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

Clipped:  Fish with a fin removed as an external mark.     

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 numeric code is associated 

with release information, 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 returning 

adults through fisheries and escapement sampling.  

Depredation: Depredation is when fish are removed either entirely or partially from fishing gear by a 

predator (e.g., pinnipeds, birds, etc.). 

Double Index Tag (DIT):  Paired release groups, each tagged with a unique CWT code, 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. 

Drop-off: These are fish that are hooked/netted/otherwise interact with fishing gear that are not 

landed. 

Encounters: The number of fish encountered by a fishery.  Encounters are determined by adding kept 

catch and released catch. Drop-off fish may also be included, i.e. those that are hooked but not landed. 

Enhancement: Salmon that are raised in a hatchery and added to a river for either conservation 

purposes or harvest production. 

Escapement:  Adult fish that “escape” fisheries and reach their 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.  

F1 (first) generation:  The first generation, in this case it refers to the progeny of hatchery broodstock, 

e.g. those released directly from a hatchery into the wild. Under mass marking, all (or the majority) of 

first generation released juveniles would be adipose fin clipped, making returning adults identifiable 

with an external mark. 

F2 (second) generation: The second generation, in this case refers to second generation hatchery fish. 

Second generation hatchery fish would be the progeny of first generation hatchery fish that return. This 

could be a result of hatchery broodstock mating, or mating of first generation hatchery fish with other 

first generation hatchery fish in the natural environment. An important note is that progeny of F2 fish 

would not be marked unless they are reared in the hatchery environment. 

Fisheries Related Incidental Mortality (FRIM): Mortality incurred during fishing that is in addition to 

landed catch.  For example, some fish die as a result of being caught and released.  

Indicator Stock:  A coded-wire tagged hatchery stock used as a surrogate to make inferences 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 characteristics (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.     
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Integrated Hatchery Program: Integrated hatchery programs incorporate natural-origin (NOR) adults 

into the broodstock and hatchery origin (HOR) spawners are allowed to return and spawn amongst the 

natural origin fish. The majority of hatcheries in BC are integrated populations. 

Marked:  Fish with the adipose fin removed.  

Mass Marking:  A method of marking large groups of fish to differentiate them from unmarked fish.  

Removal of the adipose fin is the primary method used to externally mark the salmon produced by 

hatcheries.  

Fisheries Management Area: These are areas that are defined by DFO to delineate a certain area for 

fisheries management regulations and catch reporting.  

Mark-selective Fishery (MSF):  A fishery that require marked fish (i.e., those with adipose fin clips) and 

unmarked fish (those with intact adipose fins) to be differentially retained (e.g., marked fish kept, 

unmarked fish released).   

Natural-origin (NOR): Salmon from parents that spawned in the natural environment, as opposed to 

from salmon eggs fertilized in a hatchery.  Sometimes considered “wild”. 

Pacific salmon Strategy Initiative (PSSI): A DFO program announced in 2021 with approximately $650 

million in funding over 5 years. The funding is being used to buy back commercial fishing licences, hire 

staff within DFO, and support other conservation and stewardship initiatives. Some of the funding is 

being used to support mass marking and management of Mark Selective Fisheries. 

Pacific Salmon Treaty (PST): In March, 1985 the United States and Canada agreed to cooperate in the 

management, research and enhancement of Pacific salmon stocks of mutual concern by ratifying the 

Pacific Salmon Treaty. The Treaty embodies the commitment made by Canada and the United States to 

carry out their salmon fisheries and enhancement programs. This was most recently re-negotiated in 

2018 with regulations in effect from 2019-2028. 

Parental Based Tagging (PBT): An innovative and large‐scale application of genetic parentage 

assignments that is transforming how fisheries managers determine the age and origin of sampled fish. 

In BC, PBT has been trialed and has been shown to be effective. Broodstock are genetically sampled so 

that returning fish sampled in fisheries or on spawning grounds can be identified back to their parents 

(for hatchery origin fish), allowing Genetic Stock ID of there stock of origin. 

pHOS: Percent of Hatchery Origin Spawners: Percent of salmon spawning in the natural environment 

that were reared in a hatchery and are first generation hatchery fish.  Contrast with Natural origin 

spawners (not reared in a hatchery, but could be second generation hatchery) or wild salmon with no 

hatchery lineage. 

pNOB:  Percent of Natural Origin Broodstock: the percent of mature adults chosen for artificial spawning 

that are not first generation hatchery fish and were reared in the natural environment, as opposed to 

spawned in a hatchery.  Sometimes considered “wild”. 

PNI: Proportionate Natural Influence: Is an index of the relative degree of NOR influence based on a 

genetic model that assumes that the optimal phenotype (and fitness) of a salmon differs between the 

hatchery and the natural environment. It is calculated by the ratio of the pNOB / (pNOB + pHOS). Values 

closer to 1 indicate a wild dominated population, and values closer to 0 indicate a hatchery dominated 

population. 
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Population:  a local interbreeding group of salmon that is determined by genetic, phenotypic, life 

history, and habitat characteristics. Populations are usually intermediate between spawning ground 

demes and Conservation Units. 

Selective Fishing Gears: Selective fishing gears/practices are those that select for one species or size of 

fish from another and that release non-target catch with very high post-release survival rates. They are 

typically used to avoid unwanted species or size categories and maximize post-release survival of 

released fish. 

Sport Head Recovery Program:  A sampling program for recreational fisheries that relies upon anglers 

voluntarily returning heads from marked salmon so CWTs may be recovered. 

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 different time.   

Unclipped:  Fish with all fins, particularly the adipose fin, intact.  
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1 Executive Summary 
This report provides a review of the Mass Marking (MM) and Mark Selective Fisheries (MSF) discussion 

paper as proposed by DFO for management of Chinook salmon in BC waters. While several problems 

and risks associated with MM/MSF are outlined in the DFO’s paper, there are additional concerns that 

have not been adequately conveyed. Some of these concerns surround the impact hatcheries can have 

on wild salmon populations. Mass Marking is proposed as a way to improve genetic management 

terminally on spawning grounds of enhanced river systems. But even if Mass Marking mitigates some of 

the negative genetic impacts, and provides additional information on enhanced contributions, we find it 

difficult to see how it supports the conservation and restoration of wild salmon populations, the stated 

objective of the PSSI. Our review is guided by this, and questions the use of MM and MSF to aid in 

rebuilding and recovery of wild Chinook salmon. 

Underpinning MSF is DFO’s belief they can maintain fisheries on hatchery salmon while recovering wild 

salmon at the same time. This is the same belief held by DFO’s Salmon Enhancement Program for the 

last 40 years that has failed to recover wild salmon. For this to unfold differently requires a recognition 

of this shortcoming and the willingness to place a priority on the recovery of wild salmon. For this to 

happen, hatcheries, MM and MSF cannot be a stand-alone pillar or goal of salmon management. 

Hatcheries must be in service to recovery, and the goal of hatcheries must be to turn them off once self-

sustaining populations are established or to operate hatcheries for no more than three generations. 

One of the reasons this has not happened in the past is because unsustainable exploitation persists on 

populations that need recovery plans. DFO has failed to implement recovery plans until forced to deal 

with them as a consequence of COSEWIC listings. Unless done in a scaled, thoughtful manner, MM/MSF 

will only perpetuate the disconnect between salmon recovery objectives and the desire to simply 

maintain fishing pressure via production hatcheries.  

As such, our review and comments highlight relevant information that must be garnered before the 

implementation of MM and MSF.  

We suggest: 

1) A framework for implementation of MSF be developed that includes risk-averse management 

strategies and monitoring and assessment programs that quantify verifiable impacts on wild 

salmon. The implementation of small scale, terminal MSF must be established under a guiding 

framework that builds on the lessons learned in other jurisdictions. 

2) It is essential that each enhanced river system undergo a thorough review of performance 

impacts on wild stocks, benefits versus risks, including a review of production levels, and 

establishment of PNI and pHOS targets. 

3) A review of whether CWT exploitation rate indicators stocks are useful proxies for wild Chinook 

stocks. This will inform discussions on implications of MM and MSF for the CWT program. 

4) Continued development of biological benchmarks and status assessments for all Chinook stocks 

intercepted in MSF fisheries. This is critical for assessing impacts and developing clear and 

quantifiable limits. 

5) An independent and thorough cost/benefit review of MM and MSF relative to alternative 

strategies to recovery and rebuild wild Chinook salmon. 
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6) Replacement of ambiguous terminology such as ‘Priority Stocks’ and ‘Acceptable Limits’ with 

clear, quantifiable terms. 

7) Development of Technical Working Groups that address our concerns/questions as detailed in 

Section 9.5.  

8) Development of canonical decision-making structures that are based on sound science and 

precautionary management. These will provide thresholds and guidance at the appropriate 

management scale to support management of hatchery targets (e.g., number of broodstock, 

number of juveniles released).  

9) A review of proposed MSFs that incorporates First Nations priority rights and considers terminal 

abundance. 

10) A clear and transparent plan for long-term funding to support monitoring and assessment 

programs critical to MSFs for assessing impacts to wild Chinook salmon. 

11) Each proposed MSF, including ongoing pilot MSFs, should undergo a thorough review by a table 

of DFO, interested First Nations, and stakeholders, to ensure they compliant with relevant policies 

under Canada’s Sustainable Fisheries Framework, including the Fisheries Monitoring Policy, the 

Policy for Managing Bycatch, Guidelines for Writing Rebuilding Plans, and the Fishery Decision 

Making Framework. 
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2 Background and Guiding Principles: 
An expansion of Mass Marking (MM) and Mark-Selective Fisheries (MSF) is being proposed under the 

Salmon Enhancement pillar and the Conservation and Harvest focussed themes of the Pacific Salmon 

Strategy Initiative (PSSI). A high-level summary of considerations related to this are provided in a recent 

discussion paper by DFO “Implementing Hatchery Mass Marking Mark-Selective Fisheries for Chinook 

Salmon”, hereafter referred to as ‘the paper’. The MCC has reviewed this paper and provided feedback 

on these considerations below. 

DFO’s working vision for the PSSI is: 

“Working together to conserve and restore priority Pacific salmon populations and their 

ecosystems, for those who depend on them.” 

While supportive of this vision, we find the lack of a definition for “priority” salmon populations remains 

problematic. We also believe consideration for future generations of Canadians should be identified. 

