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Group Harvest Matrix 

Submitted by: Conrad Gowell and Paul Engelmeyer 

Executive Summary 

The proposed MARSS state-space interpolation for calculating the Marine Survival Index (MSI) is 
technically sound and should be adopted beginning in 2026. Among alternatives evaluated, it demonstrates 
superior performance and represents appropriate statistical practice for handling missing data in 
correlated time series. However, this revision highlights a critical problem: we are optimizing forecasting 
methods within a management framework never subjected to comprehensive Management Strategy 
Evaluation (MSE), and that contains assumptions fundamentally incompatible with conserving threatened 
coho salmon. 

Amendment 13 (A13) created the harvest matrix that governs Oregon Coast Natural (OCN) coho 
management, tying harvest rates to indices of marine survival and spawner abundance. While designed as a 
precautionary measure following ESA listings, it relies on simplified, aggregate assumptions that predate 
current knowledge of population-specific dynamics, habitat quality, and the ecological importance of life 
history diversity. Amendment 13's harvest matrix perpetuates four critical flaws. First, the "full seeding" 
concept treats spawning habitat as uniform, ignoring documented variation in habitat quality, estuarine 
capacity, and the multiple juvenile life history pathways that Bottom and colleagues have shown provide 
population resilience through portfolio effects. Second, the framework provides no mechanism to protect 
or monitor life history diversity, a pillar of the VSP framework, which recent research demonstrates is 
threatened by climate change. Third, A13 relies on mixed-stock ocean fisheries that harvest immature fish 
from multiple populations simultaneously, making stock-specific conservation impossible for an ESA-listed 
species.  And Fourth, A13 does not acknowledge the improvements in habitat quality that has been taking 
place for decades. Hundreds of millions of dollars have been invested in improving habitat conditions in 
our watersheds to increase their productivity - uplands, road decommissioning, culvert removal and 
replacements in the floodplains, riparian plantings and large wood placement to improve habitat 
complexity.  Updating the high quality habitat data layer makes total sense and should be a 
priority.  Acknowledging the value of intact estuaries to salmon recovery and resiliency also is 



   
 

essential.  When A13 was being developed and implemented we were very pleased and impressed with the 
commitment by the Council and ODFW to change its salmon management / harvest program.  But, we also 
acknowledged that adaptive management would be necessary - we urge the Council to not shy away from 
taking those next steps.These critical flaws and their cumulative impacts must be acknowledged and 
addressed within this Assessment process. 

I have been a part of this regional conservation effort to improve habitat conditions for salmon recovery 
with the goal of recovery of watershed processes in partnership with the multiple partners including the 
USFWS, USFS, ODFW, State Parks and the public at large.  When we contracted to do Rapid Bioassements in 
the Coast Range Bioregion it was clear to us - the on the ground habitat protection and restoration work 
was improving habitat quality.  It is time to revisit the assumptions and past estimates of the extent of high 
quality habitat including the value of estuaries.  We would be negligent  if we did not draw attention to 
beaver recovery strategies all over the region - which will over time be one more piece of the puzzle in the 
regional recovery strategy.  Again, restoring watershed processes and acknowledging the need to be 
adaptive in our management efforts.  The investments have truly been impressive - there are now over 50 
watershed groups working to recover salmon in their watersheds.   

We recommend adopting the MARSS method while immediately initiating comprehensive MSE of the A13 
framework and beginning the transition from mixed-stock ocean to terminal fisheries. Only terminal 
fisheries enable real-time population-specific management, protect weak populations while harvesting 
strong ones, maintain life history diversity, and integrate decades of habitat restoration investment into 
harvest decisions. 

 

Part I: Technical Review—Support for MARSS Interpolation 

Since A13's adoption, Oregon has lost three of six Life Cycle Monitoring sites—North Fork Nehalem (2017), 
West Fork Smith and Winchester Creek (2025)—representing 50% reduction in spatial coverage due to 
budget constraints. ODFW evaluated four alternatives: MARSS state-space interpolation for missing sites, 
reduced three-site averaging, fixed 2025 model without refitting, or reverting to pre-2013 OPI hatchery 
jack-to-smolt ratios. 

