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Executive Summary
Pacific salmon are at risk from multiple stressors. The pressures and threats to salmon stocks 
are diverse and require significant action through an integrated approach addressing habitat, 
harvest, hatcheries and other factors.

The purpose of this discussion paper is to inform a meaningful dialogue among First 
Nations, commercial and recreational harvesters, DFO, and other interested parties on key 
technical considerations, including the potential benefits and challenges, associated with 
the implementation of hatchery mass marking (MM) and mark-selective fisheries (MSFs) 
for southern British Columbia Chinook salmon. The Pacific Salmon Strategy Initiative (PSSI) 
provides an opportunity to further develop and expand implementation of these tools to 
help address conservation and sustainable use challenges faced by Pacific Salmon. While 
the focus of this paper is on southern BC, it is expected that many of the key issues, benefits 
and challenges identified may be relevant to the future potential implementation of MM and 
MSF in the Central Coast, North Coast and Yukon-Transboundary Rivers areas of DFO’s Pacific 
Region.

Hatchery enhancement of Pacific salmon delivers significant benefits in the form of directed 
harvest, support of vulnerable populations that may limit fisheries, and stock assessment 
information upon which fisheries are managed across the region. Use of hatcheries also carries 
risks to wild salmon, and risk identification and management is an important component of 
hatchery programming. It is therefore critically important to continue to modernize hatchery 
practices in Canada to better manage and mitigate the associated risks. The PSSI provides 
funding to support this work. Mass marking of hatchery fish is a tool that can be used to help 
monitor and reduce undesirable genetic effects on salmon populations, enabling improved 
broodstock management and by selectively harvesting hatchery fish to reduce the numbers of 
hatchery-origin fish remaining to spawn in the natural environment.

Sustainability of mixed-stock fisheries for Chinook salmon in southern BC marine waters 
requires limiting impacts on stocks of concern. MSFs and improved selective fishing practices 
have been shown to be an effective management tool in Washington State fisheries (WDFW 
2021), by providing harvest opportunities while limiting fishery impacts on wild stocks of 
concern. Many Southern BC mixed-stock fisheries encounter a high proportion of unmarked 
hatchery Chinook, but with increased MM of Canadian hatchery stocks and improved 
monitoring, sampling and release practices, there may be  opportunities to expand use of 
MSFs in Canada. While MSFs are inherently designed around the targeted harvest of hatchery 
production, they need to be carefully planned over time and space, and supported by 
enhanced monitoring programs, to ensure that the potential impact on wild stocks of concern 
is minimized (e.g., release mortalities).

Implementation of MM and MSF requires comprehensive planning and program development 
across many related activities. Among the many challenges are the implications for Pacific 
Salmon Treaty (PST) implementation and the paradigm shift for Chinook stock assessment 
that currently relies on coded-wire-tag (CWT) data and the assumption that exploitation rates 
from coded-wire-tagged hatchery fish are representative of fishery impacts on wild fish. It 
is expected that the work to address this challenge would require several years of work and 
significant collaboration with US counterparts. As the Department considers implementation 
of these tools, there will be opportunities for First Nations and stakeholders to work 
collaboratively with DFO on important technical issues like improved monitoring programs 
and development of decision-making tools (e.g., management strategy and risk evaluations) 
to refine hatchery production and harvest management strategies. This paper provides an 
opportunity to provide your feedback (see Request for Feedback section) to the Department 
to help scope and guide decision making on implementation of MM and MSFs for southern BC 
Chinook salmon.
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Pacific salmon have social and cultural significance for many Canadians and they are 
economically vital to many local communities. These iconic species are experiencing 
drastic population declines due to a combination of climate, habitat and harvesting 
pressures. Bold, transformative action is needed now to stabilize, protect and rebuild 
West Coast salmon stocks for the ecosystems and communities that depend on them, 
before it is too late.1

“

 1 June 8th, 2021 Ministerial press release on the Pacific Salmon Strategy Initiative (PSSI) 
(Canada launches transformative effort to save Pacific salmon - Canada.ca)
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Introduction

The pressures and threats to Pacific Salmon populations are diverse and require significant 
action on many fronts. These actions have been outlined under the four pillars of the Pacific 
Salmon Strategy Initiative (PSSI); Conservation and Stewardship, Salmon Enhancement, Harvest 
Transformation, and Integration and Collaboration.

Hatchery mass marking (MM) and mark-selective fisheries (MSF) are tools that can be deployed 
to help address conservation and sustainable use challenges faced by Pacific Salmon. The PSSI 
provides an opportunity to develop and implement these tools as part of an integrated manage-
ment approach.

The five principles underpinning PSSI engagement and implementation are: Indigenous recon-
ciliation; Innovative solutions; Prioritization; Enhanced transparency, data and trust; Partnerships 
and collaboration. Consideration of mass marking and mark-selective fisheries  will take into 
account all of these principles, particularly Indigenous reconciliation, in which the Department is 
seeking to strengthen positive relationships and collaboration with First Nations to help achieve 
solutions and shared objectives (e.g., harvest access).

The purpose of this discussion paper is to inform a meaningful dialogue among First Nations, 
commercial and recreational harvesters, DFO and other interested parties by explicitly identify-
ing the key technical issues and challenges that must be addressed for the implementation of 
MM and MSF for southern BC Chinook salmon. The input received from this discussion paper will 
be used to inform implementation of MM and MSF in conjunction with consultations that occur 
during the process to develop integrated management plans with hatchery, habitat, and harvest 
components.

Mass Marking

Is the removal of all or a portion of a fin (usually the adipose fin) from most or all hatchery-pro-
duced juvenile salmon prior to their release into the natural environment. This ’mark’ enables 
visual detection of hatchery-origin fish and can be used for improved genetic management of 
hatchery programs. Mass marking also enables the selective harvest or removal of hatchery-ori-
gin fish where it might be beneficial to do so.

Mark Selective Fisheries

Is a fishery in which regulations permit retention of marked fish and the full or partial release of 
unmarked fish. The intention is to create a selective fishing opportunity that imparts a conser-
vation benefit to unmarked, often wild, fish. As with any fishery, MSF regulations may be one of 
many tools used on their own or together with other regulations to manage harvest impacts.

Removed adipose fin 
(Hatchery Salmon)

Intact adipose fin 
(Wild or unmarked hatchery Salmon)
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Our Goals
MM and MSFs are tools that can be used independently or together to help support  DFO’s ob-
jectives to conserve wild Chinook stocks and sustainably manage fisheries.

As part of an integrated salmon management strategy to better manage hatchery programs 
and mixed-stock fishery impacts on stocks of concern, the goals of implementing hatchery MM 
programs and MSFs in Canada are to: 

1) Improve the conservation of wild salmon by reduc-
ing the genetic risk of hatchery production.

Use MM to limit the inclusion of hatchery-origin fish in 
hatchery broodstock 

Use MM to reduce the numbers of hatchery fish spawn-
ing in the natural environment through removals prior 
to arrival on spawning grounds (e.g., MSFs). 

 
2) Maintain and create potential for sustainable fishery 
opportunities.  

Allow mark selective fishery opportunities (MSFs) for 
retention of marked hatchery fish when the expected 
incidental mortality on stocks of concern is within ac-
ceptable limits.

Improve the cost-effectiveness and benefits of hatch-
ery programs by increasing the proportion of hatchery 
fish caught.

3) Use the best available scientific information to in-
form decision-making.

Implement marking and monitoring measures to track 
hatchery genetic influence and other relevant parame-
ters in the natural and hatchery environments through 
cost-effective sampling methods. 

More accurate estimates of the number of hatchery 
versus natural origin fish in population assessments.

Capitalize on increased biological understanding (e.g., 
habitat capacity) of the contributions of hatchery and 
wild origin salmon and adapt management response.
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Hatchery Modernization
Need for Hatchery Modernization

Currently there are over 100 hatcheries in Brit-
ish Columbia which support a variety of objec-
tives, ranging from small community volun-
teer-run projects to larger federally operated 
facilities. About 45 of these enhance Chinook 
salmon, releasing approximately 42 million 
juveniles annually. Hatchery production is 
conducted with the intent to support rebuild-
ing of depleted populations, conservation of 
critically endangered populations, improved 
harvest opportunities, stock assessment, and 
community stewardship (DFO 2018a).

In Southern BC, hatchery-origin Chinook from 
both Canada and the US comprise a large por-
tion of the catch across First Nation, commer-
cial, and recreational fisheries.  These fisheries 
range from ‘terminal’ harvests supported al-
most exclusively by hatchery-origin Chinook 
(e.g., Nootka Sound) to more ‘mixed-stock’ 
fisheries that are supplemented by multiple 
hatchery and natural origin populations (e.g., 
Strait of Georgia and offshore West Coast Van-
couver Island).  Overall, the estimated contri-
bution of hatchery origin fish to Southern BC 
recreational Chinook catch is over 50% but 
varies by time and area.

