheries 
annually from 2003. WDFW test boats collect samples from the summer selective fishery, while the 
winter samples are collected dockside. The fin clips are collected on the test boats from all fish landed 
and therefore include marked and unmarked (hatchery and wild origin), as well as legal and sublegal 
sized fish from the summer fisheries. During the winter fishery dockside sampling, only legal sized fish 
of hatchery and wild origin are collected; no sublegal fish are available. We propose to conduct a mixed 
stock analysis (MSA) and an individual stock of origin assignment analysis on the summer selective and 
winter sport fishery samples collected in 2005 and 2006. We will use microsatellite and SNP markers, and 
compare the genotype of each fishery sample to standardized baseline data (GAPS baseline data). Prior to 
the initiation of this project WDFW will expand the GAPS microsatellite and SNP baseline data to 
include most or all the Puget Sound Chinook stocks (SaSI-defined and hatchery populations). The funds 
are for the genetic stock identification only. 
 

Genetic Mixed Stock Analysis of Summer Mark-Selective and Winter Nonselective Recreational 
Chinook Fisheries in the Strait of Juan de Fuca. Final Report 

 
 

Sampling of Chinook Double Index Tag Recoveries in Southern BC Commercial Fisheries 
  
Project Lead: Kathryn Fraser, Mark Recovery Statistics Unit Head, DFO, Nanaimo, BC.  
Project Cost:  $44,980 CAN $40,167 US 
 
Since the late 1990’s, the southern U.S. (and to a limited extent Canada) has been releasing unclipped 
CWT-marked chinook of two types:  

• Double Index Tagged (DIT) chinook juveniles (approximately half adipose-clipped and CWT-
marked, and the other half unclipped but also CWT-marked) have been released in an attempt to 
estimate the differential mortality rates experienced by hatchery and wild fish due to U.S. mark-
selective fisheries. 

• Various research programs use releases of unclipped, CWT-marked fish (non adipose-clipped 
CWT marked release) for some Oregon and Washington stocks which are ESA listed / depressed, 
as a means of evaluating stock rebuilding programs. 

 
While Canada does not have mark-selective chinook fisheries, the southern U.S. is interested in obtaining 
direct, unbiased estimates of exploitation rates on CWTd, unclipped stocks harvested in Canadian 
fisheries.  Due to limited resources, since 2004, Canada has discontinued the recovery of CWTs from 
unclipped fish encountered in Canadian fisheries.  While exploitation rates for DIT groups can be 



indirectly estimated from the adipose-clipped portion of the DIT group, such as estimation approach 
cannot be used for ESA-listed stocks. Such bias may be considerable, as Canadian fisheries account for a 
considerable portion of the fishing mortality experienced by some of these stocks. 
 
The approach taken will be to design custom off-loading and sampling tables in consultation with plant 
managers to implement electronic CWT detection at two additional major sampling locations in the South 
Coast region of British Columbia – Zeballos and Coal Harbour. This will allow CDFO to move towards 
the standards currently available in other B.C. sampling locations. Funding will allow for the custom 
design and construction of two sampling tables and associated infrastructure. Implementation of 
infrastructure improvements are a necessity to ensure that CDFO can efficiently and effectively recovery 
coded wire tags in the face of major increases in mass marking beginning with the 2004 brood year of far 
north migrating US Chinook salmon.  
 
Canada will piggyback sampling and decoding of unclipped recoveries onto its existing sampling 
program of CWTs from adipose-clipped fish in a cost-effective manner at landing points in southern BC.  
All heads that detect positive for a CWT through electronic detection (primarily through R9500 tube 
dectectors) will be dissected for CWT extraction, regardless of clip status of the fish sampled. Funding 
requested will allow for the incremental cost of sampling and the additional dissection, decoding and data 
entry of the additional 1500 CWTs that would be recovered from non-adipose clipped chinook in 2007 in 
the southern BC commercial fisheries.  

 
Final Report outstanding. 

 
 

Improvements to the Harrison River Chinook Key Stream Program: an Alternative Release 
Strategy for Hatchery-Reared Harrison Chinook to Improve CWT Recoveries 

 
Project Lead:  Rick McNicol, DFO, Salmon Assessment, Pacific Biological Station, Nanaimo, BC. 
Project Cost:  $45,200 CAN $40,364 US 
 
Up until recently, CWT releases of hatchery-reared Harrison River Chinook from Chehalis Hatchery had 
been undertaken annually to provide estimates of brood exploitation and survival rates for this key stream 
stock.  The release strategy was for fry to be fed and released at the 2g size in order to mimic the natural 
out-migration timing and size of naturally produced smolts.  However, survival of such releases were 
poor, and recoveries insufficient to provide reliable estimates of exploitation and survival rates.  
Consequently, recoveries of CWT releases in the Chilliwack River (a nearby hatchery stock that 
originated from Harrison River stock) have been used as a surrogate to estimate brood exploitation and 
survival rates for the Harrison River stock.  This information, in conjunction with a mark-recapture 
estimate for the Harrison, has been used for estimating exploitation and survival rates for Fraser late 
stocks, and for forecasting abundance of Harrison and Chilliwack returns.  While this approach has 
provided the data necessary to use the Harrison as a key stream, use of the Chilliwack as a surrogate is not 
ideal, since escapement estimates to the Chilliwack are of lower quality than those in the Harrison.  The 
lower quality of the Chilliwack escapement estimate adds uncertainty to the exploitation and survival 
estimates derived from them.  In turn, this adds uncertainty to forecasts of the Harrison/Chilliwack fall-
run aggregate abundance. Furthermore, having to conduct programs in two rivers adds a considerable 
additional cost to this key stream program.  Experience with Chilliwack Chinook releases has shown that 
smolts >5g in size experience survival rates over four times greater than those experienced by Harrison 
releases, even though both stocks out-migrate from the same general vicinity. 
 
The Harrison (wild stock) and Chilliwack River (hatchery stock) fall-run white Chinook stocks comprise 
one of the largest Chinook aggregates on the west coast.  As such, this aggregate is an important 



component of Canadian fisheries in the Strait of Georgia and WCVI, as well as southern U.S. troll 
fisheries.  If the change in release strategy for Harrison Chinook improves survival rates similar to those 
experienced by Chilliwack releases (i.e. a 4-fold increase), then the Harrison mark-recapture program, 
annually run, will recover sufficient CWT recoveries to provide precise estimates of exploitation and 
survival rates.  This will preclude the need to CWT mark Chilliwack Chinook, and undertake annual 
intensive deadpitch and creel programs on the Chilliwack River.  Thus, all components of the Harrision 
key stream program would be conducted within the Harrison River itself.  
 

Improvements to the Harrison River Chinook Key Stream Program: An Alternative Release 
Strategy for Hatchery-Reared Harrison Chinook to Improve CWT Recoveries.  Final Report 

 
 

Estimates of the Abundance of Hatchery Chinook in Wild Spawning Populations.  Year 4 
 
Project Lead: Jeff Till, South Coast Stock Assessment, DFO Otolith Lab, Port Alberni, BC. 
Project Cost:  $48,785 CAN $43,565 US 
 
The entire production of any hatchery can be uniquely marked by thermal marking of otoliths. This 
proposal deals with two components of the thermal marking/recovery program. A third component, the 
development of a database that includes coast-wide thermal mark releases that was funded in 2006/07, 
will be completed this fiscal year. 

 
Part 1 Hatchery straying: Part of this project is to continue to develop understanding of the extent of 
hatchery chinook straying into natural spawning areas in their river of origin and other rivers.   Thermal 
marking of WCVI major hatcheries has been ongoing since approximately 1992.  Generally, sampling 
escapement for coded-wire has been conducted only in tributaries (or hatcheries) where CW-tagged fish 
were released. By sampling for thermal marks in adjacent tributaries and nearby systems this project 
allows the extent of straying to be estimated with reasonable precision at several spatial scales of interest. 
This will be the last year of the proposed 3 year program.  
 
Part 2 Accuracy of CWT as indicator of hatchery contribution: Sampling otoliths and CWT in fisheries 
and escapement consistently indicate that CWT estimates of hatchery contributions are biased low. 
Measurements of the bias at many sites over time are required to support conclusions about the severity 
and variability of biases associated with CWT recoveries of hatchery-origin chinook at Chilliwack, 
Quinsam, Robertson, Nitinat, and Conuma hatcheries. This project will provide reading service for 2007 
fishery and escapement samples, a summary and analysis of results, and reporting.  A statistically 
defensible report on work up to and including 2006 summarizing the bias observed and exploring the 
implications of the bias will be produced.  