Lastly, we flag that past commitments to conservation and the importance of ecosystems (i.e., strategy 

3 of the WSP) have been poorly and incompletely implemented to date. 

In the context of MM and MSF the following principles guide our review: 

Principle 1: How does expanded Mass Marking benefit the recovery and/or conservation of wild 

Chinook salmon? 

Principle 2: How does an expansion of Mark Selective Fisheries benefit the recovery and/or 

conservation of wild Chinook salmon? 

3 Review Overview 
Our review aims to provide additional context to the considerations outlined in DFO’s MM/MSF 

discussion paper. DFO’s paper identifies concerns raised around hatcheries and hatchery modernization. 

These include loss of genetic diversity, reduced survival and reproductive success (loss of fitness) and 

loss of adaptive diversity of wild (NOR) populations due to interbreeding with hatchery-origin fish (even 

when hatchery fish are founded from the local NOR population and include regular inclusion of NORs 

into the hatchery broodstock).  

The discussion paper purports that MM can improve genetic management in enhanced populations 

through mechanisms such as removal of marked fish terminally, from spawning grounds, and in 

broodstock. Our review of this component identifies relevant information that must be garnered prior to 

advancing MM and MSF. It is essential that a risk averse framework be implemented that includes a 

thorough review of performance (versus objectives), impacts on wild stocks, and benefits versus risks in 

each enhanced system.  

While many of the risks of MM/MSF are outlined in the paper, there are additional concerns that have 

not been adequately conveyed. Some of these concerns are around the impact hatcheries can have on 

wild salmon and their recovery. These concerns are highly relevant to objectives around rebuilding, 

conservation, or harvest, but are somewhat peripheral to the specific issue of implementing MM and 

MSF.  

Generally, we do not support any expansion of hatcheries for the purpose of providing increased harvest 

opportunities in terminal or non-terminal marine areas. We support continued technical work towards a 
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better understanding of MM and MSF and how these efforts might support the recovery and 

conservation of wild salmon. 

We could support the development of precautionary small pilot projects in known stock terminal areas 

provided that there is no expansion of existing hatchery production (and reductions in the production 

level where needed), that the compromised nature of the CWT program is resolved, that appropriate 

monitoring and assessment are in place, and that First Nations priority rights and principles are 

supported and not infringed upon. 

4 General Considerations 

4.1 Mass-Marking 

Mass-marking in isolation of MSF may provide benefits as detailed in the discussion paper. However, 

even if MM mitigates some of the negative impacts of hatchery production through management tools, 

we find it difficult to see how it supports the recovery of wild stocks. Instead, it provides a justification 

to maintain current hatchery production that is often not consistent with wild salmon recovery.   

Aside from the negative implications to the CWT program, we would objectively support MM, provided 

that there is: 

● a discussion on the cost of the MM program and whether the benefits of MM outweigh the lost 

opportunity to spend these funds directly on the recovery of wild stocks; 

● Identified resources to fund fishery dependent and independent monitoring and assessment 

programs in existing fisheries; 

● Identified resources to fund monitoring and assessment work in enhanced streams to better 

quantify the influence of hatchery origin fish on wild salmon;  

● Identified resources to fund monitoring and assessment work in surrounding systems where 

straying may occur; and 

● the spawning escapement of wild populations likely to be affected by hatchery straying are 

adequately monitored. 

 

In terms of the negative impacts to the CWT program, other possibilities exist as outlined in the paper 

such as Parental Based Tagging (PBT) combined with GSI (e.g., Beacham et al. 2021 and references 

therein). However, a move to genetically based Chinook management would require a profound shift in 

management of Chinook at the PST level. In comparison as MSFs, MM alone may not have the same 

implications to the CWT program as MM combined with MSFs, although there would still be operational 

and logistical challenges (PSC SFEC 2016). 

The DFO paper identifies a concern around MM/MSF and Chinook exploitation rate indicator stocks. It 

highlights that under MSF, Chinook indicator stocks may no longer provide accurate information on 

exploitation rates of wild stocks, as marked fish are removed and wild fish are released, rather than 

treated equally. This is already occurring where hatchery fish are biologically different than wild fish 

(e.g., smaller hatchery fish and larger wild fish in areas and times with maximum size limits for 

retention). We urge that a review of whether CWT exploitation rate indicators stocks are useful 

proxies for wild Chinook stocks would be timely, so that the discussion on implications for the CWT 

program can be informed. Should the CWT program be continued as is indicated in the Pacific Salmon 

Treaty, this is an important consideration. If the DFO intends to switch to other methodology (as in some 

south coast Chinook fisheries where GSI is used to determine stock composition), then the negative 
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impacts on the CWT program could be addressed. However, we also ask DFO to decide which strategy 

they intend to use, as the CWT program in Canada is already underperforming and it is unlikely that DFO 

will have capacity to operationalise two concurrent programs. 

4.2 Mark-Selective Fisheries 

Assuming that MM is undertaken, either at the regional scale or local scale, implementation of MSF 

must be established under a guiding framework and build on the lessons learned in other jurisdictions. 

We may support terminal or near-terminal MSF provided that the following are incorporated: 

● Programs to provide quantifiable and transparent impacts to wild salmon, including: 

o Robust and/or precautionary estimates of FRIM rates; 

o Robust and/or precautionary fishery independent estimates of releases; 

o Stock composition of released fish at a sufficient resolution (e.g. population or CU); 

o Stock status of wild salmon encountered (e.g., spawner estimates, biological 

benchmarks). These are necessary to measure potential impacts against, and to inform, 

total mortality ceilings which MSF will contribute to; 

o Estimates of uncertainty of impacts; and 

o Expand the use of selective fishing gears and practices that are risk-averse. 

● Programs to provide robust and transparent monitoring and assessment programs, including: 

o GSI sampling on retained and released catch at an appropriate sampling rate (this could 

include PBT if applicable); 

o Test fisheries to verify fisher dependent data such as releases, stock composition or 

retained and released catch, and compliance; and 

o Effort surveys (e.g. either dockside or other). 

We urge that a framework for implementation of MSF be developed that includes risk-averse 

management strategies and quantifies impacts on wild salmon. This must be done at a fishery and 

objective appropriate scale across time and areas. Only times and areas that meet the requirements of 

this framework should be considered for MSF. This is a multi-stakeholder discussion at both local and 

regional levels that goes well beyond the scope of this high-level discussion paper. The development of 

this framework will guide implementation of MSF and ensure that the above requirements are being 

met and that MSF are approached with the recovery of wild salmon as a priority. This should be done on 

a coastwide basis rather than ad hoc for fisheries on a one-by-one basis (PSC SFEC 2016). 

Without the establishment of such a guiding framework, we do not support implementation or 

expansion of MSF. 
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5 Comments on DFO Goals of MM/MSF 
The following section adds additional context on the DFO goals of MM/MSF from page 7 of the 

Discussion Paper. For each goal (heading), the DFO strategies are listed (blue italic font) and the MCC 

comments and additional considerations follow in normal font. 

5.1 Improve the conservation of wild salmon by reducing the genetic risk of hatchery production 

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

Use of MM to reduce the numbers of hatchery fish spawning in the natural environment through 

removals prior to arrival on spawning grounds (e.g., MSFs). 

MCC Comments: 

We agree that these methods may decrease the genetic risk to wild salmon as hatchery fish are 

removed before they spawn in the natural environment. However, it is unlikely that all hatchery fish can 

be selectively removed from the population, leading to various degrees of hatchery genetic influence 

which has been shown to be detrimental (e.g. reduced reproductive success). There are also logistical 

and operational constraints that may prevent hatchery managers meeting broodstock wild proportion 

targets, meaning that pHOS and PNI objectives, even with MM and MSF, may be difficult to meet 

without significant reductions in the size of production (e.g. numbers of broodstock collected). 

Furthermore, MM only provides information on first generation hatchery releases. MM will not improve 

the identification of second-generation fish returning to the spawning grounds. This is especially true in 

the case on ‘integrated’ hatchery programs that result in genetic homogenization of the wild and 

hatchery populations within a few generations of their inception (see section 5.1.3 below). 

Implementation of MSF will need to be include clear quantitative thresholds for limiting adverse impacts 

of hatchery fish on wild populations, including: 1) firm upper boundaries on pHOS, 2) clear quantitative 

limits on the maximum number and/or proportion of the returning wild population that may be 

removed for broodstock, 3) clear decision rules for limiting the total broodstock collection in order to 

meet minimum pNOB targets given the maximum number of Natural Origin Recruits (NORs) that can be 

used as broodstock (per #2), and 4) limit hatchery production to align with PNI on spawning grounds 

and/or mortality limits on at-risk populations. 

It is imperative that such clear and quantifiable objectives and goals for natural origin broodstock 

(pNOB), hatchery origin contributions to spawners (pHOS) and alignment with hatchery production are 

made for each area where MM and MSF are being considered. Performance against these objectives can 

then be assessed and management can be adapted. Implementation of MSF will need to be done in a 

manner consistent with these objectives while limiting impacts to wild stocks. 

5.1.1 Use of MM to limit the proportion of hatchery origin broodstock (pHOB and pNOB) 

We agree that MM can be used to limit the proportion of first-generation hatchery origin broodstock. 

However, MM cannot be used to limit inclusion of second or greater generation non-wild salmon. For 

example, fish could be included that were hatchery origin spawners mating in the natural environment. 

This, over the long term, may have severe genetic implications as detailed below.  
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5.1.2 Use of MSF to reduce the proportion of hatchery origin spawners in the natural spawning 

environment (pHOS) 

We agree that implementation of MSF consistent with the approach identified in 4.1 may help reduce 

the number of hatchery fish spawning naturally and their contribution of hatchery genes to the ‘wild’ 

population. 

5.1.3 MM only provides information on first generation hatchery origin fish. 

A significant concern with integrated hatchery stocks is that within one or two generations of such a 

program it will be practically impossible to distinguish F2 generation hatchery-origin Chinook that are 

the progeny of mating between F1 hatchery fish, Natural Origin Recruits (NOR) that are progeny of 

remaining members of the original wild population, and mixed NOR’s that are the progeny of F1 

hatchery fish and F2 or later generation NORs.  Relative to the original wild population, hatchery fish will 

have lower fitness in the natural environment and this lower fitness will gradually accumulate in the 

NOR (putatively “wild”) population. Removing MM hatchery fish from the spawning grounds will not 

completely eliminate the impact of the lower fitness of NORs with hatchery genes on the total NOR 

population (see, e.g., Christie 2011 and Willoughby and Christie 2017, 2018). 

