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Pacific trout Oncorhynchus spp. in western North America are strongly valued in ecological, socioeconomic, and cultural
views, and have been the subject of substantial research and conservation efforts. Despite this, the understanding of their
evolutionary histories, overall diversity, and challenges to their conservation is incomplete. We review the state of knowl-
edge on these important issues, focusing on Pacific trout in the genus Oncorhynchus. Although most research on salmo-
nid fishes emphasizes Pacific salmon, we focus on Pacific trout because they share a common evolutionary history, and
many taxa in western North America have not been formally described, particularly in the southern extent of their ranges.
Research in recent decades has led to the revision of many hypotheses concerning the origin and diversification of Pacific
trout throughout their range. Although there has been significant success at addressing past threats to Pacific trout, con-
temporary and future threats represented by nonnative species, land and water use activities, and climate change pose
challenges and uncertainties. Ultimately, conservation of Pacific trout depends on how well these issues are understood
and addressed, and on solutions that allow these species to coexist with a growing scope of human influences.

Conservacion de la diversidad de truchas nativas del Pacifico en el oeste de Norteamérica

La trucha del Pacifico Oncorhynchus spp. en el oeste de Norteamérica tiene un alto valor desde el punto de vista ecoldgi-
co, socioecondmico y cultural, y ha sido objeto de importantes esfuerzos de conservacion e investigacion. A pesar de ello,
el conocimiento que se tiene sobre su historia evolutiva, diversidad general y retos de conservacion sigue siendo incom-
pleto. Se hace una revisiéon del estado del conocimiento sobre estos puntos, con énfasis en la trucha del Pacifico dentro
del género Oncorhynchus. Si bien la mayor parte de los estudios hechos sobre salmdénidos se enfocan al salmdén del Paci-
fico, agui nos enfocamos en la trucha del Pacifico ya que ambos groupos de especies comparten una historia evolutiva en
comun sobre todo en lo que se refiere al extremo sur de sus rangos de distribucion. En investigaciones llevadas a cabo en
décadas recientes, se han revisado varias hipodtesis relativas al origen y diversificacion de la trucha del Pacifico a lo largo
de su rango de distribucion. Aunque se han logrado identificar adecuadamente las amenazas pasadas que enfrento la tru-
cha del Pacifico, las amenazas actuales y futuras que representan especies no nativas, actividades de uso de tierra y agua
y el cambio climatico se consideran importantes retos e incertidumbres. Al final, la conservaciéon de la trucha del Pacifico
depende de qué tan bien se comprendan y abordan estos temas, y de las soluciones que les permitan a estas especies
coexistir con una gama creciente de influencias humanas.

Conservation de la diversité de la truite du Pacifique indigéne dans Pouest de PAmérique du
Nord

Les truites du Pacifique ou Oncorhynchus spp. dans I'ouest de '’Amérique du Nord sont fortement valorisées du point de
vue écologique, socio-économique et culturel, et ont attiré I'attention en matiere de recherche et d’efforts de conserva-
tion importants. En dépit de cela, la compréhension de leurs histoires évolutives, de leur diversité globale, et des défis

liés a leur conservation est incompléte. Nous passons en revue |’état des connaissances sur ces questions importantes, en
nous concentrant sur la truite du Pacifique du genre Oncorhynchus. Bien que la plupart des recherches sur les salmonidés
mettent I'accent sur le saumon du Pacifigue, nous nous concentrons sur la truite du Pacifique parce qu’elle partage une
histoire évolutive commune et de nombreux taxons dans 'ouest de '’Amérique du Nord n'ont pas été formellement décrits,
en particulier dans leur aire de répartition méridionale. Les recherches des derniéres décennies ont conduit a la révision de
nombreuses hypothéses concernant l'origine et la diversification de la truite du Pacifique dans toute son aire de réparti-
tion. Bien qu’on ait enregistré un succes considérable dans la lutte contre les menaces qui pesaient sur elle, les menaces
contemporaines et futures que représentent les espéces non indigénes, I'utilisation de I'eau et des terres, et les change-
ments climatiques posent des défis et induisent des incertitudes. Enfin, la conservation de la truite du Pacifique dépend
de la facon dont ces questions sont comprises et traitées, et des solutions qui permettent a ces espéces de coexister en
tenant compte des influences humaines croissantes.

INTRODUCTION genetic, phenotypic, and life-history diversity (Behnke 1992)
and their ability to migrate long distances across diverse habitats
have allowed them to persist through major climatic fluctuations
and environmental change. These characteristics of Pacific trout
are the keys to their future persistence.

In western North America, Pacific trout are composed of
the species Cutthroat Trout O. clarkii ssp., Rainbow Trout/
redband/steelhead O. mykiss ssp., Golden Trout O. aguabonita
ssp., Gila Trout O. gilae, Apache Trout O. apache, and Mexican
Golden Trout O. chrysogaster, in addition to a diverse complex
of taxonomically unclassified trout from the Sierra Madre
Occidental (SMO) complex, Mexico (Figure 2, Table 1; Behnke
1992; Utter and Allendorf 1994; Hendrickson et al. 2002).
However, substantial declines in abundance and contractions
in distribution across species and subspecies, by at least two-
thirds from historical levels, have led to elevated protection by
federal, state, and provincial management agencies in some or
whole portions of their range (U.S. Endangered Species Act;
Canada Species at Risk Act [SARA]; Mexico SEMARNAT

The history of Pacific trout Oncorhynchus spp. is a
compelling story of persistence and evolutionary diversification
in the face of dynamic environments. Spanning western North
America and extending into East Asia, they have experienced
advances and retreats of continental glaciers, volcanic eruptions,
enormous floods, and major geotectonic events that led to
formation of mountain ranges and plateaus, and determined
the course of present-day rivers (Figure 1). Pacific trout are
found in sub-arctic to sub-tropical freshwater catchments that
generally drain into the Pacific Ocean, but some populations
exist in closed basins, and others drain into the Gulf of Mexico
east of the Continental Divide. Although Pacific trout share
many notable life history traits with Pacific salmon and
salmonids in general, they are also distinctive in that they are
optionally anadromous (at least for some forms of O. mykiss
and O. clarkii), iteroparous, spring spawners (varies with local
conditions and the months of spawning can vary widely),
and they can live up to 10 years or more (Quinn 2005). Their
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Figure 1. Historical and current distributions of Pacific trout in western North America, with distributions of O. mykiss ssp. and other Pacific
trout (left panel), and O. clarkii ssp. (right panel). The distribution of Columbia River Redband Trout ends at the U.S.-Canada border because

Redband Trout are not recognized taxonomically in Canada.

2000; International Union for the Conservation of Nature
[TUCN] 2010). Further, two Cutthroat Trout subspecies, the
Alvord Cutthroat Trout O. clarkii alvordensis and the Yellowfin
Cutthroat Trout O. clarkii macdonaldi, are considered extinct
(Behnke 1992, 2002). Therefore, the decline of Pacific trout over
recent decades, and in some cases the last century, reflects the
challenges of balancing societal values with natural resources
and wild places under a changing climate.

Human influences leading to declines in Pacific trout began
with Euro-American colonization of North America. As Euro-
American explorers and settlers began moving westward at the
turn of the 19th century, so did the destruction of riverscapes
(Figure 3). Eradication of American beaver (Naiman et al.
1988), grazing of rangelands (Platts 1991), logging of forests
(Northcote and Hartman 2004), diking and draining of river
floodplains (Brinson and Malvarez 2002), and widespread
mining (e.g., Nelson et al. 1991; Mount 1995) variably
contributed to degraded conditions in riverscapes. Similar
changes have occurred in northern Mexico, although somewhat
later, and some are just now leading to negative consequences
(Hendrickson et al. 2002; Espinosa et al. 2007). Collectively,
these contemporary and historical legacies fundamentally
transformed western riverscapes (Mclntosh et al. 2000).
Sportfishing for trout and supporting activities of hatcheries,

put-and-take stocking, and a wave of introductions of nonnative
trout, including Brown Trout Salmo trutta, Brook Trout
Salvelinus fontinalis, and Lake Trout S. namaycush, have also
contributed to the decline of Pacific trout (Miller 1950; Miller
and Hubbs 1966; Fausch 2008). In addition, O. mykiss ssp. and
O. clarkii ssp. were broadly translocated within and outside their
native ranges in western North America (Miller 1950; Miller et
al. 1992; Hendrickson et al. 2002). Throughout the 20th century,
particularly after World War II, riverscapes became fragmented
by construction of dams on major rivers (Behnke 1992) and
countless smaller barriers at stream—road crossings, dikes, and
diversions, isolating native Pacific trout in headwater enclaves
(Rieman et al. 2003; Fausch et al. 2009).

The early 1970s heralded passage of new environmental
protection laws (e.g., the Endangered Species Act and Clean
Water Act in the United States) and a growing awareness
among managers concerning the value of native, wild trout.
After decades of neglect, conservation of Pacific trout gained
momentum (e.g., Gresswell 1988) in part due to major efforts
by Robert J. Behnke (Schreck et al. 2014) to communicate
clearly the value of these species to the general public (Behnke
1972, 1992, 2002, 2007). Although it was evident that Pacific
trout were in peril, there was a shift in perception and a new
dedication to conserving and protecting these important symbols
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Apache Trout
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Golden Trout
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Figure 2. Pacific trout species and examples of some morphotypes from the unclassified Sierra Madre Occidental (SMO) trout complex. lllustra-

tions by Joseph R. Tomelleri are used with permission.

of functioning coldwater ecosystems. Here, we review the
recent history of the study of Pacific trout; synthesize their
evolutionary diversity; describe future threats from nonnative
species, climate change, and land use activities; and highlight
examples that illustrate shared tradeoffs associated with native
trout conservation efforts.