However, notwithstanding the benefits of 
hatchery production, hatcheries can have 
undesirable effects on wild populations that 
must be better managed (DFO 2013), includ-
ing:

1) Loss of genetic diversity through domesti-
cation (i.e., known as inbreeding depression, 
which occurs because of repeated selection of 
hatchery fish for broodstock across many years 
and/or hatchery-origin fish spawning with 
wild fish, which can lead to reduced survival 
and reproduction)

2) Loss of adaptive diversity through hatchery 
straying effects (i.e., outbreeding depression, 
which reduces survival and reproduction as a 
result of breeding individuals from different 
stocks)

3) Increased mortality in fisheries due to a 
greater abundance of hatchery fish (i.e., when 

hatchery and wild fish are not differentiated in 
assessments, and management measures are 
designed for stock mixtures);

4) Effects related to ‘density dependence’ (i.e., 
concerns that the carrying capacity of salmon 
habitat is exceeded with increased hatchery 
production)

5) Other potential impacts such as transfer of 
disease to wild populations, impacts of hatch-
eries on environment, etc.

A recent Canadian review identifies that Chi-
nook genetic diversity may be at risk where 
hatchery Chinook salmon are overly abundant 
in natural spawning areas (Withler et al. 2018).  
This potential loss of genetic diversity can 
pose a threat to the long-term productivity of 
natural salmon populations, as maintaining 
genetic diversity increases population fitness 
and adaptive capability.

Moreover, in recent years opportunities for 
Chinook harvest in mixed stock fisheries have 
been either significantly reduced or eliminat-
ed as wild stocks declined.  These measures 
are costly.  On the one hand, there is signifi-
cant loss of fishing opportunity and the ac-
crued food, cultural, social and economic ben-
efits to society.  On the other hand, consider 
that from 2009 to 2019, only four of the major 
Chinook hatchery populations in southern BC 
(SBC) have been harvested at rates above 30%.  
The remaining production (70% or greater) es-
capes harvest; resulting in a significant oppor-
tunity cost, cost infectiveness and increased 
potential for other negative effects such as 
straying.

Hatcheries in the United States have under-
gone an intensive review by the Hatchery Sci-
entific Review Group (HSRG) starting in 2000 
when the U.S. Congress funded the Hatchery 
Reform Project. This was a systematic, sci-
ence-driven evaluation of hatcheries by the 
HSRG. A key component of the project was the 
development of recommendations to help re-
design hatchery operations under the follow-
ing objectives (HSRG 2004):   
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Conserve indigenous salmonid genetic 
resources

Assist with the recovery of natural-
ly-spawning salmonid populations,

Provide sustainable fisheries, and

Improve the quality and cost-effective-
ness of hatchery programs.

The project involved extensive review of 
hatchery programs and has resulted in sys-
tem-wide and program-specific recommen-
dations for hatchery reform. To help achieve 
these objectives, the US Hatchery Reform 
project identified three foundational princi-
ples to guide hatchery management and en-
sure the best available science is incorporated 
into operational decisions:

Principle 1: Develop clear, specific, and quan-
tifiable harvest and conservation goals for nat-
ural and hatchery populations within an “All 
H” context (or integrated management across 
Harvest measures, Hatchery management, 
and Habitat assessment and restoration);

Principle 2: Design and operate hatchery pro-
grams in a scientifically defensible manner; 
and

Principle 3: Monitor, evaluate, and adaptively 
manage hatchery programs.

These principles were confirmed as appropri-
ate for the Canadian context by Withler et al 
(2018).

DFO has followed the HSRG process closely, 
implementing findings that are applicable to 

DFO’s operational approach, with many as-
pects of the HSRG recommendations having 
been considered and operationalized. These 
principles were confirmed as appropriate for 
the Canadian context by DFO (2018b).

The HSRG recommended managing hatchery 
genetic influence using the ‘proportionate 
natural influence’ (PNI), and associated met-
rics to set goals and monitor, evaluate, and 
adaptively manage hatchery programs (Box 2, 
HSRG 2004, HSRG 2014). The goal of applying 
these metrics is to conserve local adaptation 
(or biodiversity) by limiting the influence of 
hatcheries for those populations considered 
most critical for the conservation of biodiver-
sity.

Taking a similar approach, Withler et al. (2018) 
developed a classification system informed 
by the Wild Salmon Policy for Canadian Pacif-
ic Salmon that described conservation goals 
for salmon populations. Those goals ranged 
from cases where hatchery production would 
be maximized for harvest and other benefits, 
to others where the degree of hatchery influ-
ence would be carefully managed to minimize 
hatchery influences on wild populations. Each 
population designation has target ranges of 
the PNI and related metrics (Appendix C). DFO 
utilizes the HSRG`s PNI index as a tool to assess 
hatchery influence on populations and subse-
quent genetic effects as part of implementing 
advice from the Withler et al. (2018) report on 
setting genetically based targets.

To advance hatchery modernization a man-
agement goal for each population that may 
be potentially affected by hatchery programs 
needs to be established. This evaluation 
should also consider the implications for Con-
servation Units if populations are designated 
for hatchery production sites, as these will no 
longer be part of wild salmon assessments.

Further, Withler et al. (2018) identified and 
evaluated three strategies to manage the ge-
netic influence of hatcheries on salmon popu-
lations (represented by the PNI metric). These 
strategies are:

Strategy 1: Scale hatchery production appro-

Definitions of Metrics used to assess hatchery performance (HSRG 2017)

pNOB = % Natural Origin fish in the hatchery broodstock: this is an estimate of the 
level of gene flow from the natural to the hatchery population. 

pHOS = % Hatchery Origin fish on the spawning grounds: this is an estimate of the 
level of gene flow from the hatchery to the natural population.

PNI = Proportionate Natural Influence, calculated as a function of the composition 
of spawners in the hatchery and in the natural populations over generations.
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priately to the size of the natural population 
(except when natural populations are in dan-
ger of extirpation);

Strategy 2: Manipulate the composition of 
hatchery broodstock (e.g., to reduce or avoid 
breeding hatchery-origin fish); and

Strategy 3: Decrease the return of hatch-
ery-origin fish to spawning grounds by se-
lectively removing hatchery fish (i.e., through 
MSFs, or directly in the river using a weir or 
other structure).

Scaling hatchery production appropriately 
(Strategy 1) is the most effective measure to 
manage influence on wild populations but 
using that approach exclusively may result in 
foregone catch. Alternatively, a combination 
of scaling production along with selective re-
moval of hatchery fish from broodstock or nat-
ural spawning areas (Strategies 2 and 3) can 
manage genetic risk while also enabling har-
vest opportunities. If the management goal 
is to balance multiple objectives, then it is a 
question of setting appropriate management 
objectives for the population and document-
ing and evaluating the trade-offs between the 
risk of hatcheries to wild populations and the 
benefits associated with other management 
objectives.

However, it is important to understand that to 
effectively monitor PNI and to actively man-
age it via Strategy 2 or 3, an easily identifi-
able mark is required for hatchery-origin fish 
so that stock assessment biologists, hatchery 
managers and harvesters have an easy and 
cost-effective way to identify hatchery-origin 
fish ‘in the field’ or ‘on the boat’. While there 
are other mass marks (e.g., genetic parent-
age-based tagging) that can enable monitor-
ing of PNI, decisions should be made on an in-
dividual program basis to adapt to the specific 
objectives and circumstances of that project.

The key benefit of enabling a combination of 
the strategies identified by Withler et al. (2018) 
to reduce hatchery impacts on wild popula-
tions is that it creates scope to achieve mul-
tiple management objectives. However, there 
are many considerations that should inform 
the decisions about the design and operation 
of individual hatchery programs. These con-
siderations for decision-making are described 
further below. In addition, Appendix A pro-
vides a chronology of the implementation of 
MM/MSF programs in the US and Canada and 
Appendix B summarizes some of the lessons 
learned through the process.
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Consistent with the Fish Stocks Provisions 
(Section 6) in the recently amended Fisheries 
Act (June 2019), DFO strives to “maintain the 
sustainability of major fish stocks in manag-
ing fisheries” by implementing a precaution-
ary approach (PA) to harvest management. 
This approach involves identifying Limit Ref-
erence Points (LRP) as the boundary between 
the critical and cautious stock status zones 
and implementing harvest measures that pre-
vent stocks from falling below the LRP. Where 
stocks do fall below the LRP, rebuilding plans 
are required to be produced and implement-
ed within 24 months. Objectives and strate-
gies identified in the Wild Salmon Policy are 
foundational for effective implementation of 
the PA for Pacific salmon.