It is more complicated than simply removing marked first generation fish. Removal of marked fish only 

works for 1st generation hatchery production, as second-generation hatchery fish that have spawned 

with either hatchery or natural origin spawners in the natural environment are not marked. It would be 

unlikely that all first-generation hatchery origin spawners are removed before any escape either the 

fishery or broodstock, and therefore there will always be some level of hatchery gene flow to the wild 

stock. There are therefore significant multi-generational consequences of these second-generation fish 

if they are used for broodstock or allowed to spawn in the wild. Management of second-generation fish 

is not practical with existing tools, especially at the population level. This is especially the case for 

integrated hatchery programs. It is likely less to be a problem for a well-managed and monitored 

segregated hatchery program where the hatchery population retains genetic identity distinct from NOR 

populations and where the application of next generation genomics is likely to identify genetic markers 

that distinguish HORs from NORs and enable genetic signals of hatchery introgression in the NOR 

population to be identified in F2 and perhaps later generations of hatchery-wild crosses. 

5.1.4 Findings from the Withler et. al. CSAS review 

It is unclear how effective these tools will be in all populations. MM and MSF and management of PNI 

are most relevant to populations that are at a relatively lower level of enhancement (NOT major 

production facilities where most fish are hatchery origin and PNI is very low), where there is concern 

over genetic effects on a partially wild population. For many enhanced populations that are ostensibly 

based on wild stock rebuilding or recovery, pHOS and the proportion of hatchery origin fish in the 

population may be low already. In these cases, the removal of hatchery origin fish from broodstock (to 

increase pNOB) or spawning (to decrease pHOS) has been shown to have only a small effect on PNI 

(Figures 3 and 4 in Withler et al. 2018). Furthermore, for these populations, increasing the mark rate so 

that hatchery origin broodstock can be avoided only has very marginal benefits to PNI (Figure 5 in 

Withler et al. 2018). Reviewing the size of the production relative to the naturally spawning population 

must be included as a potential strategy to manage PNI. This could be done by determining an upper 

limit on the total number or proportion of the annual returning Natural Origin Recruit spawning 
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population that may be removed for hatchery broodstock, and scaling the total hatchery production 

accordingly. 

5.1.5 Logistical and operational constraints 

There are likely times and places where more first-generation chinook would be avoided in brood stock 

with implementation of MM than without, however depending on timing, abundance, and capture 

method (e.g. swim ins versus beach seining spawning grounds etc.), it is also likely that management to 

pNOB of 1 (meaning no first-generation hatchery broodstock) would be practically impossible in many 

cases. For example, in many smaller ‘rebuilding’ hatchery programs, broodstock requirement fulfillment 

can be a challenge, and it is unlikely that managers will wait to get only un-marked fish if marked fish 

return early, to hedge against not meeting broodstock requirements.  

This could lead to situations where MM was implemented to reduce genetic risks, but it may not be a 

practical approach in all situations. This issue highlights the importance of establishing and adhering to 

firm limits (described above) on the number and/or proportion of NORs that can be removed from the 

wild population and used as broodstock, and limiting total annual broodstock take to meet minimum 

pNOB thresholds given the limit on removing NORs from the wild population for use as broodstock. 

These may be especially challenging in areas where broodstock are captured using in-river methods (e.g. 

beach seines etc.) versus using swim-ins. 

5.1.6 Regulatory and allocation challenges 

Terminal fisheries currently exist where excess hatchery fish are harvested. For each area where MSF 

occurs under these new programs there will need to be discussion on how MM fish are allocated. For 

example, non-terminal marine fisheries that target marked fish will reduce the number of marked fish 

that are available for terminal and/or in-river fisheries. This could jeopardize availability of chinook for 

First Nations priority access food or other fisheries. In places where marked fish exceed broodstock 

requirements, would they then be killed? How would those fish be allocated? This will require 

regulations and a mechanism to harvest excess fish (e.g. ESSRs, First Nations food fisheries, cost 

recovery fisheries etc.). 

Further, most non-terminal marine Chinook fisheries are not only “mixed-stock” but also “mixed-

maturation marine” (MMM) fisheries that harvest immature wild Chinook in addition to mature 

Chinook. Many of the immature fish would survive subsequent natural mortality and mature one or 

more years later at larger sizes. Mortalities of immature Chinook due to encounters with MMM fisheries 

results in a loss to terminal First Nation or other fisheries and the productivity of the affected wild 

Chinook populations. Freshwater (2021) has recently documented that many areas in the Salish Sea and 

along the southwest and east coasts of Vancouver Island are highly likely to be occupied year around by 

rearing immature Chinook. 

5.2 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 acceptable limits. 

Improve the cost-effectiveness and benefits of hatchery programs by increasing the proportion of 

hatchery fish caught. 
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MCC Comments: 

While the MCC supports sustainable fisheries, and especially those that respect and do not infringe upon 

First Nations priority rights or food fisheries; we do not support large scale implementation of MSF. This 

is especially true in marine areas where there is considerable uncertainty regarding the contributions of 

stocks of concern, uncertainty in release mortality rates, and uncertainty in fisher dependent retention, 

release and compliance estimates. 

There are also significant costs associated with monitoring these MSF fisheries to acquire the 

information needed to assess impacts. We may support MSF in terminal areas where there are known 

stock fisheries that target specific hatchery production, where mark rates are high, and non-target 

populations are a very low proportion of encounters. In our view, this means that certain populations 

could be 100% marked which would support these terminal fisheries. This would be much more cost 

effective than implementing MM across all hatcheries in BC. There needs to be a rigorous economic 

cost-benefit analysis of MM and MSF implementation relative to alternative strategies for recovery and 

rebuilding of wild chinook. 

We question current DFO incidental mortality rates and suggest that they are uncertain enough to be 

problematic in applying them to estimate impacts to wild populations. This issue is heightened since 

FRIM rates are applied as constants across space and time, although there are recognized differences 

between gear types and the areas, times, and abundance of predators, compliance, and probability of 

recapture within and between fisheries. This was also highlighted as a lesson learned in the PSC 

Selective Fisheries Evaluation Committee 2016 report (PSC SFEC 2016).  

We also question the use of ‘acceptable limits’ in the discussion paper. ‘Acceptable limits’ on a stock of 

concern imply that there is sufficient information on that stock to determine an acceptable limit. This 

information would need to include metrics like stock status, ER ceilings and social importance. There are 

many populations of Chinook in southern BC that do not have this information. Furthermore, it begs the 

question: acceptable to whom? 

Should production hatcheries continue, it is imperative that fisheries management minimize impacts on 

wild salmon. This follows the vision of PSSI. MM/MSF may be able to do this, but only in selective places 

where sufficient quality and quantity of information exists, and will be more likely to be effective in 

terminal areas where mixed-stock, mixed-maturation fisheries do not occur. As noted above, harmful 

impacts on wild populations should be quantified and management actions should specify the desired 

probability that such impact limits will not be exceeded, and if they are exceeded, the management 

actions that will be triggered in response, (i.e. as illustrated by the pHOS decision rule in Section 5.3). 

Overall, the strategies under this goal are ambiguous, lack rigour, and are clearly biased to maintaining 

and/or increasing fisheries and hatchery production rather than rebuilding and recovery of wild 

populations. Furthermore, these considerations point to the need for a rigorous economic cost-benefit 

analysis of hatchery programs that is explicit regarding the opportunity costs of funding hatchery 

production at the expense of improved wild population management. 

A related issue of concern is the lack of a clear, quantitative definition or characterization of selective 

fishing gear. Particularly for commercial fisheries (and non-hook-and-line fisheries in general) DFO must 

make it clear what qualifies as a ‘selective’ gear as it relates to levels of capture mortality and post-

release survival rates of non-target Chinook stocks. There is no such characterization provided in the 

Discussion paper. 
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5.2.1 The issue with the terminology ‘Acceptable limits’ 

The DFO discussion paper uses the term ‘Acceptable limits’ for wild stock impacts. This is problematic in 

many ways. There is currently insufficient monitoring and assessment information in many areas to 

support MSF, especially in marine areas. Incidental mortality rates are uncertain, fisher dependent 

release data is uncertain, and there is often insufficient monitoring or assessment in place to adequately 

assess fishery performance or impacts. This makes determining the impact on wild stocks, with any 

degree of certainty (in terms of actual number of fish), nearly impossible. 

Firstly, given the DFOs prioritization of conservation before allocation (both under law and the Wild 

Salmon Policy), there may be many stocks where any harvest is not acceptable (see recent COSEWIC 

Recovery Potential Assessments for Fraser Chinook). In these cases, incidental mortality on wild stocks 

under any MSF, or any fishery at all, would be by definition above an ‘acceptable limit’.  

Secondly, many populations or Conservation Units of Chinook that would be impacted by marine MSFs 

do not have biological benchmarks, fisheries management reference points or any quantitative 

information to define or estimate what an ‘acceptable limit’ is. In some cases, there aren’t even spawner 

estimates.  

Thirdly, the development of ‘acceptable limits’ should be a multi-stakeholder discussion based on the 

precautionary approach, First Nations priority rights and access, and sound science.  

Fourthly, many parameters change annually, such as proportional abundance within the aggregate, 

mark rates, stock composition etc. All of these have the potential to influence the mortality of wild 

Chinook through releases in MSFs. 

5.2.2 Opportunity cost of MM and MSF 

Hatchery programs are largely tax-payer funded. Increased mass-marking programs, and associated 

required monitoring and assessment for MSF would further increase the cost to all tax-payers. Are these 

additional costs included in the analysis of cost-effectiveness? Rationalizing increased MM and 

implementation of MSF with federal funds to subsidize fisheries benefits for specific user groups 

(recreational, commercial or First Nations fisheries) may not be in the best interest of all Canadians. This 

should be considered in more detail before being promoted as a benefit of MM and MSF. Salmon 

management already consumes a large percentage of DFOs budget, and implementation of MM and 

MSF would further increase DFOs annual operations budget. 

MM and MSF investments carry a significant opportunity cost that is ignored in the discussion paper. 

The cost of expansion of these programs (MM and MSF monitoring and assessment) is not considered 

against funds that could go to rebuilding self sustaining wild populations (for example habitat 

restoration). Rebuilding of wild salmon on the landscape would in turn support future sustainable 

fisheries, healthy ecosystems, and other industries such as ecotourism that come without the risks and 

ongoing costs of hatchery production. 