The MARSS approach is superior. When tested with five years of removed data, interpolated MSI showed 
better fidelity to observed five-site MSI than the reduced method, with lower mean absolute error even 
with eight years removed. Critically, interpolated MSI maintained correct marine survival matrix categories 
while the reduced three-site MSI was biased high in 2023-2024—overestimating survival leads to higher 
exploitation rates and elevated conservation risk. The MARSS method leverages 26 years of correlated 
marine survival data across sites, maintains flexibility to incorporate restored monitoring, and had lowest 
forecast error (MAPE 0.015 vs. 0.064 reduced, 0.072 fixed model). 

We commend ODFW for rigorous methodology, transparent evaluation, honest uncertainty assessment, 
and code availability on GitHub. The MARSS interpolation should be adopted as the best available approach 
given current constraints. However, we are now interpolating from three mid-coast sites to represent 
marine survival across 3,747 miles of spawning habitat from the Columbia to California—no northern or 
southern representation, assuming three sites capture spatial heterogeneity across diverse watershed and 
estuarine types. More fundamentally, we are using sophisticated statistics to support a management 
framework based on 1990s biological assumptions that research by Dan Bottom, Kim Jones, Correigh 
Greene and others has shown to be oversimplified. 



   
 

 

Part II: The Missing Analysis—Management Strategy Evaluation 

and the Matrix Paradox 

Management strategy evaluation is a simulation method that accommodates complex salmon life histories 
including freshwater survival, marine survival, partial maturity by age, and hatchery impacts (Punt et al. 
2016). MSE consists of: operating models simulating true biological systems with uncertainty; observation 
models simulating data collection with realistic errors; assessment models representing what managers 
use; management procedures translating assessments into actions; and performance metrics quantifying 
objective achievement. 

The A13 framework has never been comprehensively tested through MSE. The 2013 revision improved 
marine survival forecasting but did not test whether the matrix structure achieves conservation objectives 
under implementation uncertainty, environmental non-stationarity, mixed-stock impacts, and observation 
error. The document acknowledges "difficulty allocating catch in mixed-stock fisheries"—not merely a data 
problem but a fundamental challenge MSE should evaluate. 

The current matrix contains a fundamental logical flaw. A13 attempts abundance-based harvest rate 
management, but rather than directly tying exploitation rates to actual abundance, it uses coarse proxies—
parent spawner status (in spawners per mile) crossed with forecasted marine survival. The problem with 
this revision is that different matrix cells representing equivalent run sizes prescribe vastly different 
harvest rates. This is nonsensical from a biological perspective—if abundance is the conservation concern, 
why should harvest rates differ when run sizes are equivalent? 

The matrix's structure reveals that it is not truly abundance-based management but rather a proxy-based 
system that obscures the actual relationship between run size and exploitation. A biologically defensible 
approach would tie harvest rates directly to estimated run size or escapement, not to the pathway by which 
that run size was achieved. An MSE should be conducted on biologically meaningful smaller stock 
units (individual populations or population complexes within sub-aggregates) that: 

1. Identifies population-specific recruitment relationships empirically derived from actual stock-
recruit data, estimating productivity and capacity parameters for each population rather than 
assuming uniform relationships across spawner-per-mile metrics. 

2. Models the effects of harvest on each population including testing abundance-based harvest 
rate tiers that respond directly to estimated run size, not proxies. 

3. Incorporates habitat quality and life history diversity as covariates that explain variation in 
recruitment parameters, complementing rather than substituting for empirical stock-recruit 
relationships. 

4. Tests alternative management approaches beyond the current two-dimensional matrix, 
including escapement-based rules, harvest control rules tied directly to abundance estimates, and 
spatially structured management. 

The lack of empiricism in using actual stock-recruit data is the weakest element of the current 
matrix. We have 26 years of data from LCM sites showing population-specific spawner-smolt-adult 
relationships, yet the framework relies on aggregate spawner-per-mile targets that obscure this variation. 
Population dynamic parameters—actual productivity and capacity by population—should be estimated 
from the fish data, not assumed from habitat metrics. Habitat indices and life history diversity measures 



   
 

should then be incorporated as covariates explaining why some populations are more productive than 
others, improving our understanding of recruitment dynamics rather than replacing empirical estimation. 

Critical questions remain unanswered. What is the probability of achieving escapement goals when harvest 
rates are tied to proxies rather than abundance? How do harvest rates distribute across populations when 
different pathways (high spawners × low survival vs. low spawners × high survival) produce similar run 
sizes but different matrix prescriptions? What are mixed-stock harvest impacts on population-specific 
abundance trajectories? How does the framework perform under climate change when relationships 
between spawners, marine survival, and recruitment become non-stationary? 