Sustainable harvest management can be 
achieved through a number of strategies de-
pending on the status of the targeted stock 
and any co-migrating stocks as well as char-
acteristics of the fishery in question (e.g., by 
regulating time, area, gear type, expected 
effort, etc.). Selective fishing strategies can 
reduce fishing mortality on non-target stocks 
and species through either avoidance or re-
lease.  The objective of DFO’s Policy for Selec-
tive Fishing (2001) “is to ensure that selective 
fishing techniques and practices are adopted 
where appropriate in all fisheries in the Pacif-
ic Region, and that there are continuing im-
provements in harvesting gear and related 
practices”.  To that end, the policy identifies 
four strategies in order of preference: 

1) avoidance of non-target species and stocks 
through time and area restrictions;  

2) avoidance through gear design; 

3) release alive and unharmed before being 
brought aboard or ashore, through gear de-
sign; and

4) release alive and unharmed from the deck 
of the vessel or landing site (e.g., shore or fish-
ing pier). 

MSF regulations on their own or combined 
with other measures are an example of a har-
vest management approach that integrates 
one or more of these selective fishing strat-
egies. The visible external mark on hatchery 
populations allows unmarked fish (i.e., wild 
and unmarked hatchery origin salmon) of 
the same target species to be identified and 
released while marked fish encountered are 
retained. MSF regulations are aimed at sup-
porting conservation and sustainable use 
objectives by reducing impacts to unmarked 
wild stocks (within allowable limits) relative 
to marked hatchery populations and relative 
to non-selective fisheries. It should be noted 
that for fisheries on populations where the 
wild status is such that even a minimal harvest 
impact is not sustainable, complete non-re-
tention or fishery closures may be required. 
MSFs may also be supportive of achieving 
hatchery genetic management objectives by 
reducing impacts of hatchery-origin fish on 
the biodiversity of wild populations in their 
spawning and rearing habitats.
 
Regardless of the harvest management ap-
proach taken, adequate population and fish-
ery monitoring, including fishery enforce-
ment, and assessment programs are required 
to evaluate fishery outcomes and adaptively 
manage as required.  For example, if an MSF 
opportunity generates an unexpected effort 
response that results in an unacceptable lev-
el of incidental mortality to wild fish, then 
additional management measures can be in-
troduced. These measures might include im-
plementing time and area closures (i.e., limit-
ing openings); controlling fishing effort (e.g., 
limiting the number of licenses/participants/
boat trips permitted to fish); gear restrictions 
(e.g., type/number of nets, rods, hooks, etc.); 
or catch limits (e.g., daily/possession/annu-
al quotas).  In practice, some combination of 
these measures is already in place for most 
fisheries. The objective of monitoring is to 
collect information to evaluate whether the 
measures are effective in meeting targets and 
adjust as required.

Management in Support  
of Sustainable Fisheries
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Finally, it is important to note that implemen-
tation of MSFs on southern BC Chinook could 
potentially include First Nation, recreational 
and/or commercial harvest and does not pre-
sume a distribution of MSF harvest opportu-
nities to specific harvest groups in specific lo-
cations. MSF implementation parameters will 
be discussed with interested parties in the fol-
low-up to this discussion paper and associat-
ed engagements. Planning and decisions on 
effective and sustainable MSF opportunities 
will be discussed in annual Integrated Fish-
eries Management Plan (IFMP) development 
processes that attempt to integrate hatchery 
and harvest management considerations in a 
manner set out in legislation and policies gov-
erning the management of all Pacific Salmon 
fisheries.
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Considerations for Decision Making
Considerations and challenges that inform decisions about the design and operation of hatchery 
MM programs and MSFs are described below. Note that many of the challenges are associated 
with additional monitoring and sampling requirements. New PSSI investments provide opportu-
nities to address one-time investments (e.g., marking infrastructure) and explore approaches to 
transforming/adjusting/transitioning existing programs and associated procedures to address 
challenges with MM/MSF (e.g., enhanced monitoring of fisheries, information management). 

What factors should be considered in  
selecting populations for Mass Marking?

The potential for genetic risks to be man-
aged by the selective removal of hatch-
ery-origin fish.

Populations where hatchery-origin fish 
are known or suspected to stray and mix 
with naturally spawning populations in 
other river systems. Marking can allow 
improved assessment to inform scaling or 
strategy changes, and can enable removal 
in certain circumstances.

Populations in which mass marking will 
enable improved genetic management of 
the hatchery broodstock. 

Potential contribution to fisheries where 
significant socio-economic benefits 
would accrue under MSF regulations.

Populations with potential terminal or 
near-terminal MSF locations that could 
avoid significant impacts on unmarked 
populations.

What are the challenges of hatchery Mass 
Marking programs?

Advancing mass marking requires  
Increased funding for capital infrastruc-
ture and  operations. Through PSSI, the 
Department has secured increased ca-
pacity to advance mass marking for a 
time-limited period, and program prior-
ities will be evaluated as PSSI proceeds 
to determine longer term plans. Note 
that current Departmental resources and 
planning is anticipated to prioritize con-
servation and rebuilding efforts and we 
do not anticipate significant increases in 

hatchery production for the sole purpose 
of creating more marked fish for harvest. 
 
In addition to specialized infrastructure 
and operational funding, MM programs 
require significant temporary labour 
pools to deliver intensive marking pro-
grams within a short time period, gen-
erally in the spring. This capacity would 
need to be developed in order to deliver 
on new MM programs once infrastructure 
and operational funding is in place at any 
given location.

Marking large numbers of juvenile Chi-
nook salmon is logistically challenging 
due to the dispersed geographic locations 
of hatcheries and, for most populations, a 
narrow time window to apply the mark 
prior to release. It will be necessary to stra-
tegically prioritize production for marking 
that would maximize conservation values 
and/or best enable effective mark-selec-
tive fisheries.

MM of Chinook salmon requires changes 
to assessment approaches of fishery and 
escapements to detect coded-wire tag 
(CWT) bearing fish. Currently in Canada, 
only Chinook associated with a CWT re-
lease are marked with an adipose fin clip 
(AFC). However, there are also US-origin 
hatchery chinook caught in most south-
ern BC fisheries that have been marked 
with an AFC (most without a CWT) since 
the early 2000’s. In sampling for CWTs in 
Canadian fisheries, only AFC fish are re-
tained for further CWT inspection. This is 
already a concern given the concentration 
of marked US fish in our fisheries but it will 
become more severe if Canadian hatch-
ery origin fish are also mass-marked with 
AFCs.
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What factors should be considered in  
selecting fisheries for MSF-based regula-
tions?

Fisheries for which MSF measures can 
improve conservation of wild salmon by 
reducing the genetic risk of hatcheries to 
wild populations through selectively har-
vesting hatchery fish to increase the pro-
portion of natural origin fish in spawning 
populations.

Fisheries for which MSF measures can 
improve access to the benefits of hatch-
ery production while effectively limiting 
harvest impacts on wild stocks of concern 
to allowable levels. The expected fishing 
mortality on non-target stocks is a func-
tion of:

Stock composition: Stock composition 
varies over time and space depending on 
the abundance and migration patterns 
of the various stocks contributing to a 
fishery. Knowledge of stock composition 
based on fishery sampling in prior years 
provides insight into the stocks that are 
likely to be encountered by a fishery and 
the frequency and timing of those en-
counters.

Fishing effort: A measure of the fishing 
pressure (e.g., boat trips, angler days, etc.) 
which influences the number of fish en-
countered in a fishery (retained and re-
leased). As effort increases, the number of 
fish encountered and released will typi-
cally increase and hence the total number 
of fish killed by incidental mortality will 
increase. Effort in MSFs should be moni-
tored for increases in effort (an effort re-
sponse) which would lead to an increase 
in mortality on non-target stocks.     

Fishing related incidental mortality (FRIM) 
rate: The total mortality rate associated 
with encountering and releasing non-tar-
get fish through fishing activity (DFO 
2016). FRIM rates should also be moni-
tored over time to account for changes 
associated with the condition of fish in-
tercepted by the fishery (e.g., prevalence 

of disease, stress, body condition), envi-
ronmental conditions (e.g., temperature), 
and characteristics of the population of 
fishers (e.g., demographics, degree of ex-
perience, gear used, etc.).

The effectiveness of other management 
measures in place designed to reduce the 
catch in the fishery including gear restric-
tions, catch limits (e.g., quotas or daily/
possession limits), size limits, effort limits 
(e.g., number of openings, licenses), etc.

Fisheries for which additional MSF op-
portunities are consistent with salmon 
allocation priorities and Canada’s consti-
tutional obligations to First Nations.

Fisheries for which there is adequate 
monitoring and sampling to provide the 
information needed to evaluate the risk 
of MSFs. Information that is required to 
evaluate the impacts may include expect-
ed stock composition, estimated kept 
and released catches, and fishing-related 
incidental mortality rates.