5.3 Use the best available scientific information to inform decision-making. 

Implement marking and monitoring measures to track hatchery genetic influence and other relevant 

parameters 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. 
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Capitalize on increased biological understanding (e.g., habitat capacity) of the contributions of hatchery 

and wild origin salmon and adapt management response. 

MCC Comments: 

The use of MM to provide better information or biological understanding in hatchery supplemented 

populations is a reasonable justification. However, it is unclear, and likely the product of future technical 

work, on exactly how this might be attained. We understand that MM may give better information on 

hatchery contributions to fisheries and enhanced contributions to escapements and broodstock. While 

examining fish for visual marks is easier and cheaper than other techniques (e.g. CWTs, GSI and PBT), 

much less information is acquired. For example, sampling a fishery for marks provides an estimated 

mark rate, but no information on stock origin unless the fishery is terminally located near to the 

production facility. Therefore, for many MSF, additional sampling will still be required to estimate 

impacts to stocks of concern etc. These costs, in addition to costs associated with MM and enhanced 

monitoring and assessment under MSF, may not provide increased cost-effectiveness overall. 

Furthermore, to ‘adapt management response’, a decision framework will need to be developed that is 

responsive to quantitative, predetermined objectives and goals. Adopted management responses will 

need to include reductions in hatchery output as an option to meet pHOS, PNI and any wild population 

recovery objectives. 

6 Lessons learned from Washington: The fate of the HSRG and its pHOS 

recommendations in Washington State 
In light of the declining state of many Washington State salmon stocks and the work of the independent 

Hatchery Scientific Review Group (HSRG), the Washington Fish and Wildlife Commission (FWC), which 

oversees the activities of the Washington State Department of Fish and Wildlife (WDFW) passed Policy 

C-3619 in 2009 directing WDFW to have its hatchery programs comply with HSRGs recommendations by 

2015. The proportion of hatchery origin spawners in the natural environment (pHOS) was one of the 

primary metrics at issue. The commission set up a “citizens advisory” group to work with WDFW staff to 

identify plans and timelines for complying with the FWC policy directive. The group consisted of many 

stakeholders from diverse perspectives. The group worked for about two years and issued its final 

report in 2014, which contained weak recommendations and no firm deadlines. 

2015 arrived without any substantial progress in meeting pHOS recommendations. Then suddenly, with 

no advanced public notice, in July of 2018 the FWC (with some new commissioners) suspended C-3619, 

Decision frameworks, ‘acceptable limits’, and adaptive management response: 

‘Acceptable limits’ of adverse impacts on wild populations need to be defined quantitatively and treated 

as such in a decision-theoretic framework that includes the specification of probabilities of the limits 

being attained (not exceeded), and the specification of management actions that will be triggered if the 

limits are exceeded. Vague, qualitative, terms such as ‘minimize’ should be avoided and replaced by 

objectively defined quantitative limits and targets.  For example, such limits for pHOS might be 

expressed in the following canonical fashion: “Releases of N smolts from hatchery H in support of mark-

selective fishery F will result in pHOS in wild population W of 0.05 or less with probability P = 0.95, and if 

pHOS in population W averages greater than 0.05 over the next Y years, smolt releases N (and 

corresponding broodstock collection and egg take) will be reduced by X percent.” 
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except for steelhead, and attempted to effectively abolish the HSRG. They argued that the HSRG had 

fulfilled its purpose and should be replaced by an advisory body composed of biologists and geneticists 

from WDFW and the Columbia River Intertribal fish Commission and the Northwest Indian Fisheries 

Commission. The motivation for this was governor Inslee’s Southern Resident Killer Whale (SRKW) Task 

Force (and NMFS’) recommendation to drastically increase Chinook hatchery production in the 

Columbia River, Washington Coast, and Puget Sound to provide “food for SRKW”. Regardless of the 

likely effectiveness of such increases, such an expansion of Chinook hatchery production could not occur 

without increasing the already too high levels of pHOS in most rivers. Furthermore, the increased 

hatchery production was sold as providing more opportunity for catch beyond the SRKWs. 

This demonstrates the importance of having clear, measurable, consistent, and appropriate production 

goals that are part of a reviewed production plan for each line of production. These plans need to be 

implemented in ways that are consistent between government cycles. 

Starting in 2007 and 2008 WDFW began separately recording the numbers of adipose-clipped hatchery 

and unclipped, natural-origin (putatively “wild”) Chinook on the spawning grounds. This provides data 

that enables pHOS to be calculated. Official pHOS data for Puget Sound, Washington Coast, and Lower 

Columbia River Chinook salmon reported on WDFW’s SCoRE database since 2010 (generally 2010 to 

2018, 2019, or 2020) for which data is available, show that most Chinook populations in these regions 

have pHOS levels greater than 20 percent and many greater than 50%. This is despite the 2009 policy 

directive from the Fish and Wildlife Commission. 

This also points to the importance of hatchery programs not being managed to meet broodstock, egg 

take, and smolt release targets at the expense of attaining minimum PNI, pHOS, and/or pNOB 

objectives. That is, if there are not enough NORs to achieve both pNOB/PNI targets and egg take/smolt 

release targets total egg take and the resulting smolt release numbers must be limited to what can be 

produced by meeting PNI and pNOB objectives, and therefore there will be cases where the recovery of 

wild fish requires reductions in hatchery releases. 

7 Considerations on the implementation of MM and MSF 
As suggested in the DFO discussion paper, there are trade-offs between mark rates and FRIM that will 

guide where and when MSFs are appropriate. There are many additional considerations that will need to 

guide these discussions including precautionary management approaches that include uncertainty. MSF 

removal methods should only be considered in times and areas with high mark rates (above a 

statistically determined threshold based on specific time- and area-based information), and where 

possible with selective methods that limit release mortality (e.g. weirs, traps, fences, beach seines etc.), 

otherwise gains in mitigating genetic risks could be offset with increased FRIM on wild fish. We assume 

that this process will take place in the upcoming technical working group activities and will be done in a 

clear and transparent manner. Given these constraints, it will be much easier to implement MSF in 

terminal or near-terminal areas where the stock composition in the fishery is known, immature chinook 

are unlikely to be encountered, and there is adequate spawner information from surrounding systems 

to ensure there are no weak stock considerations. 

As above, we would also urge the development of acceptable precautionary guidelines and 

management triggers that would guide on-ground management (e.g. system specific pNOB, pHOS, PNI 



13 
 

targets) for MM systems prior to the initiation of any MSF. These should be developed concurrently with 

adaptative decision making frameworks. 

7.1 Monitoring and Assessment 

Monitoring and assessment programs appropriate to the scale of MSFs are essential. In the DFO 

discussion paper, there is very little information on what MSF monitoring and assessment programs 

might look like, or how they would be funded, or even if they would be considered. 

The Pacific Salmon Commission Selective Fisheries Evaluation Committee report in 2016 identified the 

following as a lesson learned.  

“Mark-selective fisheries require a coordinated and consistent approach to implementation of 

MM, MSFs, and coastwide sampling to enable accurate assessment and management of impacts 

to natural-origin fish. Adequate tagging and unbiased sampling programs in fisheries and 

escapement are required for analysts to detect potential differences between mortalities of 

marked and unmarked fish due to encounter rates in MSFs. Fishery sampling programs have 

been developed to provide data required to reliable estimates of stock-specific mortality of 

unmarked fish in individual MSFs, however they have not been implemented coastwide. 

Alignment of sampling with MSF spatial and temporal strata is required, to facilitate standard 

reporting of estimations of mortality for marked and unmarked fish.” 

There are some in DFO who have argued that Washington’s experience with fishery independent 

monitoring indicates that it is unnecessary. This is untrue. Washington State continues to employ fishery 

independent monitoring to verify stock composition, compliance, and release rates produced by fisher 

dependent monitoring and has published several reports detailing the importance of such verification 

(WDFW 2012 for example). 

In addition, we urge the Department to follow Washington State’s example and provide a 

comprehensive annual public report of verified catch, release, compliance, and stock composition 

information sourced from both fisher dependent and independent monitoring programs. There must be 

a commitment by the Department that GSI and mark rate data from MSF test fisheries be used to guide 

in-season management. Such in-season information is employed to guide commercial sockeye and 

chinook fisheries. Test fishing is still in use in many areas of Washington to monitor MSFs (WDFW 2021). 

There is little reason that it not also be in place for recreational fisheries. 

WDFW (2020) provides a summary on Washington State mark-selective recreational fisheries and 

lessons learned. This summary provides information on the type of monitoring and assessment required 

to be able to assess impacts to wild stocks. While it indicates that MSFs have reduced impacts on wild 

chinook relative to non-MSF fisheries, ESA listed stocks in Puget Sound have not recovered, and impacts 

of any fishery, MSF or otherwise, would be greater than not having fisheries at all. This presentation also 

highlights the costs of implementing MM and MSF in Washington – more than $10 million annually in 

operating costs (e.g., does not include ongoing capital, infrastructure and operations costs for 

hatcheries). It is critical that DFO implement these types of verifiable fishery dependent and fisher 

independent monitoring and assessment programs while recognizing that limited population 

information from many areas of BC will make assessing impacts to wild chinook difficult.  

We strongly urge that a monitoring and assessment framework incorporating fishery independent 

measures to verify the fishery dependent information DFO currently relies be put in place to for any MSF 
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fisheries. An example, based on a model implemented by Washington State and Tribes, is provided 

below. This should be developed in collaboration with First Nations, stakeholders and subject experts, 

and be in place before any implementation of MSFs occurs. 

7.2 Mass Marking, Mark Selective Fisheries, and First Nations 

In 2020, the FNFC commissioned a discussion paper on Chinook MM and MSF in the context of First 

Nations (FNFC, 2020). This is an excellent review and provides a strong set of recommendations. These 

are highlighted below, followed by the MCC perspective on MM and MSF in relation to First Nations. 
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Like our comments on the DFO discussion paper, FNFC 2020 provides guiding questions related to how 

expanding MM/MSF will benefit the conservation of wild Chinook. This is made even more relevant with 

the implementation of the PSSI. How will an expansion of MM/MSF impact First Nations? 