 

Part III: Life History Diversity and the Portfolio Effect 

Dan Bottom and colleagues' groundbreaking research on Oregon Coast coho salmon has documented 
remarkable juvenile life history diversity that the A13 framework ignores (Bottom et al. 2005, 2009). Coho 
exhibit multiple strategies including fry emigrants (age 0), smolt emigrants (age 1+), and "nomads"—
juveniles using estuarine-rearing strategies previously considered surplus mortality but now recognized as 
an important pathway promoting resilience (Bottom et al. 2009). These strategies have different marine 
survival rates, variable responses to environmental conditions, and create temporal spreading of ocean 
entry—what Bottom describes as a "portfolio effect" where life history diversity increases productivity and 
population resilience. 

Research in the Salmon River estuary by Jones and colleagues demonstrated that estuarine residence and 
habitat quality fundamentally affect juvenile coho survival and condition at ocean entry (Jones et al. 2014). 
Estuaries serve as critical nursery habitat where body size, growth rates, and physiological condition are 
determined—factors that strongly predict marine survival. The statement that Mill Creek Yaquina produces 
higher marine survival due to reservoir rearing conditions exemplifies this: freshwater and estuarine 
habitat quality drive recruitment independent of spawner density. 

Climate change threatens this diversity. Dan Bottom showed in his research in the Columbia Estuary that 
during severe droughts, fewer fish emigrate early, and as climate change increases drought frequency, 
diversity in migration timing could diminish—a critical threat to population stability. Greene and 
colleagues have demonstrated that diversity buffers salmon populations against environmental variability, 
and loss of life history portfolios reduces resilience to climate change (Greene et al. 2010). Yet A13 
provides no mechanism to monitor life history diversity, no triggers to protect declining diversity, and no 
management response when portfolio effects erode. 

The implications are profound. If the goal is maintaining productive, resilient populations in a changing 
climate, protecting spawner abundance alone is insufficient. Management must protect habitat diversity 
supporting multiple pathways, avoid fishery selectivity removing certain phenotypes, and use terminal 
fisheries that harvest after life history expression rather than ocean fisheries potentially selective for 
specific ocean entry timings or behaviors. 

 



   
 

Part IV: The Mixed-Stock Problem and Integrating Ocean and 

Terminal Fisheries 

Mixed-stock ocean fisheries are not inherently incompatible with conservation if properly constrained, but 
current management fails to structure them appropriately. The challenge is that ocean fisheries cannot 
differentiate among populations in real-time, making stock-specific conservation impossible without 
broader constraints. However, ocean fisheries can play a role in a reformed management system if properly 
integrated with terminal fisheries. 

A reformed approach would manage mixed-stock ocean fisheries to: 

1. Share harvest impacts equitably between ocean, estuary, and freshwater fisheries rather 
than allowing ocean harvest to dominate total exploitation. Allocation should be explicit and based 
on stock-specific conservation needs, economic considerations, and cultural values. 

2. Limit mixed-stock impacts to protect the weakest populations deemed critical for recovery. 
If the Umpqua coho or other depressed populations are priorities for rebuilding, then ocean 
fisheries must be constrained to levels that allow those populations to achieve escapement goals 
even with mixed-stock interception. This requires better understanding of ocean distribution, stock 
composition in catches, and population-specific impact rates. 

3. Allow additional impacts on demonstrably strong populations through terminal fisheries. 
Populations exceeding spawner goals with high certainty could support terminal harvest, capturing 
benefits of local productivity and habitat restoration while protecting weak stocks through ocean 
constraints. 

This integrated approach requires population-specific abundance estimates and harvest control rules. 
Ocean fisheries would operate under conservative constraints set by the weakest important populations, 
while terminal fisheries would provide opportunity for adaptive harvest from strong populations based on 
real-time enumeration. Genetic stock identification, coded wire tag programs, and improved ocean 
distribution models would inform ocean fishery constraints. Terminal counting facilities, and creel surveys, 
would provide accurate, timely abundance data enabling adaptive in-season management. 