Fisheries for which hatchery fish contrib-
ute a large portion of the stock composi-
tion and for which the AFC ‘mark-rate’ is 
relatively high. This consideration is rel-
evant whether the primary harvest con-
trol is MSF only (i.e., when all unmarked 
Chinook are released), or when MSF is 
implemented in combination with other 
measures such as mixed daily/possession, 
size limits or effort controls. In U.S. fisher-
ies where only hatchery marked Chinook 
can be retained the guidance is for a min-
imum mark rate of 40-60%. 

What are the potential challenges of 
Mark-Selective Fisheries?

When MSF measures are in place, ex-
ploitation rate (ER) estimates on AFC CWT 
Indicator stocks no longer represent the 
exploitation on unmarked wild-origin 
stocks. Differential exploitation between 
CWT indicators and unmarked wild-ori-
gin Chinook stocks compromises the cur-
rent approach to post-season estimation 
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of fishery impacts on wild stocks using the 
CWT indicator stock program. This issue 
matters because:

Chinook stock assessment uses wild stock 
productivity, survival rates, maturation 
rates and ERs estimated from these CWT 
data by stock, age, and fishery.  

AABM Chinook allowable catches in the 
2019 PST are based on historical rela-
tionships between harvest indices and 
abundance indices. Harvest indices were 
computed under the assumption of no 
differential exploitation between marked 
and unmarked Chinook. Thus, implemen-
tation of MSFs will require new analytical 
work and addressing key obligations of 
Chapter 3 of PST.    

Calendar-year ER (CYER) limits set out for 
Chinook salmon in Chapter 3 of the 2019 
PST are measured from AFC CWT Indica-
tor Stocks. However, CYER limits are in 
place to limit impacts on natural stocks of 
concern. By design, implementing MSFs 
will increase ER on AFC CWT indicator 
stocks. Therefore this creates challenges 
to produce reliable stock assessments of 
natural unmarked stocks to inform the 

planning of future MSF and non-MSF fish-
eries. Addressing these challenges will 
increase the complexity and cost of moni-
toring and require alternative assessment 
approaches with a higher number of un-
derlying assumptions and increased un-
certainty. 

There are significant bilateral implications 
of this issue given the longstanding im-
plementation of MSFs in the southern US, 
with work already underway through the 
PST’s technical review process to address 
these challenges. Potential solutions in-
clude additional sampling methods, such 
as ‘double-index tagging’ and associated 
electronic CWT sampling, to adjust for 
bias in CWT ER estimates caused by MSFs. 
Although no direct replacement methods 
are yet available for estimating CYER and 
other PST-related metrics (e.g., Chinook 
model Abundance indexes), other supple-
mental methods have and can potentially 
be applied to estimate fishery mortality 
on Chinook stocks including:

Run reconstruction approaches that use 
genetic stock identification (GSI) to esti-
mate catch of specific stock management 
units in fisheries.
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Parental-based tagging (PBT), which is a 
new method that samples brood-stock 
from indicator stocks to identify a paren-
tal genotype. This genotype is then used 
as a ‘mark’ to identify the indicator stock 
in catch and on spawning grounds.

Fishery-related incidental mortality 
(FRIM) rates are poorly estimated and 
may underestimate the real-world rates. 
If they are underestimated, then the wild 
stock ERs will also be underestimated. As-
sessing FRIM will be especially challeng-
ing in certain fisheries. The gear-specific 
release mortality rates applied to fisheries 
in order to estimate incidental mortality 
are based on past studies that generally 
only evaluated ‘short-term’ release mor-
tality under relatively controlled condi-
tions. Studies are underway to gather 
empirical data to verify (or modify) cur-
rent release mortality rate assumptions, 
including a British Columbia Salmon Res-
toration and Innovation Fund (BCSRIF) 
funded joint University of British Colum-
bia (UBC)-Sport Fishing Institute of British 
Columbia (SFI) study to examine long-
term release mortality for fish caught in 
marine waters. Additionally, the Chinook 
Technical Committee (CTC) recently com-
pleted a review of release mortality based 
on an analysis of many research studies. 
FRIM rates may also be variable over time, 
therefore continuous monitoring, or at 
least frequent assessments may be re-
quired to ensure that currently assumed 
FRIM rates are reflective of the true fishery 
impacts.

Uncertainty in estimates of released 
catch. Incidental mortality is estimated as 
the product of incidental mortality rates 
and encounters (i.e., the combination of 
fish retained and released, and those in-
teracting in other ways – often referred 
to as ‘drop-offs ’). Much of this informa-
tion is currently gathered from fisher-de-
pendent data. Further work is required 
to implement enhanced monitoring and 
fishery-independent surveys programs to 
verify the information.

The additional cost of enhanced monitor-
ing and sampling programs associated 
with collecting additional information 
required to estimate fishery impacts. 
Some of these costs may not be ongoing 
as studies are completed (e.g., to verify or 
periodically update FRIM estimates).
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Integrated Salmon 
Management & Rebuilding

The most direct way to reduce fishery impacts 
on populations of concern is to limit or elim-
inate fisheries. However, as with reductions 
in hatchery production, eliminating fisheries 
leaves no scope to meet other management 
objectives including food, cultural, social, and 
economic benefits. Moreover, fishing impacts 
have already been reduced to a significant de-
gree for many stocks of concern and non-fish-
ing factors are limiting stock rebuilding. These 
factors include, for example, loss and modifi-
cation of salmon habitat and climate-relat-
ed changes in ocean productivity. For many 
salmon populations, fishery reductions may 
only result in limited benefits toward rebuild-
ing in the absence of additional management 
actions that address other limiting factors and 
sources of mortality at various life history stag-
es.
 
Given this complex set of factors affecting the 
health of salmon populations, it is important 
to recognize that integrated planning and 
management is essential to effectively meet 
objectives related to salmon management 
and rebuilding (including reducing the risk of 
hatcheries to wild stocks or providing oppor-
tunities for sustainable harvest). The goals of 
integrated planning and management are to:

1) Effectively mobilize processes and resources 
to respond to salmon declines; and

2) Ensure that management responses to salm-
on declines are aligned and not contradictory.

Appendix D further describes the concept of 
integrated management strategies in contrast 
to contradictory and non-aligned approaches.  

Integrated planning means that salmon man-
agement strategies are developed with consis-
tent objectives and through a logical sequence 
(NMFS 2007). It requires an understanding of 
the major factors that are driving salmon de-
clines and the strategies that are more likely to 
effectively rebuild salmon populations (and/
or conserve existing diversity). The approach 
requires consideration of processes that work 
across temporal and spatial scales (e.g., from 
river to ocean) and coordinating management 
strategies that address all ‘levers’ (i.e., harvest, 
hatchery, habitat/ecosystem management) 

through adaptive management (NMFS 2007).
Importantly, implementing an integrated re-
sponse to salmon rebuilding (and salmon 
management in general) requires effective col-
laboration among the broad range of partners 
involved in management and assessment of 
salmon (i.e., DFO sectors, research institutions, 
regulatory bodies, all levels of government 
including First Nations, and stakeholders). As 
such, one of the four key pillars of the PSSI is 
‘Integration and Collaboration’, with several 
linkages to ‘Strategy 4’ of the WSP which is ‘Inte-
grated Strategic Planning’. Similarly, the Puget 
Sound Salmon Recovery Plan (NMFS 2007) and 
US Hatchery Reform Project (HSRG 2004, 2015, 
2020) are based on a commitment to pursue 
an integrated management approach.

Although integrated assessment, planning, 
and adaptive management have long been 
recognized as foundational to successful salm-
on conservation and management, they are 
difficult to implement. One of the major chal-
lenges is the inherent need for collaboration 
and coordination among diverse stakehold-
ers, First Nations, and multiple levels of gov-
ernment. In this regard, further consideration 
should be given as to whether current plan-
ning, decision-making processes, and gov-
ernance structures are adequate for the task. 
While this is an on-going challenge, there are 
examples of efforts in southern BC to pursue 
more collaborative approaches to integrated 
planning and management. One such exam-
ple is the West Coast Vancouver Island Sarita 
River Chinook Hatchery Reform Project de-
scribed in Box 3. This collaborative initiative is 
supported by the Huu-ay-aht First Nation and 
DFO with additional funding from the Pacific 
Salmon Treaty MSF fund.    

