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Salmon management has generally failed to rebuild depressed wild salmon populations or to manage many of them sustainably, 
despite a broad and growing scientific understanding of salmon ecology. We argue that to correct this failure, management 
 policies and practices related to salmon need to become place- based. Key changes in management practices required to achieve 
place- based management include requiring that fishing occur closer to rivers of origin where particular populations can be identi-
fied with high precision, requiring that fishing gear be capable of releasing (with very low postrelease mortality) nontarget species 
and populations, and managing harvest to ensure that spawning escapements in most years exceed levels that would produce 
maximum sustainable yield. The scientific basis in support of place- based salmon management is clear, but implementing the 
required changes presents serious challenges that must be faced if the diversity and abundance of wild salmon are to be restored 
and if the world’s wild salmon populations are to effectively cope with environmental changes imposed by climate change and 
continuing habitat degradation. Lessons from locations where management practices are based on a place- based conceptual 
foundation show how to successfully rebuild or maintain productive wild salmon populations.

Salmon management has generally failed to rebuild 
 depressed wild salmon populations or to manage many of 
them sustainably despite a broad and growing scientific 
 understanding of salmon ecology (e.g., Price et al. 2017). We 
argue that this failure is due to management policies and prac-
tices that are based on a flawed conceptual foundation that is 
incompatible with the current understanding of the diversity 
and complexity of salmon life history, population structure, 
and the locally adapted character of wild salmon. Lichatowich 
and Williams (2009:1011) characterized a conceptual founda-
tion for fisheries management as 

“the set of  principles, assumptions, and beliefs about 
how ecosystem processes influence or control fish pro-
ductivity. A robust conceptual foundation therefore de-
termines what problems (e.g., limitations on production) 
are identified, what information is collected, and how it 
is interpreted, and as a result, establishes the range of  ap-
propriate solutions.” 

A conceptual framework also broadly determines where 
the burden of  proof  lies when developing fishery manage-
ment plans (Peterman 1990; Dayton 1998; Charles 2002; 
Gerrodette et  al. 2002). Burden of  proof  in this context 
would identify what harm could result from a contemplated 
action and which party—the party proposing the action or 
the party opposing it—must demonstrate that the potential 
harm is or is not likely to occur. In contrast to the current 
widely used conceptual foundation, we describe an alterna-
tive that is firmly grounded in the current science of  salmon 
ecology and that we refer to as “place- based.” Alternative, 
place- based management policies and practices account for 
the complexity and local adaptation of  wild salmon and re-
quire that we change where we fish, how many fish we catch, 
and how fish are produced in ways that run counter to cur-
rent practices in many locations.

THE WILD SALMON CRISIS AND THE NEED FOR 
 PLACE- BASED MANAGEMENT

Numerous wild Atlantic Salmon Salmo salar and Pacific 
salmon Oncorhynchus spp. populations are seriously de-
pressed or declining relative to their historical abundances 
and current habitat capacities, despite often- stated pub-
lic concern and billions of  dollars spent to conserve and 
enhance wild populations (Montgomery 2003). This is a 
problem affecting most salmon regions of  the globe. On 
the U.S. Pacific coast, 28 of  52 population aggregates have 
been managed for up to three decades under the Endangered 
Species Act, but none has recovered enough to be delist-
ed (NMFS 2017). Many populations in British Columbia 

remain depressed after conservation and recovery actions 
(Price et  al. 2017). In Korea, wild salmon no longer exist, 
and only a handful of  small wild populations remain in 
northern Japan. Many of  Norway’s iconic wild salmon pop-
ulations have radically declined since the mid- 20th centu-
ry, and the majority of  populations in the British Isles and 
the European mainland are at all- time lows. The majority 
of  Atlantic Salmon populations in North America and the 
Northeast Atlantic are either threatened with  extinction or 
persist at low levels of  abundance (NASCO 2016; Forseth 
et al. 2017). Overall, there are only a few exceptions to de-
clining salmon abundance (e.g., some wild Pacific salmon 
populations in Alaska and the Russian Far East, particular-
ly Kamchatka, and some wild Atlantic Salmon populations 
in northern Finland).

Somewhat paradoxically, substantial declines in wild salm-
on abundance and productivity have occurred coincident with 
a steady growth in scientific knowledge of the complexities 
of the life histories, ecology, and population genetics of wild 
salmon. A wide array of advanced tools for empirically esti-
mating productivity and population trends, including detailed 
accountings of genetic structure, is now available on which 
to base risk- averse policies and management decisions (e.g., 
Lukacs and Burnham 2005; Pestal et  al. 2012; Steele et  al. 
2013). Nonetheless, wild salmon generally are not being man-
aged sustainably for use by commercial harvesters, indigenous 
people, and sport fishers, despite the efforts of tens of thou-
sands of salmon scientists, managers, conservationists, and 
advocates worldwide.