The advantage of this structure is pragmatic: it acknowledges that ocean fisheries exist and have economic 
and cultural value while constraining them to conservation-compatible levels. It provides a pathway for 
increased harvest opportunity through terminal fisheries as populations rebuild and monitoring improves. 
It directly addresses the Umpqua situation—ocean constraints would have been tighter if Umpqua-specific 
impacts were explicitly managed, while other South-Central populations could have supported terminal 
harvest. 

Terminal fisheries near natal rivers where single stocks are present remain superior for stock-specific 
management (Walters and Martell 2004). Advantages include: real-time adaptive management reducing 
forecast dependence; harvesting mature fish after full life history expression, maximizing yield-per-recruit 
while avoiding selective pressure; spatial precision protecting weak populations while fully harvesting 
abundant ones; and more accurate escapement monitoring. But terminal fisheries need not completely 
replace ocean harvest—rather, they should be the primary tool for harvest management, with ocean 
fisheries playing a complementary role under constraints that protect recovery. 

Indigenous fishing practices provide precedent for this integration—terminal harvests at specific locations 
formed the backbone of harvest, while occasional ocean or near-shore harvests occurred under conditions 



   
 

of known abundance. The key principle is that harvest decisions should be made where abundance can 
be accurately assessed, not where multiple stocks intermingle and real-time information is absent. 

 

Part V: Empirical Stock-Recruit Relationships and the Role of 

Habitat Data 

The A13 matrix bases "full seeding" on uniform spawner-per-mile targets: 126,700 spawners across 3,747 
miles (approximately 33.8 spawners/mile) with a "Critical" threshold of less than 4 fish/mile. This 
approach treats all habitat miles as equivalent and assumes linear relationships between spawner density 
and recruitment—biological fallacies contradicted by the data. 

The fundamental problem is lack of empiricism. We have 26 years of spawner-smolt-adult data from LCM 
sites showing population-specific recruitment dynamics, yet the framework relies on habitat-based targets 
that obscure this variation. The backbone of any MSE should be estimating population dynamic 
parameters from actual fish data: What is the actual productivity (recruits per spawner at low density) 
for each population? What is the actual capacity (maximum recruitment)? How do these parameters vary 
across populations and through time? These are empirical questions answerable with existing data, yet the 
current matrix assumes uniform spawner-per-mile relationships that are ambivalent to OCN coho recovery 
trends. 

The document's own data demonstrate this variation. Marine survival rates differ substantially across LCM 
sites. The statement that Mill Creek Yaquina "includes a reservoir with rearing conditions conducive to 
large smolt sizes and marine survival that is higher than other coastal sites" reveals that recruitment per 
spawner is not constant—it varies with habitat quality, rearing conditions, estuarine access, and other 
factors. Rather than assuming uniform targets, management should estimate Ricker or Beverton-Holt 
parameters for each population using the available spawner-recruit time series. 

Habitat indices and life history diversity should complement, not substitute for, empirical stock-
recruit estimation. Once population-specific productivity and capacity are estimated from fish data, 
habitat covariates can help explain variation: Why is Mill Creek Yaquina more productive? Because 
reservoir rearing produces larger smolts. Why do some populations have higher capacity? Because they 
have more high-quality rearing habitat or better estuarine access, or differential expression of coho life 
histories. Life history diversity metrics can explain temporal variation: Years with high diversity may show 
different productivity relationships than years when diversity is constrained. 

This approach—empirical estimation with habitat-based explanation—is both more rigorous and more 
useful than habitat-based targets alone. It grounds management in observed fish responses rather than 
assumed relationships. It allows hypothesis testing: Does intrinsic potential predict productivity across 
populations? Do estuarine habitat improvements increase capacity? Does life history diversity buffer 
against environmental variation? It provides a framework for adaptive management: As habitat is restored 
or degrades, we can test whether empirical recruitment parameters change as predicted. 

Nickelson and Lawson (1998) developed habitat-based life cycle models for Oregon coho, but these models 
should be validated and refined using the extensive life cycle monitoring data now available. Burnett et al. 
(2007) provided intrinsic potential estimates—these should be tested as predictors of empirically 
estimated productivity, not accepted as proxies for spawner targets. Jones et al. (2014) demonstrated 



   
 

estuarine effects—these should be incorporated as covariates in population-specific recruitment models, 
improving estimation and predictive power. 