EVOLUTIONARY DIVERSITY

Scientific discovery and description of native Pacific trout in
western North America dates to the early 19th century and has
continued into the present. Early scientists described lineages
collected during surveys of western North America (Cope and

290 Fisheries | Vol. 41 « No. 6 « June 2016

Yarrow 1875; Jordan 1891; Jordan and Evermann 1898), but
confusion related to unknown or poorly documented localities
led to misconceptions concerning the distribution of Pacific trout
on the landscape and to a proliferation of named taxa. Behnke
(1960, 2002) and Behnke and Zarn (1976) clarified many of
these taxonomic issues. Recently, there has been a discovery
of new taxa of Pacific trout in their southern extent in Mexico
(Hendrickson et al. 2002; Ruiz Campos et al. 2003; Mayden et
al. 2010), where multiple factors including accessibility, safety,
and research support pose challenges to scientific study. Across
the range of Pacific trout, however, many lineages, subspecies,
and species remain to be formally described.



Table 1. Current status of Pacific trout species and subspecies in western North America.

Common name

Scientific name

Current status

Source

Alvord Cutthroat O.c Extinct Behnke 2002
alvordensis

Yellowfin Cutthroat O.c Extinct Behnke 2002
macdonaldi

Lahontan Cutthroat®

O. c. henshawi

Threatened, ESA

USFWS 2009a

Paiute Cutthroat

O. c. seleneris

Threatened, ESA

USFWS 2012b

Greenback Cutthroat

O. c. stomias

Threatened, ESA

USFWS 1998; Young et al. 2002; Metcalf
et al. 2012; Bestgen et al. 2013

Rio Grande Cutthroat

. virginalis

Former candidate for listing under ESA, found
not warranted in October 2014

Pritchard and Cowley 2006; USFWS
2014

Yellowstone Cutthroat®

O. c. bouvieri

Former candidate for listing under ESA, found
not warranted in February 2006

USFWS 2006; Gresswell 2011

Colorado River Cutthroat

O. c. pleuriticus

Former candidate for listing under ESA, found
not warranted in June 2007

USFWS 2007; Hirsch et al. 2013

at the federal level in Canada, the Athabasca
River Population is a candidate for listing as
Endangered, SARA; additional population as-
sessments have not yet been completed at the
federal level; in British Columbia, they are de-
monstrably widespread, abundant, and secure
(S5) and in Alberta they are threatened

Bonneville Cutthroat O. c. utah Former candidate for listing under ESA, found USFWS 2008; Lentsch et al. 2000
not warranted in September 2008

Westslope Cutthroat O. c. lewisi Former candidate for listing under ESA, found USFWS 2003; Shepard et al. 2005;
not warranted in August 2003; Threatened in COSEWIC 2006
Alberta and Special Concern in British Colum-
bia, SARA

Coastal Cutthroat O. c. clarkii Generally healthy, some depressed populations Connolly et al. 2008; Costello 2008;
in the United States; they have not been formal- | www.coastalcutthroattrout.org; BC CDC
ly assessed at the federal level in Canada, but in | 2015
British Columbia they are apparently secure but
of special concern (5354)

Coastal Rainbows¢ O. mykiss Many populations in the continental United Busby et al. 1996; Good et al. 2005;

irideus States are Threatened or Endangered, ESA; NOAA 2006; SEMARNAT 2010;

COSEWIC 2014

San Pedro Martir Rainbow

O. m. nelsoni

Special Concern and federally protected in
Mexico

SEMARNAT 2010; Ruiz-Campos et al.
2014

Redband O. m. ssp. Although many populations are apparently de- Behnke 1992; Currens et al. 2009; Muhl-
pressed in the United States, they do not have feld et al. 2015
elevated status or protection
Golden® O. aguabonita Former candidate for listing under ESA, found USFWS 2011; USFWS 2012a
not warranted in October 2011, but O. a. whitei
is Threatened, ESA
Gila O. gilae Threatened, ESA Behnke and Zarn 1976; Rinne 1990;
USFWS 2010
Apache O. apache Threatened, ESA Rinne 1990; USFWS 2009b

Mexican Golden

O. chrysogaster

Vulnerable, IUCN; federally protected in Mexico

Contreras-Balderas and Almada-Villela
1996; SEMARNAT 2000

Unclassified SMO trout
complex

O. spp.

Still being described, not yet evaluated

Behnke 2002; Hendrickson et al. 2002;
Mayden et al. 2010

2Includes Humboldt Cutthroat (O. c. humboldtensis) and Whitehorse Basin Cutthroat (O. ¢. spp.). Source: Behnke (2002).
®Includes Snake River Finespotted Cutthroat (O. c. behnkei). Source: Behnke (1992); Montgomery (1995); Van Kirk et al. (2006).
°Native Rainbow Trout or steelhead occurring west of the Cascade Range and Sierra Nevada along the Pacific Coast are currently classified as Coastal Rainbow

Trout O. m. irideus.

dIn the United States, inland Rainbow Trout groups occurring east of the Cascade Range and Sierra Nevada along the Pacific Coast are classified as Redband Trout
O. m. ssp. Three subspecies of Redband Trout occur: Columbia River Redband Trout O. mykiss gairdneri, which occur east of the Cascade Range in the Columbia
river and Harney Basin; Klamath Redband Trout O. mykiss newberrii of the northern Great Basin and Klamath region; and Sacramento Redband Trout O. mykiss
stonei of Warner Valley, Goose Lake, and Chewaucan Basin (Currens et al. 2009).
¢Includes Little Kern Golden (O. a. whitei). Source: Behnke (1992); Stephens (2001).
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Figure 3. Timeline covering past, current, and future anthropogenic threats to Pacific trout (modified from ISAB 2011; Rieman et al. 2015); iden-
tifying dates of scientific description in recent history; and displaying dates of evolutionary significance on the geologic timescale. Although a
wide range of uncertainty over divergence times for salmonids exists, we have displayed the most widely accepted chronology. For the top bar
chart, wide dark bars mark the period of peak development and rapid habitat conversion. Wide light bars depict continued effects following
the initial period of rapid change. Concurrent change in human population size for the Pacific Northwest of the United States is shown, but we
added climate change (IPCC 2013), invasive species and domestication (Sanderson et al. 2009), and illegal drug activities (Bauer et al. 2015).
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Phylogenetic understanding of native Pacific trout has
evolved considerably since Behnke’s influential publications
(Behnke 1972, 1992, 2002). Advances in molecular genetic
techniques and associated analyses over the last several decades
have given rise to new hypotheses regarding taxonomic
relationships and revealed increased species diversity (Allendorf
and Leary 1988; Crespi and Fulton 2004; Créte-Lafreniere et
al. 2012). However, the taxonomy of Pacific trout in western
North American is subject to ongoing debate (Metcalf et al.
2007; Pritchard et al. 2008; Loxterman and Keeley 2012). For
example, recent studies used century-old museum collections to
define the native range and diversity of lineages in the southern
Rocky Mountains for Greenback, Colorado River, and Yellowfin
Cutthroat trouts (Metcalf et al. 2012; Bestgen et al. 2013),
and this information is being used to identify extant native
populations and to guide the search for remaining pockets of
diversity.

The genera Oncorhynchus and Salmo are thought to have
last shared a common ancestor 15-35 million years ago in the
Miocene and Oligocene (Figure 3; Devlin 1993; Waples et al.
2008; Wilson and Turner 2009; but see Shedlock et al.1992;
Oakley and Phillips 1999). During the Miocene—Pliocene—
Pleistocene, geologic activity and climate variability in western
North America likely promoted radiation of salmonid taxa
(Montgomery 2000), and the fossil record shows that trout
occurred as far south as Lake Chapala, Jalisco, Mexico, near
20° N, during interglacial periods (Cavender and Miller 1982).
According to the most widely accepted chronology, by the
end of the Miocene, about 6—15 million years ago, the genus
had diverged into a distinct lineage for Pacific trout and other
lineages for Pacific salmon (Stearley and Smith 1993; Wilson
and Turner 2009; Créte-Lafreniére et al. 2012). By the Pliocene,
about 4-6 million years ago, O. clarkii diverged from the other
Pacific trout, including O. chrysogaster, then likely diverged
from O. mykiss (Abadia-Cardoso et al. 2015). A wide range
of uncertainty still exists, however, over divergence times for
salmonids, with no defensible reason to favor one set of dates
over another.

In the interior regions of western North America, O. clarkii
colonized multiple basins, including several on the eastern side
of the Continental Divide, and subspecies continued to evolve
in isolation (Behnke 2007), giving rise to distinct lineages that
generally align with major drainage basins (Figure S1; Behnke
2002; Smith et al. 2002; Bestgen et al. 2013). Exceptions to this
pattern reflect historical connections among catchments over
the evolutionary history of the species (Loxterman and Keeley
2012). However, researchers continue to identify native lineages
and subspecies of Cutthroat Trout. Current molecular evidence
suggests that there are at least nine genetically distinguishable
extant lineages (Figure 1) and two extinct ones (Allendorf and
Leary 1988; Loxterman and Keeley 2012; Metcalf et al. 2012).
Behnke (1992, 2002), however, recognized 14 subspecies of
Cutthroat Trout (based on morphological differences), including
two extinct lineages. Future research is needed to reconcile these
differences in the number of subspecies, based on morphological
and genetic results.

In contrast, it has been hypothesized that the O. mykiss
complex underwent various periods of isolation and
convergence, leading to greater overall mixing and fewer
distinct lineages, with the exception of lineages that inhabit
Asia, Gulf of California tributaries, and O. m. nelsoni in
Mexico (Figure S2; Behnke 2002, 2007). Similar to O. clarkii,
however, taxonomic nomenclature for this species also remains

unresolved across their range. In Canada, no subspecies of O.
mykiss are recognized (Scott and Crossman 1998; McPhail
2007). Although there are no subspecies of O. mykiss recognized
in the United States, there are genetic divisions between coastal
and interior populations and among some interior groups of
populations that are considered distinctly different lineages
(Behnke 1992; Currens et al. 2009; Muhlfeld et al. 2015). These
interior populations of native O. mykiss occurring east of the
Cascade Range and Sierra Nevada are referred to as Redband
Trout in the United States (Smith et al. 2002; Meyer et al.