 
 Estimates of the Abundance of Hatchery Chinook in Wild Spawning Populations.  Final Report 

 
 

Habitat-Based Chinook Escapement Goal Calibration:  Large, Clear Rivers and Small, Low 
Visibility Rivers in the Interior Fraser River Watershed, BC.  Year 2 

 
Project Lead: Michael Chamberlain, DFO, Chinook and Coho Stock Assessment, BC Interior, 

Kamloops, BC.  
Project Cost:  $110,850 CAN $98,989 US 
 
The Pacific Salmon Treaty outlines tasks for the Chinook Technical Committee, which includes 
establishing MSY or other biologically-based escapement goals for chinook stocks fished in treaty 



fisheries.  Chinook escapement goals are used in the management of ISBM fisheries (Appendix to Annex 
IV, Chapter 3, para. 4, p. 35), as well as triggers for additional management actions for both ISBM and 
AABM fisheries (Para. 9, p. 39).  Typically MSY escapement goals are calculated from stock-recruitment 
analyses of several years of spawner escapements and subsequent production.  The approach can take 
several years (15-20) to acquire sufficient data and often requires considerable resources.  For these and 
other reasons, many stocks do not have sufficient spawner and production data to estimate optimal 
spawning escapements.  Consequently, new habitat-based methods may offer low-cost, quick alternatives 
to generate biologically-based escapement goals for data limited stocks.  The habitat model predicts the 
optimal number of spawners needed to seed the habitat, but most data limited stocks only have indices of 
abundance (visual estimates of escapement) and additional information is required to convert those 
indices to reliable estimates of total spawners.   
 
Further benefits may be realized with the establishment of a resistivity counter within the little Chilcotin 
River.  The counter will provide annual escapement estimates of known accuracy and precision for early 
spring and spring timed chinook (upper and lower Little Chilcotin Rivers), spring steelhead and fall timed 
coho stocks utilizing the little Chilcotin River.  The establishment of a high precision, high accuracy, low 
annual cost enumeration tool on an upper Fraser River coho stock is required to monitor stock status and 
recovery of Interior Fraser coho and will support the Coho Harvest Optimization Model (CHOM) 
currently being developed by the Canadian Coho Technical Committee as a tool to aid in the management 
of Canadian Coho Management Units, in support of Appendix to Annex IV, Chapter 5. 
 
The approach has three components including intensive mark-recapture programs at the Middle Shuswap 
River, the design, construction, installation and validation of an electronic fish counter on the Little 
Chilcotin River and supplemental aerial surveys at the Middle Shuswap and Little Chilcotin River.  The 
following is a summary of activities to be conducted in 2007-2008. 
 

A.  Middle Shuswap Mark-Recapture:  A two-event mark-recapture experiment will estimate 
abundance of chinook salmon spawners at the Middle Shuswap River. During event 1, a representative 
sample of chinook salmon will be captured by beach seining and/or angling throughout the entire river 
and run, and subsequently tagged and released.  Fish will be sampled for marks during event 2, a carcass 
recovery conducted throughout each system.  Data analyses will include several statistical tests to assess 
weaknesses in the study design by examining size, temporal, spatial, and sex sampling biases.  Aerial 
survey AUC methods, mark-recapture methods, and expansion factor estimates will be summarized in a 
technical report. 

Tagging (event 1):  Salmon will be representatively captured with beach seines and by angling at 
suitable holding sites throughout the system.  Each chinook salmon captured in good condition will be 
marked with a individually numbered tag and sex-specific operculum punch.  All chinook salmon will be 
sampled for sex and length.  We will assess the probability of recapture by condition at tagging, and if 
condition affects the probability of detecting them in the dead-pitch survey (event 2) then the 
corresponding fish will be excluded from the mark-recapture study design and calculation of escapement.  
We will pool staff resources with the Shuswap Falls Hatchery during the hatchery brood stock collection 
to reduce tagging costs. 

Recovery (event 2):  Recovery effort will be distributed throughout known spawning areas and 
spawning times with the goal that every spawning fish has an equal probability of being inspected for 
marks.  All CWT and adipose fin clipped fish will be sampled.  A proportion of unmarked fish will be 
sampled for age, sex, length, and then cut in half to eliminate double counting. Date, reach number, sex, 
tag number, adipose fin clip, post-orbital to hypural plate (POH) length, secondary mark status, carcass 
condition, number of eyes, and recovery method (beach or gaff) will be recorded for each sampled fish 
and then the carcass would be cut in half. Heads will be collected for CWT removal from all hatchery 
marked carcasses and heads will be individually marked using head recovery labels. We anticipate that 



carcass surveys will occur daily, and the entire system will be sampled at least once per week, weather 
and fish numbers permitting.   

 
B.  Aerial Surveys:  Five aerial surveys will be performed on the Middle Shuswap and Little Chilcotin 

River.  This proposal supports three surveys at each river, and the other two surveys will be funded by 
CDFO.  Surveys will be weather permitting and counts of spawners, holders and carcasses will be 
recorded by predetermined index areas.  Historic visual escapement indices are based on 2 to 3 surveys 
per system, so the ‘index’ surveys will represent the historic method.  We recommend five surveys per 
river to use the area-under-the-curve (AUC) escapement method because Parken et al. (2003) reported 
that AUC estimates, with survey life values developed from mark-recapture calibration studies over 
several years was more accurate and reliable than the peak count method, based on 2-3 surveys.  Since it 
can be difficult to see chinook in large clear rivers, we recommend examining the relative accuracy of the 
more robust AUC method with respect to the peak count method to evaluate which method is best for 
these conditions.   
 
C.  Resistivity Counter 
In 2007-2008, the activities to be conducted in the Little Chilcotin River will include the following: 

• The design and field testing of flat pad counter sensor units at the selected site location within the 
Little Chilcotin River, 

• The operation of multiple counter sensor units through the upstream migration of chinook and 
coho salmon, 

• The validation of counter units over a short period of significant fish movement using Blue View 
technology 

• The assessment of counter performance (in relation to the performance measures listed above) 
 

Enumeration and Calibration of Chinook Salmon Escapements to Two Clear B.C.  
Interior Streams, 2007.  Final Report 

 
 

West Coast of Vancouver Island Chinook Area Under the Curve Index and Habitat-Based 
Escapement Goal Calibrations. Year 4 

 
Project Lead: Roger Dunlop, Biologist, Nuu-chah-nulth Tribal Council, Port Alberni, BC 
Project Cost:  $167,973 CAN $150,000 US 
 
Effective management of the WCVI Chinook conservation unit, currently limiting fisheries in Canada 
requires calibration of escapement indices used by the PSC to estimate the annual status of the 
conservation unit and the development of agreed chinook escapement goals. This project will utilize 
methods and tools approved by the CTC to apply a watershed area based approach to estimate optimal 
spawning escapements (Parken et al. 2004).  However, this method requires expansion factors to convert 
indices of abundance (e.g. AUC time-series) to estimates of total escapement (e.g. those generated 
through mark-recapture estimates).  The next step of this process is to develop river-specific expansion 
factors in order to develop ‘average’ river expansions by stream type (e.g. “Habitat –based Chinook 
escapement goal calibration: small WCVI rivers, BC”, lead: Chuck Parken).   The development of 
chinook escapement targets is a task outlined for WCVI chinook by the CTC. 
 
This proposal expands on the 2006 Nuu-chah-nulth Tribal Council/DFO “Burman River Chinook 
Escapement Goal Calibration” and the DFO “Habitat-Based Chinook Escapement Goal Calibration:  
small WCVI rivers” proposals.  The project will generate mark-recapture estimates of chinook and coho 
escapement on seven WCVI rivers to estimate stream residence/survey life for AUC indices of 



escapement.  The Marble, Artlish, Kaouk, Tahsis, and Burman Rivers are WCVI chinook key escapement 
indicators as per the Chinook Annex of the PST.  The Sarita River has been included to add a non-
Robertson Creek indicator in Barkley Sound.  The Tranquil River is included to represent a smaller 
WCVI chinook stream in Area 24. The project will be conducted by Nuu-chah-nulth Tribal Council 
member First Nations (Ka: yu:k’t’h/Che:ktles7et’h’, Mowachaht/Muchalaht, Huu-ay-aht), and Quatsino 
First Nations in collaboration with Nuu-chah-nulth Tribal Council and Quatsino First Nation biologists, 
and CDFO staff.  The information gathered from the project will assist in the development of Joint 
Chinook Technical Committee (CTC) accepted WCVI chinook escapement goals, as mandated under the 
PST, and the improvement of escapement estimates generated through AUC methods in the long-term.  
Calibrations will require additional annual data collection over a range of escapement sizes/years to 
establish the escapement goal ranges and variance of the parameters of interest and scalars between AUC 
and total escapements.  
 