The fundamental problem in many locations is that 
 salmon management policies and practices have evolved 
in conflict with the current scientific knowledge of  wild 
salmon, which recognizes that each specific population 
is uniquely adapted to its natal environment. The strong 
homing behavior of  wild salmon results in the evolution 
of  life histories that create and reflect a strong attachment 
to place—the spawning, rearing, and migratory habitats to 
which successful salmon populations must adapt. The at-
tachment of  wild salmon to particular places is evidenced 
most prominently by their locally adapted character (Taylor 
1991; Eliason et  al. 2011; Salvolainen et  al. 2013) but ex-
tends more deeply to include the web of  ecological rela-
tionships between wild salmon and other members of  the 
biological community that interact with salmon, including 
humans (Lichatowich 2013). Under the place- based concep-
tual foundation, the burden is placed on those proposing 
a specific fishery management action to demonstrate (with 
sufficiently high probability) that the action assures that 
spawner escapement goals will be met and the associated 
ecosystem services provided by the exploited population(s) 
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will not be impaired. The place- based nature of  wild salm-
on has not been uniformly recognized or incorporated into 
management policies and actions that are designed to con-
serve or enhance wild salmon.

In contrast to the place- based character of salmon, the 
current widely used conceptual foundation is based upon an 
industrial, agricultural model that emphasizes intensive tech-
nological intervention in the natural life cycle of salmon in 
place of reliance on the inherent productivity of wild salm-
on in intact, functioning ecosystems. At its heart, this current 
conceptual foundation of many salmon management practic-
es assumes that salmon runs can be effectively managed inde-
pendently of one another and that human- induced losses of 
production capacity can be mitigated by actions to increase 
the number of smolts that reach the ocean, predominately by 
using artificial production of salmon in hatcheries. Although 
an extremely small number of hatchery fish may make it back 
to the hatchery of origin as adults (because of high mortali-
ty owing to poor competitive ability and environmental mal-
adaptation resulting from being raised in hatcheries), these 
artificially produced fish have also lost connection with their 
wild or natural places of origin. Indeed, the current salmon 
management paradigm in the U.S. Pacific Northwest is driv-
en by policies that assume wild salmon can be sustained in 
the presence of mixed- population fisheries in the ocean and 
that hatcheries and freshwater habitat enhancements can suf-
ficiently mitigate losses of wild populations (Williams 2006). 
However, a robust body of salmon science strongly suggests 
that losses of wild populations will not be curtailed—let alone 
reversed—by these policies; a change in the conceptual foun-
dation governing salmon management is needed (Lichatowich 
et al. 2017).

Some management policies do recognize the importance 
of locally adapted salmon populations (e.g., Canada’s Wild 
Salmon Policy: DFO 2005; Norway’s Nature Diversity Act of 
2009: Forseth et al. 2013; Vøllestad et al. 2014), but such pol-
icies are often not fully implemented (Hutchings et al. 2012; 
Price et al. 2017). Additionally, a significant part of the prob-
lem can be attributed to the failure of management councils 
and agencies to follow scientists’ recommendations to adopt 
precautionary policies (FAO 1995) that account for uncertain-
ties involved in salmon harvest management. In many plac-
es, salmon management operates under a flawed conceptual 
foundation (Williams et al. 1999; Lichatowich and Williams 
2009) that sets where we fish for salmon, how we decide how 
many to catch, and what we rely on to produce them (intact 
habitat in rivers and streams, or hatcheries) in ways that are at 
odds with what we know about salmon ecology.

We suggest that managers of wild salmon populations 
need to more rigorously choose actions that reflect the locally 
adapted, place- based character of wild salmon populations 
and adopt and adhere to targets for performance mea-
sures that reflect a place- based management regime (Box 1). 
Healthy wild populations reflect the evolution of life history 
complexity, especially diversity of age at maturity, as a hedge 
against environmental variation that occurs in their freshwater 
and marine habitats. One key characteristic of wild salmon is 
their high yet imperfect degree of homing fidelity to the riv-
ers, streams, and within- stream locations of their birth. This 
characteristic allows for fine- scaled, local adaptations to their 
freshwater environments, resulting in high levels of genetic 
diversity both within and between populations (Lichatowich 
2013).

Imperfect homing results in low background levels of 
straying that enable salmon to colonize newly available hab-
itat. Straying gives new genotypes the opportunity to invade 
nearby populations (Bett et al. 2017), and depending on the 
abundance of that invaded population, may thereby help to 
maintain genetic diversity of local populations and enable 
them to adapt to different habitats within natal river systems. 
The resulting local adaptations mean that wild salmon must 
be managed as portfolios of local subpopulations with suf-
ficient spawners in each to drive and maintain the high levels 
of genetic diversity and adaptive capacity that are essential 
if  salmon populations are to thrive in the dynamic and com-
plex environments in which they have evolved (Verspoor et al. 
2007). For example, the huge and sustained runs of wild 
Sockeye Salmon O. nerka in Bristol Bay, Alaska, function as 
(and are managed as) an interactive portfolio of locally adapt-
ed populations. Large Sockeye Salmon runs into one part of 
that system have compensated for other runs that have been 
reduced by either harvesting (commercial or subsistence) or 
environmental variation during their life histories (Schindler 
et  al. 2010). The key is to recognize and manage individual 
populations in the portfolio conservatively so that an appro-
priate abundance of spawners reaches the spawning grounds 
every year (Schindler et al. 2010).