2014; Muhlfeld et al. 2015) and consist of three genetically
distinct lineages, comparable to those among other Pacific trout
subspecies (Figure 1; Currens et al. 2009). Some of the diversity
of both O. clarkii and O. mykiss has been obscured by extensive
introductions of both domesticated Rainbow Trout and other
lineages of Rainbow and Cutthroat trouts into locations where
they were not historically present (Metcalf et al. 2012; Escalante
et al. 2014; Abadia-Cardoso et al. 2015).

The southernmost trout taxa make up a diverse group of
the least-known Pacific trout of western North America (Figure
2; Behnke 2002). Although there are still many unanswered
questions about the evolutionary relationships and taxonomy
of many southernmost trout taxa, the current hypothesis is that
Gila, Apache, Golden, and Mexican Golden trouts lineages
were derived from the ancestral O. mykiss lineage, with
Mexican Golden Trout hypothesized as the basal sister lineage
(Hendrickson et al. 2002). The SMO trout complex consists of
potential subspecies and species that are believed to be derived
from colonization of tributaries in the Gulf of California by
sea-run O. mykiss (Behnke 1992) and by colonization of O.
clarkii through the Rio Grande basin (Hendrickson et al. 2002).
Recent work suggests, however, that the SMO trout complex
is more closely related to O. mykiss, and contemporary trout
in the Conchos River, a tributary of the Rio Grande that drains
into the Gulf of Mexico, seem to be most closely related to O.
chrysogaster (Abadia-Cardoso et al. 2015; Garcia-De Leon et
al., unpublished data).

Identifying appropriate conservation units and ecologically
adaptive variation in Pacific trout has been complicated by
significant morphological, behavioral, and life history variation
found within and among species (Northcote 1997; Taylor et al.
2011; Kendall et al. 2015). Although Pacific trout populations
are tied to stream habitats for spawning in spring and subsequent
rearing, many exhibit a range of morphological and life -
history characteristics (Behnke 1992; Keeley et al. 2007;

Phillis et al. in press). Pacific trout populations with access to
larger downstream water bodies often migrate from headwater
spawning and rearing streams to lake and river habitats where
they generally achieve larger size and fecundity than they would
in headwater streams alone (Northcote 1997). Populations of O.
clarkii and O. mykiss with access to the ocean move between
freshwater and marine environments, but even within those
populations, some individuals may become sea run, whereas
others remain in freshwater (Hall et al. 1997; Kendall et al.
2015). Trophic specialization and tolerance for extreme dynamic
conditions by individuals in some populations also highlight

the evolutionary potential of Pacific trout populations (Behnke
1992; Gamperl et al. 2002; Gresswell 2011). For example,
Redband Trout populations from Bridge Creek, Oregon, have
anatomical phenotypes that support a greater swimming ability
at elevated stream temperatures compared to nearby populations
(Gamperl et al. 2002).
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In addition to legacies of past and continuing land use
activities, including habitat degradation from forest harvest,
agriculture, cattle grazing, mining, and migration barriers, newer
threats of nonnative species, climate change, and other land use
activities have emerged (Figure 3). Interactions among threats
have become increasingly apparent in recent years; hence, it
is critical to recognize cumulative effects when considering
the status and persistence of Pacific trout (Bisson et al. 1992;
Schindler 2001; Penaluna et al. 2015).

Extensive introductions of nonnative fishes for aquaculture
and recreational fishing are among the greatest threats to the
persistence of Pacific trout (Miller et al. 1989; Williams et al.
1989; Bahls 1992). Introductions of nonnative fishes, such as
Brook Trout, Brown Trout, Lake Trout, Northern Pike Esox
lucius, and Smallmouth Bass Micropterus dolomieu, have led
to the decline and local extirpation of many native Pacific trout
through ecological interactions (e.g., competition, predation,
disease transfer; Rahel 2000; Dunham et al. 2004; Muhlfeld
et al. 2008). Further, introductions of trout outside of their
native range have resulted in introgression and homogenization
between historically allopatric lineages and subspecies, and
widespread introductions of strains of Rainbow Trout have been
a major cause of the loss of Pacific trout throughout their range
(Allendorf and Leary 1988; Yau and Taylor 2013; Escalante et
al. 2014). The importance of a growing list of non-salmonid
nonnative species (Sanderson et al. 2009), particularly cool- and
warmwater fishes (Lawrence et al. 2014) that are invading native
Pacific trout habitat, warrants increasing attention, especially
for streams that are warming due to climate change or local land
and water uses.

Existing approaches to managing nonnative fishes pose
serious challenges. As understanding increases about the
processes that drive invasion success (Shepard 2004; Muhlfeld
et al. 2009; Arismendi et al. 2014) and factors that mediate
species interactions at different scales (Fausch 2008; Della
Croce et al. 2014; Kovach et al. 2015), managers may target
prevention and eradication (Dunham et al. 2002; Al-Chokhachy
et al. 2014). Preventing introduction and establishment of
nonnative fishes is the most effective strategy and often is the
most cost-effective means to minimize environmental and
economic impacts (Fausch and Garcia-Berthou 2013). Although
attempts to eradicate nonnative fishes to benefit Pacific trout can
be successful (Gresswell 1991; Buktenica et al. 2013; Shepard et
al. 2014), eradication requires great effort and expense (Peterson
et al. 2008; Syslo et al. 2013), and there is no guarantee of
success (Rahel 2004; Meyer et al. 2006; Martinez et al. 2009).
However, the maintenance of environmental conditions that are
favorable to native Pacific trout but unfavorable to nonnatives
can be an effective strategy to minimize effects of nonnatives
(Dunham et al. 2002). Effects of climate change may further
influence interactions between introduced and native trout,
particularly if effects on nonnative species exceed effects on
native species (Wenger et al. 2011; but see Al-Chokhachy
et al. 2013). In many cases, eradication of nonnative fishes
and intentional isolation of native trout above migration
barriers (Peterson et al. 2008) may represent a last resort when
threats from nonnative species are imminent without obvious
management alternatives (Fausch et al. 2009). Ultimately,
approaches that incorporate a mix of alternatives, including
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prevention, eradication, and coexistence management may be
most successful.

Climate change is altering freshwater ecosystems and fish
faunas throughout the world. Across the range of Pacific trout,
climate model projections suggest that stream habitats will
become warmer and have more variable thermal and hydrologic
regimes and have more extreme events, such as wildfire,
flooding, and drought (Jentsch et al. 2007). For some streams,
there is increasing evidence for elevated stream temperatures
(Isaak et al. 2011; Arismendi et al. 2012) and reductions in flows
(Luce and Holden 2009; Safeeq et al. 2013) across western
North America. Combined with other threats, these climate-
induced changes will continue to have noticeable effects on
Pacific trout distribution (Rahel et al. 1996; Wenger et al. 2011;
Roberts et al. 2013), demography (Al-Chokhachy et al. 2013;
Quiflones et al. 2014; except Penaluna et al. 2015), phenology
(Kovach et al. 2013; Penaluna et al. 2015), and genetic diversity
(Muhlfeld et al. 2014; Kovach et al. 2015). Pacific trout
are especially vulnerable to the effects of climate change in
freshwater habitats because they require cold, interconnected,
and high-quality habitats, which have already been fragmented
and degraded by other anthropogenic activities in many areas.
Many populations inhabit waters that are near or at thermal
limits (Sloat and Osterback 2013; Matthews and Nussle 2014),
and such populations are likely more susceptible to climatic
change (Haak and Williams 2012). Pacific trout have persisted
under dynamic conditions for millennia, likely due to their broad
diversity and ability to disperse, both of which may be critical
if they are to persist in a warming world combined with other
emerging threats (Waples et al. 2008). On the other hand, there
is abundant evidence in the fossil record that small, isolated
populations do not persist for long in evolutionary history
(Smith et al. 2002).

Past efforts to mitigate the negative consequences of a
legacy of land and water use activities on Pacific trout have
focused on degradation, loss, and fragmentation of habitats
in areas where human population densities are relatively low
(Rieman et al. 2015). It is clear, however, that rapidly increasing
human populations and related urbanization of landscapes
is a threat to Pacific trout (Feist et al. 2011; Hughes et al.

2014). Distributions of people and Pacific trout increasingly
overlap, particularly in coastal areas. The collective effects of
urbanization, referred to as urban stream syndrome (Walsh et

al. 2005), include rapid runoft and flashy stream flows due to a
greater extent of impervious surfaces in urbanized areas, altered
stream channel morphology, increased delivery of nutrients, and
the presence of a host of contaminants, including an increasingly
complex mixture of highly bioactive personal care and
pharmaceutical products (Backhaus 2014). In addition to these
effects from urbanization, as human populations grow and their
demands for water also grow, there may be less water to support
Pacific trout (Vordsmarty et al. 2000). The rise of the illegal
drug trade in remote areas of western North America in recent
decades is also likely having a negative effect on native Pacific
trout, through water withdrawals (Bauer et al. 2015) and the use
of agricultural chemicals, but the specific effects are difficult to
document. The likelihood of extreme water scarcity has been
brought into direct focus in the wake of an exceptional regional
drought that gripped much of the Pacific Region of western
North America in recent years (Wise 2016).



Conservation of native Pacific trout and their habitats
commonly involves debate over the best practices and
strategies to conserve remnant populations. Great strides have
been made in understanding and developing conservation
planning for native Pacific trout, including the topics of habitat
restoration, invasion versus isolation, translocations, recognizing
uncertainty, as well as the social and institutional dimension of
conservation. Among this selection of conservation measures,
habitat restoration is perhaps the least controversial, although the
effectiveness of different practices often comes into question.
Below we touch on some of the continuing debates in adaptive
management regarding invasion versus isolation, translocations,
scientific uncertainties, and management priorities.