The current matrix's greatest weakness is that it ignores the empirical information we have. 
Twenty-six years of LCM data provide unprecedented opportunity to estimate population-specific 
recruitment dynamics, test habitat relationships, and develop spatially structured management based on 
observed responses rather than assumed uniformity. An MSE built on empirical stock-recruit relationships 
with habitat and diversity as covariates would be far more defensible than the current proxy-based matrix. 

 

Part VI: Estuarine Habitat—The Critical Link 

The Marine survival index is called "marine survival" but the critical transition occurs in estuaries. Jones' 
research in the Salmon River estuary demonstrated that restored estuarine wetlands provide diverse prey 
types and feeding opportunities, with succession of marshes at varying recovery ages supporting juvenile 
coho growth and survival (Jones et al. 2014). Bottom and colleagues showed estuarine residence allows 
juveniles to achieve larger sizes and better condition, directly improving marine survival (Bottom et al. 
2005). 

Oregon has invested substantially in estuarine restoration—removing tide gates, restoring tidal marshes, 
enhancing water quality—explicitly to increase juvenile survival. Yet A13 provides no mechanism to credit 
restored capacity in full seeding estimates or harvest decisions, differentiate populations by estuarine 
access quality, or link habitat improvements to productivity. The paradox: millions invested to restore 
estuarine habitat because research demonstrates it influences survival, then management bases harvest on 
spawner abundance per mile of spawning habitat as if estuaries were irrelevant. 

An MSE-based approach would integrate habitat quality throughout modeling. Operating models would 
include estuarine indices affecting smolt survival. Management procedures would be tested for appropriate 
response to habitat improvements. Performance metrics would evaluate whether harvest strategies 
capture restoration benefits. The resulting system would create feedback between habitat conditions and 
harvest, incentivizing restoration while protecting populations constrained by habitat limitations. 

 

Part VII: Recommendations 

Immediate (adopt now): Support MARSS interpolation as best available method. Commit to annual 
performance reporting including confidence intervals, comparison to independent data, and explicit 
acknowledgment when uncertainty is high. Immediately restore or replace monitoring capacity in the 
Umpqua basin given the ongoing population collapse—managing a crashed population without direct 
monitoring is unconscionable. Develop life history diversity metrics from existing LCM data analyzing 
fry/smolt ratios, emigration timing, and survival by strategy. Acknowledge framework limitations explicitly 
in all Council documents, including that aggregate management failed to prevent the Umpqua collapse. 

Short-term (1-3 years): Initiate comprehensive MSE on biologically meaningful stock units (populations 
or population complexes) that: 



   
 

• Estimates population-specific recruitment parameters empirically from LCM and other 
spawner-recruit data, determining actual productivity and capacity for each unit 

• Tests abundance-based harvest control rules that tie exploitation directly to estimated run size 
rather than proxies 

• Incorporates habitat quality and life history diversity as covariates explaining variation in 
recruitment parameters, complementing empirical estimation 

• Evaluates integrated ocean-terminal management where ocean fisheries are constrained to 
protect weak stocks and terminal fisheries provide additional harvest from strong populations 

• Explicitly tests whether management can prevent future population collapses like the 
Umpqua's and achieve ESA delisting criteria 

Establish terminal fisheries, similar to the emerging fish traps opperating on the Columbia, pilots on 3-5 
watersheds with intensive monitoring comparing escapement accuracy, harvest efficiency, diversity 
maintenance, and conservation outcomes to current approaches. Develop population-specific abundance 
estimation and harvest control rule frameworks. 

Medium-term (3-5 years): Replace the proxy-based full seeding framework with empirically derived 
population-specific recruitment relationships. Use 26 years of LCM data to estimate Ricker or Beverton-
Holt parameters for each population, incorporating habitat quality (following Burnett et al. 2007 intrinsic 
potential methods) and life history diversity as covariates that explain observed variation. Test whether 
habitat improvements (estuarine restoration following Jones et al. 2014 approaches, riparian restoration, 
barrier removal) result in detectable changes in empirical recruitment parameters. Expand terminal 
fisheries to 5-10 watersheds with population-specific harvest control rules tied directly to abundance 
estimates. Develop allocation frameworks explicitly sharing harvest between ocean and terminal fisheries 
based on stock-specific conservation constraints and economic considerations. Establish tribal co-
management agreements that equitably share terminal harvest opportunities. 