First Nations are uniquely positioned to benefit from MM/MSF in terminal locations, where first 

generation marked hatchery fish may be removed using selective fishing practices to support economic 

or Section 35(1) food fisheries. This may increase food security while minimizing impacts to co-migrating 

wild fish or second and greater generation hatchery origin fish. However, expansion of marine mixed-

stock MSF may decrease First Nations ability to harvest surplus hatchery fish if there are removals in 

pre-terminal areas and sufficiently reduced mark rates in the terminal locations. This is highlighted in 

FNFC 2020 as a potential priority access issue. 

MM may improve the ability to assess enhanced contributions to escapements both in enhanced 

systems and in surrounding wild systems if Chinook stray. This could provide important information for 

First Nations that are actively involved in fisheries and stewardship programs, and be directly relevant to 

wild populations under the Wild Salmon Policy. 

MSF in marine mixed-stock/mixed-maturation areas may impact wild salmon to various degrees. If mark 

rates are low, and incidental mortality on released fish is high, or if effort increases due to opportunity 

through MSF, then there is the potential for increased impacts to wild salmon under MSF, especially if 

fisheries in these areas were closed or curtailed before MSF implementation. In many areas of BC, there 

is insufficient information on wild salmon stock status to develop biological benchmarks which in turn 

provide estimates of sustainable total mortality. In these cases, impacts on released wild Chinook may 

be quantified with some uncertainty, but there is no way to measure what level of impact is ‘acceptable’ 

from either a biological or social perspective.  

Both MM and MSF are expensive to implement. MM is expensive because it requires a significant 

increase in resources required to mark all hatchery releases. MSFs are expensive because of the 

enhanced fishery monitoring and assessment programs necessary to provide verifiable data on catch, 

releases, FRIM, stock composition, and compliance. 

In the end, there are significant ongoing expenses to these programs that the PSSI may cover for the 

limited time left in the program. But what happens after the PSSI? And are these resources better spent 

on supporting work to address declines in salmon productivity (e.g., habitat restoration)? As FNFC 2020 

acknowledges, the funds that will be allocated to MM/MSF could be used by First Nations (amongst 

others) to support alternative management, assessment, or rehabilitation programs. 

Both the FNFC (2020) and PSC SFEC (2016) reports comment extensively on the potential for 

deterioration of CWT program due to MSF implementation. This has implications for First Nations since 

it compromises the application of CWT exploitation rate indicator stocks to wild populations. Which is 

an important consideration, especially for non-terminal MSFs that may be intercepting many CWT 

exploitation rate indicator stocks. In many areas Chinook systems do not have accurate estimates of 

spawner escapements already, or a stock status, and therefore loss of exploitation rate information may 

not be desirable. However, other methods exist and could be used in large scale coastwide programs to 

estimating exploitation rates in hatchery stocks (e.g. GSI and PBT). Furthermore, the usefulness of 

Chinook indicator stocks as exploitation rate proxies for wild salmon in many areas has, to our 

knowledge, not been reviewed. As such, we have asked DFO for a review of this as it will inform the 

discussion papers considerations around loss of information under MSF.  
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7.3 Implications for the CWT program 

Implementation of MSFs poses considerable additional challenges to the CWT program, as identified in 

the DFO discussion paper. 

The DFO paper identifies a concern around MM/MSF and Chinook exploitation rate indicator stocks. 

They highlight that under MSF, Chinook indicator stocks may no longer provide accurate information on 

wild stocks, as marked fish are removed and wild fish are released, rather than treated equally. This is 

already occurring where hatchery fish are biologically different than wild fish (e.g., smaller hatchery fish 

and larger wild fish in areas and times with maximum size limits for retention). We urge that a review of 

whether CWT exploitation rate indicators stocks are useful proxies for wild Chinook stocks would be 

timely, so that the discussion on implications for the CWT program can be informed.  

Should the CWT program be continued as is indicated in the Pacific Salmon Treaty, this is an important 

consideration. If the DFO intends to switch to other methodology (as in some south coast Chinook 

fisheries where GSI is used to determine stock composition), then the negative impacts on the CWT 

program are moot. Alternatives to the CWT program have been suggested recently with Parental Based 

Tagging (PBT) combined with GSI (e.g., Beacham et al. 2021 and references therein). However, a move 

to genetically based Chinook management would require a profound shift in management of Chinook at 

the PST level. MM alone may not have the same implications as MM combined with MSF. Assessment of 

impacts to wild chinook will require the use of extensive GSI anyways, and robust release sampling 

programs across time and space. Therefore, we suggest that it is important to continue discussion at the 

regional level on alternatives to the CWT program, especially if MSFs are implemented on a broad basis. 

In addition, the Pacific Salmon Commission Selective Fisheries Evaluation Committee produced a 

“Lessons Learned” report in 2016 (PSC SFEC 2016) with 24 lessons learned and 6 recommendations 

about impacts of MM and MSF to the viability of the CWT program. The lessons learned are far-ranging 

and include concerns around estimation of fisheries mortalities, sampling protocols, DIT pilot studies, 

increased sampling costs, complications in enforcement, estimates of FRIM and uncertainty, and 

reporting. The recommendations include maintaining the CWT program, ensuring there are CWT 

programs for all MM releases, improving DIT programs, development of support tools, models and 

databases for MSF, enhancement of the RMIS program and improving compliance with SFEC identified 

fishery sampling. 

7.4 Benefits to wild stocks 

The DFO discussion paper suggests that MSFs may provide benefits to wild salmon. However, there is 

little direct evidence that supports this claim. A DFO CSAS review (DFO 2015/66) provided evidence 

through double index-tagging that there are marginal, non-significant benefits to non-marked fish. 

Experience from the US (Puget Sound chinook MSF fishery) also does not support this claim. There are 

considerable sources of uncertainty, and the DFO will struggle to implement the necessary monitoring 

and assessment programs required to assess impacts. Furthermore, many wild stocks lack information 

on stock status already, making it difficult to assess the impact of fisheries mortalities. 

 As suggested in Section 7, an appropriately designed rigorous, transparent, and peer-reviewed 

monitoring and assessment program needs to be developed, and applied in pilot areas, before the DFO 

can claim that there are benefits of MSF to wild stocks. Once the impacts in these pilot areas can be 

assessed, and the ability to actually assess impacts has been shown, further discussion is warranted. The 

priority of PSSI and DFO should be based in conservation, recovery and rebuilding of wild stocks that will 
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be able to support long-term sustainable fisheries, not short-term increased access to opportunity with 

unknown impacts on wild stocks. If there are areas that are known to have limited wild stock 

composition, or where wild stock status is known and above a limit reference point (e.g. possibly some 

terminal areas), then MSFs could be considered, however the appropriate monitoring and assessment 

programs must still be in place. 

7.5 Dedicated long-term funding 

It is our understanding that the MM and MSF discussed in the DFO paper have funding until the end of 

PSSI, in 3 years. Should MM and MSF proceed, and a cost-benefit analysis is positive, we are concerned 

that these programs will be implemented without long-term dedicated funding. For example, if MM 

occurs in spring 2023, these fish will return as harvestable mature adults starting in 2025. Is this within 

the funding window for these activities? If MM occurs for the next 3 years, will there be incentive to 

provide MSFs beyond the PSSI funding window? What guarantee is there that the required monitoring 

and assessment can be funded beyond this timeframe to support impact analysis? These are important 

considerations that are not included in the discussion paper. 

8 Additional concerns related to enhancement in general, in the context of MM and 

MSF 

8.1 Review of MM production programs 

As highlighted throughout the previous sections of this paper, and given the potential risks of hatchery 

programs, we suggest that there is a need for a full analysis of the pros and cons of integrated versus 

segregated hatchery programs for MM programs. Furthermore, there is a need for a review of 

production in systems that are potential sites for MM. This follows the decision-making framework 

where objectives, goals, thresholds, triggers and management actions are established and implemented. 

In the US, in order to assure that all hatchery programs are conducted in an appropriately risk-averse, 

precautionary manner with respect to eliminating harmful impacts on wild Chinook hatchery programs, 

this process could be modelled after the Hatchery Genetic Management Plans (HGMPs) that US National 

Marine Fisheries Service requires for permitting hatchery operations that are likely to affect ESA-listed 

salmonid populations.  

8.2 Genetic Considerations 

Give the preponderance of evidence that suggests negative genetic impacts of hatchery influence on 

wild salmon populations (Araki et al, 2009; Christie 2011; Willoughby and Christie 2017, 2018), it is 

warranted that further review of the experience in other jurisdictions is included in the MM/MSF 

discussion. Some commentary on this in Washington State is provided in Appendix 1. 

9 Specific Request for Feedback 
The following is the MCC response to the Questions from the DFO discussion paper. Questions from the 

DFO request for feedback are in blue font and the MCC response is in black font. 

9.1 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 resources 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: 
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● 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. 

Fundamental to implementing precautionary resource management, sustainable fisheries and salmon 

recovery, is the need to transform the management of production hatcheries. This transformation is 

required because the widespread use of traditional hatchery programs has contributed to the overall 

decline of wild salmon populations (HSRG 2009). Reversing this effect will require hatchery management 

that is in service to wild salmon recovery, (not production) and a vision not just to “restoring priority 

Pacific salmon populations” but equal commitment to “and restoring their ecosystems”.  The desire to 

implement MM and MSF is a consequence of the failure of hatcheries to recover wild salmon, and 

indeed to have contributed to their continuing decline.  

Herein lies the conflict. MM and MSF are not a pathway to restoring self-sustaining populations of wild 

salmon across the watersheds and landscapes of British Columbia. They are strategies to maintain 

fisheries on salmon from production hatcheries.  If DFO is truly committed to recovering wild salmon, 

they must recognize the paradox of hatcheries undermining wild salmon recovery. 

In terms of “restoring salmon ecosystems” (part of the PSSI vision), consideration should also be given to 

weighing the taxpayer cost of implementing a MM/MSF initiative versus restoring and protecting the 

habitat needed to rebuild wild salmon. Recovering wild salmon has more spin off benefits than just 

supporting fisheries. The monetary value of spawning salmon to the growing coastal wildlife and 

ecotourism sector already employs hundreds of people and is worth millions of dollars. Restoring 

salmon ecosystems goes hand in hand with this non-extractive, conservation-based economy. 

Promoting MM and MSF as a way to increase the cost-effectiveness of publicly funded hatchery 

programs must be taken into context with the increased cost to those that do not benefit, and arguably 

are impacted by unsustainable fisheries. 