Although barriers block the invasion of nonnative species,
isolating native populations of Pacific trout upstream of barriers
represents a severe conservation tradeoft (Fausch et al. 2009),
given that small, isolated populations are highly susceptible to
genetic drift and potential inbreeding depression (Woffard et al.
2005), loss of phenotypic variation, extreme stochastic events,
environmental change, and potentially negative demographic
shifts and their life-history implications (Kruse et al. 2001;
Peterson et al. 2008; Roberts et al. 2013). Reductions in
available habitat associated with drought or isolated headwater
population fragments result in reduced survival for migratory or
larger-bodied individuals (Berger and Gresswell 2009). Climate
change threatens isolated populations because trout have less
opportunity to move to avoid adverse conditions. However,
some Pacific trout populations located above barriers in cold,
high-elevation stream fragments may not be as strongly affected
by stream warming as those in lower elevations (Isaak et al.
2010; Al-Chokhachy et al. 2013; Roberts et al. 2013). Blocking
invasion upstream with barriers can prevent movement into
upper parts of catchments; however, isolation of Pacific trout in
headwater streams may increase the threat of local extinction.

Although widespread introductions of nonnative trout
have played a prominent role in the decline of many Pacific
trout populations (Gresswell 1988; Behnke 2002), in some
cases, translocation of some lineages of Pacific trout outside
their natural ranges has provided a last refuge (Hickman and
Behnke 1979; Behnke 2007; Metcalf et al. 2012). Translocation
or managed relocation may be a management option for
facilitating range shifts for species that are restricted in their
ability to move in response to climate change or other threats
(Lawler and Olden 2011). Preserving population structure and
diversity by using wild, most-closely-related populations in
translocation efforts is important (Metcalf et al. 2007, 2012),
but hatchery supplementation of native species may provide
a viable alternative in some cases (Andrews et al. 2013).

In addition, high-quality habitat is important for successful
reintroductions (Cochran-Biederman et al. 2014), although a
thorough assessment is warranted to ensure success (Perez et
al. 2012). Translocation may be a management option for some
populations, given the realities of land use activities, climate
change, and adaptive management strategies (Harig et al. 2000;
Harig and Fausch 2002; Lawler and Olden 2011).

Managing for and protecting the diversity of Pacific trout
entails preservation of the high genetic diversity and multiple
life histories among populations across as wide a geographic
range and variety of habitats as possible. Managers often make
conservation decisions with incomplete information (USFWS

and NMFS 1998; RGCT Conservation Team 2013) and thus it
is important to remember that the first principle of “intelligent
tinkering” is keeping every “cog and wheel” (Leopold
1949:190), and for Pacific trout that means maintaining diversity
of populations and habitats that are broadly distributed across
western North America. Conservation actions that spread

risk across the riverscape and among potential strategies

(e.g., isolation of headwater areas versus connection; Fausch

et al. 2009) reduce the negative consequences of scientific
uncertainty (Haak and Williams 2012). Riparian restoration,
water leases, and formal conservation easements may be used to
improve and protect critical habitats, especially in catchments
that might be more resistant to climate change. In addition,
conservation of Pacific trout may require collaboration among
stakeholders who are nontraditional partners in conservation
(e.g., agriculture, forestry) to bridge gaps between public

lands in headwater streams and private landowners who often
manage land and water in the low- to mid-elevation habitats

of these same catchments. Indeed, some of the most effective
restoration initiatives in western North America have adopted
an education-based strategy including cooperation among
stakeholders and long-term monitoring, with an emphasis on
adaptive management (Koel et al. 2010; Pierce et al. 2013).
Likewise, adaptive management allows experimentation with
approaches and management to adjust in the face of future
uncertainty (Folke et al. 2005; Huitema et al. 2009). Ultimately,
these conservation approaches warrant an inclusion of a human
dimension that enables social learning (Rieman et al. 2015) and
builds collaboration and appreciation for native Pacific trout
(Behnke 2002).

Pacific trout in western North America are iconic fishes
that have high ecological, economic, social, and cultural value.
They play a key ecological role in lakes, rivers, and streams
as aquatic predators contributing to top-down influences on
food webs (Quinn 2005). Species and populations that are sea
run transport nutrients from the ocean into freshwaters when
they return to spawn and die, a subsidy that that enriches the
growth of local plants and animals (Quinn 2005). Pacific trout
are the target of commercial and recreational fisheries, bringing
substantial economic value to those industries and to local
economies. In addition to their special place in the culture,
nutrition, and economy of indigenous peoples across the region,
society in general places high intrinsic value on sustainable trout
populations.

By collectively considering aspects of Pacific trout, we
highlight the need for an integrated perspective crossing
ecological, social, and political boundaries to conserve them in
western North America. Strengthening the relationships among
science, management, and the public at large is necessary, along
with increasing flexibility in management, restoring the diversity
of Pacific trout, and considering social factors that increase
their vulnerability (Frissell et al. 1997; Rieman et al. 2015).
Advancing the understanding of the evolutionary diversity and
distribution of Pacific trout in western North America, especially
in northern Mexico, and for both O. clarkii and O. mykiss will
be necessary to fully describe and formally designate lineages,
subspecies, and species of Pacific trout, thereby elevating
their importance and scientific significance. Protecting sea-
run in addition to stream-resident forms of Pacific trout where
they occur sympatrically will be important to enhance their
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persistence of the full range of biodiversity within catchments
(Kendall et al. 2015). In the past, the high societal values
assigned to Pacific trout led to changes in land use practices
related to mining, forestry, hydroelectric production, and flood
control that have promoted their conservation. Ultimately,
societies in western North America may have to undergo a
fundamental change in attitude to reverse the current trend of
increasing habitat degradation and fragmentation in streams and
rivers that support this diverse group of native fishes (Hartman
et al. 2006). Pacific trout still swim in many streams and rivers
in western North America and, if given a chance, they may swim
on into the future.

ACKNOWLEDGMENTS

We thank R. J. Behnke (1929-2013; Schreck et al. 2014) and
others who have contributed to the understanding and protection
of Pacific trout. This article developed from conversations
among presenters at the American Fisheries Society Western
Division 2014 meeting from the session on “Native Trout of
Western North America: Where Are We 20 Years Later?” We
thank three anonymous reviewers, Deanna Olson, and Martin
Fitzpatrick for comments; Matthew Mayfield for the map;
Gordie Reeves and Rebecca Flitcroft for comments on figures;
and Kathryn Ronnenberg for figures.

FUNDING

CONACYT (Ref. CB-2010-01-152893) and CONABIO
(Ref. IM058) supported research projects on niche modeling and
landscape genetics of native trout in Mexico. The U.S. Forest
Service, PNW Research Station funded the use of illustrations
by Joseph R. Tomelleri. This article has been peer reviewed and
approved for publication consistent with U.S. Geological Survey
Fundamental Science Practices (pubs.usgs.gov.circ/1367). Use
of trade or firm names here is for reader information only and
does not constitute endorsement of any product or service by the
U.S. Government.

REFERENCES

Abadia-Cardoso, A., J. C. Garza, R. L. Mayden, and F. J. Garcia de
Ledn. 2015. Genetic structure of Pacific trout at the extreme
southern end of their native range. PLoS ONE 10(10):e0141775.

Al-Chokhachy, R., J. Alder, S. Hostetler, R. Gresswell, and B. B. Shep-
ard. 2013. Thermal controls of Yellowstone Cutthroat Trout and
invasive fishes under climate change. Global Change Biology
19:3069-3081.

Al-Chokhachy, R., C. C. Muhlfeld, M. C. Boyer, L. A. Jones, A. Steed,
and J. L. Kershner. 2014. Quantifying the effectiveness of con-
servation measures to control the spread of anthropogenic hy-
bridization in stream salmonids: a climate adaptation case study.
North American Journal of Fisheries Management 34:642-652.

Allendorf, F. W., and R. F. Leary. 1988. Conservation and distribution
of genetic variation in a polytypic species, the Cutthroat Trout.
Conservation Biology 2:170-184.

Andrews, T. M., B. B. Shepard, A. R. Litt, C. G. Kruse, A. V. Zale, and
S. T. Kalinowski. 2013. Juvenile movement among different
populations of Cutthroat Trout introduced as embryos to va-
cant habitat. North American Journal of Fisheries Management
33:795-805.

Arismendi, |., S. L. Johnson, J. B. Dunham, R. Haggerty, and D. Hock-
man-Wert. 2012. The paradox of cooling streams in a warm-
ing world: regional climate trends do not parallel variable local
trends in stream temperature in the Pacific continental United
States. Geophysical Research Letters 39:L10401.

Arismendi, I, B. E. Penaluna, J. B. Dunham, C. Garcia de Leaniz, D.
Soto, I. Fleming, D. Gomez-Uchida, G. Gajardo, P. V. Vargas, and
J. Ledn-Munoz. 2014. Differential invasion success of salmonids
in southern Chile: patterns and hypotheses. Reviews in Fish Biol-
ogy and Fisheries 24:919-941.

296 Fisheries | Vol. 41 « No. 6 « June 2016

Backhaus, T. 2014. Medicines, shaken, and stirred: a critical review
on the ecotoxicology of pharmaceutical mixtures. Philosophical
Transactions of the Royal Society B [online serial] 369:20130585.

Bahls, P. 1992. The status of fish populations and management of
high mountain lakes in the Western United States. Northwest
Science 66:183-193.

Bauer, S., J. Olson, A. Cockrill, M. van Hattem, L. Miller, M. Tauzer, and
G. Leppig. 2015. Impacts of surface water diversions for marijua-
na cultivation on aquatic habitat in four northwestern California
watersheds. PLoS ONE 10(3):e0120016.