Long-term (5-10 years): Implement integrated population models built on empirical stock-recruit 
relationships for each biologically meaningful stock unit, representing multiple life stages and explicitly 
modeling harvest effects by fishery type. Ocean fisheries should be managed under constraints protecting 
the weakest recovery-critical populations, with harvest opportunities provided through terminal fisheries 
on populations demonstrably exceeding escapement goals. Establish terminal fisheries on all major 
systems with population-specific abundance-based harvest control rules that can also double as reliable 
adult return monitoring areas. Restore adequate monitoring through dedicated stable funding, recognizing 
that empirical estimation of population dynamic parameters requires sustained data collection. Annual 
assessment should update recruitment parameter estimates, test habitat and diversity covariates, and 
adaptively adjust harvest control rules based on observed performance. 

 

Part VIII: ESA Recovery Context and the Umpqua Coho Collapse 

Oregon Coast coho are ESA-listed as threatened. The A13 framework was designed to prevent collapse, not 
achieve recovery. Recovery demands population-level conservation—not just aggregate escapement—
maintaining genetic and life history diversity, protecting spatial structure, and ensuring adequate habitat 
(NMFS 2016). Mixed-stock ocean harvest managed at aggregate levels cannot achieve these population-
specific objectives. 



   
 

The Umpqua River coho collapse starkly illustrates these failures. The Umpqua basin—part of the 
South-Central sub-aggregate in Table 1—has experienced precipitous declines in wild coho returns over 
the past several years despite continued ocean harvest under A13 management. ODFW closed in-river wild 
coho fishing in the Umpqua in 2022, citing "very low" returns due to the 2020 Archie Creek Fire and other 
wildfires, drought, warming streams, and non-native predators. The fishery remained closed through 
subsequent years as returns failed to recover. The Winchester Creek LCM site—one of the three sites just 
closed due to budget constraints—was located in the Umpqua basin, meaning we have now lost the very 
monitoring capacity needed to understand and respond to this collapse. 

This situation reveals critical flaws in both the A13 framework and the federal recovery plan. First, 
aggregate management failed to protect a collapsing population. The South-Central sub-aggregate includes 
1,685 miles of habitat across multiple basins. Even as Umpqua coho crashed, ocean fisheries continued 
harvesting from the aggregate because other populations maintained higher returns. The "weakest sub-
aggregate" rule should have constrained harvest, but it operates at too coarse a scale—the entire South-
Central region, not individual basins like the Umpqua. Mixed-stock ocean harvest cannot differentiate 
Umpqua fish from other South-Central populations, so conservation restrictions that might have aided 
recovery were not triggered until collapse was evident. 

Second, the closure of Winchester Creek LCM eliminates monitoring capacity precisely when it is 
most needed. Understanding the Umpqua collapse requires data on smolt production, marine survival 
rates, life history diversity changes, and how fire, drought, and predation interact. We are now managing a 
collapsed population with no direct monitoring of juvenile production or adult returns at the LCM scale. 
This represents catastrophic failure in priority-setting—closing monitoring on a collapsing population 
while maintaining ocean harvest from the aggregate. 

Third, multiple stressors interacted in ways the A13 framework cannot address. The Archie Creek Fire 
devastated spawning and rearing habitat. Drought reduced summer flows and increased temperatures. 
These freshwater impacts likely altered juvenile life history expression—Bottom et al. (2013) showed 
severe drought reduces early emigration, potentially forcing fish into less favorable later emigration 
windows. Degraded estuarine conditions from cumulative impacts may have reduced survival of whatever 
juveniles were produced. Ocean harvest then removed adults from an already stressed population. The A13 
matrix bases exploitation on aggregate spawner status and forecasted marine survival, with no mechanism 
to account for population-specific catastrophic events or habitat degradation. 

The Umpqua collapse demonstrates that current management is not achieving ESA recovery 
objectives. The NMFS 5-year review (2016) identifies recovery criteria including: maintaining viable 
populations across the ESU's spatial structure; protecting diversity within and among populations; and 
achieving abundance and productivity targets. The Umpqua situation violates all three. A population within 
the ESU's spatial structure has collapsed. Diversity has been lost—reduced abundance means reduced life 
history diversity, genetic diversity, and adaptive capacity. Abundance and productivity in this basin are 
orders of magnitude below recovery targets. 