Finally, many of the activities described above 
are linked to work required to implement el-
ements of the Fish Stocks Provisions of the 
amended Fisheries Act (2019), the PST and to 
meet conservation objectives of the Wild Salm-
on Policy and the Species at Risk Act. Again, 
considering these linkages, it is important to 
coordinate the policy and management re-
sponses developed under the various regula-
tions, treaties, and policies relevant to salmon 
management in order to effectively mobilize 
resources and ensure responses are aligned.
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 Sarita River Chinook Hatchery Reform

A pilot hatchery reform project was initiated on the Sarita River Chinook population in 2018 that uses MM and MSF as foundational 
components. This longstanding hatchery program historically intended to supplement the wild population as well as provide har-
vest opportunities for First Nations and recreational fishers. By the mid-2010s emerging genetic information showed that very high 
proportions of hatchery-origin Chinook (>80%) were likely interbreeding with wild fish and could negatively affect the productivity 
of the natural population. The high abundance of hatchery fish spawning in the river also represented a failure to effectively harvest 
hatchery production that was intended to support fisheries. Essentially, the problem was not an insufficient total number of Chinook 
returning to the Sarita River, but that too many hatchery fish and not enough wild fish were returning.

DFO and the Huu-ay-aht First Nation (HFN) collaboratively developed a plan that aimed to improve the conservation and the fishery 
outcomes at the Sarita River. Although the simplest way to reduce the hatchery effects on the population would be to reduce or cease 
the hatchery program, this approach would have come at a direct cost of fishery benefits for local communities. A "hatchery reform" 
approach that included mass marking of all production, a cap on hatchery production, hatchery broodstock management enabled by 
MM, habitat restoration, and a terminal mark-selective harvest by the HFN was implemented. This program aims to deliver significant-
ly improved fishery benefits while improving the status of the wild population to a point where the influence of wild salmon would 
dominate the population. It is a useful case study on the potential application of MM and MSF being used to achieve better outcomes 
for hatchery genetic management while also improving fishery outcomes and socio-economic benefits. This case study is being close-
ly monitored and will serve as a pilot to support MM and MSF implementation programs elsewhere.

Case Study
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Implementation and Planning
Effective implementation of MM and MSF requires comprehensive planning 
and program development across many related initiatives over several years.  

Activities already underway Fishery Risk Evaluation Framework and 
process (2020). This framework was devel-
oped to evaluate fishing plan proposals 
(including MSF proposals) submitted by 
all harvest groups for BC Chinook salmon 
fisheries;

Further investigation of ‘fisheries related 
incidental mortality’ (FRIM) rate. BCSRIF 
invested in UBC-SFI studies of short and 
long-term mortality rate associated with 
catch and release fisheries;

Enhanced fishery monitoring activities. 
Through a series of investments, includ-
ing PST Renewal funding, BCSRIF, and 
more recently PSSI, improvements have 
been and continue to be made to catch 
monitoring and sampling programs;       

Acquisition of additional electronic de-
tection equipment for CWT sampling;

Preliminary investigation of hatchery 
straying rates and PNI metrics using all 
sources of data, including CWT, thermal-
ly-marked otoliths, and genetic stock 
identification (GSI); 

A preliminary investigation of the use of 
Parental Based Tagging (PBT) as a poten-
tial alternative ‘tag’ to monitor stock-spe-
cific fishery mortality using molecular ge-

netics techniques (i.e., as an alternative to 
CWT) is complete (Beacham et al. 2021). 
To continue to vet this method, Canada 
continues to PBT the majority of hatchery 
Chinook salmon and evaluate analytical 
methods used to derive ER from PBT data;

Initial acquisition of mass-marking infra-
structure to enable targeted marking of 
Chinook salmon juveniles at priority loca-
tions in Southern BC;

Some MSF regulations have been imple-
mented on a trial basis in both marine 
and terminal areas. Examples include MSF 
recreational fisheries in portions of Juan 
de Fuca Strait (JDF) and the Southern 
Mainland inlets and First Nation MSF fish-
eries in parts of the West Coast Vancouver 
Island; 

Mass marking pilot programs have been 
implemented in Nootka Sound (Conuma 
Hatchery; funded 2020-2022) and in the 
Sarita River (see Box 3); and

Development of methodology to consis-
tently and repeatably calculate the PNI 
metric for hatchery genetic influence.
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Activities over the next year Initiate prioritization of populations for 
targeted MM;

Reviewing and refining genetic monitor-
ing and reporting programs using the 
PNI metric, including developing popula-
tion designations based on Withler et al. 
(2018);

Enhance fishery monitoring and spawn-
ing assessment programs to collect infor-
mation adequate for evaluation of har-
vest impacts under MM/MSF regimes;

Ongoing identification and evaluation of 
sustainable fishing opportunities (i.e., up-
dating the Fishery Risk Evaluation Frame-
work as necessary with new information 
and methodological improvements); 

Reviewing catch monitoring programs 
and identifying areas and opportunities 
for improvement (catch reporting and 
sampling programs including estimation 
of ‘fisheries related incidental mortality’, 
or FRIM, and additional biological sam-
pling); and

Evaluate the effectiveness of broad-scale 
use of genetic methods to identify the 
age and hatchery of origin of individual 
Canadian Chinook salmon with PBT and 
the use of GSI to enable identification of 
mixed-stock fishery samples to Conser-
vation Unit. Note that any widespread 
dependence on PBT would require sam-
pling from all Canadian and US fisheries 
management agencies coast-wide.

Activities in the medium to 
longer term

Initiate mass marking of priority popula-
tions;

Implement hatchery monitoring pro-
grams (i.e., monitor and report straying 
rates, PNI and related metrics);

Continue work to improve and enhance 
catch monitoring programs and assess-
ment tools;

Continue implementation of PBT pro-
gram;

Ongoing identification and evaluation of 
potential MSF opportunities; and,

Through improved integrated planning 
processes and use of decision-support 
tools such as risk assessment and man-
agement strategy evaluation, advance 
adaptive and integrated salmon manage-
ment through activities such as:

Setting biological targets for populations 
and explicit implementation of the Pre-
cautionary Approach (PA), i.e., removal 
rates, rebuilding targets, rebuilding ERs;

Categorize populations that are affected 
by hatchery production (Appendix C) to 
support the design of appropriate hatch-
ery and monitoring programs; 

Incorporate habitat and ecosystem as-
sessments to inform decision-making, 
particularly with respect to rebuilding 
stocks;

Document and evaluate the trade-offs 
between objectives such as conservation 
and sustainable use; and

Monitor, evaluate, and adapt plans as 
necessary.
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Conclusion

The pressures and threats to Pacific salmon stocks are diverse and require significant action 
through an integrated approach addressing habitat, ecosystems, harvest, and hatcheries. 

In this discussion paper hatchery mass marking and mark-selective fisheries are reviewed as 
tools that can be deployed to help address conservation and sustainable use challenges faced 
by Pacific Salmon. The Pacific Salmon Strategy Initiative (PSSI) provides an opportunity to de-
velop and implement these tools as part of an integrated approach.

Through PSSI, the Government of Canada is committing significant new resources to support 
Pacific salmon conservation and rebuilding. These resources include funds to support the de-
velopment and implementation of opportunities to use mass marking and mark selective 
fisheries to support multiple objectives. With this discussion paper and ongoing dialogue, 
DFO will work with First Nations and stakeholders to ensure that the potential benefits and 
challenges with the use of MM and MSF are properly identified. This is intended to support 
informed decision-making on the implementation of MM and MSF and help direct further 
technical work to develop mitigations to address concerns. 

 There will be opportunities throughout the process to work collaboratively with DFO to ad-
dress implementation opportunities and challenges. These opportunities include, but are not 
limited to, development and implementation of improved monitoring programs (e.g., stan-
dards, methods, and collaborative projects) and participation in structured decision-making 
processes (e.g., management strategy and risk evaluations) to refine hatchery production and 
fishery management strategies. It is expected that the approach to implementation will be 
adaptive and will be informed by annual review and adjustments to programs to support 
implementation.  
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Request for Feedback
Question 1

DFO is implementing a more precautionary approach to resource management to support the 
conservation and rebuilding of salmon stocks. This paradigm shift is supported with new re-
sources from PSSI to implement the tools needed to effect change. To what extent would you 
support the use of MM and MSF as additional management tools for Pacific Salmon, specifically 
in terms of:

Improved management of hatchery production

Provision of sustainable harvest opportunities

Overall conservation and management of populations

If you can, please speak to both local and broader regional considerations. Please outline the 
reasons for your response.

Question 2

Has the Department accurately identified the potential benefits and challenges associated with 
the implementation of hatchery mass marking and mark-selective fisheries as a means of simul-
taneously addressing objectives associated with Chinook salmon conservation, hatchery-wild 
stock genetic management, sustainable use of the resource and meeting our obligations to First 
Nations?

Question 3

Are there additional considerations that should be included in the implementation of MM/MSF 
consistent with the Departmental objectives and PSSI direction?

Question 4

Are there other challenges or concerns with MM and MSFs that have not been covered in the 
discussion paper and that should be considered?