BC CDC (British Columbia Conservation Data Center). 2015. Species
summary: Oncorhynchus clarkii clarkii. B.C. Ministry of Environ-
ment. Available: 100.gov.bc.ca/pub/eswp. Victoria, B.C. (July
2015).

Behnke, R. J. 1960. Taxonomy of the Cutthroat Trout of the Great Ba-
sin with notes on the rainbow series. Master’s thesis. University
of California, Berkeley.

——1972. The systematics of salmonid fishes of recently glaci-
ated lakes. Journal of the Fisheries Research Board of Canada
29:639-671.

—— 1992. Native trout of western North America. American Fisher-
ies Society, Monograph 6, Bethesda, Maryland.

——2002. Trout and salmon of North America. The Free Press, New
York.

—— 2007. About trout: the best of Robert J. Behnke from Trout
magazine. Lyons Press, Guilford, Connecticut.

Behnke, R. J., and M. Zarn. 1976. Biology and management of threat-
ened and endangered western trouts. U.S. Forest Service, Gen-
eral Technical Report RM-28, Fort Collins, Colorado.

Berger, A. M., and R. E. Gresswell. 2009. Factors influencing coastal
Cutthroat Trout (Oncorhynchus clarkii clarkii) seasonal survival
rates: a spatially continuous approach among stream network
habitats. Canadian Journal of Fisheries and Aquatic Sciences
66:613-632.

Bestgen, K. R, K. B. Rogers, and R. Granger. 2013. Phenotype pre-
dicts genotype for lineages of native Cutthroat Trout in the
southern Rocky Mountains. Final Report to U.S. Fish and Wildlife
Service, Larval Fish Laboratory, Contribution 177, Denver. Availa-
ble: cpw.state.co.us/learn/Pages/ResearchCutthroatTrout.aspx.
(January 2015).

Bisson, P.A., T.P. Quinn, G.H. Reeves, and SV. Gregory. 1992. Best
management practices, cumulative effects, and long-term
trends in fish abundance in Pacific Northwest river systems.
Pages 189-232 in R.J. Naiman, editor. Watershed management:
balancing sustainability and environmental change. Springer-
Verlag, New York.

Brinson, M. M., and A. |. Malvarez. 2002. Temperate freshwater wet-
lands: types, status, and threats. Environmental Conservation
29:15-133.

Buktenica, MW., D.K. Hering, S.F. Girdner, B.D. Mahoney, and B.D.
Rosenlund. 2013. Eradication of nonnative Brook Trout with
electrofishing and antimycin-A and the response of a remnant
Bull Trout population. North American Journal of Fisheries Man-
agement 33:117-129.

Busby, P. J., T. C. Wainwright, G. J. Bryant, L. J. Lierheimer, R. S. Wa-
ples, F. W. Waknitz, and I. V. Lagomarsino. 1996. Status review
of West Coast steelhead from Washington, Idaho, Oregon, and
California. NOAA Technical Memorandum NMFS-NWFSC-27.

Cavender, T. M,, and R. R. Miller. 1982. Salmo australis, a new species
of fossil salmonid from southwestern Mexico. Pages 1-17 in G. R.
Smith, editor. University of Michigan Press, Contributions from
the Museum of Paleontology, Ann Arbor.

Cochran-Biederman, J. L., K. E. Wyman, W. E. French, and G. L.
Loppnow. 2015. Identifying correlates of success and failure of
native freshwater fish reintroductions. Conservation Biology
29:175-186.

Connolly, P. J., T. H. Williams, and R. E. Gresswell, editors. 2008. Pro-
ceedings of the 2005 Coastal Cutthroat Trout symposium: sta-
tus, management, biology, and conservation. American Fisher-
ies Society, Oregon Chapter, Corvallis.

Contreras-Balderas, S., and P. Almada-Villela. 1996. Oncorhynchus
chrysogaster. The IUCN Red List of Threatened Species. Version
2015.2. Available: www.iucnredlist.org. (July 2015).

Cope, E. D.,, and H. C. Yarrow. 1875. Report on the collections of
fishes made in portions of Nevada, Utah, California, Colorado,
New Mexico, and Arizona, during the years 1871, 1872, 1873,
and 1874. Report of the Geographical and Geological Explora-
tions and Surveys West of the 100th Meridian (Wheeler Survey)
5:635-703.

COSEWIC (Committee on the Status of Endangered Wildlife in Can-
ada). 2006. COSEWIC assessment of Westslope Cuttroat Trout,


http://pubs.usgs.gov.circ/1367

British Columbia and Alberta populations. Committee on the
Status of Endangered Wildlife in Canada, Ottawa.

—— 2014. COSEWIC assessment and status report on the Rainbow
Trout Oncorhynchus mykiss in Canada. Committee on the Status
of Endangered Wildlife in Canada, Ottawa.

Costello, A. B. 2008. The status of coastal Cutthroat Trout in British
Columbia. Pages 24-36 in P. J. Connolly, T. H. Williams, and R. E.
Gresswell, editors. Proceedings of the 2005 Coastal Cutthroat
Trout symposium: status, management, biology, and conserva-
tion. American Fisheries Society, Oregon Chapter, Corvallis.

Crespi, B. J., and M. J. Fulton. 2004. Molecular systematics of Sal-
monidae: combined nuclear data yields a robust phylogeny. Mo-
lecular Phylogenetics and Evolution 31:658-679.

Créte-Lafreniere, A, L. KWeir, and L. Bernatchez. 2012. Framing the
Salmonidae family phylogenetic portrait: a more complete pic-
ture from increased taxon sampling. PLoS One 7:€46662.

Currens, K. P, C. B. Schreck, and H. W. Li. 2009. Evolutionary ecol-
ogy of Redband Trout. Transactions of the American Fisheries
Society 138:797-817.

Della Croce, P, G. C. Poole, R. A. Payn, and C. Izurieta. 2014. Simu-
lating the effects of stream network topology on the spread of
introgressive hybridization across fish populations. Ecological
Modelling 279:68-77.

Devlin, R. H. 1993. Sequence of sockeye salmon type 1 and type 2
growth hormone genes and the relationship of Rainbow Trout
with Atlantic and Pacific salmon. Canadian Journal of Fisheries
and Aquatic Sciences 50:1738-1748.

Dunham, J. B,, S. B. Adams, R. E. Schroeter, and D. C. Novinger. 2002.
Alien invasions in aquatic ecosystems: Toward an understanding
of Brook Trout invasions and potential impacts on inland Cut-
throat Trout in western North America. Reviews in Fish Biology
and Fisheries 12:373-391.

Dunham, J. B.,, D. S. Pilliod, and M. K. Young. 2004. Assessing the
consequences of nonnative trout in headwater ecosystems in
western North America. Fisheries 29:18-26.

Escalante, M. A,, F. J. Garcia de Ledn, C. B. Dillman, A. de los Santos
Camarillo, A. George, |. de los A. Barriga-Sosa, A. Ruiz-Luna, R.
L. Mayden, and S. Manel. 2014. Genetic introgression of cultured
Rainbow Trout in the Mexican native trout complex. Conserva-
tion Genetics 15:1063-1071.

Espinosa, H., Garcia de Ledn, F.J., Ruiz-Campos, G., Varela, A., Bar-
riga, I, Arredondo, J. L., Hendrickson, D., Camarena, F., de los
Santos, A. B. y Mexican Trout Group. 2007. Mexican trout, enig-
matic fishes of the Northeast. Species Journal on Conversation
and Biodiversity 17:8-14.

Fausch, K. D. 2008. A paradox of trout invasions in North America.
Biological Invasions 10:685-701.

Fausch, K. D., and E. Garcia-Berthou. 2013. The problem of invasive
species in river ecosystems. Pages 193-216 in S. Sabter and A.
Elosegi, editors. River conservation: challenges and opportuni-
ties. BBVA Foundation, Bilbao, Spain.

Fausch, K. D,, B. E. Rieman, J. B. Dunham, M. K. Young, and D. P. Pe-
terson. 2009. Invasion versus isolation: trade-offs in managing
native salmonids with barriers to upstream movement. Conser-
vation Biology 23:859-870.

Fausch, K. D., C. E. Torgersen, C. V. Baxter, and H. W. Li. 2002. Land-
scapes to riverscapes: bridging the gap between research and
conservation of stream fishes. BioScience 52:483-498.

Feist, B. E., E. R. Buhle, P. Arnold, J. W. Davis, and N. L. Scholz. 2011.
Landscape ecotoxicology of Coho Salmon spawner mortality in
urban streams. PLoS ONE 6:e23424.

Folke, C., T. Hahn, P. Olsson, and J. Norberg. 2005. Adaptive govern-
ance of social-ecological systems. Annual Reviews in Environ-
mental Resources 30:441-473.

Frissell, C. A., W. J. Liss, R. E. Gresswell, R. K. Nawa, and J. L. Eber-
sole. 1997. A resource in crisis: changing the measure of salmon
management. Pages 411-444 jn D. J. Stouder, P. A. Bisson, and R.
J. Naiman, editors. Pacific salmon and their ecosystems: status
and future options. Chapman and Hall, New York.

Gamperl, A. K., K. J. Rodnick, H. A. Faust, E. C. Venn, M. T. Bennett, L.
|. Crawshaw, E. R. Keeley, M. S. Powell, and H. W. Li. 2002. Metab-
olism, swimming performance, and tissue biochemistry of high
desert Redband Trout (Oncorhynchus mykiss ssp.): evidence for
phenotypic differences in physiological function. Physiological
and Biochemical Zoology 75:413-431.

Good, T. P, R. S. Waples, and P. Adams, editors. 2005. Updated sta-
tus of federally listed ESUs of West Coast salmon and steelhead.
NOAA Technical Memo NMFS-NWFSC-66. Seattle, WA.