Mark/Recapture and Area-Under-the-Curve Estimation of 2007 Chinook Salmon (Oncorhynchus 
tshawytscha) Escapement to Selected West Coast Vancouver Island Streams.  Final Report 

 
 

Nanaimo River Chinook Indicator Stream Surrogate. Year 2 
 
Project Lead: Brian Banks, Hatchery Manager, Nanaimo River Stewardship Society.   
Project Cost:  $40,000 CAN $35,720 US 
 
The Cowichan River is located on the east coast of Vancouver Island and its chinook stocks represent the 
lower Strait of Georgia as indicators of various measurements including survival, escapement, and 
exploitation rate. Following the devastating loss of fry from the Cowichan River 2004 broodstock, the 
Nanaimo River was named as the surrogate to replace Cowichan for that particular release group.  Coded-
wire tags were applied to Nanaimo fry and the recovery information will provide the necessary results to 
assess lower Strait of Georgia chinook. The lower Strait of Georgia indicator information is utilized 
directly in the Canada / US chinook model.  In addition, the Strait of Georgia chinook stock returns are 
low, therefore annual information is critical to the management of these stocks (management actions to 
reduce harvest have already occurred in the recreational and commercial sectors). 
 
Work on the project will commence in early summer with a pre-season meeting with all of the involved 
parties.  Swim enumerations will commence in August and continue until late October.  Swim crews 
consist of a minimum of three people.  Data from each swim are entered into Stream Inspection Logs then 
entered into a larger database.  Enumeration swimmers will also note locations of carcasses and pass the 
information on to the carcass recovery crews.  If carcasses are not recoverable by the boat crew then swim 
crews will be asked to recover carcasses.  Chinook carcass recovery will commence in mid-October and 
run until late November/early December depending on weather conditions.  The Chinook carcass 
recovery will be conducted using inflatable boats each equipped with a crew of three. Crews float or walk 
the banks looking for carcasses.  When carcasses are found they are tagged, inspected for absence of an 
adipose fin, and examined for other biological attributes including length, sex, scales, otoliths, and 
whether spawning occurred.  If the adipose fin is absent, heads are removed and sent to lab for CWT 
extraction.  Carcass recovery and biological data collected are entered into a database in-season.  Also 
aerial surveys will be conducted on a regular basis.  In December a post-season review on all assessments 
will occur and a comprehensive report will follow. 
 

Adult Chinook Escapement Assessment Conducted on the Nanaimo River During 2007.   
Final Report 

 
 



 
Feasibility Investigation and Development of an Indicator Stock Program at the Chilko River for 

Fraser River 1.3 Summer Chinook 
 
Project Lead:  Richard Bailey, DFO, Program Head, Fraser River Chinook and Coho Stock Assessment, 

Kamloops, BC. 
Project Cost:  $44,750 CAN $39,962 US 
 
Interior Fraser chinook stocks are identified as a high priority in the Pacific Salmon Treaty and a sound 
science-based indicator program will contribute to escapement goal calibration studies, improved CWT 
information in existing creel surveys, and improved CWT information from Fraser First Nation’s 
fisheries. To date, DFO has developed two indicator stock programs on chinook salmon in the Interior 
Fraser; the Nicola River (1.2 Spring chinook) and the Lower Shuswap River (0.3 Summer chinook).  A 
proposed new hatchery and assessment work in the Upper Fraser may yield another indicator (1.3 Spring 
chinook), however, no indicator has been established for the 1.3 Summer chinook. Previous studies have 
suggested that the Chilko River may be the best choice. Fraser River 1.3 Summers contribute to ocean 
fisheries in central and northern BC and in the US, as determined by DNA analysis. 
  
Previous study designs for Chilko chinook consisted of intensive Petersen mark-recapture projects.  These 
study types are costly to implement in remote areas such as Chilko, but recent developments with 
DIDSON equipment and associated biosampling may provide a less costly alternative. DFO is currently 
refining the use of a DIDSON to estimate Chilko sockeye escapement.  The equipment and trained 
personnel are in place and available prior to the sockeye arrival and thus may be used cost-effectively in 
this project to investigate the feasibility of assessing chinook escapements. 
 

A Preliminary Investigation of the Feasibility of Estimating Chinook Salmon (Oncorhynchus 
tshawytscha) Returns to the Chilko River, B.C., Using a Dual-Frequency Identification Sonar  
(DIDSON) Imaging System.  Final Report 

 
 
Estimate Spawning Escapement, Juvenile Production, and Contribution to Fisheries of Coweeman 

River Fall Chinook salmon 
 
Project Lead: Cameron Sharpe, WDFW, Fish Research Biologist, Kalama Research Station, Kelso, 

WA  
Project Cost:  $192,589 US 
 
We propose to acquire biological data on Coweeman River fall Chinook with precision and accuracy 
commensurate with the importance of this stock to management of the species’ fisheries and development 
of biologically sound recovery goals and plans. Coweeman River fall Chinook, listed since 1998 as 
threatened under the ESA, is used by NOAA Fisheries as an index stock for management of lower 
Columbia tule fall Chinook because the stock is one of only two in the region that are relatively free of 
hatchery influence, is moderately abundant, and is genetically distinct from other tule stocks. Despite its 
status as an index stock, reliable, direct estimates of spawning escapement, juvenile production, and 
contribution to fisheries are sparse or do not exist.  
 
The objectives of this project are as follows: 
 
1. Determine the total number of adult fall Chinook in the Coweeman River, their age structure, 

biological characteristics, and the proportion of naturally spawning hatchery fall Chinook. Spawner 
escapements will be derived from spawner surveys and Jolly-Seber estimates using marked and re-



sighted carcasses with a goal of providing 95% confidence intervals of +/- 25% or less of an unbiased 
point estimate. Biological characteristics will include size, sex ratios and age structure. Stray 
hatchery-origin fish will be identified by fin clips and scale analyses. 

 
2. Determine the number of emigrating fry and subyearling smolts. Juvenile production estimates will 

be derived using a rotary screw trap and mark-recapture methods. Our goal is to provide an estimate 
with 95% confidence intervals of +/- 25% or less of an unbiased point estimate.  

 
3. Determine the relative contributions of juveniles emigrating as fry and subyearling smolts to adult 

escapement. Emigrating juveniles captured as fry in February and early March will be batch marked 
in a strontium bath. Subyearling smolts will receive a coded wire tag (CWT). When adults from these 
emigrants return, scales and otoliths will be removed from all carcasses during spawner surveys. The 
juvenile life history of each marked adult will be determined based on the presence or absence of a 
CWT and on position of the strontium mark relative to the otolith primordia.  

 
4. Determine the contributions of Coweeman fall Chinook to fisheries. Juveniles emigrating as 

subyearling smolts will receive coded wire tags. Those tags will be recovered in the diverse fisheries 
that intercept this stock. We will account for unmarked adults that emigrated as fry by expanding with 
a factor derived from recovery of strontium-marked otoliths from adults on the spawning grounds. 
The ratio of strontium marked adults from fry migrants is expected to match the ratio of coded wire 
tagged to untagged Coweeman fish intercepted in the fisheries.  

 
Spawning Escapement, Juvenile Production, and Contribution to Fisheries of Coweeman River 
Fall Chinook Salmon: A completion report for work in 2007 and 2008.  Final Report 

 
 

Lower Granite Fall Chinook Run Reconstruction Assistance. Year 2 
 
Project Lead: Debbie Milks, WDFW, Fish Biologist, Lower Snake River Compensation Plan - 

hatcheries evaluation program, Dayton, WA.   
Project Cost:  $48,194 US 
 
Phase 2 of this project will fund tasks related to the Snake River fall Chinook (SRFC) run reconstruction 
for 2006 using results obtained from the 2006 project work (phase 1).  For the 2005 run, we developed 
bootstrap confidence intervals for numbers of adults and jacks returning to Lower Granite Dam (LGD) 
and numbers of wild and hatchery Chinook by location of origin.  The continuation of this work has two 
purposes, 1) streamline run reconstruction estimates by standardizing algorithms for the experimental 
procedures developed in 2006, and 2) determine minimum release sizes for acceptable confidence 
intervals for tag groups using the current Snake River sampling rate. 
 