The failure to implement a place- based conceptual foun-
dation has contributed significantly to producing and main-
taining the current depressed condition of many wild salmon 
populations. This failure arose from three sources. First, too 
often, emphasis has been placed on maximizing harvests 
from large, mixed- population stock aggregates in marine 

BOX 1 
WILD SALMON ECOSYSTEM VITAL SIGNS (I.E.,  TARGETS 

FOR PERFORMANCE MEASURES THAT REFLECT A 
 PLACE- BASED MANAGEMENT REGIME). THESE MEASURES 

OF PERFORMANCE APPLY AT THE POPULATION OR 
 POPULATION PORTFOLIO LEVEL OF ORGANIZATION  

(AS DETAILED BY LICHATOWICH ET AL. 2017).
• Sustained abundance (and size at maturity) of 

spawners to all spawning habitats in numbers that 
provide a biologically conservative state that takes 
into account environmental variation.

• Sustained habitat-specific density and growth of 
juveniles.

• High habitat connectivity and productivity in fresh-
water, estuarine, and ocean habitats.

• Natural or normativea seasonal flow patterns.
• Natural or normative seasonal temperature patterns.
• Productive and biodiverse food webs with strong 

riparian linkages and sustained inputs of marine-de-
rived nutrients (i.e., salmon carcasses naturally 
deposited after spawning).

• High salmonid biodiversity (diverse life histories/
portfolios).

• Natural or normative water chemistry (minimal 
pollution).

• No cultured stock escapements, introductions, or 
supplementations.

a“Normative” refers to amounts or patterns that are reasonably close to 
natural or historic attributes of salmon habitats (see Stanford et al. 1996); 
this is an especially important consideration given the certainty of climate 
warming in most salmon rivers.
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environments, which severely pressures the weak (i.e., smaller 
or less- productive) populations. Second, estimates of sustain-
able harvest rates are often based on maximum sustainable 
yield (MSY), which assumes a relatively static environment, ig-
nores uncertainties in estimation of population characteristics 
(such as productivity) and implementation of harvest regimes, 
and neglects the evolutionary response of salmon populations 
to harvest mortality (Enberg et  al. 2009; Hutchings 2009; 
Kendall et  al. 2009; Okomoto et  al. 2009; Bromaghin et  al. 
2011). Third, there is a mistaken belief  that large- scale hatch-
ery production will enhance harvests and also lead to recovery 
of depressed wild stocks regardless of the extent of habitat 
degradation (Bottom 1997; Venditti et al. 2017).

To date, large- scale, marine mixed- stock commercial salm-
on fisheries have predominated in both Pacific and Atlantic 
fishing areas. Advances in boats and gear have allowed fish-
ing across huge areas of the ocean and created the ability 
to completely clog estuaries and river mouths (Lichatowich 
1999; Hooton 2011). As a result, entire populations have been 
extirpated or substantially depressed in one or a few fishing 
seasons. Currently, mixed- stock fisheries in the lower reach-
es of large rivers can also depress both target and nontarget 
salmon species and populations, leading to shortened seasons 
or closures (Walters et al. 2008). Harvest rates and spawning 
escapement goals based on MSY result in knife- edge manage-
ment in which target harvest rates are frequently exceeded, 
and spawning escapement goals are therefore regularly missed 
because of high uncertainty and/or poor data with which to 
estimate stock dynamics.

Salmon hatcheries are not a solution because they create 
additional problems. For instance, large- scale hatcheries that 
utilize monocultural generic broodstocks allow salmon man-
agers to postpone directly addressing the loss of freshwater 
and estuarine habitat due to dams, reservoirs, revetments, and 
water extractions (Lichatowich 1999). Salmon hatcheries also 
subsidize the growing commercial mixed- stock fisheries at the 
cost of ignoring the diversity and locally adapted character 
of the salmon (Lichatowich 1999). Stray or surplus hatchery 
fish interbreed with wild fish, reducing fitness (productivity) 
of the wild populations, even in one generation (Christie et al. 
2014; see also Hatchery Scientific Review Group 2009:29–32). 
Though rarely quantified, the return on investment of hatch-
eries is stark in economic terms. For example, the roughly 
US$400 million in public funds spent annually on some 177 
hatchery programs in the U.S. Columbia River basin (NMFS 
2014) return far less than 1% per dollar invested, as measured 
in terms of the numbers and value of adult fish returning to 
the target areas (The Research Group 2008). The record for 
in- river habitat enhancements is no better (Bernhardt et  al. 
2005).