Gresswell, R. E., editor. 1988. Status and management of interior
stocks of Cutthroat Trout. American Fisheries Society, Sympo-
sium 4, Bethesda, Maryland.

—— 1991. Use of antimycin for removal of Brook Trout from a tribu-
tary of Yellowstone Lake. Transactions of the American Fisheries
Society 11:83-90.

—— 2011. Biology, status, and management of the Yellowstone Cut-
throat Trout. North American Journal of Fisheries Management
31:782-812.

Haak, A. L., and J. E. Williams. 2012. Spreading the risk: native trout
management in a warmer and less-certain future. North Ameri-
can Journal of Fisheries Management 32:387-401.

Hall, J. D., P. A. Bisson, and R. E. Gresswell, editors. 1997. Proceed-
ings of the Sea-run Cutthroat Trout: biology, management, and
future conservation symposium. American Fisheries Society, Or-
egon Chapter, Corvallis.

Harig, A. L., and K. D. Fausch. 2002. Minimum habitat requirements
for establishing translocated Cutthroat Trout populations. Eco-
logical Applications 12:535-551.

Harig, A. L., K. D. Fausch, and M. K. Young. 2000. Factors influenc-
ing success of Greenback Cutthroat Trout translocations. North
American Journal of Fisheries Management 20:994-1004.

Hartman, G. F,, T. G. Northcote, and C. J. Cederholm. 2006. Human
numbers—the alpha factor affecting the future of wild salmon.
Pages 261-292 jn R. T. Lackey, D. H. Lach, and S. L. Duncan, edi-
tors. Salmon 2100: the future of wild Pacific salmon. American
Fisheries Society, Bethesda, Maryland.

Hendrickson, D. A, H. Espinosa-Pérez, L. T. Findley, W. Forbes, J. R.
Tomelleri, R. L. Mayden, J. L. Nielsen, B. Jensen, G. Ruiz Cam-
pos, A. Varela Romero, A. van der Heiden, F. Camarena, and F.
J. Garcia de Ledn. 2002. Mexican native trouts: a review of their
history and current systematic and conservation status. Reviews
in Fish Biology and Fisheries 12:273-316.

Hickman, T. J., and R. J. Behnke. 1979. Probable discovery of the
original Pyramid Lake Cutthroat Trout. Progressive Fish-Cultur-
ist 41:135-137.

Hirsch, C. L., M. R. Dare, and S. E. Albeke. 2013. Range-wide status
of Colorado River Cutthroat Trout (Oncorhynchus clarkii pleu-
riticus): 2010. Colorado Parks and Wildlife, Colorado River Cut-
throat Trout Conservation Team Report, Fort Collins. Available:
http:/cpw.state.co.us/learn/Pages/ResearchColoradoRiverCut-
throatTrout.aspx. (January 2015).

Hughes, R. M., S. Dunham, K. G. Maas-Hebner, J. A. Yeakley, C.
Schreck, M. Harte, N. Molina, C. C. Shock, V. W. Kaczynski, and
J. Schaeffer. 2014. A review of urban water body challenges and
approaches: (1) rehabilitation and remediation. Fisheries 39:18-
29.

Huitema, D., E. Mostert, W. Egas, S. Moellenkamp, C. Pahl-Wostl, and
R. Yalcin. 2009. Adaptive water governance: assessing the insti-
tutional prescriptions of adaptive (co-) management of a gov-
ernance perspective and defining a research agenda. Ecology
and Society 14:26.

IPCC (Intergovernmental Panel on Climate Change). 2013. Climate
change 2013: the physical science basis. Pages in T. F. Stocker, D.
Qin, G.-K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels,
Y. Xia, V. Bex, and P. M. Midgley, editors. Contribution of Working
Group | to the Fifth Assessment Report of the Intergovernmen-
tal Panel on Climate Change. Pages 1-1535. Cambridge Univer-
sity Press, Cambridge, U.K., and New York.

ISAB (Independent Science Advisory Board). 2011. Using a compre-
hensive landscape approach for more effective conservation
and restoration. Northwest Power and Conservation Council,
Report ISAB 2011-4, Portland, Oregon. Available: www.nwcoun-
cil.org/fw/isab/isab2011-4. (January 2015).

Isaak, D. J., C. H. Luce, B. E. Rieman, D. E. Nagel, E. E. Peterson, D.
L. Horan, S. Parkes, and G. L. Chandler. 2010. Effects of climate
change and wildfire on stream temperatures and salmonid ther-
mal habitat in a mountain river network. Ecological Applications
20:1350-1371.

Isaak, D. J., S. Wollrab, D. Horan, and G. Chandler. 2011. Climate
change effects on stream and river temperatures across the
northwest U.S. from 1980-2009 and implications for salmonid
fishes. Climatic Change 113:499-524.

IUCN (International Union for the Conservation of Nature). 2010.
IUCN Red List of Threatened Species. Version 2010.4. Available:
www.iucnredlist.org. (April 2015).

Jentsch, A, J. Kreyling, and C. Beierkuhnlein. 2007. A new genera-
tion of climate-change experiments: events, not trends. Fron-
tiers in Ecology and the Environment 5:365-374.

Jordan, D. S. 1891. Report of explorations in Colorado and Utah dur-
ing the summer of 1889, with an account of the fishes found in
each of the river basins examined. Bulletin of the U.S. Fish Com-
mission 9:1-40.

Fisheries | www fisheries.org 297



Jordan, D. S, and B. W. Evermann. 1898. The fishes of North and Mid-
dle America: a descriptive catalogue of the species of fish-like
vertebrates found in the waters of North America, north of the
Isthmus of Panama Part Ill. Bulletin of the U.S. National Museum
47:2184-3136.

Keeley, E. R., E. A. Parkinson, and E. B. Taylor. 2007. The origins of
ecotypic variation of Rainbow Trout: a test of environmental vs.
genetically based differences in morphology. Journal of Evolu-
tionary Biology 20:725-736.

Kendall, N. W,, J. R. McMillan, M. R. Sloat, T. W. Buehrens, T. P. Quinn,
G. R. Pess, K. V. Kuzishchin, M. M. McClure, and R. W. Zabel. 2015.
Anadromy and residency in steelhead and Rainbow Trout Onco-
rhynchus mykiss: a review of the processes and patterns. Cana-
dian Journal of Fisheries and Aquatic Sciences 72:319-342.

Koel, T. M., J. L. Arnold, P. E. Bigelow, and M. E. Ruhl. 2010. Native
fish conservation plan/environmental assessment. National Park
Service, Yellowstone National Park, Wyoming.

Kovach, R. P, J. E. Joyce, J. Echave, M. S. Lindberg, and D. A. Tallm-
on. 2013. Earlier migration timing, decreasing phenotypic varia-
tion, and biocomplexity in multiple salmonid species. PLoS One
8:e53807.

Kovach, R. P, C. C. Muhlfeld, R. Al-Chokhachy, J. B. Dunham, B. H.
Letcher, and J. L. Kershner. 2015. Impacts of climatic variation
on trout: a global synthesis and path forward. Reviews in Fish
Biology and Fisheries.

Kovach, R. P, C. C. Muhlfeld, M. C. Boyer, W. H. Lowe, F. W. Allendorf,
and G. Luikart. 2015. Dispersal and selection mediate hybridiza-
tion between a native and invasive species. Proceedings of the
Royal Society B - Biological Sciences 282:20142454.

Kruse, C. G., W. A. Hubert, and F. J. Rahel. 2001. An assessment of
headwater isolation as a conservation strategy for Cutthroat
Trout in the Absaroka Mountains of Wyoming. Northwest Sci-
ence 75:1-11.

Lawler, J. J. and J. D. Olden. 2011. Reframing the debate over as-
sisted colonization. Frontiers in Ecology and the Environment
9:569-574.

Lawrence, D. L., B. Stewart-Koster, J. D. Olden, A. S. Ruesch, C. E.
Torgersen, J. J. Lawler, D. P. Butcher, and J. K. Crown. 2014. The
interactive effects of climate change, riparian management, and
a nonnative predator on stream-rearing salmon. Ecological Ap-
plications 24:895-912.

Lentsch, J. D., C. A. Toline, J. Kershner, J. M. Hudson, and J. Mizzi.
2000. Range-wide conservation agreement and strategy for
Bonneville Cutthroat Trout (Oncorhynchus clarki utah). Utah
Division of Wildlife Resources, Publication Number 00-19, Salt
Lake City.

Leopold, A. 1949. A Sand County almanac and sketches here and
there. Oxford University Press, New York.

Loxterman, J. L., and E. R. Keeley. 2012. Watershed boundaries and
geographic isolation: patterns of diversification in Cutthroat
Trout from Western North America. BMC Evolutionary Biology
12:38.

Luce, C. H.,, and Z. A. Holden. 2009. Declining annual streamflow
distributions in the Pacific Northwest United States. Geophysical
Research Letters 36:L16401.

Martinez, P. J., P. E. Bigelow, M. A. Deleray, W. A. Fredenberg, B. S.
Hansen, N. J. Horner, S. K. Lehr, R. W. Schneidervin, S. A. Tolen-
tino, and A. E. Viola. 2009. Western lake trout woes. Fisheries
34:424-442.

Matthews, K. R., and S. C. Nussle. 2014. California Golden Trout and
climate change: is their stream habitat vulnerable to climate
warming. Pages 51-57 in R. F. Carline and C. LoSapio, editors.
Looking back and moving forward: Proceedings of the Wild
Trout XI Symposium. Wild Trout Symposium, Bozeman, Mon-
tana.

Mayden, R. L., and coauthors. 2010. Evolution and diversity of trout
species in the Sierra Madre Occidental of Mexico. Pages 134-144
in R. F. Carline and C. LoSapio, editors. Conserving wild trout:
Proceedings of the Wild Trout X Symposium. Bozeman, MT.

