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We discuss the importance of addressing diffuse threats to long-term species and habitat viability in fish conservation and
recovery planning. In the Pacific Northwest, USA, salmonid management plans have typically focused on degraded fresh-
water habitat, dams, fish passage, harvest rates, and hatchery releases. However, such plans inadequately address threats
related to human population and economic growth, intra- and interspecific competition, and changes in climate, ocean,
and estuarine conditions. Based on reviews conducted on eight conservation and/or recovery plans, we found that though
threats resulting from such changes are difficult to model and/or predict, they are especially important for wide-ranging
diadromous species. Adaptive management is also a critical but often inadequately constructed component of those
plans. Adaptive management should be designed to respond to evolving knowledge about the fish and their supporting
ecosystems; if done properly, it should help improve conservation efforts by decreasing uncertainty regarding known and
diffuse threats. We conclude with a general call for environmental managers and planners to reinvigorate the adaptive
management process in future management plans, including more explicitly identifying critical uncertainties, implement-
ing monitoring programs to reduce those uncertainties, and explicitly stating what management actions will occur when
pre-identified trigger points are reached.

Planes cientificamente defendibles de conservaciéon y recuperacién de peces: Tratamiento de
amenazas extendidas y desarrollo de planes rigurosos de manejo adaptativo

Se discute la importancia de incorporar amenazas extendidas a la viabilidad de largo plazo de especies y habitats para
planear esfuerzos de conservacion y recuperacion. En el Pacifico noroeste de los EE.UU,, los planes de manejo de salmo-
nidos comunmente se han enfocado en habitats degradados de agua dulce, presas, pasajes para peces, tasas de cosecha
y liberacién de individuos cultivados. No obstante, dichos planes no abordan adecuadamente las amenazas relacionadas
con la poblaciéon humana y el crecimiento econdmico, la competencia intra e interespecifica, cambios en el clima ni las
condiciones ocednicas o estuarinas. Sobre la base de una revision llevada a cabo en ocho planes de conservacion y/o re-
cuperacion, encontramos que pese a que las amenazas que se derivan de estos cambios son dificiles de modelar y/o pre-
decir, éstas resultan ser particularmente importantes para especies diddromas de amplia distribuciéon. Dentro de los planes
se encontrd que el manejo adaptativo es, asimismo, un componente critico pero frecuentemente mal disefiado. Este tipo
de manejo debe concebirse para responder a la evolucion del conocimiento acerca de los peces y los ecosistemas que
habitan; si se lleva a cabo adecuadamente, debiera mejorar los esfuerzos de conservacion, reduciendo la incertidumbre
proveniente de las amenazas conocidas y extendidas. Se concluye Ilamando la atencion de gestores y planificadores
ambientales para vigorizar el proceso del manejo adaptativo cuando se hagan planes de manejo en el futuro, que incluyan
la identificacion explicita de incertidumbres criticas, implementacién de programas de monitoreo para reducir dichas
incertidumbres y la definicion explicita de las acciones de manejo que deben tomarse cuando se alcancen niveles criticos
gue hayan sido previamente identificados.

Protection du poisson et plans de rétablissement scientifiquement défendables: Protection
contre les menaces diffuses et développement rigoureux de plans de gestion adaptative

Nous discutons de I'importance de faire face aux menaces diffuses qui pésent sur les espéces a long terme et la viabilité
de I'habitat dans la conservation du poisson et la planification du rétablissement. Dans le Nord-Ouest Pacifique, aux Etats-
Unis, les plans de gestion des salmonidés ont généralement porté sur I'habitat dégradé d’eau douce, les barrages, le pas-
sage des poissons, les taux de capture et les lachers. Cependant, ces plans s’attaquent mal aux menaces liées a la popu-
lation humaine et la croissance économique, la concurrence intra et interspécifique, et les changements des conditions
climatiques, de I'océan, et des estuaires. D’aprés les analyses effectuées sur huit plans de conservation et/ou de rétab-
lissement, nous avons constaté que méme si les menaces résultant de ces changements sont difficiles a modéliser et/ou