FEATURES OF PLACE- BASED MANAGEMENT
Salmon management policies and actions that are place- 

based and founded on the current understanding of salmon 
science would look quite different from what occurs today 
in many regions. Place- based management requires a differ-
ent set of performance metrics than are used in the current 
commodity- based conceptual foundation (Lichatowich et al. 
2017). The current conceptual foundation emphasizes met-
rics related primarily to harvest and artificial production, 
including harvest by species and hatchery performance (num-
ber of smolts released, hatchery returns, escapement to meet 
broodstock needs, etc.). In contrast, indicators relevant to 

place- based management would include population- level and 
habitat performance measures, such as genetic diversity, life 
history diversity (and the re- emergence of lost life history pat-
terns), spawning and egg escapements to specific rivers or wa-
tersheds, habitat connectedness, and natural seasonal flow and 
temperature patterns (Box 1). Canada’s Wild Salmon Policy 
(DFO 2005) and the wild salmon management policies of 
Norway’s Nature Diversity Act (Forseth et al. 2013; Vøllestad 
et al. 2014) are examples of broad, overarching policy frame-
works that are relatively consistent with this new conceptual 
foundation (Boxes 2, 3).

Implementation of place- based salmon management 
would require emphasis on at least three activities for each 
local salmon population. First, documentation of population 
structure (genetic and life history diversity) would help (to the 
extent possible) tune the spatial scale of the fishery to the spa-
tial scale at which the target population reproduces (affecting 
where we fish). Second, the use of on- site and remote sensing 
tools in conjunction with advanced population models would 
contribute to robust estimates of potential production per 
unit habitat for all fished populations (guiding choices of how 
many fish we harvest). Third, management for robust annual 
spawning escapements and associated levels of egg deposition 
by wild salmon that are greater than MSY point estimates will 
increase the probability of maintaining the life history diversi-
ty and adaptive capacities of each wild population affected by 
fishery interceptions (influencing what we rely on to produce 
the fish and how we determine how many to harvest). All three 

BOX 2 
A SUBSET OF FEATURES OF CANADA’S WILD SALMON 

POLICY. QUOTES ARE DRAWN FROM THE DEPARTMENT 
OF FISHERIES AND OCEANS CANADA (DFO 2005).

Among other things, Canada’s Wild Salmon Policy 
(WSP) is intended to provide guiding principles to inform 
management decisions that will help meet various goals 
and objectives. For instance, the overarching “goal of 
the WSP is to restore and maintain healthy and diverse 
salmon populations and their habitats for the benefit and 
enjoyment of the people of Canada in perpetuity.” The 
following three objectives combine to meet that goal. The 
first objective is to safeguard the genetic diversity of wild 
Pacific salmon through protection of conservation units 
(CUs): “A CU is a group of wild salmon sufficiently isolat-
ed from other groups that, if extirpated[,] is very unlikely 
to recolonize naturally within an acceptable timeframe, 
such as a human lifetime or a specified number of salmon 
generations.” Thus, “persistence of salmon within the CU, 
and its associated production, demand responsible man-
agement of its population structure and habitats, as well as 
the ability of fish to move among habitat areas (connectivi-
ty).” The second objective of Canada’s WSP is to maintain 
habitat and ecosystem integrity through “a  cooperative 
and collaborative approach among the various levels 
of government so that land and water use  activities and 
 decisions better support the needs of salmon.” The third 
objective is to manage fisheries for sustainable benefits 
for “First Nations, harvesters, environmental groups, and 
community interests in the resource.” As noted earlier, full 
implementation of all elements of such policies is required 
to produce the desired benefits.
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types of action recognize and reflect the place- based character 
of salmon populations.

To recover and sustainably manage currently depressed 
wild salmon populations, we need to fish as close as practical 
to the rivers of origin of the target populations (e.g., the Bristol 
Bay Sockeye Salmon fishery; the Cook Inlet [Alaska] set- gill- 
net fishery for Sockeye Salmon; the First Nation Sockeye 
Salmon fishery in Babine Lake, British Columbia; many North 
American Atlantic Salmon fisheries; and the in- river fishery 
in Finland’s Teno River; ICES 2007; Vaha et  al. 2008). We 
also need to employ selective fishing methods and gear that 
are capable of releasing non- target individuals with no or very 
low postrelease mortality (e.g., the cooperative Lummi Island 
Wild reef- net fishery: Lummi Island Wild 2017; and pound 
nets [fish traps]) and to manage salmon populations so as to 
ensure annual spawning escapements greater than MSY point 
estimates. Where this approach has been applied, rapid recov-
ery of substantially depressed runs has occurred, as exempli-
fied in the USA (Okanagan River Sockeye Salmon; McMillan 
2013), Cascapedia River (Quebec, Canada) salmon (Mark 
Anton, Cascapedia River Society, personal communication), 
several Irish rivers (O’Maoileidigh et al. 2004), and Finland 
(Teno River; Venditti et al. 2007; NASCO 2014). Recent im-
plementation of place- based management of the harvest of 
locally adapted populations in Norway exhibits promising 
results (Forseth et al. 2013). In general, Atlantic Salmon man-
agement rangewide over the past 20 years has largely moved 
away from (or never implemented) in- river hatchery produc-
tion and has considerably reduced open- ocean and nearshore 
mixed- stock fisheries that encounter multiple independent 
populations. However, the legacy of previous management 

practices, such as high harvest rates, has likely delayed—if 
not prevented—the recovery of those wild Atlantic Salmon 
populations, the majority of which remain depressed and of 
conservation concern (Gibson et  al. 2006; NASCO 2016). 
Moreover, widespread culturing of Atlantic Salmon in estu-
arine net pens is especially problematic owing to diseases and 
escapements that impact wild populations (Glover et al. 2012; 
Karlsson et al. 2016; Forseth et al. 2017). This problem is par-
amount in the USA and British Columbia (Morton and Volpe 
2002; Fisher et al. 2013).