Question 5 

DFO intends to consider implementation issues with dedicated technical work to address con-
cerns and develop mitigations for these concerns. Would you support/participate in technical 
workshops to consider these issues?  Do you have technical expertise that can contribute to this 
work in identifying issues and developing mitigation approaches? 
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Next Steps

June 2022

MM/MSF Discussion paper distributed 
for comment to First Nations and stake-
holders.

Summer/Fall 2022

Opportunities for engagement and pro-
vision of written feedback on Discussion 
Paper.  

Proposed feedback deadline:   
September  30

Fall 2022

Hold technical workshops to address 
key issues and support implementation 
planning in key areas. 

Fall 2022

Development of “Engagement  
Summary Report” on Discussion Paper.

Winter 2022

Development of initial implementation 
plans based on input received and addi-
tional technical analysis.

2023 Fishing Season & Beyond

Implementation Period.  Further consul-
tation on proposed plans through exist-
ing processes (e.g., IFMP and production 
planning processes), implementation in 
2023, post-season review and consider-
ation of further changes.
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Glossary
Adipose Fin Clip (AFC): A visual identifier sig-
nifying the presence of a coded wire tag, or 
a mass mark signifying that the marked fish 
originated from a hatchery. The adipose fin is 
located on the dorsal surface of the fish be-
tween the dorsal and caudal fins.

Biodiversity: The variety of living organisms 
considered at a certain level of biological or-
ganization, such as the species, genus and 
higher taxonomic levels. 

Brood Year (BY): The year in which eggs were 
deposited or collected (spawning year).

Conservation Units: Geographic regions rep-
resenting ecological zones containing Pacific 
salmon populations characterized by specific 
life history types and genetic distinctiveness 
at neutral genetic loci. A CU contains a group 
of wild salmon sufficiently isolated from other 
groups that, if lost, is very unlikely to recolo-
nize naturally within an acceptable timeframe 
(e.g., a human lifetime).

Calendar Year Exploitation Rate (CYER): The 
annual exploitation rate, determined as the ra-
tio of catch in all fisheries over the total return 
(catch plus escapement) across all age classes.   
For Chinook indicator stocks the CWT tagging 
and sampling program is used to estimate 
these parameters.

Coded-wire Tag (CWT): A tag containing a 
numeric code that is inserted into the nasal 
cartilage of young salmon for the purpose of 
identifying a specific release group. Each nu-
meric code is associated with release informa-
tion, including date and location of release, 
hatchery, stock, fish size, and number of fish 
with the same code (referred to as a release 
group). Tags are typically recovered from re-
turning adults through fisheries and escape-
ment sampling.

Double Index Tag (DIT): Paired release 
groups, each tagged with a unique CWT 
tagcode, where both groups are presumed 
identical except that one group is externally 
marked (adipose fin clipped) and one group 
is unmarked (not adipose fin clipped). Double 
index tagged groups are used to determine 
differential exploitation rates on marked and 

unmarked fish subjected to mark-selective 
fisheries.

Escapement: Adult fish that are not removed 
by fisheries and reach the spawning grounds.
Exploitation Rate (ER): Mortality due to landed 
catch and incidental mortality; expressed as 
total fishing mortality divided by total fishing 
mortality plus escapement.

Fishery Related Incidental Mortality (FRIM): 
Mortality incurred during fishing that is in ad-
dition to landed catch. For example, some fish 
die as a result of being caught and released, or 
drop-off from fishing gear or predation while 
in the process of being caught. 

Genetic Diversity: Genetic variability found 
in a population, or species, due to the genetic 
combinations of its individuals.

Genetic Stock Identification (GSI): A DNA 
based genetic analysis method aimed at as-
signing individual samples to a natural stock 
or population where they originated.

Indicator Stock: A coded-wire tagged hatch-
ery stock used as a surrogate to make infer-
ences for a particular wild stock or group of 
stocks. Indicator stocks are usually hatchery 
stocks chosen from the same watershed or 
region, having the same life history charac-
teristics (e.g., summer or fall run, yearlings or 
fingerlings) and they are assumed to have the 
same migration path and distribution as the 
natural-origin stock they represent. 

Marked: Fish with the adipose fin removed. 

Mass Marking (MM): is the removal of all or a 
portion of a fin (usually the adipose fin) from 
most or all hatchery-produced juvenile salm-
on prior to their release into the natural envi-
ronment. This ’mark’ enables visual detection 
of hatchery-origin fish The adipose fin clip was 
selected as the preferred external mark for fish 
produced by hatcheries. 

Mark-selective Fishery (MSF): is a fishery in 
which  regulations permit retention of marked 
fish and the full or partial release of unmarked 
fish. The intention is to create a selective fish-
ing opportunity that imparts a conservation 
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benefit to unmarked, often wild, fish. As with 
any fishery, MSF regulations may be one of 
many tools used on their own or together to 
manage harvest impacts.

Natural-origin salmon: Unlike wild salm-
on, natural origin salmon are the offspring of 
hatchery-origin salmon that have spawned in 
the natural environment. They are one step re-
moved from being considered “wild salmon” 
but also one step removed from being “hatch-
ery salmon”.

Pacific Salmon Strategy Initiative (PSSI): 
Launched by the Minister of Fisheries and 
Oceans on June 8, 2021, the $647-million Pa-
cific Salmon Strategy Initiative (PSSI) aims to 
stem historic declines in key Pacific salmon 
stocks and rebuild these species to a sustain-
able level. This first-of-its-kind, multi-pronged 
approach, is built on four key pillars:

Conservation and stewardship;
Salmon Enhancement;
Harvest transformation, and;
Integration and collaboration.

Pacific Salmon Treaty (PST): The Pacific Salm-
on Treaty, signed by Canada and the United 
States (U.S.) in 1985, provides the framework 
through which the two countries work togeth-
er to conserve and manage Pacific salmon. Pa-
cific salmon are highly migratory and, over the 
course of their lifecycle, fish originating in the 
rivers of one country are often subject to the 
fisheries of another. 

Parentage Based Tagging (PBT): A genetic 
method of assigning individual fish back to the 
hatchery and brood year of their parents.

pHOS: Mean proportion of natural spawn-
ers in a watershed or stream composed of 
hatchery-origin spawners. The census pHOS 
(pHOScensus) is the observed pHOS whereas 
the effective pHOS (pHOSeff) is a discounted 
value accounting for the reduced reproductive 
success of hatchery-origin fish in the natural 
environment.

Population: Salmon population means a lo-
cally interbreeding group of salmon that is 
distinguished by a distinct combination of 

genetic, phenotypic, life history, and habitat 
characteristics, comprised of an entire stock or 
a component portion of a stock.

Precautionary Approach (PA): In resource 
management, the PA is, in general, about be-
ing cautious when scientific information is 
uncertain, unreliable or inadequate and not 
using the absence of adequate scientific infor-
mation as a reason to postpone or fail to take 
action to avoid serious harm to the resource.

Production Planning: The process by which 
hatchery production targets are set by man-
agers, in consultation and collaboration with 
stakeholders, fishery managers, and scientists. 
Proportionate Natural Influence (PNI): A metric 
that ranges between 0 and 1 to indicate the 
relative influences of the natural and hatchery 
environments on a salmon population. PNI 
values are approximated by pNOB/(pNOB + 
pHOS). Values <0.5 indicate that the hatchery 
environment is the primary environment influ-
encing adaptation in the population whereas 
values >0.5 indicate that the natural environ-
ment is the primary environment influencing 
adaptation. 

Salmon Allocation Policy: This policy, adopt-
ed in 1999, sets out a series of principles for 
allocating salmon in British Columbia among 
the three harvest groups (First Nations food, 
social and ceremonial; commercial; and rec-
reational) and within the commercial fishery 
among gear types (gillnet, seine and troll). The 
policy guides annual domestic allocations of 
salmon in B.C. consistent with legal obligations 
for First Nations and Canada’s international ob-
ligations, including the Pacific Salmon Treaty. 
Stock: An aggregation of fish spawning in a 
particular stream or lake during a particular 
season which to a substantial degree do not 
interbreed with any group spawning at a dif-
ferent time. 

Stock Management Unit (SMU): A group of 
one or more Pacific salmon Conservation Units 
that are managed together in fisheries and to 
which the Fish Stocks Provisions of the amend-
ed Fisheries Act (2019) apply.

Wild salmon: Salmon are considered “wild” 
if they have spent their entire life cycle in the 
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wild and originate from parents that were also 
produced by natural spawning and continu-
ously lived in the wild.