a prévoir, elles sont particulierement importantes pour un grand nombre d’espéces diadromes. La gestion adaptative est
également un élément essentiel, mais souvent mal élaboré de ces plans. La gestion adaptative devrait étre concue pour
répondre a I'évolution des connaissances sur les poissons et leurs écosystémes associés ; si elle est faite correctement,
elle devrait contribuer a améliorer les efforts de conservation en diminuant I'incertitude concernant les menaces connues
et diffuses. Nous concluons par un appel général aux gestionnaires et planificateurs environnementaux pour relancer le
processus de gestion adaptative dans les plans de gestion futurs, y compris a identifier plus explicitement les incertitudes
critiques, la mise en ceuvre des programmes de surveillance pour réduire ces incertitudes, et en indiquant explicitement
les mesures de gestion qui seront mises en ceuvre lorsque les seuils de déclenchement préidentifiés seront atteints.
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Fish conservation and recovery plans are prepared for
species or populations of concern, or at risk of extinction.

Plans typically assess current and desired species/population
status and identify major threats, specific actions, measurable
criteria for progress toward goals, and estimated costs to
implement the plans. In 1997, Oregon instituted the Oregon
Plan for Salmon and Watersheds (OCSRI 1997) to take an
integrative approach by involving multiple state agencies

and local watershed councils to manage watersheds, wild
salmonids, and their habitats. A hallmark of the plan was the
establishment of an independent science review board, the
Independent Multidisciplinary Science Team (IMST). Since
then, several salmonid evolutionarily significant units (ESUs)
and distinct population segments have been listed as threatened
or endangered under the federal Endangered Species Act of 1973
(ESA), requiring federal recovery plans throughout the Pacific
Northwest, USA. Federal recovery plans were cooperatively
prepared by the National Marine Fisheries Service (NMFS) and
state agencies. Additionally, the Oregon Department of Fish and
Wildlife (ODFW) is required to prepare fish conservation plans
at the state level to meet the legal requirements of Oregon’s
Native Fish Conservation Policy (Oregon Administrative Rule
635-007-0502).

During its tenure, IMST reviewed seven ODFW recovery
and/or conservation plans prepared for Pacific salmon
Oncorhynchus spp. and steelhead (anadromous Rainbow Trout
O. mykiss), and one conservation plan for White Sturgeon
Acipenser transmontanus. In general, IMST found ODFW’s
efforts in fish conservation and recovery planning to be
progressive, scientifically sound, and based on strong monitoring
programs. Nonetheless, frequent discussions between ODFW
and IMST identified several challenges for increasing the
scientific validity of each plan. In this article, we address several
diffuse threats that arose through those discussions. We believe
that those threats pose significant risks to critical fish populations
worldwide and may be overlooked or poorly addressed in
management plans. In addition, we present how adaptive
management, if used properly, could alleviate issues related to
such threats and scientific uncertainty. Although the IMST’s
experience with conservation and recovery plans was centered
on anadromous species in Oregon, the key issues addressed here
apply widely to other fish populations, particularly diadromous
species with large ranges supporting commercial and/or
recreational fisheries.

DIFFUSE THREATS

The Columbia River basin has a long history of commercial
harvest, fish hatchery production and release, and hydroelectric
dams (Lichatowich 1999). Because of this history, Columbia and
Snake River basin salmonid management schemes are firmly
centered in the “four H's” or “all H's” approach (i.e., hydropower
and other dams, harvest, hatcheries, and freshwater habitat). This
approach is aimed at “improving conditions in many life stages,
freshwater spawning and rearing, juvenile migration, ocean
transition, and upstream migration” (Federal Caucus 2000:2) and
is integrated into the region’s subbasin plans, federal biological
opinions, and recovery plans. The four H objectives were
considered to be the most risk-averse approach to achieving
recovery of threatened and endangered Pacific salmon and
steelhead (Federal Caucus 2000; Hoekstra et al. 2007). Such an
approach, however, tends to omit information about the risks
associated with human population growth and natural resource
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use that lead to expansion of industrial, mineral and fossil fuel
extraction, and urban and residential areas across the landscape;
intra- and interspecies competition with hatchery-origin fish
resulting from introductions; climate change, including both
warming effects and precipitation pattern and storm intensity
changes; and changing ocean/estuarine conditions.

We define diffuse threats as environmental conditions
potentially affecting population and species viability that
have experienced significant changes in incidence, intensity,
or distribution, or are newly recognized phenomena. In this
section, we discuss four large-scale diffuse threats (land use
patterns, climate change, changing ocean/estuarine conditions,
and marine intraspecific and freshwater intra- and interspecific
competition) that we feel are likely to affect fish species
globally. We acknowledge that other threats exist that are
centered only at local and regional levels, and those should be
addressed as appropriate.