RECOMMENDATION
The current conceptual foundation guiding salmon man-

agement is responding to an overarching policy that empha-
sizes the production of commoditized salmon in support of 
commercial, tribal, and sport fisheries (Lichatowich et  al. 
2017). To put wild salmon on the path to recovery using the 
latest scientific knowledge, a policy of commodity production 
cannot remain the major focus of management programs. We 
recommend an alternative overarching policy that gives manag-
ers a statutory mandate to shift their attention to the ecological 
underpinnings that sustain wild salmon. That alternative policy 
is based on an ancient legal tradition called the public trust doc-
trine. Wild Pacific salmon are a prime candidate for protection 
and restoration under that doctrine. The doctrine obligates the 
trustees—the management agencies—to act prudently and re-
store damaged parts of the trust (Wood 2014). To ensure that 
the trust responsibility as an overarching policy is implemented, 
it should be added to existing statutes governing the manage-
ment agency’s operations. In meeting this trust responsibility, 
the government agencies acting as trustees must let future gen-
erations experience, to the extent possible, wild salmon in their 
natural setting and not as the impoverished  remains of our cur-
rent approach to management and recovery. In  essence, broad, 
overarching salmon management policies should be developed 
that are based on and continuously updated by the latest sci-
entific knowledge about the population dynamics of salmon, 
changes in their habitats, and harvesting processes.

Change is urgently needed because wild salmon popu-
lations in very productive rivers, such as those in Iceland, 
Kamchatka, Russia’s Kola peninsula, and Alaska’s Bristol 
Bay, among a few others, remain robust but can be quick-
ly compromised by conventional policy and management 
approaches, such as the use of hatcheries, driven by the 
current conceptual foundation. Climate warming and density- 
dependent competition for food in the ocean between wild 
and hatchery salmon are also sources of pressure on wild 
salmon that require more thorough consideration by salmon 
managers (Ruggerone et al. 2010). Historical precedents, our 
professional experience, and current scientific understanding 
of salmon ecology all lead us to forecast that the recovery of 
wild salmonids and their ecosystems will remain elusive unless 
salmon management practices shift to a place- based founda-
tion. The biggest obstacle to salmon recovery is not a lack of 
science or a lack of scientists; rather, it is persuading manage-
ment agencies to adopt a  conceptual foundation that is consis-
tent with current science and incorporates the precautionary 
dictates inherent to a place- based management approach.

ACKNOWLEDGMENTS
We are thankful to Gary Curtis and an anonymous 

 reviewer for constructive comments that greatly improved the 
manuscript. We thank the anonymous reviewer for drawing 

BOX 3 
KEY FEATURES OF NORWAY’S WILD SALMON MANAGE-

MENT PURSUANT TO THE NATURE DIVERSITY ACT (2009).
Wild salmon management in Norway is based on the 

establishment of conservation limits and targets for each 
of 439 known individual populations. Conservation lim-
its are estimated from stock- specific data or extrapolated 
from the former to populations with similar riverine habi-
tat conditions. Limits are determined by a group of scien-
tists from research institutions in Norway and are reviewed 
by local- country government fisheries managers. Limits are 
quantified as the egg deposition needed to achieve maxi-
mum smolt recruitment, are translated into adult female 
spawner escapement levels based on age structure and the 
average eggs per female per age, and are expressed as num-
bers of eggs per square meter of adult spawner- accessible 
river habitat. “The main purpose for implementing man-
agement according to conservation limits was to ensure av-
erage maximum recruitment in all Norwegian populations” 
(Forseth et al. 2013). The management targets for each pop-
ulation are defined as attainment of the conservation lim-
its in 3 out of 4 years. Importantly, harvest is managed to 
attain conservation limits regardless of smolt- to- adult sur-
vival (which has been at historic lows for most of the past 
decade or longer). Harvest is restricted or closed entirely 
when adult escapement is estimated to be below the levels 
required to attain the egg deposition targets. The employ-
ment of independent research scientists with the authority 
to establish scientifically credible, data- driven estimates of 
conservation limits is a key feature of this approach.



6  Fisheries | 2018

our attention to Eliason et al. (2011) and Bett et al. (2017). We 
are grateful to Svein Saltveit of the Natural History Museum, 
University of Oslo (Norway), for helpful comments on the 
status of several wild Norwegian Atlantic Salmon popula-
tions. There is no conflict of interest declared in this article.

REFERENCES
Nature Diversity Act. 2009. Available: https://www.regjeringen.no/en/do-

kumenter/nature-diversity-act/id570549/. (April 2018).
Bernhardt, E. S., M. A. Palmer, J. D. Allan, R. Abell, G. Alexander, S. Brooks, 

J. Carr, S. Clayton, C. Dahm, J. Follstad-Shah, D. L. Galat, S. Gloss, P. 
Goodwin, D. H. Hart, B. Hassett, R. Jenkinson, S. Katz, G. M. Kondolf, 
P. S. Lake, R. Lave, J. L. Meyer, T. K. O’Donnell, L. Pagano, and E. 
Sudduth. 2005. Synthesizing U.S. river restoration efforts. Science 
308:636–637.