The staff funded in Phase 1 reconciled, standardized, and combined data collected during run monitoring 
and broodstock collection activities at Lower Granite Dam, Lyons Ferry Hatchery (LFH) and Nez Perce 
Tribal Hatchery (NPTH), and provide a finalized database to the U.S. v. Oregon Technical Advisory 
Committee (TAC) workgroup.  In Phase 2, the staff funded by this project will work together to 
accomplish the following: 
 
1. Refine the preliminary 2005 run reconstruction process and document the methodology so that it may 

be used to estimate runs on other streams. 
2. Assist in estimating the 2006 run to LGD, and forward results to TAC before the 2007 run forecast 

deadline.  



3. Document the precision of 2006 run estimates (will contribute to improved precision of the 2007 
forecast). 

4. Provide a recommended tag group size under the current Snake River sampling regime (and an 
assessment of resulting accuracy and precision) to estimate escapement to the Snake River above 
LGD, and at different trapping rates to improve future escapement estimates. 

 
This project will provide data in a timely manner that will be used to improve abundance forecasts of 
ESA listed SRFC.  In addition, tag group size recommendations will be made taking into account 
different escapement sampling rates, resulting in better assessments of fishery impacts and forecasts of 
future production.  The population being evaluated is a Pacific Salmon Commission (PSC) indicator 
stock, as well as a key managed stock for Pacific Fishery Management Council (PFMC) and in-river 
fisheries.  Because of the complexity of the reconstruction, it has been delayed each year since 2000, 
limiting its usefulness in contributing to forecasts, and ultimately the PSC Chinook Model calibration.   
 

Statistical Analysis of 2006 Lower Granite Dam Fall Chinook Run Reconstruction 
Report for PSC Southern Boundary Restoration and Enhancement Fund Project: 
Lower Granite Fall Chinook Run Reconstruction Assistance (Phase 2).  Final Report 

 
 

Validation of Aerial Redd Counts for Estimating Fall Chinook Salmon Abundance in the Deschutes 
River, Oregon 

 
Project Lead: Chris Brun, Dept. of Natural Resources, Confederated Tribes of Warm Springs 

Reservation, OR. 
Project Cost:  $80,818 US 
 
Escapement of fall Chinook salmon above Sherar’s Falls (River kilometer- Rkm 71) in the Deschutes 
River is currently estimated using Chapman’s modification of the Petersen mark-recapture formula. 
Escapement below the falls is estimated using redd counts and the ratio of fish per redd measured above 
the falls.  From 1974 through 1989, over 75% of the fall Chinook salmon redds in the Deschutes River 
were counted above Sherar’s Falls.  Since 1989 approximately 70% of redds have been counted below the 
falls. With the increase in proportion of redds located below the falls, the accuracy of the escapement 
estimate for the entire river is now more sensitive to the accuracy of redd counts as well as the fish per 
redd estimate.   
 
Our existing redd counting methodology lacks both an adequate measure of precision and the ability to 
adjust redd counts based on a sightability model. We are proposing to work with U.S. Forest Service 
Rocky Mountain Research Station (RMRS) Fisheries Scientists and Postdoctoral Research Fellows who 
are experienced with salmon redd count validation approaches, to fill these information gaps. Anticipated 
results will enable  managers to derive unbiased estimates of total redd counts as well as to extrapolate 
more accurate estimates of adult escapement based on redd counts and fish per redd estimates. 
 
We will evaluate factors influencing bias and precision of fall Chinook salmon redd counts by 
determining the true number of redds within a series of study reaches; apply the true counts to determine 
the accuracy of aerial redd counts; measure environmental and habitat factors and develop a sightability 
model that describes the variables that most influence redd counts; assess inter- and ultimately intra- year 
sources of variation in redd counts; compare accuracy of single versus multiple pass counts; and evaluate 
the effectiveness of a modified two-sample, Lincoln-Petersen mark-resight estimator for obtaining 
unbiased and precise abundance estimates of redds.  
 



Deschutes River fall Chinook salmon are one of three naturally spawning runs within the Columbia River 
upriver bright fall Chinook salmon stocks managed under the abundance based coast-wide  approach of 
the PSC’s U.S. Chinook Technical Committee (USCTC 1997). They are an escapement indicator stock 
and are under development as an exploitation rate indicator stock. Consequently, accurate estimates of 
escapement are essential for the U.S. CTC to implement abundance-based management. 
 

Aerial Redd Count Validation for Improving Fall Chinook Salmon Abundance Estimates in the 
Deschutes River, Oregon. Final Report 

 
 

Determine Origin of Out of Basin Stray Fall Chinook Salmon in the Deschutes River, Oregon 
 
Project Lead: Chris Brun, Dept. of Natural Resources, Confederated Tribes of Warm Springs 

Reservation, OR. 
Project Cost:  $35,031 US 
 
Deschutes River fall Chinook salmon provide an extremely important subsistence fishery to the people of 
the Warm Springs Reservation. This stock is one of three naturally spawning runs within the Columbia 
River upriver bright fall Chinook stock, used under the abundance based coast-wide management 
approach of the PSC (U.S. Chinook Technical Committee, 1997). They are an escapement indicator stock 
and are under development as an exploitation rate indicator stock. Accurate estimates of escapement are 
essential to the U.S. CTC to implement abundance based management. 
 
Since 2001 the Confederated Tribes of Warm Springs Reservation, Oregon (CTWSRO) has generated a 
whole river adult escapement estimate using Chapman’s modification of the Petersen mark-recapture 
estimate methodology. The goal of this project is to meet the data standards for U.S. CTC designated 
escapement indicator stocks by evaluating the traditional method of estimating fall Chinook salmon 
escapement in the Deschutes River, that relies on a redd count expansion.  This project provides an 
independent, non-expanded, escapement estimate from which the redd count expansion factors used to 
estimate escapement from km 0-60 can be evaluated for inter-annual variability.   
 
The results from a continuing radio telemetry study that began during 2005, implemented by the 
University of Idaho, suggests that up to twenty four percent of the fish marked during first event sampling 
do not remain in the Deschutes River to spawn (C. Peery unpubl. data). This presents a significant upward 
bias to the mark-recapture estimates.   The origin of these fish is unknown. We would like to determine if 
these fish are truly strays or if handling stress from gillnetting, to capture fish for marking, alters the 
behavior of Deschutes River origin fall Chinook salmon. 
 
We are proposing to analyze tissue collected from up to 500 adult fall Chinook salmon captured and 
marked during first event escapement sampling from the 2006 and 2007 brood years using genetic stock 
identification techniques to determine the origin and proportion of adult fall Chinook salmon marked 
during first event sampling.  The results of this project will determine the validity of the whole river 
mark-recapture estimate. If the genetics analysis reveals stray rates similar to the results of fish radio 
tagged during first event sampling during 2006-2007 then we can apply a correction factor to adjust the 
first event sample size for out of basin strays. However, if the results indicate that proportion of adults 
that exit the basin after marking are composed of primarily Deschutes origin fish then two key 
assumptions inherent to the Chapman’s modification of the Peterson estimate will have been violated i.e. 
complete mixing of marked and unmarked fish and sampling induced behavior.  

 
Origin of Out of Basin Stray Fall Chinook Salmon in the Deschutes River, Oregon.  Final Report 

 



 
 
COHO SALMON 
 

Assessment of Thompson River Coho Stock Distribution in North Puget Sound Fisheries. Year 2 
 
Project Lead: Grant Kirby, North Puget Sound Fishery Management Biologist, Northwest Indian 

Fisheries Commission. 
Project Cost:  $77,535 US 
 
We propose to collect DNA samples for Coho in the Chum directed Area 7/7A and the Coho directed 
Bellingham Bay 7B 2007 net fisheries to assess distribution, timing, and catch of Thompson River Coho 
in these fisheries. For the Area 7/7A Chum-directed fishery, the goal is to collect 200 samples from 
incidentally caught Coho per strata, defined as week and sub-area (Area 7 versus Area 7A). For the Coho 
Area 7B fishery, the goal is to collect 200 samples per week and sub-area. All samples will be screened 
for the presence of Thompson River Coho using mixed stock analytical methods based on DNA 
techniques. In-kind contributions will be made by NWIFC, WDFW, and DFO. 
 
In addition, archived tissue samples collected from the 2005 above mentioned fisheries would be 
transferred to the DFO Pacific Biological Station DNA genetics laboratory for analysis in May 2007. This 
proposal would compliment the Southern fund project starting in September 2006. The resulting 
consecutive three season Coho stock aggregates dataset would increase statistical accuracy and 
management confidence in minimizing Thompson Coho impacts.  
 
Assessing the Thompson River Coho stock distribution and levels of catch contribution in the above 
mentioned fisheries would further the objective of implementing the Southern Coho Management Plan 
adopted pursuant to Annex IV Chapter 5 of the Pacific Salmon Treaty. In addition to addressing 
conservation concerns, the data would supplement work on FRAM related priorities. 
 