CHANGING LAND USE PATTERNS

Human population and economic growth drive local and
regional land use patterns and conversion of native ecosystems
to managed systems. Increasing demands by growing human
populations for water, energy sources, minerals, timber,
agricultural lands, and buildable lands will continuously
compete with the management and conservation of aquatic
habitats. Such changes affect various ecosystem characteristics,
including streamflow, hydrological connectivity and fish
passage barriers, water quality (e.g., temperature, turbidity,
anthropogenic toxic chemicals, and sediment loads), instream
physical habitat quality, invasive nonnative species, and aquatic
biota composition (Yeakley et al. 2014). In Oregon, land use
regulations aim to protect agricultural and forest lands from
widespread development (Molina 2014). Nevertheless, human
population growth inevitably leads to conversion of native
ecosystems and natural resource lands (e.g., agriculture and
timber) to urban, rural residential, and industrial lands. Those
conversions increase negative impacts on watershed functions
and aquatic ecosystems (Maas-Hebner and Dunham 2014),
particularly through increased stormwater runoff (Yeakley
2014) and habitat loss (Hughes et al. 2014). Although many
fisheries biologists focus on improving local instream and
riparian habitat conditions, research has indicated that catchment
land use explains more (Roth et al. 1996; Marzin et al. 2012),
or considerable amounts (Wang et al. 2003; Saly et al. 2011;
Macedo et al. 2014), of the variability in aquatic biota. Tedesco
et al. (2013) and Oberdorff et al. (2015) estimated that land and
water use pressures accounted for more fish biodiversity losses
than did climate change globally and in the Amazon River basin,
respectively.

To address population growth and climate change in recent
plans, ODFW (2010; ODFW and NMFS 2011) incorporated
a 20% increase in their abundance goal for each conservation
gap (i.e., difference between a population’s current status
and the target status). By setting the ultimate abundance goal
20% higher than what would otherwise be considered success
for a program, the information needs and corrective actions
are accelerated or amplified. Those higher goals indirectly
compensate for the unquantified effects of population growth
and climate change that may make that higher goal difficult
to attain yet still meet a more achievable lower goal. This is
a temporary and indirect approach being used by ODFW to
address both human population growth and climate change



impacts in model scenarios using an approach the agency
developed called “scenario analysis.” The information and data
needs were then integrated into ODFW’s monitoring, research,
and evaluation plans. Once ODFW is able to determine more
accurate estimates of human population growth and climate
change impacts, the scenario goals (e.g., abundance) in the plans
can then be adjusted.

Alternative futures analysis (also known as “futuring” or
“scenario planning”) also could be used to predict potential
local and regional changes in watersheds over time in response
to changes in human demographics and land use patterns
(Hulse et al. 2004). Alternative futures analysis is a spatially
explicit modeling approach that can be used to predict future
land use patterns across landscapes, and the likely effects that
land use policies and actions will have on watershed functions
(e.g., increased stormwater runoff and erosion, water quality
impairment) and stream ecosystems (e.g., loss of riparian
cover, channel straightening, and increased road crossings
and migration barriers; Molina 2014). The process includes
characterizing current and historical landscapes within the
geographic area of concern and the present trajectory of
landscape change (Baker et al. 2004; Hulse et al. 2004). Those
landscapes then are compared with alternative scenarios (e.g.,
increased rate of urban and rural residential sprawl, increased
resource extraction, conservation). Analysts then are able to
evaluate how altered land use patterns within a watershed or
management area may affect aquatic ecosystems and riparian
area conditions.

There are several examples of the use of alternative futuring
analysis in the United States. In Oregon, researchers modeled
alternative futures for the Willamette Valley under current land
use regulations, increased development rates under relaxed
regulations, and decreased development under conservation-
minded regulations (Baker et al. 2004). Resource endpoints
examined included water allocation (Dole and Niemi 2004),
main-stem river and channel changes (Gregory et al. 2002), and
stream ecosystem conditions (Van Sickle et al. 2004). Increased
conservation planning was estimated to recover aquatic and
terrestrial indicators by 20—70%, compared to losses incurred
since Euro-American settlement. Increased development rates
were projected to have little effect on aquatic biota because
of the current dominance of agriculture where development
would occur and where habitat is already poor (Baker et al.
2004). Lohse et al. (2008) modeled future land use change
(conversion of land to rural residential homes and increased
acreage in vineyards) in the Russian River Basin in California
and the potential effects on high-quality salmon spawning
habitat. They concluded that rural-residential and vineyard
development would decrease spawning habitat more than urban
development because more land would be converted to the
former than to urban, and because forecasted urban development
would occur in agricultural watersheds that currently have poor
spawning habitat. Wenger et al. (2010) forecasted the effects of
alternative land management polices (i.e., development under
current regulation versus development under a federal ESA
habitat conservation plan) on three freshwater fish species in
Georgia. Their forecasts indicated that the sensitive Etowah
Darter Etheostoma etowahae was likely to decline by 84% in the
absence of a habitat conservation plan, but by 23% if a plan was
implemented.