9.2 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 simultaneously 

addressing objectives associated with Chinook salmon conservation, hatchery-wild stock genetic 

management, sustainable use of the resource and meeting our obligations to First Nations? 

We note that this question mentions conservation, but not the ultimate priority of PSSI - rebuilding and 

recovery. The department has identified several risks and benefits of MM/MSF in their discussion paper. 

However, DFO still believes it can maintain fisheries on hatchery salmon while recovering wild salmon at 

the same time. This is the same belief held by DFO’s Salmon Enhancement Program for the last 40 years. 

Following that logic has failed to recover wild salmon. For rebuilding efforts to unfold successfully now, a 

sincere recognition of this failure and a willingness from DFO to make recovery of wild salmon its 

priority is essential. That means, hatcheries, MM and MSF cannot be a stand-alone pillar or goal of 

salmon management.  Hatcheries must be in service to recovery, and the goal of hatcheries must be to 

turn them off once self-sustaining populations are established or for no more than three generations. 

One of the reasons this has not happened in the past is because unsustainable exploitation persists on 
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populations that need recovery plans. DFO has also failed to implement recovery plans until forced to 

deal with them as a consequence of COSEWIC listings. 

Addressing this problem should start with reducing the number of hatchery releases in systems where 

PNI objectives are not being met. Despite being two years into the PSSI, hatchery adjustments needed 

to align production with objectives for PNI have not occurred. The risks that integrated hatchery 

programs are likely to pose to Chinook populations of conservation concern appear not to have been 

adequately considered. 

9.3 Question 3 

Are there additional considerations that should be included in the implementation of MM/MSF 

consistent with the Departmental objectives and PSSI direction? 

Yes, there are additional considerations. 

Given that stock assessment programs within DFO are already severely compromised in their ability to 

undertake adequate salmon enumeration, assess the exploitation and mortality from fisheries, or assess 

the status of most Conservation Units; the resources required to undertake the level of increased 

assessment to implement MM and MSF is going to come from will most likely be at a cost to other 

programs. Is the funding of MM, MSF, FRIM research and associated Chinook management going to 

eliminate other stock assessment programs, habitat restoration or recovery planning? 

We are also concerned about the costs associated with MM and MSF. We strongly encourage DFO to 

provide a clear and transparent plan for funding that provides timelines, source of funds, capacity and 

staffing allocations to implement MM and MSF. Without this, it is difficult to see how DFO plans to 

implement MM and MSF effectively and in a peer-reviewed risk-averse manner. 

An analysis of trade-offs of potential benefits and risks to wild Chinook between integrated and 

segregated hatchery programs that are MM and support MSF must be undertaken, and explicit 

quantitative targets for achieving benefits and constraining risks to wild Chinook populations from 

actions in support of MM and MSF must be established in the form of decision rules stating probabilities 

of attainment within specific periods of time, and stating management actions that will be undertaken 

should the limit targets not be attained within the specified period of time. 

It should be acknowledged that while MM and MSF may be tools that allow for some mitigation of 

hatchery influence in salmon populations, these tools are only applicable to first generation hatchery 

releases. The progeny of hatchery fish (either hatchery origin to hatchery origin, or hatchery origin to 

natural origin) that have spawned in the natural environment are not externally marked and therefore 

there are no management tools available to reduce their multi-generational influence on the integrated 

population. There is therefore the potential for long term genetic effects on the population that MM 

and MSF will not entirely address. Any discussion of MM and MSF needs to include this consideration, 

especially if MM and MSF are being used to justify continued enhancement. 

9.4 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? 

In addition to addressing the hatchery concerns and unresolved issues of the already mentioned, the 

development of acceptable precautionary guidelines and management triggers are essential in order to 
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guide on-the-ground management (e.g. system specific pNOB, pHOS, PNI targets). Adaptive 

management triggers and thresholds need to be pre-determined and not applied ad hoc. This will 

require a decision framework that is technically based and supports the recovery of wild salmon. 

Further, MSF removal methods should only be considered in times and areas with high mark rates, and 

with methods that limit release mortality (e.g. weirs, traps, fences, beach seines etc.), otherwise gains in 

mitigating genetic risks would be offset with increased incidental mortality in fisheries. 

 

It is also critical that a management program that addresses the compromised nature of the CWT 

program be put in place for Chinook exploitation, mortality and management, and that there is 

confidence in the ability for PBT and GSI to adequately replace the CWT program. Otherwise, the 

tenuous relationship between Chinook exploitation rate indicator stocks and wild stocks will be even 

further deteriorated. 

Credible and precautionary estimates of FRIM, with explicit statements of the probabilities of FRIM 

targets being attained by specific management actions (e.g., MM and MSF) need to be provided. Again, 

these should be stated in the proper form for a quantitative decision rule, as illustrated above with the 

example of pHOS. 

9.5 Question 5  

DFO intends to consider implementation issues with dedicated technical work to address concerns 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? 

We are able to support and participate in technical workshops to address technical concerns and have 

the technical ability to identify issues and develop mitigation strategies. Specifically, this may include the 

potential for FRIM modeling on release mortality in a spatial and temporal framework. Furthermore, we 

have expertise in assessing stock status, hatchery impacts, wild salmon, and fisheries monitoring and 

assessment programs. 

However, before we commit to participation we would want to understand the following: 

1. The objectives of the workshops. 

2. If they are to be technical or political in nature. We could point to the SRKW TWG’s that were 

more political, than technical, in formation, objective, and participation. 

3. Who would sit around the table? People should be acknowledged experts with specific 

experience in the matter at hand, not merely representative of stakeholders. 

4. Who would Chair? 

5. How would they be funded, by whom, and how much? 

6. How would the results be used and communicated.? 

7. What kind of peer review would be employed to assess the outcome? 

8. Who would write any reports and outcomes? 

9. They should be managed similarly to a CSAS review. DFO puts the objective and proposed 

associated implementation plans on the table for technical people to review. Will this be the 

case? 
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All the above should be discussed, and agreed to, by invited technical people, before any TWGs get 

underway. 

10 References 
Araki H, B. Cooper and M. S. Blouin. 2009. Carry-over effect of captive breeding reduces reproductive 

fitness of wild-born descendants in the wild. Biology Letters, 5: 621-624. 

Beacham TD, Wallace CG, Jonsen K, et al. Parentage-based tagging combined with genetic stock 

identification is a cost-effective and viable replacement for coded-wire tagging in large-scale 

assessments of marine Chinook salmon fisheries in British Columbia, Canada. Evol Appl. 2021;14:1365–

1389. https://doi.org/10.1111/eva.13203. 

Christie, M. R. , M. L. Marine, R.A. French, and M. S. Blouin. 2011. Genetic adaptation to captivity can 

occur in a single generation. Proceedings of the National Academy of Sciences. 

www.pnas.org/cgi/doi/10.1073/pnas.1111073109. 

DFO. 2015. Proceedings of the Pacific Regional Peer Review on the Evaluation of Marine Recreational 

Coho Mark Selective Fisheries in British Columbia, including and evaluation of the Canadian marine 

fishery exploitation model for Interior Fraser Coho; March 3-5, 2015. DFO Can. Sci. Advis. Sec. Proceed. 

Ser. 2015/066. 

Freshwater C, Anderson SC, Beacham TD, Luedke W, Wor C, King J. 2021. An integrated model of 

seasonal changes in stock composition and abundance with an application to Chinook salmon. PeerJ 

9:e11163 DOI 10.7717/peerj.11163. 

Pacific Salmon Commission Selective Fishery Evaluation Committee (PSC SFEC). 2016. Lessons learned 

report: mass marking and mark-selective fisheries. Pacific Salmon Comm. Tech. Rep. No. 34: 45 p. 

Washington Department of Fish and Wildlife (WDFW). 2012. Methods Report: Monitoring mark-

selective recreational Chinook fisheries in the marine catch areas of Puget Sound (Areas 5 through 13). 

Prepared by: Laura Peterson and Mark Baltzell. 86pp. 

WDFW. 2020. Washington State mark-selective recreational fisheries overview and lessons learned. 

Presentation prepared by Mark Blatzell. 

WDFW. 2021. 2020 Summer mark-selective recreational chinook fisheries in marine areas 5, 6, 7, 9, 10, 

11, 12, and 13. Post-season report. DRAFT. Prepared by: T. Garber and K. Kloempken. 113pp. 

PSC SFEC. 2019. Review of mass marking and mark-selective fishery activities proposed to occur in 2019 

Pacific Salmon Commission, Selective Fishery Evaluation Committee, Regional Coordination Workgroup. 

SFEC (19) –1. July 2019. 61 p. 

Willoughby, J. R. and M. R. Christie. 2017. Captive Ancestry Upwardly Biases Estimates of Relative 

Reproductive Success. Journal of Heredity 583-587. doi:10.1093/jhered/esx046. 

Willoughby, J. R. and M. R. Christie. 2018. Long-term demographic and genetic effects of releasing 

captive-born individuals into the wild. Conservation Biology. DOI: 10.1111/cobi.13217. 

Withler, R., Bradford, M.J., Willis, D.M., and Holt, C. 2018. Genetically Based Targets for Enhanced 

Contributions to Canadian Pacific Chinook Salmon Populations. DFO Can. Sci. Advis. Sec. Res. Doc. 

2018/019. xii + 88 p. 

  

https://doi.org/10.1111/eva.13203
http://www.pnas.org/cgi/doi/10.1073/pnas.1111073109
http://www.pnas.org/cgi/doi/10.1073/pnas.1111073109
http://www.pnas.org/cgi/doi/10.1073/pnas.1111073109


22 
 

Appendix 1: “Hatchery Modernization”, the Hatchery Science Review Group (HSRG) 

process, and the Columbia Basin Artificial Production Review process. 
Nick Gayeski, September 20, 2022 

Mass Marking of hatchery Chinook (and Coho) is intimately related to so-called “hatchery reform” (aka 

“hatchery modernization”), the endeavor to make hatchery production less harmful to wild salmon 

populations. This is the basis for the discussion paper’s consideration of the US HSRG hatchery reform 

principles and recommendations. The HSRG was created by the US Congress in 2000 to review salmon 

hatchery programs and facilities in the Pacific Northwest. The main regions focused on included Puget 

Sound, the Columbia River Basin, and central and northern California. Among the key recommendations 

common to all regional reviews were recommendations for the maximum proportion of hatchery-origin 

spawners on the spawning grounds of wild salmon. The following metric were defined: ‘pHOS’: the 

proportion of hatchery-origin spawners (HOS) on the spawning grounds with natural-origin (putatively, 

wild-origin-) spawners (NOR), defined as HOS/(HOS + NOS). 