Mclintosh, B. A., J. R. Sedell, R. F. Thurow, S. E. Clarke, and G. L. Chan-
dler. 2000. Historical changes in pool habitats in the Columbia
River Basin. Ecological Applications 10:1478-1496.

McPhail, J. D. 2007. Freshwater fishes of British Columbia. University
of Edmonton Press, Edmonton, AB, Canada.

Metcalf, J. L., S. Love Stowell, C. M. Kennedy, K. B. Rogers, D. Mc-
Donald, J. Epp, K. Keepers, A. Cooper, J. J. Austin, and A. P. Mar-
tin. 2012. Historical stocking data and 19th century DNA reveal
human-induced changes to native diversity and distribution of
Cutthroat Trout. Molecular Ecology 21:5194-5207.

298 Fisheries | Vol. 41 « No. 6 « June 2016

Metcalf, J. L., V. L. Pritchard, S. M. Silvestri, J. B. Jenkins, J. S. Wood,
D. E. Cowley, R. P. Evans, D. K. Shiozawa, and A. P. Martin. 2007.
Across the great divide: genetic forensics reveals misidentifica-
tion of endangered Cutthroat Trout populations. Molecular Ecol-
ogy 16:4445-4454,

Meyer, K. A., J. A. Lamansky, Jr., and D. J. Schill. 2006. Evaluation of
an unsuccessful Brook Trout electrofishing removal project in a
small rocky mountain stream. North American Journal of Fisher-
ies Management 26:849-860.

Meyer, K. A., D. J. Schill, E. R. J. M. Mamer, C. C. Kozfkay, and M. R.
Campbell. 2014. Status of Redband Trout in the upper Snake
River Basin of Idaho. North American Journal of Fisheries Man-
agement 34:507-523.

Miller, R. R. 1950. Notes on the Cutthroat and Rainbow Trouts with
the description of a new species from the Gila River, New Mex-
ico. Occasional Papers of the Museum of Zoology, University of
Michigan, Number 529.

Miller, R. R., C. Hubbs, and F. H. Miller. 1992. Ichthyological explo-
ration of the American West: the Hubbs-Miller era, 1915-1950.
Pages 19-40 in W. L. Minckley and J. E. Deacon, editors. Bat-
tle against extinction: native fish management in the American
West. University of Arizona Press, Tucson.

Miller, R. R., J. D. Williams, and J. E. Williams. 1989. Extinction of North
American fishes during the past century. Fisheries 14(6):22-38.

Montgomery, D. R. 2000. Coevolution of the Pacific salmon and Pa-
cific Rim topography. Geology 28:1107-1110.

Mount, J. F. 1995. California rivers and streams: the conflict between
fluvial process and land use. University of California Press,
Berkeley and Los Angeles.

Muhlfeld, C. C.,, S. E. Albeke, S. L. Gunckel, B. J. Writer, B. B. Shepard,
and B. E. May. 2015. Status and conservation of interior Redband
Trout in the Western United States. North American Journal of
Fisheries Management 35:31-53.

Muhlfeld, C. C., D. H. Bennett, R. K. Steinhorst, B. Marotz, and M. Boy-
er. 2008. Using bioenergetics modeling to estimate consump-
tion of native juvenile salmonids by nonnative northern pike
in the upper Flathead River system, Montana. North American
Journal of Fisheries Management 28:636-648.

Muhlfeld, C. C., S. T. Kalinowski, T. E. McMahon, M. L.Taper, S. Painter,
R. F. Leary, and F. W. Allendorf. 2009. Hybridization rapidly re-
duces fitness of a native trout in the wild. Biology Letters 5:328-
331

Muhlfeld, C. C., R. P. Kovach, L. A. Jones, R. Al-Chokhachy, M. C. Boy-
er, R. F. Leary, W. H. Lowe, G. Luikart, and F. W. Allendorf. 2014.
Invasive hybridization in a threatened species is accelerated by
climate change. Nature Climate Change 4:620-624.

Naiman, R. J., C. A. Johnston, and J. C. Kelley. 1988. Alteration on
North American streams by beaver. Bioscience 38:753-762.
NOAA (National Oceanic and Atmospheric Adminstration). 2006.
Endangered and threatened species: final listing determinations
for 10 distinct population segments of west coast steelhead.

Federal Register 71:833-862.

Nelson, R.L., M.L. McHenry, and W.S. Platts. 1991. Mining. Pages 425-
458 in W.R. Meehan, editor. Influences of forest and rangeland
management on salmonid fishes and their habitats. American
Fisheries Society, Special Publication 19, Bethesda, Maryland.

Northcote, T. G. 1997. Potamodromy in Salmonidae: living and mov-
ing in the fast lane. North American Journal of Fisheries Man-
agement 17:1029-1045.

Northcote, T. G, and G. F. Hartman. 2004. Fishes and forestry:
worldwide watershed interactions and management. Blackwell
Publishing, Oxford.

Oakley, T. H., and R. B. Phillips. 1999. Phylogeny of salmonine fishes
based on growth hormone introns: Atlantic (Sa/mo) and Pacific
(Oncorhynchus) salmon are not sister taxa. Molecular Phyloge-
netics and Evolution 11:381-393.

Penaluna, B. E., S. F. Railsback, J. B. Dunham, I. Arismendi, S. John-
son, R. E. Bilby, M. Safeeq, and A. E. Skaugset. 2015. Local vari-
ability mediates vulnerability of trout populations to land use
and climate change. PloS ONE 10(8):e0135334.

Pérez, ., J. D. Anaddn, M. Diaz, G. G. Nicola, J. L. Tella, and A. Gimé-
nez. 2012. What is wrong with current translocations? A review
and a decision-making proposal. Frontiers in Ecology and the
Environment 10:494-501.

Peterson, D. P, B. E. Rieman, J. B. Dunham, K. D. Fausch, and M. K.
Young. 2008. Analysis of trade-offs between threats of invasion
by nonnative Brook Trout (Salvelinus fontinalis) and intentional
isolation for native Westslope Cutthroat Trout (Oncorhynchus
clarkii lewisi). Canadian Journal of Fisheries and Aquatic Sci-
ences 65:557-573.



Phillis, C. C., J. W. Moore, M. Buoro, S. A. Hayes, J. C. Garza, and D.
E. Pearse. In press. Shifting thresholds: rapid evolution of mi-
gratory life histories in steelhead/Rainbow Trout, Oncorhynchus
mykiss. Journal of Heredity 107(1):51-60.

Pierce, R., C. Podner, and K. Carim. 2013. Response of wild trout
to stream restoration over two decades in the Blackfoot River
Basin, Montana. Transactions of American Fisheries Society
142:68-81.

Platts, W. S. 1991. Livestock grazing. Pages 389-423 in W. R. Mee-
han, editor. Influences of forest and rangeland management on
salmonid fishes and their habitats. American Fisheries Society,
Special Publication 19, Bethesda, Maryland.

Pritchard, V. L., and D. E. Cowley. 2006. Rio Grande Cutthroat Trout
(Oncorhynchus clarkii virginalis): a technical conservation as-
sessment. USDA Forest Service, Rocky Mountain Region, Avail-
able: www.fs.fed.us/r2/projects/scp/assessments/riograndecut-
throattrout.pdf.

Pritchard, V. L, J. L. Metcalf, K. Jones, A. P. Martin, and D. E. Cow-
ley. 2008. Population structure and genetic management of Rio
Grande Cutthroat Trout (Onchorhynchus clarkii virginalis). Con-
servation Genetics 10:1209-1221.

Quinn, T. P. 2005. The behavior and ecology of Pacific salmon and
trout. University of Washington Press, Seattle, Washington, and
American Fisheries Society, Bethesda, Maryland.

Quifones, R.M., M. Holyoak, M.L. Johnson, and P.B. Moyle. 2014. Po-
tential factors affecting survival differ by run-timing and loca-
tion: Linear mixed-effects models of Pacific salmonids (Onco-
rhynchus spp.) in the Klamath River, California. PLos ONE.

Rahel, F. J. 2000. Homogenization of fish faunas across the United
States. Science 288:854-856.

—— 2004. Unauthorized fish introductions: fisheries management
of the people, for the people, or by the people. American Fisher-
ies Society Symposium 44:431-443.

Rahel, F. J., C. J. Keleher, and J. L. Anderson. 1996. Potential habi-
tat loss and population fragmentation for cold water fish in the
North Platte River drainage of the Rocky Mountains: response
to climate warming. Limnology and Oceanography 41:1116-1123.

RGCT Conservation Team. 2013. Conservation agreement for the Rio
Grande Cutthroat Trout (Oncorhychus clarkii virginalis) in the
states of Colorado and New Mexico. Colorado Parks and Wild-
life, Denver. Available: cpw.state.co.us/learn/Pages/ResearchRi-
oGrandeCutthroatTrout.aspx. (January 2015).

Rieman, B. E., D. Lee, D. Burns, R. Gresswell, M. Young, R. Stowell, J.
Rinne, and P. Howell. 2003. Status of native fishes in the Western
United States and issues for fire and fuels management. Forest
Ecology and Management 178:197-211.

Rieman, B. E., C. L. Smith, R. J. Naiman, G. T. Ruggerone, C. C. Wood,
N. Huntly, E. N. Merrill, J. R. Alldredge, P. A. Bisson, J. Congleston,
C. Levings, W. Pearcy, K. Fausch, D. Scarnecchia, and P. Smouse.
2015. A comprehensive approach for habitat restoration in the
Columbia Basin. Fisheries 40:124-135.

Rinne, J. N. 1990. Status, distribution, biology, and conservation of
two rare southwestern (U.S.A.) salmonids, the Apache Trout,
Oncorhynchus apache Miller, and the Gila Trout, O. gilae Miller.
Journal of Fish Biology 37:189-191.