CLIMATE CHANGE

In the Pacific Northwest USA and western Canada, global
warming is expected to shift precipitation from snow to rain at
higher altitudes (ISAB 2007; Healey 2011; Mote et al. 2014).
In turn, late-fall and winter stream flows likely will increase, as
will the intensity and frequency of floods. Diminished annual
snow packs will reduce late-summer and early fall streamflows,
thereby allowing stream temperatures to rise. Basins providing
suitable freshwater salmonid habitat at the beginning of the
20th century may become unsuitable in the future (Lassalle et
al. 2008). In the Arctic, warming is expected to decrease ice
cover and open more streams for colonization by salmonid
species forced northward seeking suitable freshwater habitats
(Healey 2011). Deleterious changes will not be restricted to
freshwater environments (Doney et al. 2014). Abdul-Aziz et
al. (2011) predict that thermal habitats in the open ocean will
also be affected by warming, and by the year 2100, summer
habitat for salmonids in southern latitudes in the North Pacific
Ocean and portions of the southern Arctic Ocean could decrease
significantly. Healey (2011) and Nielsen et al. (2013), however,
reported that populations of both Atlantic Salmon Salmo salar
and Pacific salmon are expanding into Arctic-drainage rivers.

In general, salmonid mortality rates are predicted to increase
because of temperature-mediated bioenergetic effects on
embryonic development, growth, smolt migration, predation

by coolwater predators, and increased rates of disease and
parasitism on both juveniles and adults (Scheuerell and
Williams 2005; ISAB 2007; Martins et al. 2011). In addition,
the cumulative effects of climate change may have considerable
long-term effects on life cycles, affecting successive life stages
across generations (Healey 2011).

As we mentioned earlier, ODFW added a 20% conservation
buffer into analyses it used for two recovery plans as temporary
measures until more information is gained on population impacts
from changing human demographics and climate. Although
20% may be a sound choice, lumping both climate change and
human demographics together is not. Climate change tends to
pose a region-wide threat with intensity varying somewhat by
location, whereas human demographic and land use changes
are localized. Fish species’ responses to climate change may
include altered distributions in time and space, changes in
productivity, and adaptation to new conditions (Kingsolver
2009), or increased rates of hybridization with nonnative species
(Mubhlfeld et al. 2014). These responses are exacerbated by
local land use changes. Therefore, an attempt should be made to
determine whether this across-the-board approach is adequate
for each population being assessed and which populations
are at greatest risk. For fall Chinook Salmon O. tshawytscha,
ODFW (2013) incorporated local climate change modeling
results from Doppelt et al. (2008) for the Rogue River Basin.
Those modeling results indicated that increased summer air
temperatures significantly decreased snowpack and summer
streamflows, but the models did not incorporate increased levels
of urbanization or rural residential development in the basin and
their effects on flows. Those future changes could be assessed
through alternative futures analysis.

The ability to model potential climate change effects on
fish populations is steadily increasing, and several broadscale
assessments have been reviewed by others (e.g., Hobday and
Evans 2013; Hollowed et al. 2013a, 2013b; Punt et al. 2014).
Lassalle et al. (2008) constructed predictive distribution models
for several diadromous fish species in Europe, North Africa, and
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the Middle East based on biogeographical patterns of freshwater
fish, which provided environmental information affecting
distribution. Using one or two climatic variables for each model,
they were able to create predictive models for 21 of 28 species
to determine likely changes in distribution in response to the
changing climate.