Bett, N. N., S. M. Naman, S. G. Hinch, N. J. Burnett, and M. R. Donaldson. 
2017. Causes and consequences of straying into small populations 
of Pacific salmon. Fisheries 42:220–230.

Bottom, D. 1997. To till the water: a history of ideas in fisheries conser-
vation. Pages 569–597 in D. J. Stouder, P. A. Bisson, and R. J. Naiman, 
editors. Pacific salmon and their ecosystems: status and future op-
tions. Chapman and Hall, New York.

Bromaghin, J. F., R. M. Nielson, and J. J. Hard. 2011. A model of Chinook 
Salmon population dynamics incorporating size- selective exploita-
tion and inheritance of polygenic correlated traits. Natural Resource 
Modelling 24(1):1–47.

Charles, A. T. 2002. The precautionary approach and “burden of proof” 
challenges in fishery management. Bulletin of Marine Sciences 
70:683–694.

Christie, M. R., M. J. Ford, and M. S. Blouin. 2014. On the reproductive 
success of early- generation hatchery fish in the wild. Evolutionary 
Applications 7:883–896.

Dayton, P. K. 1998. Reversal of the burden of proof in fisheries manage-
ment. Science 279:821–822.

DFO (Department of Fisheries and Oceans Canada). 2005. Canada’s poli-
cy for conservation of wild Pacific salmon. DFO, Vancouver.

Eliason, E. J., T. D. Clark, M. J. Hague, L. M. Hanson, Z. S. Gallagher, K. 
M. Jeffries, M. K. Gale, D. A. Patterson, S. G. Hinch, and A. P. Farrell. 
2011. Differences in thermal tolerance among Sockeye Salmon pop-
ulations. Science 332:109–112.

Enberg, K., C. Jorgenson, E. S. Dunlop, M. Heino, and U. Dieckmann. 2009. 
Implications of fisheries- induced evolution for stock rebuilding and 
recovery. Evolutionary Applications 2:394–414.

FAO (Food and Agriculture Organization of the United Nations). 1995. 
Precautionary approach to fisheries, part 1: guidelines on the pre-
cautionary approach to capture fisheries and species introductions. 
Elaborated by the technical consultation on the precautionary 
 approach to capture fisheries (including species introductions), 
Lysekil, Sweden, June 6–13, 1995. FAO Fisheries Technical Paper 350/1.

Fisher, A. C., J. P. Volpe, and J. T. Fisher. 2013. Occupancy dynamics of 
escaped farmed Atlantic Salmon in Canadian Pacific coastal salmon 
streams: implications for sustained invasions. Biological Invasions 
16:2137–2146.

Forseth, T., B. T. Barlaup, B. Finstad, P. Fiske, H. Gjosaeter, M. Falkegard, 
A. Hindar, T. A. Mo, A. H. Rikardsen, E. B. Thorstad, L. A. Vøllestad, 
and V. Wennevik. 2017. The major threats to Atlantic Salmon in 
Norway. ICES Journal of Marine Science 74:1496–1513.

Forseth, T., P. Fiske, B. Barlaup, H. Gjosaeter, K. Hindar, and O. H. Diserud. 
2013. Reference point based management of Norwegian Atlantic 
Salmon populations. Environmental Conservation 40:356–366.

Gerrodette, T., P. K. Dayton, S. Mecinko, and M. J. Fogarty. 2002. 
Precautionary management of marine fisheries: moving beyond 
burden of proof. Bulletin of Marine Science 70:657–668.

Gibson, J., B. Hubley, G. Chaput, J. B. Dempson, F. Caron, and P. 
Amiro. 2006. Summary of status and abundance trends for east-
ern Canadian Atlantic Salmon (Salmo salar) populations. Canadian 
Science Advisory Secretariat Research Document 2006/026.

Glover, K. A., M. Quintela, V. Wennevik, F. Besnier, A. G. E. Sørvik, and Ø. 
Skaala. 2012. Three decades of farmed escapees in the wild: a spatio- 
temporal analysis of Atlantic Salmon population genetic structure 
throughout Norway. PLOS (Public Library of Science) ONE [online 
serial] 7:e43129.

Hatchery Scientific Review Group. 2009. Columbia River hatchery reform 
systemwide report, part 1. Hatchery Scientific Review Group. Available: 

http://hatcheryreform.us/reports/columbia-river/system-wide-report/ 
(April 2018).

Hooton, R. S. 2011. Skeena steelhead: unknown past, uncertain future. 
Frank Amato Publications, Portland, Oregon.

Hutchings, J. A. 2009. Avoidance of fisheries- induced evolution: manage-
ment implications for catch selectivity and limit reference points. 
Evolutionary Applications 2:324–334.