For delisting to be possible, management must fundamentally change. MSE should address: What is 
the probability of delisting under current management given that individual populations can collapse while 
aggregate management continues harvest? Would terminal fisheries have detected Umpqua declines 
earlier and responded with basin-specific protections?  

Recovery planning identifies habitat degradation, hatchery impacts, harvest, and climate change as limiting 
factors (NMFS 2016). The Umpqua experienced all four simultaneously. Oregon has invested in habitat 
restoration, but A13 provides no mechanism to protect populations during restoration recovery periods. 



   
 

Post-fire recovery requires time for habitat to regenerate, riparian zones to stabilize, and populations to 
rebuild. Continued ocean harvest during this period—even at reduced aggregate rates—slows, or may 
prevent recovery. Terminal fisheries would have allowed complete harvest closure on Umpqua coho while 
maintaining opportunity on adjacent healthy populations, directly supporting recovery. 

The fundamental question an MSE should answer: Can A13 achieve ESA recovery, or does it merely 
maintain moderate abundance while individual populations collapse and diversity erodes? The Umpqua 
case provides empirical evidence that aggregate management with mixed-stock ocean harvest cannot 
prevent population-level failures. Existing literature suggests terminal fisheries with population-specific 
management would substantially improve recovery probability (Quinn 2018, Schindler et al. 2010). The 
Umpqua collapse makes this theoretical argument tragically concrete. 

Part IX: Addressing Critiques  
 

Some may argue that increased complexity in management—moving from simple spawner-per-mile 
targets to habitat-quality-weighted models, from aggregate management to population-specific 
approaches, from ocean to terminal fisheries—introduces implementation challenges, data requirements, 
and enforcement difficulties that outweigh benefits. These concerns deserve serious consideration but do 
not justify maintaining an inadequate framework. 

On data requirements: Critics might argue we lack sufficient data for population-specific empirical 
modeling. However, we have 26 years of spawner-smolt-adult data from LCM sites—precisely the 
information needed to estimate recruitment parameters. Additional spawner-recruit data exist from 
spawning ground surveys and harvest reconstruction for many populations beyond LCM sites. The 
question is not whether data exist, but whether management uses available information. Nickelson and 
Lawson (1998) estimated habitat-based recruitment relationships for Oregon coho populations; we should 
validate and refine these estimates with the extensive data now available rather than assuming uniform 
spawner-per-mile targets. Moreover, the alternative—managing with oversimplified proxies that produce 
nonsensical harvest prescriptions for equivalent run sizes—has demonstrably failed, as the Umpqua 
collapse illustrates. 

On implementation complexity: Terminal fisheries require infrastructure investment and in-season 
management capacity. However, this complexity already exists in current management—forecasting 
marine survival using GAM ensembles with oceanographic indicators, interpolating missing LCM data with 
state-space models, allocating mixed-stock harvest among user groups, and conducting spawning ground 
surveys across hundreds of streams. Terminal fisheries may actually reduce complexity by providing direct 
enumeration of returns rather than relying on surveys with high observation error and complex allocation 
of mixed-stock catches. The OCN exploitation rates and the Umpqua situation demonstrates that aggregate 
management's apparent simplicity is illusory—it failed to respond to population-specific collapse in time, 
and likely has made it worse. 

On economic impacts: Transitioning toward terminal-primary fisheries with ocean harvest constrained to 
protect weak stocks creates winners and losers, potentially concentrating economic impacts in ocean 
fishing communities. This is a legitimate concern requiring economic support for affected communities, 
fleet transition assistance, and careful planning. However, the economic status quo is also unstable. The 
Umpqua fishery closure eliminated harvest opportunity for that basin. Continued aggregate restrictions to 
protect weak populations reduce opportunity from all populations. ESA litigation risk creates regulatory 



   
 

uncertainty. An integrated approach where ocean fisheries operate under conservation constraints while 
terminal fisheries expand on strong populations may provide more stable long-term economic outcomes by 
allowing rebuilding of currently depressed populations that could eventually support substantial harvest 
while maintaining some ocean opportunity under appropriate limits. 

On enforcement and compliance: Population-specific management requires ensuring that terminal 
fisheries remain selective and that ocean fisheries are constrained when necessary. Genetic stock 
identification and coded wire tag programs have advanced substantially, improving our ability to monitor 
stock composition in catches. Video monitoring and electronic reporting technologies enable better catch 
accounting. Indigenous communities have enforced selective harvest for millennia using traditional 
ecological knowledge and social mechanisms. The challenge is real but not insurmountable, and it should 
be weighed against the impossibility of achieving stock-specific conservation through current mixed-stock 
harvest. 