Based on projected changes to watersheds from climate
change, it also may be possible to use alternative futures
analysis and predictive modeling to predict which streams
and water bodies may be most altered during the planning
horizon. This analysis is needed because regional climate
change models are too coarse for estimating what will happen
where fish are at key periods of their life cycles. The particular
microclimates of spawning, rearing, and migration reaches
determine growth and mortality rates and population success
or extirpation, in particular the thermal conditions and forage
base when the fish are present. For example, Felipe et al. (2013)
used generalized linear models, generalized additive models,
random forest, and multivariate adaptive regression to build
predictive species distribution models for the 2080s based on
the A1b emissions scenario and habitat conditions. They found
that climate was a better predictor than stream topography or
land cover and predicted that the distribution of Brown Trout
Salmo trutta across their Europe-wide sampling sites would be
reduced by 64% by 2080. Isaak et al. (2010) used changes in
stream temperatures from 1993 to 2006 to estimate 11% to 20%
losses in specific headwater habitats for Bull Trout Salvelinus
confluentus in the Boise River Basin, Idaho.

CHANGES IN THE MARINE ENVIRONMENT

Ocean cycles, such as the Pacific decadal oscillations and
El Nifio events (Salinger 2013), and modified environmental
conditions, including altered surface water temperatures, altered
estuarine habitat (Jones et al. 2014), acidification (decrease
in surface water pH; Raven et al. 2005; Orr et al. 2009), and
hypoxic zones (areas of depleted dissolved oxygen; Ekau et al.
2010; Zhang et al. 2010), may significantly alter marine carrying
capacity, species productivities, and predator—prey relationships.
These changes will affect the ocean-inhabiting life stages of
anadromous species for which conservation and recovery plans
are written. These and other phenomena can have unexpected
or poorly predicted effects on marine/estuarine life and food
webs (e.g., Feely et al. 2010; Kaeriyama et al. 2012; Brander
2013; Busch et al. 2013). Coastal and estuarine systems, as
well as inland seas, vary in their vulnerability to these changes,
depending on their geophysical settings; species in these areas
may experience more deleterious effects than pelagic species.
Different species and populations are expected to respond
differently to changing ocean and estuarine conditions because
of their differing migration routes, life histories, and ocean
rearing environments. For example, yearling Coho Salmon O.
kisutch and yearling and subyearling Chinook Salmon from the
Columbia River differ in their distributions along the Oregon
and Washington coasts, and catches were lowest when spring
ocean temperatures were high and highest when temperatures
were low (Peterson et al. 2014). When Pacific Hake (also known
as Pacific Whiting) Merluccius productus (a key juvenile salmon
marine predator) are common (during warm years) and other
forage fish abundance, turbidity, and Columbia River discharges
are low, salmon survival is low. If any of those latter variables is
high, salmon survival is high (Peterson et al. 2014). Depending
on the species, Pacific salmon and steelhead may spend 1 to 5
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years in the ocean (Groot and Margolis 1991; Augerot 2005),
and Atlantic Salmon may spend 1 to 4 years in the ocean
(Jonsson and Jonsson 2011). Some Chinook Salmon and Coho
Salmon spend weeks to months in estuaries (Reimers 1973;
Jones et al. 2014). This variability in both marine/estuarine
conditions and species responses suggests some inherent
dangers in treating oceans and estuaries in the same way for
all fish populations and species—or largely ignoring them in
conservation and recovery plans for diadromous species.
Pacific decadal oscillations and EI Niilo cycles are frequently
incorporated into ODFW life cycle modeling for salmonids
(ODFW 2010; ODFW and NMFS 2011), but the information
available to predict population level changes as a result of less
cyclic phenomena such as hypoxia and acidification is currently
nonexistent. Dorner et al. (2013) cautioned that until there is
better understanding of salmon productivity and climate-driven
oceanographic conditions, adjusting stock assessment models
(which do well for near-term predictions) to reflect future
climate scenarios is likely to lead to poor management options.
Therefore, taking a precautionary approach is warranted. In
the short term, this may be as simple as identifying vulnerable
fish species and adding an additional 10% to 20% conservation
buffer for abundance goals into modeling as ODFW (2010;
ODFW and NMFS 2011) did for climate change and human
population demographics, and then determining what data and
monitoring are needed over the long term to better assess those
impacts. Research, monitoring, and evaluation plans need to be
developed for vulnerable species and populations and integrated
into an adaptive management framework (discussed later in the
article).