Hutchings, J. A., I. M. Côté, J. J. Dodson, I. A. Fleming, S. Jennings, N. J. 
Mantua, R. M. Peterman, B. E. Riddell, A. J. Weaver, and D. L. 
VanderZwaag. 2012. Is Canada fulfilling its obligations to sustain ma-
rine biodiversity? A summary review, conclusions, and recommenda-
tions. Environmental Reviews 20:353–361.

ICES (International Council for the Exploration of the Sea). 2007. Report 
of the working group on North Atlantic Salmon. ICES, CM 2007/
ACFM:13, Copenhagen, Denmark.

Karlsson, S., O. H. Diserud, P. Fiske, and K. Hindar. 2016. Widespread 
genetic introgression of escaped farmed Atlantic Salmon in wild 
salmon populations. ICES Journal of Marine Science 73:2488–2498.

Kendall, N. W., J. J. Hard, and T. P. Quinn. 2009. Quantifying six decades 
of fishery selection for size and age at maturity in Sockeye Salmon. 
Evolutionary Applications 2:523–539.

Lichatowich, J., R. Williams, B. Bakke, J. Myron, D. Bella, B. McMillan, J. 
Stanford, and D. Montgomery. 2017. Wild Pacific salmon: a threat-
ened legacy. Bemis Printing, St. Helens, Oregon.

Lichatowich, J. L. 1999. Salmon without rivers. Island Press, Washington, 
D.C.

Lichatowich, J. L. 2013. Salmon, people, and place: a biologist’s search for 
salmon recovery. Oregon State University Press, Corvallis, Oregon.

Lichatowich, J. L., and R. N. Williams. 2009. Failures to incorporate sci-
ence into fishery management and recovery programs: lessons 
from the Columbia River. Pages 1005–1020 in C. C. Krueger and 
C. E. Zimmerman, editors. Pacific salmon: ecology and manage-
ment of western Alaska’s populations. American Fisheries Society, 
Symposium. 70, Bethesda, Maryland. 

Lukacs, P. M., and K. P. Burnham. 2005. Review of capture–recapture 
methods applicable to noninvasive genetic sampling. Molecular 
Ecology 14:3909–3919.

Lummi Island Wild. 2017. Why reefnetting? Lummi Island Wild, 
Bellingham, Washington. Available: http://www.lummiislandwild.
com/about-reefnetting/. (January 2017).

McMillan, B. 2013. Okanagan Sockeye: astonishing wild abundance 
above nine dams. Wild Fish Journal 2013(19):28–32.

Montgomery, D. R. 2003. King of fish: the thousand-year run of salmon. 
Westview Press, Boulder, Colorado.

Morton, A., and J. P. Volpe. 2002. A description of escaped farmed Atlantic 
Salmon Salmo salar captures and their characteristics in one Pacific 
salmon fishery area in British Columbia, Canada, in 2000. Alaska 
Fisheries Research Bulletin 9:102–110.

NASCO (North Atlantic Salmon Conservation Organization). 2014. The 
management approach to North Atlantic Salmon fisheries in Finland 
(example from the River Teno). NASCO, CNL(14)47, Edinburgh, UK.

NASCO (North Atlantic Salmon Conservation Organization). 2016. 
Report of the ICES Advisory Committee to the North Atlantic Salmon 
Conservation Organization. NASCO, CNL(16)9, Edinburgh, UK.

NMFS (National Marine Fisheries Service). 2014. Final environmental im-
pact statement to inform Columbia River basin hatchery operations 
and the funding of Mitchell Act hatchery programs. NMFS, Seattle, 
Washington.

NMFS (National Marine Fisheries Service). 2017. Chinook Salmon. NMFS, 
Seattle, Washington. Available: http://www.westcoast.fisheries.noaa.
gov/protected_species/salmon_steelhead/salmon_and_steelhead_
listings/chinook/chinook_salmon.html. (January 2017).

Okomoto, K. W., R. Whitlock, P. Magnan, and U. Dieckmann. 2009. 
Mitigating fisheries- induced evolution in lacustrine Brook Charr 
(Salvelinus fontinalis) in southern Quebec, Canada. Evolutionary 
Applications 2:415–437.

O’Maoileidigh, N., P. McGinnity, E. Prévost, E. C. E. Potter, P. Gargan, 
W. W. Crozier, P. Mills, and W. Roche. 2004. Application of pre- fishery 
abundance modelling and Bayesian hierarchical stock and recruit-
ment analysis to the provision of precautionary catch advice for 
Irish salmon (Salmo salar L.) fisheries. ICES Journal of Marine Science 
61:1370–1378.