Associated with this concept are distinctions between different types of hatchery brood stocks 

determined by their genetic relationship to wild, natural-origin, conspecifics with whom stray returning 

hatchery adults may spawn (or at least compete with on the spawning grounds): ‘segregated’ and 

‘integrated stocks. Segregated hatchery broodstocks are generic hatchery stocks founded from one or a 

few wild stocks and cultured as a domesticated stock to be used in hatcheries across many river basins. 

Examples of these are the Green River Chinook (Puget Sound) stock used as the primary hatchery stock 

for harvest subsidization throughout Puget Sound and the Olympic Peninsula from the 1960s until 

around the mid-2000s, and the Chambers Creek (South Puget Sound) steelhead stock used throughout 

Puget Sound, the Olympic Peninsula, and most of the rest of Washington State for subsidizing harvest of 

winter-run steelhead from the 1960s to the present (with a few recent exceptions). 

Integrated hatchery stocks are founded from “local” wild populations from within the region or river 

basin in which the hatchery facility is located. In these programs the hatchery broodstock is “integrated” 

with the local wild salmon population. The principle on which integrated hatchery programs are based is 

important.  

Before describing this principle, it is important to distinguish integrated programs from what may be 

referred to either as ‘supplementation’ or ‘conservation’ hatchery programs which also employ 

integrated brood stocks. Supplementation programs create hatchery broodstocks entirely from the local 

wild population of conservation concern. After founding the broodstock and starting the 

supplementation hatchery program, future hatchery broodstocks are to incorporate minimum 

proportions of wild adults that are not first-generation supplementation hatchery fish. These minimums 

are to be governed by the concept of PNI (“proportionate natural influence”) to be discussed later. 

Returning to non-supplementation-motivated integrated hatchery programs, the motivating hypothesis 

or principle is to “minimize” the potential adverse effects of stray hatchery fish spawning with natural-

origin (“putatively wild) fish from hatchery harvest subsidization programs. This is the current 

management response to the strong evidence that genetic introgression of wild salmon by stray fish 

from segregated hatchery programs significantly reduces the fitness of the wild population. Here, fitness 

is measured by the ‘relative reproductive success’ (RRS) of hatchery spawners in the wild and of 

hatchery-wild hybrids (crosses between wild and hatchery fish in the wild). RRS measures the number 

offspring produced by a pair of hatchery (HxH) or hybrid (HxW) spawners compared to the number of 
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offspring produced by a pair of wild spawners (WxW). RRS of segregated hatchery fish is on the order of 

0.1 to 0.8 that of wild fish. RRS of HxW fish are generally below 0.9 that of wild fish. 

So, the hypothesis of integrated hatchery programs is that if these hatchery fish escape harvest (the 

purpose for which they are produced), fail to return to the hatchery rack, and stray onto the spawning 

grounds of wild fish, less (and maybe no) adverse genetic consequences for the wild population will 

result compared to strays from a segregated program. The reality behind this hypothesis is that mangers 

are unable to manage harvest of hatchery salmon accurately enough to prevent excessive levels of 

straying and resulting high levels of pHOS and consequent hatchery genetic introgression of the wild 

population. Rather than reduce hatchery programs and/or reconfigure harvest (e.g., reduce/eliminate 

marine mixed-stock/mixed maturation fisheries and replace them with selective terminal fisheries), 

current levels of hatchery-subsidized harvest can (ex hypothesis) be maintained by replacing segregated 

hatchery programs with integrated ones. 

However, there are significant conservation concerns with this entire scheme. With respect to the 

impact on the genetic integrity and fitness of the associated wild population of straying from integrated 

programs, the issue is the same as for “pure” supplementation, conservation, hatchery programs 

wherein the hatchery broodstock is founded from the target wild population and future broodstock is 

composed of a high percentage (>=50%) of natural-origin (i.e., pure wild or non-F1 generation hatchery 

fish) adults. Here the intention is to have a high proportion of returning hatchery-origin adults spawn in 

the wild with the local NOR population. There is considerable recent evidence, both empirically and 

from theoretical, model-based analyses, that even first-generation adults from integrated programs 

have reduced reproductive success compared to pure wild fish (fish not having been taken into the 

hatchery or having interbred with hatchery-origin fish).  

The best studied supplementation program is that of winter-run steelhead in the Hood River, Oregon. 

Here a supplementation program was started in 1992 from local wild winter steelhead that spawn in the 

North Fork of the Hood, upstream of Powerdale Dam (since removed in 2010). The dam was a complete 

fish passage barrier with a ladder that enabled capture and “interrogation” of all salmon. This made it 

possible for the hatchery program to capture wild and hatchery-origin adults for broodstock and to 

control the upstream passage of hatchery-origin adults so that they composed no more than 50% of the 

total return passed above the dam. This was an ideal situation in which to conduct and monitor hatchery 

supplementation of a wild population of conservation concern. 

More than 15 years of return data was available for researchers from Oregon State University to analyze 

(Christie 2011). Christie and colleagues analyzed the RRS of several cohorts of hatchery fish spawning in 

the wild. The excerpt from the Abstract of the paper quoted below summarizes the key results: 

“After returning from the ocean, wild-born and first-generation hatchery fish were used as 

broodstock in the hatchery, and their offspring were released into the wild as smolts. First-

generation hatchery fish had nearly double the lifetime reproductive success (measured as the 

number of returning adult offspring) when spawned in captivity compared with wild fish 

spawned under identical conditions, which is a clear demonstration of adaptation to captivity. 

We also documented a trade-off among the wild-born broodstock: Those with the greatest 

fitness in a captive environment produced offspring that performed the worst in the wild. 

Specifically, captive-born individuals with five (the median) or more returning siblings (i.e., 

offspring of successful broodstock) averaged 0.62 returning offspring in the wild, whereas 
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captive-born individuals with less than five siblings averaged 2.05 returning offspring in the wild. 

These results demonstrate that a single generation in captivity can result in a substantial 

response to selection on traits that are beneficial in captivity but severely maladaptive in the 

wild.” (emphasis added) 

In a related paper, Willoughby and Christie (2017) demonstrated a related phenomenon. The relevant 

results are summarized in the excerpt from the Abstract below: 

“…if there are heritable reductions in fitness associated with captive breeding, gene flow from 

captive-born individuals into the wild population can reduce the fitness of the wild population. 

Here, we show that when captive ancestry in the wild population reduces mean population 

fitness, estimates of RRS are upwardly biased, meaning that the relative fitness of captive-born 

individuals is over-estimated. Furthermore, the magnitude of this bias increases with the length 

of time that a supplementation program has been releasing captive-born individuals. This 

phenomenon has long-term conservation impacts since management decisions regarding the 

design of a supplementation program and the number of individuals to release can be based, at 

least in part, on RRS estimates”. 

Consequently, interbreeding between hatchery salmon from integrated programs and the local wild 

population is expected to lower the fitness of the local population while making it appear that the 

fitness of integrated hatchery fish (as measured by RRS) is close to that of the local, “wild”, “natural-

origin”, fish, while the fitness of the wild population is continuing declining.  

The leads us to the concept of PNI, “proportionate natural influence”. PNI purports to measure the 

extent to which natural selection in the wild “drives” the fitness of the integrated hatchery stock. 

Technical details of this metric are provided in Appendix A of the HSRG Columbia River Basin Report 

(2009). PNI is determined by the ratio of the proportion of natural-origin (NOR) adults incorporated 

annually into the hatchery broodstock to the sum of that ratio and pHOS: 

PNIapproximate = pNOB/(pNOB+pHOS). 

pNOB is constrained so that no more than 50% of the total NOR may be taken for hatchery broodstock 

in any year. So in years of low returns of NORs the hatchery must either take more (first generation) 

hatchery-origin (HOR) adults than NOR into the hatchery broodstock, or the total size of the broodstock 

must be below the target number needed to produce the desired level of total adult recruitment.  

The HSRG recommended minimal levels of PNI for integrated programs of 0.50 and a level of 0.67 or 

greater for populations of the “highest” conservation concern. The minimal level is achieved when pNOB 

and pHOS both equal 0.50: 0.50/(0.50 + 0.50) = 0.50. 

In other words, ex hypothesis, natural selection in the wild is expected to “drive” the adaptation of the 

integrated population even if one-half of the annual spawning population consist of first-generation 

(and therefore, under full marking of hatchery fish, adipose-clipped) hatchery fish! To achieve a 

minimum PNI of 0.67 with pNOB equal to 0.50, pHOS must be 0.25: 0.5/(0.5 + 0.25) = 0.5/0.75 = 0.67. 

Generally, the HSRG recommended that pHOS in integrated programs not exceed 30% (0.30). In this 

case a PNI of 0.67 would require pNOB to be 61% (0.61) of the total hatchery broodstock (again 

assuming that this level of pNOB does not exceed 50% of the total NOR adult return). Note that all of 

this ignores the implications of Christie and Willoughby’s analyses. 
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For segregated hatchery programs (to which PNI does not apply) the HSRG recommended two 

maximum levels of pHOS, 0.05 and 0.10, depending on the “conservation value” of the affected wild 

population. So-called “Contributing” wild (NOR) populations could have pHOS levels as great as 10% 

(0.10), and so-called “Primary” populations could have pHOS levels no greater than 5% (0.05) (HSRG 

2015). In other words, managers get to decide that some wild populations are more important to 

conserve than others and which ones they are. It is, at the very least, unclear that this is an appropriate 

approach to conserving the fitness, genetic diversity, and adaptability of wild salmon. 

Importantly, no analysis has been made to verify that any integrated hatchery program that attained the 

PNI recommendations (PNI >= 0.5 or 0.67) achieved biologically risk-averse levels of RRS. The analyses 

by Christie et al (2011) and Willoughby and Christie (2017) cast significant doubt that integrated 

programs meeting high PNI levels will significantly limit the erosion of wild fitness that results from 

interbreeding of integrated hatchery salmon with wild salmon. 