Wild Salmon Policy (WSP): The goal of Can-
ada’s Policy for Conservation of Wild Pacific 
Salmon (the Wild Salmon Policy), adopted in 
2005, is to restore and maintain healthy and 
diverse salmon populations and their habitats 
for the benefit and enjoyment of the people of 
Canada in perpetuity. This policy goal will be 
advanced by safeguarding the genetic diver-
sity of wild salmon populations, maintaining 
habitat and ecosystem integrity, and manag-
ing fisheries for sustainable benefits.
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Historical Chronology
1977 Adipose fin clip was reserved as a coast-wide indicator for anadromous salmonids tagged with 

a Coded-Wire Tag (CWT) by regional agreement of Canadian and US management agencies.

1984 Hatchery Coho were mass marked in 1984 in BC by DFO with a ventral (pelvic) clip for a 1986 
MSF during the World Expo ’86 event. This fishery did not occur.

1995 Washington (WA), Oregon (OR), and southern BC began marking hatchery Coho salmon. The 
adipose fin clip was used in WA and OR, and the ventral clip was used by DFO. DFO switched to 
the adipose fin clip beginning with brood year (BY) 1996 Coho to maintain a consistent regional 
approach.

1998 Chinook MM began for a limited number of Puget Sound fall Chinook and Columbia River 
spring Chinook stocks. 

MSF Coho fisheries occur in both marine and fresh waters in southern BC. Marine recreational 
Coho MSFs in Canada began in limited areas of the Strait of Georgia on a pilot basis in 1998 
and 1999 and expanded to the entire Strait of Georgia and the west coast of Vancouver Island 
in 2001 and Juan de Fuca Strait and portions of Johnstone Strait in 2003. The purpose of these 
MSF fisheries was to maintain fishing opportunities on hatchery fish while avoiding depressed 
Interior Fraser Coho stocks and other stocks of concern. 

Washington State initiated Coho MSFs in 1998 and currently all inshore and offshore waters in 
Washington have Coho MSFs.

2003/2004 The US Congress issued a mandate to MM all hatchery salmon from federally funded hatcheries.

WA instituted its first MSF for Chinook in inner Juan de Fuca Strait and has continued this fishery 
since 2003. After 2003, Chinook MSF regulations were expanded to Puget Sound in both sum-
mer and winter fisheries.  Chinook MSFs were instituted in offshore waters of WA in 2010. OR 
and WA jointly operate MSFs for Coho (since 2000) and Chinook (since 2003) in the Columbia 
River. OR also has Chinook MSFs in the Willamette River (since 2003) and ocean terminal fisher-
ies at the mouths of three other rivers since 2008.

2005 The vast majority of Coho yearling production intended for harvest from southern BC, WA, and 
OR have been marked. There is no MM of Coho in Alaska, northern BC, or California. 

2008 The first Canadian Chinook MSF was instituted in the early spring of 2008 in Juan de Fuca Strait 
and has occurred annually since then. 

2009 By 2009, almost all hatchery Chinook production intended for harvest from hatcheries in WA, 
OR, and Idaho was mass marked. 

2019 The 2019 amendments to the Pacific Salmon Treaty outlined a number of conditions or under-
standings related to the conduct of MSFs in Canada and the US. These included the desirability 
of employing MSFs to conserve naturally spawning fish, ensuring adequate monitoring and 
sampling programs were in place and a commitment to report annually on each party’s MM 
and MSF activities. The agreement also called for the creation of an MSF Fund funded by the 
US to support MM and hatchery sampling, estimating release mortality rates, and estimating 
exploitation rates of indicator stocks caught in MSFs. 

2020 Several new small scale Chinook MSF fisheries have been implemented in southern BC. Most of 
these fisheries use a combination of regulations where there is retention of marked fish along 
with a variety of other regulations permitting some retention of unmarked fish (i.e., size limits, 
time and area closures).

There is a pilot underway involving the MM of Sarita River, Burman River, and  Conuma River 
hatchery Chinook production on the west coast of Vancouver Island. This pilot involves the mass 
marking of all hatchery Chinook production to explore the use of parentage-based tagging 
(PBT) of all hatchery Chinook broodstock as a stock assessment tool.

Appendix A
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Lessons Learned
Appendix B

Given the history of MM and MSF over more than two decades there have been many lessons 
learned from their application. Some of those lessons learned are summarized below to assist in 
critically analyzing the options available to us for implementing MM and MSF in a manner that 
recognizes the potential benefits and risks in an open and transparent manner.

From their experience with early imple-
mentation of MSF regulations in manag-
ing Washington State Coho and Chinook 
stocks, Hoffmann and Pattillo (2007) out-
lined several factors that should be con-
sidered in deciding whether MSF was a 
suitable management approach. Their 
main findings were that a high mark rate 
and low release mortality rate were neces-
sary to reduce fishing-related mortality in 
unmarked Chinook, that bias and uncer-
tainty in estimating harvest impacts was 
a potential risk, especially in fisheries with 
high potential impacts on stocks of con-
cern, and that lower cost alternatives to 
meet the same objectives should always 
be considered.

A review of marine recreational Coho 
mark selective fisheries in BC (DFO 2015) 
indicated that there was evidence, al-
though not conclusive, that MSFs had a 
significant conservation benefit for Inte-
rior Fraser Coho in addition to mitigating 
some of the economic impacts associated 
with complete fishery closures. Howev-
er, while MSFs are a potentially powerful 
management tool, the review found that 
there was inadequate assessment infor-
mation to support the analysis of fishery 
impacts on wild stocks. This is likely less of 
a concern when fishery impacts are very 
low but may become more concerning as 
impacts increase. Improved implementa-
tion of MSFs should include addressing 
outstanding sources of uncertainty, in-
cluding improved assessment data, better 
monitoring of recreational head recover-
ies, improved research on release mortali-
ty rates, and better alignment of sampling 
and monitoring programs with the tem-
poral and spatial components of fisheries 
regulations. 

In the US, the Hatchery Scientific Review 
Group (HSRG) was charged with review-
ing all state, tribal, and federal hatchery 
programs in Puget Sound and Coastal 

Washington (HSRG, 2016). In their review, 
the HSRG reached several critical, overar-
ching conclusions regarding areas where 
current hatchery and harvest practices 
need to be reformed. Managers should:

Manage hatchery broodstocks to achieve 
proper genetic integration with, or segre-
gation from, natural populations;

Promote local adaptation of natural and 
hatchery populations;

Minimize adverse ecological interactions 
between hatchery- and natural-origin fish;

Minimize effects of hatchery facilities on 
the ecosystem in which they operate; and

Maximize the survival of hatchery fish.

Each of these conclusions (summarized 
below) must be addressed through policy, 
management, research, and monitoring.

The Pacific Salmon Commission’s Selec-
tive Fishery Evaluation Committee (SFEC) 
prepared a report on lessons learned con-
cerning the impact of MM and MSF on the 
CWT program (PSC SFEC, 2016). The CWT 
program is the primary means by which 
both Canada and the US collect the data 
required to assess the status of certain 
key stocks of Chinook and Coho and the 
impact of fisheries. The SFEC concluded 
based on the lessons learned up to the 
time of their report that the CWT program 
did not meet criteria 1 and 3 below for vi-
ability as defined by the Ad-hoc Selective 
Fishery Evaluation Committee in a much 
earlier report. (PSC ASFEC, 1995). The SFEC 
also identified 24 lessons learned (not list-
ed here) aimed at addressing short-com-
ings in the CWT programs impacted by 
MM and MSFs. 

1) The ability to use CWT data for assess-
ment and management of wild stocks of 
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Coho and Chinook salmon;

2) Maintaining the program such that the 
uncertainty in our assessments and their 
applications does not unacceptably in-
crease management risk; and

3) The ability to estimate stock-specif-
ic exploitation rates by fishery and age.  
(Note: To clarify, this refers to the utility of 
indicator hatchery CWT data in describ-
ing fishery impacts on the wild stocks that 
they are supposed to represent.) 

Compliance with these criteria would de-
pend on a policy determination of an ac-
ceptable level of management risk. 
 
New genetic methods and tools have 
been developed which could help ad-
dress key challenges in the monitoring 
and assessment of MM and MSF.  For ex-
ample, Beacham et al. (2021) described a 
sampling strategy where clipped Chinook 
and Coho can be assigned to hatchery of 
origin using Parentage Based Tagging 
(PBT), which is a genetic method of as-
signing hatchery origin salmon back to 
hatchery and brood year based on sam-
ples from their adult parents in hatchery 
facilities. Regular Genetic Stock Identifica-
tion (GSI) sampling would be used to as-
sign river and Conservation Unit of origin 
to unmarked fish.  GSI-PBT-based assess-
ment methods combined with the exter-
nal mass marking of hatchery-produced 
salmon (allowing visual inspection) could 
facilitate improved hatchery broodstock 
management, monitoring of wild-en-
hanced fish interactions, and the evalua-
tion of hatchery contributions to harvest.