Peterman, R. M. 1990. Statistical power analysis can improve fisheries re-
search and management. Canadian Journal of Fisheries and Aquatic 
Sciences 47:2–15.

https://www.regjeringen.no/en/dokumenter/nature-diversity-act/id570549/
https://www.regjeringen.no/en/dokumenter/nature-diversity-act/id570549/
http://hatcheryreform.us/reports/columbia-river/system-wide-report/
http://www.lummiislandwild.com/about-reefnetting/
http://www.lummiislandwild.com/about-reefnetting/
http://www.westcoast.fisheries.noaa.gov/protected_species/salmon_steelhead/salmon_and_steelhead_listings/chinook/chinook_salmon.html
http://www.westcoast.fisheries.noaa.gov/protected_species/salmon_steelhead/salmon_and_steelhead_listings/chinook/chinook_salmon.html
http://www.westcoast.fisheries.noaa.gov/protected_species/salmon_steelhead/salmon_and_steelhead_listings/chinook/chinook_salmon.html


Fisheries | www.fisheries.org  7

Pestal, G., A-M. Huang, A. Cass, and the FRSSI Working Group. 2012. 
Updated methods for assessing harvest rules for fraser river  Sockeye 
Salmon (Oncorhynchus nerka). DFO Canadian Science Advisory 
Secretariat Research Document 2011/133

Price, M. H. H., K. K. English, A. G. Rosenberger, M. MacDuffee, and J. D. 
Reynolds. 2017. Canada’s wild salmon policy: an assessment of con-
servation progress in British Columbia. Canadian Journal of Fisheries 
and Aquatic Sciences 74:1507–1518.

Ruggerone, G. T., R. M. Peterman, B. Dorner, and K. W. Myers. 2010. 
Magnitude and trends in abundance of hatchery and wild Pink 
Salmon, Chum Salmon, and Sockeye Salmon in the North Pacific 
Ocean. Marine and Coastal Fisheries: Dynamics, Management, and 
Ecosystem Science [online serial] 2:306–328.

Salvolainen, O., M. Lascoux, and J. Meria. 2013. Ecological genomics of 
local adaptation. Nature Review Genetics 14:807–820.

Schindler, D. E., R. Hilborn, B. Chasco, C. P. Boatright, T. P. Quinn, L. A. 
Rogers, and M. S. Webster. 2010. Population diversity and the portfo-
lio effect in an exploited species. Nature 465:609–613.

Stanford, J. A., J. V. Ward, W. J. Liss, C. A. Frissell, R. N. Williams, J. A. 
Lichatowich, and C. C. Coutant. 1996. A general protocol for res-
toration of regulated rivers. Regulated Rivers: Research and 
Management 12:391–413.

Steele, C. A., E. C. Anderson, M. W. Ackerman, M. A. Hess, N. R. Campbell, 
S. R. Narum, and M. R. Campbell. 2013. A validation of parentage- 
based tagging using hatchery steelhead in the Snake River basin. 
Canadian Journal of Fisheries and Aquatic Sciences 70:1–9.

Taylor, E. B. 1991. A review of local adaptations in Salmonidae with specif-
ic references to Pacific and Atlantic salmon. Aquaculture 98:105–207.

The Research Group. 2008. Draft socioeconomics resource report 
submitted by The Research Group. Appendix I to National Marine 
Fisheries Service draft environmental impact statement to inform 

Columbia River Basin hatchery operations and the funding of Mitchell 
Act hatchery programs. The Research Group Corvallis, Oregon.

Vaha, J.-P., J. Erkinaro, E. Niemela, and C. R. Primmer. 2008. Temporally 
stable genetic structure and low migration in an Atlantic Salmon 
population complex: implications for conservation and manage-
ment. Evolutionary Applications 1(1):137–154.

Venditti, D. A., R. N. Kinzer, K. A. Apperson, B. Barnett, M. Belnap, T. 
Copeland, M. P. Corsi, and K. Tardy. 2017. Effects of hatchery supple-
mentation on abundance and productivity of natural-origin Chinook 
salmon: two decades of evaluation and implications for conserva-
tion programs. Canadian Journal of Fisheries and Aquatic Sciences. 
DOI: 10.1139/cjfas-2016-0344.

Verspoor, E., L. Strandmeyer, and L. Nielsen. 2007. The Atlantic Salmon: 
genetics, conservation and management. Blackwell Publishing, 
Oxford, UK.

Vøllestad, L. A., J. Skurdal, and J. H. L’Abée-Lund. 2014. Evaluation of a 
new management scheme for Norwegian Atlantic Salmon Salmo sal-
ar. Fisheries Management and Ecology 21:133–139.

Walters, C. J., J. A. Lichatowich, R. M. Peterman, and J. D. Reynolds. 2008. 
Report of the Skeena Independent Science Review Panel. Report to 
the Canadian Department of Fisheries and Oceans and the British 
Columbia Ministry of the Environment, Vancouver.

Williams, R. N. 2006. Return to the river: restoring salmon to the Columbia 
River. Elsevier Academic Press, London.

Williams, R. N., P. A. Bisson, D. L. Bottom, L. D. Calvin, C. C. Coutant, M. 
W. Erho, C. A. Frissell, J. A. Lichatowich, W. J. Liss, W. E. McConnaha, P. 
R. Mundy, J. A. Stanford, and R. R. Whitney. 1999. Return to the river: 
scientific issues in the restoration of salmonid fishes in the Columbia 
River. Fisheries 24(3):10–19.

Wood, M. 2014. Nature’s trust: environmental law for a new ecological 
age. Cambridge University Press, New York.

https://doi.org/10.1139/cjfas-2016-0344