Finally, the HSRG also articulated a metric termed pHOSeff, or “effective” pHOS. This is defined as follows 

(HSRG 2015): 

“Effective pHOS (pHOSeff) is defined as the genetic contribution of hatchery-origin adults to the 

natural population in the next generation as measured at the adult stage. This is first generation 

gene flow. pHOSeff can be estimated directly from genetic analysis of the naturally spawning 

population. It can also be approximated from more traditional census data. For example, 

pHOSeff can be estimated from the observed abundance of hatchery-origin and natural-origin 

spawners (HOS and NOS) and a correction factor (cf) as pHOSeff = (HOS x cf)/[(HOS x cf) + 

(NOS)]”. 

If the correction factor (cf) is set to 1, pHOSeff = HOS/(HOS+NOS), which is referred to as census pHOS. 

“The correction factor reflects the reduced reproductive success of first-generation hatchery 

origin fish due to behavioral differences between natural- and hatchery-origin fish in terms of 

spawn timing and/or location”. 

pHOSeff can be estimated in two ways, First, by using an estimate (or guesstimate, depending on the 

population) of the correction factor cf. Second, it can be estimated from genetic data obtained from 

sampling the progeny (juveniles or returning adults). Note that the second, genetic, method only applies 

to segregated hatchery fish which are much more likely to be genetically distinct at the neutral genetic 

markers used to measure gene flow (microsatellites or SNPs) from the wild populations to which the 

hatchery fish stray, than is likely to be the case for hatchery fish from integrated programs. Further, 

pHOSeff does not account for non-genetic impacts of hatchery strays, including competition on the 

spawning grounds, and the effect of HxW crosses that do not survive to adulthood at the same rates as 

WxW crosses (wild fish mating with one another). When HxW mating occurs and the progeny do not 

survive to adulthood, these wild fish do not contribute to the abundance of the wild population, nor do 

their genes remain in the population, unless all genes of these wild fish are completely redundant within 

the remaining wild population. Consequently, it seems far more precautionary (and much easier to 

measure under complete mass marking) to use pHOS (which may be termed “nominal pHOS”) than 

pHOSeff. 
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The Fate of the HSRG and Its Recommendations in Washington State. 

In light of the declining state of many Washington State salmon stocks in the 2000s and the work of the 

HSRG during that time, in 2009 the Washington Fish and Wildlife Commission (FWC), which oversees the 

activities of the Washington State Department of Fish and Wildlife (WDFW) passed Policy C-3619 

directing WDFW to have its hatchery programs comply with HSRG recommendation by 2015. pHOS was 

one of the primary metrics at issue. The commission set up a “citizens advisory” group to work with 

WDFW staff to identify plans and timelines for complying with the FWC policy directive. The group 

consisted of many representatives of the hook-and-bullet community plus representatives of 3 

conservation organizations including Wild Fish Conservancy, represented by myself (Nick Gayeski). The 

group worked for about two years and issued its final report in 2014, which contained weak 

recommendations and no firm deadlines. Nick Gayeski and retired WDFW fisheries biologist Dick Burge 

(representing the Wild Steelhead Coalition) did not sign the report and instead issued a Minority Report. 

2015 arrived without any substantial progress in meeting pHOS recommendations. Then suddenly, with 

no advanced public notice, in July of 2018 the FWC (with some new pro-hatchery commissioners) 

suspended C-3619, except for steelhead, and attempted to effectively abolish the HSRG, arguing that 

the HSRG had fulfilled its purpose and should be replaced by an advisory body composed of biologists 

and geneticists from WDFW and the Columbia River Intertribal fish Commission and the Northwest 

Indian Fisheries Commission! The proximate motivation and public veneer for this attempt was governor 

Inslee’s Southern Resident Killer Whale (SRKW) Task Force (and NMFS’) recommendation to drastically 

increase Chinook hatchery production in the Columbia River, Washington Coast, and Puget Sound to 

provide “food for SRKW”. Regardless of the likely effectiveness of such increases, such an expansion of 

Chinook hatchery production could not occur without increasing the already too high levels of pHOS in 

most rivers. The commercial, tribal, and recreational angling communities knew full well that many of 

the increased hatchery fish that survived to adulthood would not be captured by SRKW and would 

instead likely result in increased catch opportunities. This is evidenced clearly by the data in the Tables 

below. 

Starting in 2007 and 2008 WDFW began separately recording the numbers of adipose-clipped hatchery 

and unclipped, natural-origin (putatively “wild”) Chinook on the spawning grounds. This provides data 

that enables pHOS to be calculated. Below are updated tables summarizing official pHOS data for Puget 

Sound, Washington Coast, and Lower Columbia River Chinook salmon reported on WDFW’s SCoRE 

database since 2010 (generally 2010 to 2018, 2019, or 2020) for which data is available (Table 1). 

Two points are worth making about the data in this table. One, it would seem clear that WDFW has little 

intention of complying with HSRG pHOS recommendations. Two, it would appear that a significant 

percentage of the surviving adult hatchery Chinook in marine waters that are not caught in the fisheries 

are not consumed by SRKW. Further, those that do escape the marine environment do not all home 

back to the hatchery racks, but instead stray onto the spawning grounds of wild Chinook. 

It would seem reasonable to conclude that the only way to reduce these pHOS levels is to reduce the 

magnitude of hatchery smolts produced and released. In the absence of this (or as a key complement to 

it) the best option for reducing pHOS levels would require efficient and high selective terminal fishing 

gears capable of targeting MM hatchery Chinook while releasing any wild, NOR Chinook with very low if 

any catch-and-release mortality. 
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Table 1. Average Chinook salmon pHOS levels in rivers of Puget Sound, Washington Coast, and Lower Columbia 

River from WDFW’s SCoRE website (accessed August 24, 2021). Lower Columbia populations marked with a single 

asterisk (*) are designated a primary population in the Lower Columbia Chinook salmon Recovery Plan; 

populations marked with a double asterisk (**) are designated secondary populations. Values in each of the last 

three columns were calculated as the average of each annual value. In particular, the Mean pHOS value (last 

column) will not necessarily be equal to the ratio of the mean of Hatchery Spawners to the mean of the Total 

Spawners (Hatchery Spawners/Total Spawners), though they will generally be similar to the average of the annual 

pHOS values shown in the last column. Regardless, either way of calculating the average pHOS value shows them 

to be far higher than biologically advisable as described as explained below. 

Puget Sound: Years  
Hatchery 

Spawners ^ 
Total 

Spawners ^ 
Mean pHOS 

Dungeness 2010-2019  348 457 75% 

Nooksack Fall 2010-2016  1098 1293 83% 

NF Stillaguamish 2010-2020  515 921 44% 

Skykomish 2010-2020  960 2,799 34% 

Snoqualmie 2010-2020 271 1,144 24% 

Sammamish Fall 2010-2019  1030 1139 89% 

Cedar Fall 2010-2019  281 1140 26% 

Green Fall 2010-2020  2,947 4,329 65% 

Puyallup Fall 2010-2020  1019 1548 64% 

Nisqually Fall 2010-2019  840 1,488 48% 

Washington Coast: Years  
Hatchery 
Spawners 

Total 
Spawners 

Mean pHOS 

Humptulips Fall 2011-2020  1,524 5,047 30% 

Wishka Fall 2010-2020  61 514 12% 

Lower Columbia: Years 
Hatchery 
Spawners 

Total 
Spawners 

Mean pHOS 

Coweeman* 2010-2020 133 823 14% 

Big White Salmon 2010-2020 242 797 31% 

Elochaman-Skamokawa* 2010-2020  399 490 72% 

Kalama Tule** 2010-2020  4,149 5,638 65% 

Lower Cowlitz** 2010-2019  1,018 4,093 25% 

Abernathy Creek* 2010-2020  143 127 85% 

Mill Creek* 2010-2020  257 278 75% 

Germany Creek* 2010-2020  175 198 78% 

Toutle: Green 2010-2020  480 725 57% 

South Fork Toutle* 2010-2020  123 209 63% 
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Upper Cowlitz 2010-2016  3375 3487 97% 

Little White Salmon 2010-2018  212 468 45% 

Wind River 2010-2018  849 1215 70% 

Washougal* 2010-2020  1,485 2,634 50% 

*Average (Mean) of years listed (e.g., 2010-2019, or for 2010-2020). 
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Appendix 2: A candidate risk-averse canonical decision rule for FRIM 
Nick Gayeski, September 20, 2022 

Introduction. 

Modeling fisheries-related incidental mortality (FRIM) and determining FRIM-associated mortality risk 

for Chinook salmon in commercial and recreational fisheries requires both addressing the uncertainty in 

the estimation of component FRIM (mortality) risk factors, and translating the corresponding estimates 

of FRIM into appropriate decision rules for fisheries management.  The canonical form of a probabilistic 

decision rule provides a threshold impact value of concern (to be avoided), a probability of not crossing 

the threshold, and a statement of the management actions that will be taken if the threshold is crossed. 

As an illustration I simulated 1000 log-normally distributed values of FRIM, plotted both the histogram 

and cumulative probability distribution (cdf) of values and identified a candidate probability threshold 

from which risk can be determined, and formulated a candidate risk-averse decision rule that 

incorporates the candidate probability threshold. 

Figure 1 displays the histogram and cdf plot. The right y axis displays the cumulative probability values. 

The left y axis scales the histogram abundance values to the cdf values. For the decision rule I chose the 

cumulative 5th percentile. This occurs at a value of 1221 which occurs at a value of 8 on the left y axis.  

The risk-averse probabilistic decision rule in the canonical form then is: 

P(FRIM in fishery or fisheries F <= 1221 <= 5% (0.05)), and if  the average level of FRIM in X of Y years 

exceeds 1221, fishery F will be reduced by Z percent. 

Without specification of the threshold value to be avoided and the probability that it is avoided (which 

expresses the value that management accords to avoiding the threshold), there is no quantifiable risk! 

Rather, there is only the distribution of FRIM values the significance of which will be the subject of 

debate among interested parties, but management decisions will be made inconsistently and likely on 

the basis of subjective values and/or poorly articulated management policies, not on clear objective 

criteria. Determining “the risk” requires the identification of (social, or at least the management 

agency’s) values identifying the priority society (or managers) places on avoiding some level of adverse 

impact. The risk then is the probability that the adverse impact level will be exceeded. 
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Figure 1. Histogram and cumulative probability distribution of 1000 simulated log-normally distributed FRIM 

values. Simulated natural logarithm values were: mean = log(2000); standard deviation (which approximately 

equals the coefficient of variation) = 0.30. Simulated logarithmic values were then exponentiated. 
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