Assessment of Thompson River Coho Stock Distribution in North Puget Sound Fisheries.   
Final Report 

 
 

Determining Canadian MU-Specific Reference Points and ER Caps. Year 2 
 
Project Lead: Arlene Tompkins, DFO Salmon Assessment Biologist, Pacific Biological Station, 

Nanaimo, BC. 
Project Cost:  $48,900 CAN $43,668 US 
 
Development of the Coho Harvest Optimization Model (CHOM) was initiated in 2005 by contract with 
Ecometric Research with significant inputs from Canada Department of Fisheries and Oceans (CDFO) 
staff. Southern Endowment Funding in 2006 allowed refinement of the model structure and initial model 
parameterization and testing.  Data was compiled for two MUs (BC Interior and Georgia Basin West) and 
the model applied to test its performance under alternate harvest policies and marine survival scenarios.  
Model performance under alternate assumptions about stock productivity, carrying capacity, and 
management error were explored. 
 
The objectives of this current proposal are to: 

• Compile the necessary stream length and escapement data for the remaining Southern BC 
MUs (Lower Fraser, Strait of Georgia Mainland), 



• Apply the model to the remaining MUs to define reference points which account for both 
long term yield and population diversity, 

• Present the methodology and results for review and endorsement by the bilateral CoTC,   
• Incorporate their feedback and advice, 
• Document and present the model and analyses in a Pacific Scientific Advice Review 

Committee paper in 2008, and 
• Incorporate comments and revisions. 

 
The foundation of the Coho Abundance Based Management Plan (the Plan) is to “constrain total fishery 
exploitation to enable key management units (MU’s) of natural Coho stocks to produce maximum 
sustainable harvests over the long term while maintaining the genetic and ecological diversity of the 
component populations”.  The plan states this will be accomplished through the establishment of 
reference points for status levels and the associated target exploitation rates (TER’s).  Categorization of 
status and the establishment of TER’s will determine the ER Caps through application of the provisions 
of the Pacific Salmon Treaty, Appendix to Annex IV, Chapter 5, Paragraph 7(b)-(d).  The formulae in the 
agreement are based on application of the TER for each MU.  The Plan prioritizes bilateral review of 
methods for determining reference points and TER’s for the Lower Fraser and Interior Fraser MU’s.   
 
Biological limits on exploitation of the component populations or stocks within the MU must be 
determined to identify the upper limits of sustainable harvest that can be allowed while maintaining 
genetic and ecological diversity within the MU. The selection of the appropriate exploitation level for 
individual MU’s to achieve this goal must therefore accommodate the inherent range in productivity of 
the component stocks through adoption of criteria for achieving acceptable levels of genetic and 
ecological diversity.  Maintaining the diversity of component stocks requires adjustment of the target 
exploitation level for the MU to a level that protects the least productive stock deemed important for 
protection. Protection for less productive stocks within the MU would be at the discretion of the Parties, 
but would not be obligatory under the Plan.  A margin for error and uncertainty should be incorporated 
into the allowable exploitation rates for MU’s.  In developing fishery regimes, variability in productivity, 
both on an inter-annual basis and between stocks within MU’s, must be addressed.  From year to year, the 
abundance of a single stock within a MU and its capacity to sustain harvest is expected to vary. Similarly, 
within a single year, stocks within a MU can have different productivities, depending upon biological 
characteristics and local environmental influences. 

 
Determining Canadian MU-Specific Reference Points.  Final Report 

 
 

Hatchery vs. Wild CWT Distribution for Puget Sound and Washington Coastal Coho 
 
Project Lead: Bob Hayman, Skagit River System Cooperative, La Conner, WA. 
Project Cost:  $56,000 US 
 
A basic assumption of salmon management is that coded-wire tagged (CWT) indicator stock hatchery fish 
have the same catch distribution as their associated wild fish.  In most cases, however, that assumption 
has not been validated statistically, even though data from simultaneous releases of tagged wild and 
hatchery coho smolts have been available for years in many regions.  Indeed, of the ten PSC regions that 
comprise Puget Sound and the Washington Coast, eight regions (all except Nooksack and Willapa) have 
released tagged wild coho coincident with tagged hatchery indicator stock releases.  These releases 
consisted of 880 wild tag groups, and nearly 600 coincident hatchery indicator stock groups, and covered 
broods from 1973 to 2002.   
 



In this project, we will compile the recovery data for these groups, use χ2 analyses to test whether there is 
a statistically significant difference in catch distribution between CWT wild coho and indicator stock 
hatchery smolts released from the same region in the same year, and examine whether the differences are 
significant over all the years with simultaneous hatchery and wild releases in that region.  We will do this 
analysis for each hatchery coho indicator stock released from Puget Sound and the Washington Coast 
(Appendix F of SFEC (2005) lists 13 hatchery exploitation rate indicator stocks that have had paired wild 
releases), and determine whether it is valid to assume that that indicator stock represents the catch 
distribution of its associated wild stocks. 
 
Fishing levels, for all salmon fisheries in the Southern Panel area that harvest coho, are limited according 
to FRAM estimates of impacts on U.S. and Canadian stocks.  If the hatchery stock exploitation rate data 
that went into FRAM do not accurately represent that stock’s associated wild production, then the impact 
estimates for wild coho will be biased, and the fisheries that harvest those stocks, which are primarily the 
salmon fisheries north of Cape Falcon, Oregon, will be set either too high or too low.  This project will 
identify whether this problem occurs, and if so, for which stocks.  If no problems are identified, then the 
result will be increased confidence in our management models, which will benefit all stocks and fisheries 
in the southern boundary area.  If problems are identified, then correcting for those problems will benefit 
the Puget Sound or Coastal Washington stocks that were being modeled incorrectly; the fisheries that 
benefit will be the U.S. fisheries north of Cape Falcon, Oregon and, when Canadian stocks recover, the 
Canadian southern boundary area fisheries that harvest U.S. coho. 
 
This was also a recommendation (Recommendation #4) of the Expert Panel Report on the CWT program, 
which stated in part that: “The Panel recommends that the PSC solicit proposals for research studies 
directed at testing the degree to which selected hatchery releases are representative of associated natural 
production” (Hankin et al. 2005). 
 

Hatchery vs. Wild CWT Distribution for Puget Sound and Washington Coastal Coho.    
Final Report 

 
 

BC Mark Selective Fishery (MSF) Coded Wire Tag (CWT) Sport Expansion Algorithms 
 
Project Lead: Kathryn Fraser, Mark Recovery Statistics Unit Head, DFO, Nanaimo, BC.  
Project Cost:  $44,500 CAN $39,739 US 
 
Since the introduction of coho mark selective fisheries in Canadian waters, there have been ongoing data 
issues for CWT expansions. The project will review, document and recommend modifications to existing 
algorithms for BC coho sport expansions and create a database of coho sport regulations since the 
introduction of coho mark selective fisheries in Canadian waters.  
 
Objectives are to: 
 
1. Report on the existing BC sport CWT expansion algorithms for the voluntary sport recovery program. 
2. Recommendations of modifications to algorithms required due to changes in sampling methods that 

have occurred – the introduction of direct sampling with wands within the creel program and the 
introduction of direct sampling of adipose-clipped fish within the creel program.  

3. Summary of the full scope of mark selective and mixed bag regulations in Canadian sport coho 
fisheries.  

4. Recommendations of modifications to algorithms required due to the introduction of coho mark 
selective fisheries and mixed bag regulations.  



5. Development of a sport regulations database for coho fisheries since 1996, including GIS spatial 
reference data. The database could be a template for data exchange standards to be incorporated into 
the RMIS database. 

 
The approach taken will be to collect and review all Canadian marine sport fishery regulations and 
variation orders/notices documenting regulations since 1999 to incorporate them into a database. The 
database design will be performed by the DFO Mark Recovery Unit. The review and data entry of all 
regulations will be performed by summer students with support from DFO fisheries managers and 
biologists. In parallel, the existing sport estimation algorithms will be re-engineered and fully 
documented. 
 
Once the regulation database has been developed, coho recoveries since 1999 will be mapped to the 
regulations to match regulations to sampling strata. A GIS specialist will be contracted to create GIS 
database of regulations. 
 
DFO Biologists and/or a contractor will be responsible for reviewing existing algorithms and regulations 
and providing advice to develop recommendations for modifications to algorithms required due to 
changes in sampling methods that have occurred and due to the introduction of coho mark selective 
fisheries and mixed bag regulations.  
 

Final Report outstanding. 
 