On the precautionary principle: Some might argue that A13's conservative approach—using the weakest 
sub-aggregate rule, setting exploitation rates based on spawner status—already embodies precaution. 
However, true precaution in the face of uncertainty means protecting diversity, maintaining adaptive 
capacity, and avoiding irreversible losses. The Umpqua collapse occurred under A13 management, 
demonstrating that aggregate precaution does not protect population-specific conservation. Precaution 
should mean: protecting populations during catastrophic events like wildfire; maintaining life history 
diversity as climate buffer; avoiding selective harvest pressures on size and age; and preserving spatial 
structure that provides resilience. Current management fails these precautionary tests. 

Regarding the role of hatcheries: A13 allows mark-selective ocean fisheries (hatchery harvest, wild 
release) in some areas and times. Hatchery programs are intended to supplement harvest opportunity but 
often undermine wild populations. Because hatchery and wild fish are not spatially separated in ocean 
fisheries and because mark-selective harvest is not perfectly implemented, high post-release mortality of 
wild coho is often experienced. Prioritizing terminal fisheries would allow a cleaner separation of the 
mixed hatchery stocks that co-mingle off the Oregon coast, while also reducing the high post-release 
mortality associated with the mark-selective ocean fishing.   

The argument for reform does not rest on perfect data, unlimited resources, or absence of trade-offs. It 
rests on the recognition that current management has fundamental flaws—demonstrated theoretically 
through MSE principles and empirically through the Umpqua collapse—and that alternatives exist that 
better align with conservation biology, ESA requirements, and modern understanding of salmon ecology. 
The risks of change must be weighed against the demonstrated risks of status quo management. 

We support MARSS interpolation beginning in 2026—it is the best available technical solution. However, 
this must be understood in context: we are compensating for monitoring loss with sophisticated statistics 
while maintaining a framework that uses coarse proxies instead of empirical population dynamics, 
prescribes different harvest rates for equivalent run sizes, and failed to prevent the Umpqua collapse. 

The current matrix's fundamental flaw is its lack of empiricism. We have 26 years of spawner-recruit 
data from LCM sites showing population-specific recruitment dynamics, yet management relies on uniform 
spawner-per-mile assumptions that produce biologically nonsensical harvest prescriptions. Bottom and 
colleagues have demonstrated the critical importance of life history diversity and estuarine habitat. Jones 
has shown how estuarine conditions determine marine survival and productivity. Greene has documented 
how diversity provides resilience. Nickelson and Lawson provided methods for estimating habitat-based 
recruitment relationships. Yet A13 ignores this biological understanding and the empirical data. 



   
 

The Umpqua coho collapse provides a sobering case study. A population within the ESU has crashed 
despite—or because of—aggregate management that continued ocean harvest while population-specific 
problems compounded. We closed the Winchester Creek LCM site precisely when monitoring was most 
needed. We maintained a framework incapable of responding to basin-specific catastrophic events. This is 
not theoretical failure—it is empirical demonstration that proxy-based aggregate management cannot 
achieve recovery or prevent population-level collapses.  

The path forward requires building management on empirical foundations. Estimate population-specific 
recruitment parameters from the fish data. Use habitat quality and life history diversity as covariates 
explaining observed variation, not as substitutes for empirical estimation. Tie harvest rates directly to 
abundance estimates, not to proxies that obscure the relationship. Manage ocean fisheries under 
constraints protecting recovery-critical populations while expanding terminal harvest where populations 
demonstrably support it. The science, the data, and the Umpqua tragedy all point toward the same 
conclusion: fundamental reform is essential. 

Adopt the MARSS method. Then conduct the Management Strategy Evaluation, building it on empirical 
stock-recruit relationships for biologically meaningful stock units, explicitly testing whether management 
can prevent future collapses and achieve delisting. Use that MSE to design management worthy of a species 
whose diversity has sustained it for millennia and will be essential for survival in an uncertain future. This 
method could prove to be a pathway that allows Oregon Coast Coho to be the first salmon species to be 
removed from the Endangered Species Act, and more importantly, move towards broad sense recovery. 
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