MARINE ECOSYSTEM INTRASPECIFIC
COMPETITION

Artificial propagation is used in many regions to support
commercial and recreational fisheries. Hatchery-produced
salmonids migrate to the sea with naturally produced, wild
salmonids. In the salmonid plans IMST has reviewed, potential
negative effects of hatchery fish on wild populations have
focused on genetic effects, straying and spawning in freshwater
systems, behavioral interactions in early freshwater life stages
and on spawning grounds, and incidental harvest/bycatch of
wild fish when hatchery fish are targeted. However, hatchery and
wild fish spend the same amount of time growing, maturing, and
competing for resources in marine and estuarine environments
and can be highly sympatric (e.g., Chinook Salmon; Daly et
al. 2012). Marine carrying capacity may also decrease suitable
habitat for some species as surface water temperatures increase
(e.g., Chum Salmon O. keta; Kaeriyama et al. 2012). Ruggerone
et al. (2012) found evidence of density-dependent ocean growth
and survival of Chum Salmon in the North Pacific Ocean.
Kaeriyama et al. (2012) found density-dependent growth and
survival for Chum Salmon, Pink Salmon O. gorbuscha, and
Sockeye Salmon O. nerka. Their findings indicate the potential
for intraspecific competition between hatchery and wild salmon
when hatchery fish are released to provide for increased harvest
levels.

The existence of density-dependent relationships for salmon
in the marine environment is a recent finding. Stock—recruitment
models that assume density-independent relationships in the
marine environment should be revaluated by running scenarios
with the assumption that relationships are density dependent.
Populations that may be at greatest risk for intraspecific



competition should be identified and evaluated to determine
whether additional conservation buffers are needed and to assess
what data needs exist. As with many marine issues, most state
and provincial resource agencies do not have the capacity to
monitor resources at sea; therefore, we encourage those agencies
to work with federal/territorial agencies, universities, and other
research groups to identify critical data needs that large-scale,
multi-institutional research and monitoring can address.

FRESHWATER ECOSYSTEM INTRASPECIFIC AND
INTERSPECIFIC COMPETITION

The ODFW and other fisheries managers face a dilemma
in trying to rehabilitate wild salmon and steelhead populations,
many of them listed under the Endangered Species Act, while
trying to provide consistent harvest opportunities by rearing and
releasing hatchery fish. This is a difficult balancing act because
of the clear contradiction between maintaining or increasing
hatchery production to sustain near-term harvest and decreasing
that production to reduce genetic, competitive, and other risks
to wild populations. For example, improved understanding of
the genetic consequences of hatchery fish straying to spawning
grounds (e.g., Ford 2002; Araki et al. 2007, 2008) and of the
potential for hatchery-origin salmonids to have ecological
effects on their wild counterparts (e.g., Kostow and Zhou
2006; Buhle et al. 2009; Naman and Sharpe 2012; Tatara and
Berejikian 2012; Carmichael et al. 2015) has clarified the need
for substantial changes in hatchery programs to conserve wild
fish.

Fisheries managers have responded by changing hatchery
broodstocks, improving hatchery practices within facilities,
shifting some hatchery releases to areas where terminal fisheries
encounter few at-risk salmon, and attempting to better control
natural spawning by hatchery-origin fish. With the exception
of Oregon coast and lower Columbia River Coho Salmon
populations, however, the region’s fishery managers have
generally chosen to avoid the most obvious source of impacts—
aggregate hatchery output—to reduce risks to wild anadromous
salmonids (Paquet et al. 2011; NMFS 2014; ODFW 2014). The
ODFW (2014) has proposed establishing refuge areas where
hatchery programs are excluded as a way to protect selected
wild populations from risks posed by continued large releases of
hatchery fish, at least within the freshwater environment. There
may be difficulties in applying this approach given that (1)
hatchery-origin spawners stray into refuges from large programs
outside their boundaries, and (2) resistance to refuge designation
is strong when in conflict with existing hatchery programs,
even in areas previously identified as being of high priority for
conserving wild salmon.