 
Origins of Unmarked Returns to Wild Coho Indicators 

 
Project Lead: Blair Holtby, DFO, Carnation Creek in Barkley Sound, BC 
Project Cost:  $23,220 CAN $20,735 US 
 
The coho arrangement of the PST obligates both Parties to constrain their fisheries to stock-specific 
exploitation rate caps. The caps are determined by stock productivity and stock status. Determining stock 
productivity is therefore a core requirement of the coho arrangement. In Canada, productivity is 
determined by extrapolation from indicator systems and it is therefore vital that our estimates of 
productivity are accurate. However, at least 20% and often 50% or more of the escapement to Canadian 
coho indicator streams consistently does not have coded-wire tags even though biologists are very 
confident that nearly all of the smolts were tagged. What is the source of the untagged returns? Are they 
the survivors of out-migrants that left as fry or are they from smolts that had left at some unexpected 
time? Are all of the traps that inefficient, or is there massive straying? If the traps leak badly or there are 
fry out-migrants that aren’t tagged then the essential parameters (exploitation and survival) are valid and 
only the estimates of stock productivity are incorrect. If there is consistent and massive straying then none 
of the parameter values derived from CWTs are valid.  
 
The phenomenon under investigation has been consistently observed in all wild coho indicators. 
Consequently, the potential benefits of understanding it and correcting for it, potentially extend to all 
populations and all fisheries. Since the status of several Canadian management units (Interior Fraser, 
Thompson, Lower Fraser & East Vancouver Island) currently limit all southern Canadian coho fisheries 
and some pink, sockeye and chum fisheries, and US interception fisheries in the boundary area, accurate 
estimates of stock productivity and hence status will benefit many interception fisheries in the Southern 
Panel area.  All of the requested funds are for genetic fingerprinting as a means to determine whether 
individuals returning to a stream are the progeny of fish that spawned there. 

 
Project did not commence Final Report unavailable. 



 
 
Effects of Smolt Size and Ocean Growth on Marine Survival of Coho Smolts in Wild Populations of 

Georgia Strait and WCVI 
 
Project Lead: Blair Holtby, DFO, Science Branch, Institute of Ocean Sciences, Sidney, BC. 
Project Cost:  $2,480 CAN $2,215 US 
 
Over the past decade the marine survival in wild and hatchery coho populations draining into the Strait of 
Georgia has fallen to or below levels required for brood-year replacement even with little or no 
exploitation. In consequence, the status of wild populations around the Strait, including those in the 
interior Fraser drainage, has deteriorated to one of chronic conservation concern. The persistent decline in 
marine survival was accompanied by an apparent shift in habitats occupied from the Strait of Georgia, 
particularly the northern Strait, to the outer coast of Vancouver Island. Currently, all coho fisheries in 
southern Canada are limited by the conservation concerns. Several fisheries for chum, pink and sockeye 
are also limited to some extent by the same conservation concerns. 
 
Several explanations have been proposed for the recent poor marine survival. One class of explanations 
assumes that predation mortality in the first ocean summer is inversely related to size such that smaller 
and slow-growing fish are subject to higher predatory losses. Three causes of slow growth have been 
proposed.  Coho in their first ocean year are smaller because freshwater densities are higher, or are slower 
growing because there are more juvenile salmon competing for food (more hatchery releases and/or more 
wild smolts) or there is less food (due to a decrease in ocean productivity or a change in the Strait’s 
biota). Another class of explanations also proposes that juvenile coho are growing more slowly over their 
first summer (for the same reasons). However, mortality occurs in their first winter when the slow 
growing fish that have failed to reach some critical size, starve. A final class of explanation proposes that 
predation intensity has increased for some reason (perhaps because continuous enhancement has allowed 
an increase in predator numbers) or that juvenile fish, which no longer rear in the Strait, face higher rates 
of predation in the habitats that they now occupy. Explanations that involve direct and indirect 
consequences of enhancement are of particular interest because they afford some potential for corrective 
measures. 
 
Success of this project will be measured by the production of two reports for peer review either by 
PSARC or the primary literature. The first will document the relationships between marine survival, 
smolt size and early ocean growth in the two indicator populations over a three decade period. The second 
will evaluate the major hypotheses that have been advanced to explain the poor survival in the Strait of 
Georgia. That analysis should either lend support to or dissuade proponents of large scale manipulations 
of hatchery releases aimed at testing the density dependence hypothesis. 
 

Project did not commence Final Report unavailable. 
 

 
Terminal Run Reconstruction of Fraser, West Coast Vancouver Island, and Georgia Strait Coho 

Stocks for 1986 to 1997 
 
Project Lead: William J. Gazey,  W.J. Gazey Research, BC. 
Project Cost:  $18,000 CAN $16,074 US 
 
The Coho Fishery Regulation Assessment Model (FRAM) has been identified by the Coho Technical 
Committee as the core regional planning model called for in the Treaty agreement.  The specification of 
terminal catch is a requisite output of the FRAM model.  All impacts to Southern BC Coho stocks must 



be considered when determining total exploitation rates, compliance with harvest rate caps identified in 
the Treaty, and implementation of  recovery plans (in particular Thompson Coho). Historically, many 
terminal fisheries harvesting Coho have not been well monitored or sampled for stock specific impacts.  
The estimation of historical (1986 to 1997) exploitation rates requires the construction of an annual 
reconstruction tool following procedures for gauntlet fisheries given by Starr and Hilborn (1988), and 
Cave and Gazey (1994).  Data required to populate the model are stock run size and terminal catch rates.  
The stock run size will be determined by the FRAM base period construction (previously funded by the 
Southern Fund) using improved production expansion factors provided by an accompanying proposal.  
The definition of terminal fishery geographical strata will be determined through consultation with DFO 
area office personnel.  The associated catch data (gear strata: sport, commercial and aboriginal) will be 
compiled from existing reports and any missing cells (geographical and gear strata) will be estimated 
through consultation with DFO area office personnel. A forward simulation component will also be built 
into the reconstruction tool to aid the estimation of missing cells or preliminary assessment of values to be 
entered into FRAM. 
 
The project will expedite the planning of terminal exploitation rates or catch levels for Fraser, WCVI and 
Georgia Strait stocks.   The run reconstruction will also serve as a simple historical record of terminal 
exploitation rates and catch.  Inclusion of terminal impacts will improve the accuracy of estimates of 
fishery-specific impacts and total exploitation on Southern BC Coho stocks. 

 
Project in progress Final Report to be submitted in December 2008. 

 
 

Estimation and Documentation of Production Expansion Factors for 1986 to 1997 Using the 
Bayesian Mixed Stock Model 

 
Project Lead: William J. Gazey,  W.J. Gazey Research, BC. 
Project Cost:  $48,000 CAN $42,864 US 
 
Estimates of stock-group abundance and fishery-specific exploitation rates are required to calibrate the 
Coho Fishery Regulation Assessment Model (FRAM).  These estimates, if routinely available for all 
years, would also allow post-season evaluation of model performance and the impact of U.S. and 
Canadian fisheries.  An important component is the Mixed Stock Model (MSM) whose mission is to 
estimate production expansion factors (pef) from coded wire tag (CWT) recoveries and, subsequently, 
estimate stock composition.  Projects previously funded by the Southern Fund have put in place a global 
MSM Bayesian regression with the ability to weight fishery and accept prior pef information (Gazey 
2005).  These projects have also selected and compiled the appropriate CWT and catch information over 
the years 1986 to 1997 (e.g., determination of which CWT codes to use to represent individual stocks, 
aggregation of individual CWT codes into model stocks and determination of the CWT recovery strata).  
In brief, the proposed project will provide, to the extent practicable, an objective and consistent approach 
to annual pef estimates for all of the years.  
 
Historically (i.e. the 1986 to 1991 base years) and currently, the estimation of pef values has proven to be 
a difficult exercise.  Problems include but are not restricted to the following: non-random application and 
sampling of CWT’s; CWT components of an aggregate (representing a model stock) may not have 
common recovery patterns; two or more stocks having similar recovery patterns (i.e., high co-linearity); 
sparse CWT recovery because of reduced fishing, marking or sampling; fish production without an 
associated mark group; and, large uncertainties in catch estimates (e.g., some recreational fisheries).   The 
response to these problems has been an ad-hoc amalgamation of stocks and the imposition of user defined 
pef values each year such that reasonable pef estimates (e.g., non-negative) were obtained.  Historically, 



because the old analysis system was so complex and time consuming to use, the approach was not 
consistent between years. 
 