An evaluation of Double Index Tagging 
(DIT) for 1998 to 2011 brood year Coho 
salmon MM and MSFs (PSC SFEC, 2021) 
as envisioned by the Ad-hoc Selective 
Fishery Evaluation Committee in its 1995 
report, outlined a number of important 
conclusions and recommendations. The 
SFEC found that implementation of the 
Coho salmon DIT and associated elec-
tronic tag detection (ETD) sampling pro-

grams were applied very unevenly across 
US and Canadian fisheries and that the 
desired outcomes suffered as a result. The 
use of DIT and ETD should be considered 
accordingly for application on Chinook 
salmon hatchery stocks and fisheries.

Analysis of available data and a review of 
the scientific literature on the genetic im-
pacts of hatchery produced fish on neigh-
boring naturally spawning wild popula-
tions (Withler et al., 2018) revealed that 
strategically managing hatchery-wild in-
teractions was critical to maintaining the 
genetic integrity of wild salmon stocks 
consistent with guidance under the Wild 
Salmon Policy. A key element of any such 
management approach involved the abil-
ity to visually identify the hatchery and 
wild components of returning spawners 
to a river system for broodstock collection 
purposes, and in some cases to permit 
the selective removal of marked hatchery 
fish in fisheries. A more recent review of 
hatchery reform science in Washington 
State (2020) has documented a compre-
hensive set of recommendations and les-
sons learned since the implementation of 
their hatchery and fishery reform policy in 
2009. 

Some of the lessons learned from the 
Washington State experience with MSFs 
were noted by Baltzell (2021);

MSFs have significantly reduced impacts 
on wild salmon and thereby allow for rel-
atively stable sport fisheries, or even in-
creased fishing opportunities. 

Cooperation of Tribes, State, Federal, and 
International fishery partners was key to 
success on agreement and implementa-
tion.

Sufficient ongoing funding is a key re-
quirement and challenge. Current fund-
ing of $4.2M (US$) for sampling and 
monitoring fisheries in Puget Sound and 
coastal areas, in addition to $6.2M (US$) 
for MM and CWT application are required 
annually. Approximately 60% of total 
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funding comes from federal government 
sources while the rest comes from state 
and local sources.

Mass Marking (hatchery) programs are 
providing sufficient marked hatchery Chi-
nook (and Coho) to support sustainable 
and economically viable sport fisheries.

Expanded sampling programs have suc-
ceeded in collecting critical information 
necessary for evaluating impacts and 
planning future fisheries.

Challenges remain to access hatchery sur-
plus.

More robust Chinook fisheries are limited 
by sustainable wild stock impacts.

MM and CWT programs with associated 
sampling, monitoring, and analysis have 
significantly increased the overall un-
derstanding of hatchery vs natural stock 
composition in marine area and near ter-
minal fisheries in Puget Sound.
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Population Designation
Appendix C

A population designation scheme has been developed based upon the biological goals for each 
population (Appendix C) and the associated the proportion of wild fish to be maintained in the 
population. The scheme enables, for each hatchery-influenced population, designation of a tar-
get classification consistent with established goals for both the population itself and the CU to 
which it may contribute.  Achievement of CU level goals necessitates that hatchery-influenced 
populations be constrained by numbers of hatchery-origin fish both in the enhanced population 
itself and in surrounding wild populations. Development of the classification targets will involve 
collaboration among SEP, Stock Assessment and Fishery Management personnel within DFO be-
cause of their combined oversight for fish production targets, natural habitat maintenance, vi-
sual marking and harvest activities. Documentation supporting each hatchery program should 
include explicit delineation of the trade-off made between increased genetic risk to wild popula-
tions and the expected benefit of increased hatchery-origin abundance to support the enhance-
ment objectives of conservation, harvest, stock assessment and education.  

Proposed designations for individual salmon populations that vary in the degree of influence of inte-
grated hatchery programs and the proposed genetic guidelines for hatchery management. The WSP 
column shows the expected proportions of natural origin-natural origin (NN) matings that would re-
sult in production of WSP-wild fish, and hatchery-natural matings (HN) and hatchery-hatchery (HH) 
matings. Matings are assumed to be random and are computed from pHOSeff.

Designation pHOSeff pNOB PNI WSP Comments

A Wild ≤ 0.02 n/a n/a1 1 NN ≥ 0.96 
HN ≤ 0.04 
HH ≤ 0.0004

Designated wild popu-
lations that do not have 
hatchery programs; 
strays from out-of-basin 
hatchery production are 
limited to

B Wild-stray 
influenced

>0.03 n/a n/a1 NN < 0.96 
HN > 0.04 
HH > 0.001

Population without 
hatchery program that 
receives strays from 
out-of-basin hatchery. 
A very large fraction of 
fish are wild but gene 
flow modeling suggests 
a long-term decline in 
PNI.

C Integrated - 
Wild

≤ 0.28 ≥ 0.72 ≥ 0.72 NN ≥ 0.52 
HN ≤ 0.40 
HH ≤ 0.08

Hatchery production is 
managed to keep WSP 
wild fish >50%.

D Integrated - 
Transition

≤ 0.5 ≥ 0.5, 
<0.72

≥ 0.5 
<0.72

NN ≥ 0.25 
HN ≤ 0.50 
HH ≤ 0.25

PNI > 0.5 ensures 
natural-origin influence 
predominate but wild 
fish are in the minority

E Integrated - 
Hatchery

> 0.5 < 0.5 < 0.5 NN ≤ 0.25 
HN > 0.5 
HH > 0.25

Net gene flow from 
hatchery environment 
and most fish are hatch-
ery origin, < 25% of fish 
are wild.

1One-way gene flow (pNOB=0) is 
most likely to take place when hatch-
ery-origin fish spawn in the wild, but 
wild fish from the recipient popula-
tion are not used for hatchery brood-
stock. PNI under one-way gene flow is 
computed from simulations that are 
not reported here.
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Integrated 'H-H-H' Strategies
Appendix D

Examples of the continuum of Habitat, Harvest, and Hatchery (H-H-H) strategies: contra-
dictory, non-aligned, and integrated.  Reproduced from the Puget Sound Salmon Recovery 
Plan (NMFS 2007).

Contradictory Non-Aligned Integrated

Actions across the Hs are inconsistent 
and mutually detrimental.

Actions across the Hs do not conflict, 
nor do they enhance each other.

H Actions work in concert and are 
progressively sequenced in time and 
space

C-1: A new area of habitat is restored 
before the population is sufficiently 
large to make use of it. In very small 
populations, the distribution could 
become so thin that productivity 
actually declines due to low reproduc-
tive success

N-1: Habitat actions are mainly 
focused on a single activity, such as 
placement of large woody debris. This 
may improve overall habitat quality, 
but if the population is very low in 
abundance, initial negative popula-
tion responses to this activity may 
drive the population close to extinc-
tion unless appropriate harvest and/
or hatchery actions are undertaken 
concurrently.

I-1: Habitat restoration is phased and 
sequenced in parallel with expected 
population growth due to harvest rate 
reductions and hatchery supplemen-
tation (where applicable).

C-2: Harvest may negatively impact 
diversity by selectively harvesting 
larger spawners. The remaining small-
er females cannot dig redds in areas 
of larger rocks that were the preferred 
habitat when average size was higher

N-2: Harvest management includes 
measures to assure that mortality is 
evenly distributed across the size and 
timing characteristics of the run, thus 
not selectively impacting any one 
component.

I-2: Harvest management and hatch-
ery supplementation (where ap-
plicable) is specifically designed to 
produce a diversity pattern of spawn-
ing and rearing life histories that will 
fit in with current and restored habitat 
conditions.

C-3: Harvest management guidelines 
are based on the escapement needs 
of hatchery fish. Commingled wild fish 
may or may not achieve escapement 
numbers appropriate for available 
habitat

N-3: Harvest management guidelines 
are set to provide sufficient natural 
spawners for current habitat condi-
tions. However, spawner numbers 
may not increase when habitat 
improves due to plan actions or 
when marine survival conditions are 
favorable.

I-3: Harvest rates are established that 
allow spawner numbers to increase to 
take advantage of favorable marine 
survival conditions and improving 
habitat. Carcasses from increasing 
escapements provide additional 
marine-derived nutrients to the upper 
watershed, which in turn enhances 
natural productivity

C-4: The size of hatchery releases over-
whelms a habitat that has recently 
been restored, increasing competition 
and negating the benefit to wild fish.

N-4: Hatchery supplementation 
programs are underway, but the 
watershed lacks protection strategies 
for the limited amount of productive 
habitat that remains.

I-4: Monitoring programs look at 
escapement estimates, proportions of 
natural and hatchery origin spawners, 
genetic profiles and juvenile distri-
bution and abundance. Information 
feeds back into management actions 
for adjusting harvest rates, hatchery 
production and release timing, and 
locations for habitat restoration focus.
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