In addition to wild salmon, there are serious concerns
with native trout and char. For example, endemic Cutthroat
Trout O. clarkii subspecies in streams often are outcompeted
by nonnative Brown Trout, Brook Trout Salvelinus fontinalis,
and Rainbow Trout O. mykiss; the latter also hybridizes with
Cutthroat Trout (Allendorf and Leary 1988; Muhlfeld et al.
2014). In western U.S. oligotrophic lakes, native Cutthroat
Trout are outcompeted by nonnative Lake Trout (S. namaycush;
Martinez et al. 2009). Fishery agencies have worked to eliminate
hatchery and other nonnative fish by ceasing stocking altogether,
stocking sterile fish, poisoning, electrofishing, gill netting,
liberalizing catch regulations on the nonnatives, and erecting
migration barriers—but those barriers eliminate adfluvial
life histories (Martinez et al. 2009). Native Cutthroat Trout

populations also can be supplemented temporarily with hatchery
fish, and habitat improvements can be implemented to increase
survival rates of native fish, but there are serious limitations
to both approaches. Supplementation can result in genetic
and ecological alterations as with salmon (discussed above),
and local habitat improvements are expensive and limited by
watershed degradation (Roni et al. 2008; Beechie et al. 2010).
Another form of intra- and interspecies interaction is the
role that salmon play as keystone species in marine and aquatic
ecosystems. Throughout the North Pacific range of salmon,
salmon carcasses have been reported to be important sources
of nutrients for juvenile and resident salmonids (Bilby et
al. 1998; Cedarholm et al. 1999; Wipfli et al. 2003), aquatic
macroinvertebrates (Cedarholm et al. 1999; Quamme and Slaney
2003), terrestrial predators (Cedarholm et al. 1999; Hilderbrand
et al. 1999; Darimont and Reimchen 2002), and riparian
vegetation (Bartz and Naiman 2005; Nagasaka et al. 2006).
Marine salmon are important food sources for endangered orcas
Ocrinus orca (Nichol and Shackleton 1996), and salmon prey on
forage fish that are commercially harvested. Instead of a single
fish or fishery focus, wise ecosystem management or ecological
salmon management would consider these food web connections
in setting salmon and forage fish harvest levels (Michael 1998;
Cedarholm et al. 1999). However, that would mean reduced
commercial and recreational catch levels (Cedarholm et al.
1999; Stockner 2003; Piccolo et al. 2009), and thus a full
accounting of ecosystem services in these river ecosystems is
likely required to achieve sustainable management outcomes
(Yeakley et al. 2016).

ADAPTIVE MANAGEMENT IN CONSERVATION
AND RECOVERY PLANS

Adaptive management is a crucial but often poorly
written component of conservation and recovery plans, and
typical adaptive management plans omit research on land use
changes, intra- and interspecific competition, climate change,
and changing ocean and estuarine habitat conditions. First
described by Holling (1978), adaptive management uses either
a rigorous decision-making process (Conroy and Peterson
2013) or a deliberately experimental approach (Walters 1986)
to increase knowledge and to decrease uncertainty associated
with management outcomes. Both approaches are grounded by
the need for rigorous monitoring. The history and requirements
of adaptive management (Rist et al. 2012), its pros and cons
(Parma et al. 1998), implementation impediments (Benson and
Stone 2013), and plan effectiveness (Nie and Schultz 2012)
have been reviewed by others. Those authors concede that
adaptive management has become an agency buzzword and its
concepts are frequently simplified to the point that management
plans are no more than ad hoc trial-and-error approaches versus
deliberate, predetermined, and monitored actions that will
improve management of the resource over time. By definition,
adaptive management is a structured decision-making process
for recurrent management decisions made under uncertainty
(Runge 2011). Therefore, adaptive management should (1)
explicitly identify existing knowledge and critical uncertainties,
(2) clearly articulate management expectations, (3) design and
implement targeted monitoring programs aimed at gaining
knowledge related to the critical uncertainties identified,
(4) update predictive models based on ongoing monitoring
information, and (5) adjust future management decisions based
on new knowledge about the resource being managed (Runge
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2011). Within this framework, plans must also explicitly state
what will and will not occur when pre-identified trigger points
for decision making are reached.