We propose to create the necessary algorithms and estimate prior pef’s and the associated standard 
deviations (i.e., a validation and quantification of user defined pef’s) where there is objective information 
available (primarily, hatchery release information).  Also, fishery weights will be developed from CWT 
sampling and catch enumeration programs.  Production expansion factors will be estimated for each year 
over the 1986 to 1997 period using all available information by means of the new fisheries weighted 
Bayesian MSM.  We anticipate the need for some subjective constraints to enable reasonable estimates; 
however, the approach will be consistent over all years to enable objective and reproducible estimates.   
Stocks and fisheries that have strong influence on the pef estimates will be identified and the sensitivity to 
alternative inputs explored.  All algorithms, constraints and results will be documented for peer review. 
 

Estimation of Production Expansion Factors for 1986 to 1997 Using the Bayesian Mixed Stock 
Model.  Final Report 

 
 

Nicola River Coho Reconnaissance 
 
Project Lead: Dave Coutlee, Program Manager, NWSFA (fisheries department of the Nicola Tribal 

Association), Merritt, BC. 
Project Cost:  $15,485 CAN $13,828 US 
 
Anecdotal information suggests that Interior Fraser coho (Nicola Watershed population) may be utilizing 
a portion of the mainstem Nicola River and adjacent off-channel habitat for spawning and rearing.  If true, 
this reach may be contributing significantly to the size of the overall Nicola population.  The Nicola 
Tribal Association (NTA) proposes to begin assessing coho production in this reach of the mainstem 
Nicola in 2007 by surveying for the presence of newly emerged coho fry, and subsequent utilization of 
mainstem and off-channel habitats through the summer and fall months by developing juvenile/pre-smolt 
coho life stages within this area.  

 
Nicola River Coho Reconnaissance (2007).  Final Report 

 
 
CHUM SALMON 
 

Skagit River Chum Escapement Study. Year 2 
 
Project Lead: Jake Musslewhite, Field Operations Manager, Skagit River System Cooperative, La 

Conner, WA. 
Project Cost:  $72,000 US 
 
This is the second year of a 2-year mark-recapture study to estimate Skagit River chum escapement.  
Skagit River wild chum are estimated to make up an average of 17%, and in some years more than 30%, 
of the Puget Sound total.  The escapement estimates, however, are highly suspect.  Escapements are 
estimated by comparing live counts in just 4 index areas to the counts recorded in those sections in 1976 
and 1977, when mark-recapture studies were conducted.  However, these estimates are highly imprecise, 
because chum distributions in the index sections were very different between these two years, and 
because changes in river morphology, habitat restoration actions, and improvements in managed flow 
regimes, which started in 1984, have significantly changed the distribution of chum spawning on the 
Skagit River, thereby violating the basic assumption that the indexes still represent the same proportion of 



system escapement as in the base years.  This project will recalibrate and add to the indexes for estimating 
Skagit chum escapement.  Returning adult chum will be captured live, tagged, and released in the lower 
river.  Spawning grounds surveys and carcass sampling will determine the proportion of tagged fish in the 
population, as well as live and dead counts in potential index areas.  The resulting data will be used to 
recalibrate indexes for future escapement estimates, to reflect the current distribution of chum spawning 
in the Skagit.  The Southern Fund funded this project in 2006 (a high abundance year) – continuing it in 
2007 (a low year) allows analysis of spawner distribution at both endpoints of the abundance cycle. 

 
Skagit River Chum Escapement Strategy. Final Report  

 
 

Southern Study Area Chum Stock Distribution Assessment in Washington San Juan Islands – Pt. 
Roberts and in British Columbia Southern Gulf Fisheries 

 
Project Lead: Grant Kirby, Northwest Indian Fisheries Commission and Pieter Van Will, DFO. 
Project Cost:  $67,203 US 
 
In accordance with provisions of the recently adopted Annex IV, Chapter 6 of the Pacific Salmon Treaty; 
it is deemed necessary by the Joint Chum Technical Committee and the Southern Panel, to identify stock 
contributions to both the Washington San Juan Islands – Point Roberts (Areas 7 and 7A) and British 
Columbia Southern Gulf – Strait of Juan de Fuca (Areas 29 and 18) southern inside chum fisheries. The 
chum stock specific data collected will permit further development of management options to address 
conservation of stocks of concern while focusing fisheries on stocks of significant abundance. 
 
We propose to collect 200 samples per week for each of the above mentioned 2007 chum directed 
fisheries. The Washington fishery (Area 7 and 7A) is expected to run approximately five weeks. This 
would give us an opportunity to collect up to 2,000 samples. Depending on strength, the Canadian 
fisheries in Area 29 is expected to offer two openings and the Area 18 fishery one, giving us an 
opportunity to collect up to 600 additional samples. DNA samples will be collected by operculum punch 
and preserved in 95% ethanol. Samples will be drawn from tenders or processing facilities where catches 
of many vessels are combined. This will insure random sampling from several vessels and different gear 
types. All samples will be screened for the presence of Washington, British Columbia (non-Fraser), and 
Fraser River stock aggregates, using mixed stock analytical methods based on DNA techniques.  
 
This project will continue to work towards improving our in season management of Southern Area Chum 
stocks. The ability to better understand the distribution and contributions by key stock aggregates, across 
time and area, in fisheries of concern to the Annex, will provide the managing agencies with the 
necessary flexibility in initiating and adjusting fisheries targeting these stocks. Information to be 
generated by this project has been identified as High Priority, by the Joint Chum Technical Committee. 
 

Southern Study Area Chum Stock Distribution Assessment in Washington San Juan Islands – 
Pt. Roberts and in British Columbia Southern Gulf Fisheries.  Final Report 

 
 
 
 
 
 
 
 
 



 
 
 
MULTI-SPECIES 
 

Multi-species Migration and Improved Escapement Enumeration using a DIDSON on the 
Cowichan River, BC.  Year 2 

 
Project Lead: Steve Baillie, DFO, Support Biologist, Georgia Basin Salmon Stock Assessment, South 

Coast Area, Nanaimo, BC. 
Project Cost:  $70,549 CAN $63,000 US 
 
This project will improve the quality of the data time series for the Cowichan Chinook stock, which is an 
indicator for Lower Georgia Strait Chinook. While most indicators are expressed as an index, this 
indicator is an absolute escapement estimate. It will also contribute to Canadian Inside Chum run size 
identification as the Cowichan chum stock is used in the aggregate model for Inside Chum management. 
Due to turbid viewing conditions this stock has not been assessed for several years. This difficulty in 
assessment of run size will be eliminated with the DIDSON. Thirdly, the project will improve the current 
assessment of Cowichan coho stock, which is important to local First Nations and sport fishing 
communities. It will allow in-season management of coho escapement and avoid missed opportunities for 
both groups. 

Should this project be successful in its objective of providing accurate and reliable estimates of coho, 
chinook and chum escapement, it will replace current enumeration projects and become the source of data 
for management models. 
 

Multi-Species Migration and Improved Escapement Enumeration Cowichan River DIDSON 
Project.  Final Report 

 
 

Coldwater River Resistivity Counter Calibration. Year 2 
 
Project Lead: Dave Coutlee, Program Manager, NWSFA (fisheries department of the Nicola Tribal 

Association), Merritt, BC. 
Project Cost:  $29,260 CAN $26,129 US 
 
A resistivity counter was installed at the NTA’s counting fence apron in 2006.  This project was partly 
funded by the Southern Boundary Fund in order to facilitate accurate enumeration of returning Interior 
Fraser early-early run chinook, and Interior Fraser coho.  The counter was operated in the spring of 2006 
to evaluate steelhead and Chinook adult spawners.  Evidence of large targets was collected in April and 
early May and evaluated as steelhead trout based on radio telemetry.  Further large targets were observed 
in late May and assumed as chinook salmon based on later run timing and the lack of passage of radio 
tagged steelhead at this time.  Many other smaller targets were observed throughout the sampling period. 
 
Attempts were made to validate the counter in 2006 by using standard video technology (McCubbing and 
Ignace, 1999), but reliable information on chinook and steelhead could not be obtained by this method at 
this location.  This resulted from both species migrating during freshet when the water is turbid, and at 
night when artificial light would be required to observe passage.  It is also thought from other studies that 
some (unknown) portions of the run of each ot the two target species may overlap in migration timing at 
the sampling location.  As steelhead and Chinook are of similar size, video and target size may not be 
suitable methods to establish what species each fish (target) represents. Additionally, it appears that there 



is a plethora of other smaller fish species present (e.g. whitefish, suckers, rainbow trout) that may 
contribute to uncertainties around some target identification.  The NTA is proposing to work with DFO 
and their consultant (InStream Fisheries Research Inc.) in 2007 to utilize two methods to better define 
data and target issues raised during the pilot operations in the spring of 2006, as well as better define the 
extent (or lack) of chinook and steelhead migration overlap timing.  We propose to utilize two approaches 
in conjunction with the resistivity counter: 
 
a) DIDSON: building on the brief experiment with a DIDSON unit at the site in spring 2006 by 

Instream Fisheries Research Inc. and DFO, the NTA will arrange for rental of a unit for deployment 
during the period April 15 to June 30, 2007.  The arrangement will include the services of a 
biologist familiar with its operation for at least a week in order to ensure proper functioning of the 
unit and associated hardware/software, as well as to provide basic training to the onsite personnel. 

 
b) Radio Telemetry: a skilled and experienced consultant will be contracted to capture and radio tag 

up to 20 early-early run Coldwater chinook in the Nicola River upstream from the confluence of 
Spius Creek.  Receivers will be deployed at the fence/counter site to monitor signals as these fish 
move up into their natal stream.  Capture technique will be angling and metric data will be recorded 
when the fish is tagged.  

 
 Coldwater Resistivity Counter Calibration - Year 2. Final Report 
 

 
Using Environmental Data to Improve Wild and Hatchery Estimates of Chinook and Coho Salmon 

Return Rates 
 
Project Lead: Correigh Greene, NOAA Fisheries, Northwest Fisheries Science Center, Seattle, WA. 
Project Cost:  $117,560 US 
 
The ability to forecast population-specific returns of salmon is critical to the sound management of 
individual stocks, and an important function of the Pacific Salmon Commission.  A key set of challenges 
of making these forecasts is relying on exploitation rate and survival estimates from coded-wire-tagged 
hatchery indicator stocks. For coho salmon, which return at primarily one age, estimating natural 
mortality and differentiating natural mortality from harvest are important.  For Chinook salmon, which 
return at multiple ages, natural mortality at age is assumed fixed and maturation rates are estimated from 
hatchery indicator stocks.  Harvest rates for specific populations are generally estimated using coded-wire 
tag groups from hatchery index stocks.  However, the application of these harvest rate estimates to wild 
populations carries the assumption that hatchery and wild fish have similar natural mortality rates and/or 
maturation rates, or can be accurately corrected for any differences.  Both natural mortality and 
maturation rates in fishes are known to be highly variable in response to environmental fluctuations 
(Policansky 1983). 
 
Recently, some analyses have questioned the utility of hatchery stocks to represent populations of wild 
salmon.  Because hatchery fish are not naturally reared, they are buffered from freshwater environmental 
variation.  Moreover, because hatchery fish are often reared until they are primed for downstream 
migration, they exhibit reduced residence in habitats used by wild salmon for rearing.  Consequently, a 
greater proportion of their residence in the wild is associated with marine environments (Fig. 1), and 
individuals may start these stages at larger sizes than their wild counterparts (Fig. 2).   If return rates of 
wild fish depend upon residence in freshwater or estuarine habitats, or mortality is size-dependent during 
these life stages, hatchery groups may be poor indicators of mortality in wild fish.  However, it is also 
possible that high variability in marine mortality could reduce the dependency between return rates and 



residence or size at earlier life stages, thereby making mortality estimates from hatchery fish a relatively 
accurate predictor of mortality in wild fish. 
 
Recent research has revealed that mortality of wild fish can be predicted with high precision by using 
environmental data closely linked to particular salmon life stages (Greene et al. 2005), and in some cases, 
these data also correlate well with mortality of hatchery stocks (Nickelson 1986).  Identifying suites of 
environmental predictors that closely track return rates in both wild and hatchery fish, and incorporating 
these predictors into population models therefore holds promise to greatly improve forecasts of salmon.  
We propose to examine the utility of environmental data to help explain variation in return rates for both 
wild and hatchery index stocks of Puget Sound Chinook and coho salmon.  We will utilize environmental 
correlates measured at different stages of salmon life histories, evaluate their potential for predicting 
return rates, and develop tools for incorporating these covariates into population models. 
 
This research will improve consistency between the technical underpinnings of abundance forecasts under 
harvest management and population assessments required under recovery planning for the U.S. 
Endangered Species Act.  To the extent that such technical assessments are based on similar assumptions 
about stock-specific productivity and age-specific survival, this research will improve population 
assessments that integrate harvest, habitat, and hatchery management for recovering imperiled stocks. 
 

Using Environmental Data to Improve Wild and Hatchery Estimates of Chinook and Coho 
Salmon Return Rates.  Final Report   

 
 

Assessing Growth and Survival of Juvenile Chinook and Coho Salmon off the West Coast of 
Vancouver Island 

 
Project Lead: Brian Beckman, NMFS, Research Fishery Biologist, Northwest Fisheries 

Research Center, Seattle, WA and Marc Trudel, DFO, Research Scientist, Pacific 
Biological Station, Nanaimo, BC. 

Project Cost:  $39,230 US 
 
Ocean survival of Pacific salmon is both variable and to this point unpredictable.  This presents obvious 
and substantial difficulties for the management of ocean and terminal salmon fisheries.  A longstanding 
hypothesis in the scientific community is that ocean survival of salmon may depend on growth during 
their first summer at sea (Pearcy 1992).  To date, this hypothesis has not been critically tested due to the 
considerable cost of sampling salmon in the ocean and the difficulties of actually measuring salmon 
growth at sea.  Recently, Beckman et al. (2004a) have suggested that blood levels of the hormone IGF-I 
may provide a reliable index of the instantaneous growth rate of salmon.  Plasma IGF-I levels have been 
measured in salmon captured in NOAA Fisheries June surveys off the Oregon - Washington Coast since 
2000.  Significant inter-annual differences in mean IGF-I level have been found for both juvenile coho 
and Chinook salmon. While there is some variation between the species in given years, mean IGF-I levels 
for both species in June of 2003, 2005, and 2006 were similarly low, indicating overall poor growth 
conditions for salmon in those years.  
 
Since IGF-I levels varied inter-annually, these data may be used to test whether growth rate of juvenile 
salmon does relate to subsequent adult survival.  A significant relation between mean June IGF-I levels in 
juvenile coho salmon and adult coho salmon return has been found.  Robust testing of possible relations 
between plasma IGF-I level of juvenile Chinook salmon and Chinook salmon marine survival awaits 
further adult return data (Chinook salmon may spend 2.5 to 3.5 years at sea vs. 1.5 years for coho 



salmon).  Nevertheless, these results suggest that the marine survival of salmon could be predicted 1-2 
years in advance simply by measuring IGF-I levels in June (i.e. 1 - 2 months after ocean entry). 
 
Differences in mean June IGF-I level between coho and Chinook salmon may be due to differential 
distribution of these fish off the Oregon/Washington Coast (NMFS, unpublished).  Certainly, 
oceanographic productivity can vary over different geographic regions (Ware and Thomson 2005).  The 
possibility that differences in ocean productivity may lead to differences in salmon growth has been 
examined by comparing regional variation in coho salmon IGF-I.  Consistently high IGF-I levels 
(indicating high growth rates) were found near the continental shelf break off the Northern Washington 
Coast.  These areas are near the heads of submarine canyons that are thought to concentrate 
mesozooplankton in eddies associated with the canyons (Allen et al. 2001).  In addition, high mean IGF-I 
levels were found near the central Oregon Coast, known centers of coastal upwelling and productivity.  
Overall, assessing levels of plasma IGF-I in juvenile salmon has allowed the assessment of inter-annual 
differences in growth, the prediction of adult salmon survival, and the assessment of regional differences 
in growth. 
   
We propose to extend this approach to the West Coast of Vancouver Island and develop forecasting 
models of coho and Chinook salmon returns for this region.  Currently Fisheries and Oceans Canada 
(CDFO) conducts a June/July survey for juvenile salmon off the West Coast of Vancouver Island.  Based 
upon genetic markers, this survey collects fish from stocks of interest to the Southern Boundary Fund 
managers, including coho and Chinook salmon from the West Coast of Vancouver Island, Puget Sound, 
Washington Coast, Oregon Coast and the Columbia River (Trudel et al 2004).  The survey is similar to 
the NOAA work off the Oregon and Washington Coasts except juvenile salmon are not bled and 
consequently, plasma IGF-I levels are not measured.  We request funding from the Southern Endowment 
Fund to add a biologist to the CDFO survey vessel to bleed salmon so that we can subsequently assess 
plasma IGF-I levels in salmon caught off the West Coast of Vancouver Island.  A relatively small 
investment into an on-going program could result in significant new insight into salmon growth and 
survival and provide additional tools for the management of this lucrative fishery.   
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