Monitoring designed to reduce critical uncertainties will
not only help agencies and society overcome knowledge gaps
but will also lead to more efficient uses of scarce monitoring
resources, funding, and staff time because only monitoring that
will help improve long-term management will be emphasized.
Harvey et al. (2002) found that 61 federal ESA plan revisions
for vertebrates, invertebrates, and plants had incorporated more
adaptive management provisions in monitoring protocols.
Nonetheless, Nie and Schultz (2012) found that several adaptive
management plans they reviewed lacked monitoring plans
designed as hypothesis-driven experiments with replicates and
controls aimed at increasing knowledge of the ecosystem being
managed. Such plans may not decrease uncertainty and improve
management over time. Nie and Schultz (2012) also found that
trigger points for decision making were often no more than
vague statements, rather than conditions leading to specific
actions and timelines indicating exactly what should occur
when predetermined trigger points were reached. Improved
management can be accomplished only if the new information
is used to reassess management options, reevaluate uncertainty,
and modify future management decisions as appropriate. These
future management decisions are then monitored and the cycle
continues. This does not mean that all monitoring should be
hypothesis based or incorporate replicates and controls. For
example, long-term, standardized spawner counts (Steel et al.
2012), population monitoring (Dudley et al. 2015), temperature
and discharge monitoring (Dudley et al. 2015), and regional
pattern studies (USEPA 2013) are very useful for obtaining
status and trend data.

As noted above, few sound adaptive management plans
have been available in the past. Using guidance from the
NMFS (2007), ODFW provided fairly extensive monitoring
and adaptive management plans in three of its final joint
conservation and recovery plans (ODFW 2010; ODFW and
NMFS 2011). It is too early in the process to determine how
effective the adaptive management plans will be, but those
ODFW plans and NMFS (2007) can serve as a starting point
for other planners. Additionally, Conroy and Peterson (2013)
recommended using the U.S. Department of Interior’s adaptive
management protocol (Williams et al. 2009) as a model. Allen
and Gunderson (2011) identified nine general sources of failure
in adaptive management plans that planners also can use while
developing and implementing plans.

SUMMARY

To strengthen the scientific credibility of conservation and
recovery plans, it is important for planners to fully consider,
and incorporate in their assessments, those diffuse threats
that will likely influence long-term outcomes for the species
or populations being managed. We defined diffuse threats as
environmental conditions potentially affecting fish population
and species viability that have changed in incidence, intensity,
or distribution or are newly recognized phenomena. We chose
to focus on five threats that are global concerns: (1) human
population and economic growth, (2) changes in climate, (3)
changes in ocean and estuarine conditions, (4) intraspecific
competition in the marine environment, and (5) intra- and
interspecific competition in freshwater ecosystems.
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Human and economic growth compete with conservation
and management efforts in watershed and aquatic ecosystems
by placing more demands on buildable lands and natural
resource extraction. Modeling tools such as alternative futures
analysis can be used to predict land use impacts under various
management scenarios. Climate change affects all aquatic
ecosystems (marine, estuarine, and freshwater). Global and
regional models are being constructed to predict changes in
some fish populations in response to precipitation patterns,
changes in streamflow, and terrestrial and marine temperatures.
In the absence of such models for specific fish species, it will
be important to add some type of conservation buffer into
management goals to allow for short- and long-term changes in
climate conditions. As with climate, we are now aware that the
marine environment is changing (i.e., hypoxia, acidification,
and altered surface water temperatures). Data are lacking for
modelers to construct relatively accurate prediction models, so
fish managers should consider using a precautionary approach
and work with researchers to fill in data gaps. Intraspecific
competition in the marine environment is now being recognized
in Pacific salmon populations. As with changes in the marine
environment, data are lacking on how much competition is
occurring and what the impacts are to salmon stocks. Fish
managers should work with researchers to obtain better data
to assess the overall impact interspecific competition may
have on stocks. Finally, intra- and interspecific competition is
occurring in freshwater ecosystems and affecting all salmonid
life stages. Concerns related to hatchery fish production have led
to changes in hatchery rearing practices, release strategies, and
targeted harvests. Control strategies have also been developed
and implemented for nonnative species. Those efforts should be
continually assessed for effectiveness.

Conservation and recovery plans are living documents and
should be regularly reviewed and revised so that many diffuse
threats that cannot be addressed completely in the near term
can be over the long term. Rigorous and statistically sound
research and monitoring programs are also critical and require
significant cooperation between fish management agencies and
research entities. Finally, we believe that well-designed and
implemented adaptive management is critical to the long-term
conservation and recovery of many fish species. However, it is
an arduous process to develop and implement rigorous adaptive
management plans. Such plans must explicitly identify critical
uncertainties, implement monitoring programs to reduce those
uncertainties, and explicitly state what management actions
will occur when monitoring determines that preidentified
trigger points are reached (Bouwes et al. 2016). Therefore, we
encourage all management agencies to share their successes
and, just as important, their failures in adaptive management in
publications and at professional meetings.
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