Roberts, J. J., K. D. Fausch, D. P. Peterson, and M. B. Hooten. 2013.
Fragmentation and thermal risks from climate change interact
to affect persistence of native trout in the Colorado River Basin.
Global Change Biology 19:1383-1398.

Ruiz-Campos, G., F. Camarena-Rosales, A. F. Gonzalez-Acosta, A. M.
Maeda-Martinez, F. J. Garcia de Ledn, A. Varela-Romero, and A.
Andreu-Soler. 2014. Current conservation status of six freshwa-
ter fish species from the Baja California Peninsula, Mexico. Re-
vista Mexicana de Biodiversidad 85:1235-1248.

Ruiz-Campos, G., F. Camarena-Rosales, A. Varela-Romero, S.
Sanchez-Gonzdles, and J. de La Rosa-Vélez, 2003. Morphomet-
ric variation of wild trout populations from northwestern Mexi-
co (Pisces: Salmonidae). Reviews in Fish Biology and Fisheries
13:91-110.

Safeeq, M., G. E. Grant, S. Lewis, and C. L. Tague. 2013. Coupling
snowpack and groundwater dynamics to interpret historical
streamflow trends in the western United States. Hydrological
Processes 27:655-668.

Sanderson, B. L., K. A. Barnas, and A. M. Wargo Rub. 2009. Nonin-
digenous species of the Pacific Northwest: an overlooked risk to
endangered salmon? BioScience 59:245-256.

Schindler, D. W. 2001. The cumulative effects of climate warming
and other human stresses on Canadian freshwaters in the new
millennium. Canadian Journal of Fisheries and Aquatic Sciences
58(1):18-29.

Schreck, C. B., H. W. Li, K. D. Fausch, and K. R. Bestgen. 2014. In Me-
moriam: Robert J. Behnke 1929-2013. Fisheries 39:128-132.

Scott, W. B., and E. J. Crossman. 1998. Freshwater fishes of Canada.
Galt House Publications Ltd., Oakville, Ontario.

SEMARNAT (Secretaria del Medio Ambiente y Recursos Naturales
Secretariat of Environment and Natural Resources, Mexico).
2000. Norma oficial mexicana NOM-059-ECOL-2001, protec-
cion ambiental—especies nativas de México de flora y fauna
silvestres—Categorias de riesgo y especificaciones para su in-
clusioén, exclusidon o cambio—Lista de especies en riesgo. SE-
MARNAT Diario Oficial de la Federacion.

——- Norma oficial mexicana NOM-059-ECOL-2010, protecciéon am-
biental—especies nativas de México de flora y fauna silvestres—
Categorias de riesgo y especificaciones para su inclusion, ex-
clusion o cambio—Lista de especies en riego. SEMARNAT Diario
Oficial de la Federacion.

Shedlock, A. M., J. D. Parker, D. A. Crispin, T. W. Pietsch, and G. C.
Burmer. 1992. Evolution of the salmonid mitochondrial control
region. Molecular Phylogenetics and Evolution 1:179-192.

Shepard, B. B. 2004. Factors that may be influencing nonnative
Brook Trout invasion and their displacement of native West-
slope Cutthroat Trout in three adjacent southwestern Montana
streams. North American Journal of Fisheries Management
24:1088-1100.

Shepard, B. B., B. E. May, and W. Urie. 2005. Status and conservation
of Westslope Cutthroat Trout within the Western United States.
North American Journal of Fisheries Management 25:1426-1440.

Shepard, B. B, L. M. Nelson, M. L. Taper, and A. V. Zale. 2014. Fac-
tors influencing successful eradication of nonnative Brook Trout
from four small Rocky Mountain streams using electrofishing.
North American Journal of Fisheries Management 34:988-997.

Sloat, M. R, and A. K. Osterback. 2013. Maximum stream tempera-
ture and the occurrence, abundance, and behavior of steelhead
trout (Oncorhynchus mykiss) in a southern California stream.
Canadian Journal of Fisheries and Aquatic Sciences 70:64-73.

Smith, G. R, T. E. Dowling, K. W. Gobalet, T. Lugaski, D. K. Shiozawa,
and R. P. Evans. 2002. Biogeography and timing of evolutionary
events among Great Basin fishes. Pages 175-234 in R. Hershler,
D. B. Madsen, and D. R. Currey, editors. Great Basin aquatic sys-
tems history. Smithsonian Contributions to the Earth Sciences
Number 33, Smithsonian Institution Press, Washington, D.C.

Stearley, R. F,, and G. F. Smith. 1993. Phylogeny of the Pacific trout
and salmon (Oncorhynchus) and genera of the family Salmo-
nidae. Transactions of the American Fisheries Society 122:1-33.

Syslo, J. M., C. S. Guy, and B. S. Cox. 2013. Comparison of harvest
scenarios for the cost-effective suppression of Lake Trout in
Swan Lake, Montana. North American Journal of Fisheries Man-
agement 33:1079-1090.

Taylor, E. B., P. Tamkee, E. R. Keeley, and E. A. Parkinson. 2011. Con-
servation prioritization in widespread species: the use of genetic
and morphological data to assess population distinctiveness in
Rainbow Trout (Oncorhynchus mykiss) from British Columbia,
Canada. Evolutionary Applications 4:100-115.

USFWS (U.S. Fish and Wildlife Service). 1998. Greenback Cutthroat
Trout recovery plan. U.S. Fish and Wildlife Service, Denver, Colo-
rado.

—— 2003. Endangered and threatened wildlife and plants; recon-
sidered finding for an amended petition to list the Westslope
Cutthroat Trout as threatened throughout its range. Federal
Register 68:46989-470009.

——2006. Endangered and threatened wildlife and plants; 12-month
finding for a petition to list the Yellowstone Cutthroat Trout as
threatened. Federal Register 71:8818-8831.

——2007. Endangered and threatened wildlife and plants; 12-month
finding on a petition to list the Colorado River Cutthroat Trout as
a threatened or endangered species. Federal Register 72:32589-
32601.

——2008. Endangered and threatened wildlife and plants; 12-month
finding on a petition to list the Bonneville Cutthroat Trout as
threatened or endangered. Federal Register 73:52235-52256.

—— 2009a. Apache Trout (Oncorhynchus apache) Recovery plan,
second revision. Federal Register 74:45649-45650.

——2009b. Lahontan Cutthroat Trout, Oncorhynchus clarkii hensha-
wi, 5-year review: summary and evaluation. U.S. Fish and Wildlife
Service, Reno, Nevada.

——2010. Endangered and Threatened Wildlife and Plants; 5-year
Status Reviews of 14 Southwestern Species. Federal Register
75:15454-15456.

—— 2011. Endangered and Threatened Wildlife and Plants; 12-Month
Finding for a Petition To List the California Golden Trout as En-
dangered. Federal Register 76:63094-63115.

Fisheries | www.fisheries.org 299


http://cpw.state.co.us/learn/Pages/ResearchRioGrandeCutthroatTrout.aspx
http://cpw.state.co.us/learn/Pages/ResearchRioGrandeCutthroatTrout.aspx

—— 20712a. Completed 5-year reviews for 28 species in California
and Nevada. Federal Register 77:25115-25116.

——2012b. Current listing status of species under 5-year status re-
view including 5 animal species and 20 plant species in Califor-
nia and Nevada. Federal Register 77:25112-25114.

——2014. Endangered and threatened wildlife and plants; 12-month
finding on a petition to List Rio Grande Cutthroat Trout as an
endangered or threatened species. Federal Register 79:59140-
59141.

USFWS and NMFS (U.S. Fish and Wildlife Service and National Ma-
rine Fisheries Service). 1998. Endangered species consultation
handbook procedures for conducting consultation and confer-
ence activities under section 7 of the Endangered Species Act.
USFWS and NMFS, Washington, D.C.

Utter, F.M., and FW. Allendorf. 1994. Phylogenetic relationships
among species of Oncorhynchus: A consensus view. Conserva-
tion Biology 8:864-867.

Voroésmarty, C.J., P. Green, J. Salisbury, and R.B. Lammers. 2000.
Global Water Resources: Vulnerability from climate change and
population growth. Science 289:284-288.

Walsh, C. J., A. H. Roy, J. W. Feminella, P. D. Cottingham, P. M. Groff-
man, and R. P. Morgan II. 2005. The urban stream syndrome: cur-
rent knowledge and the search for a cure. Journal of the North
American Benthological Society 24:706-723.

Waples, R. S., G. R. Pess, and T. Beechie. 2008. Evolutionary history
of Pacific salmon in dynamic environments. Evolutionary Appli-
cations 1:189-206.

Wenger, S. J., D. J. Isaak, C. H. Luce, H. M. Neville, K. D. Fausch, J. B.
Dunham, D. C. Dauwalter, M. K. Young, M. M. Elsner, B. E. Rieman,
A. F. Hamlet, and J. E. Williams. 2011. Flow regime, temperature,

and biotic interactions drive differential declines of trout species
under climate change. Proceedings of the National Academy of
Sciences of the United States of America 108:14175-14180.

Whiteley, A. R., S. W. Fitzpatrick, W. C. Funk, and D. A. Tallmon. 2015.
Genetic rescue to the rescue. Trends in Ecology and Evolution
30:42-49.

Williams, J. E., J. E. Johnson, D. A. Hendrickson, S. Contreras-
Balderas, J. D. Williams, M. Avarro-Mendoza, D. E. McAllister, and
J. E. Deacon. 1989. Fishes of North America endangered, threat-
ened, or of special concern: 1989. Fisheries 14(6):2-20.

Wilson, W. D., and T. F. Turner. 2009. Phylogenetic analysis of the
Pacific Cutthroat Trout (Oncorhynchus clarki ssp.. Salmonidae)
based on partial mtDNA ND4 sequences: a closer look at the
highly fragmented inland species. Molecular Phylogenetics and
Evolution 52:406-415.

Wise E.K. 2016. Five centuries of U.S. West Coast drought: occur-
rence, spatial distribution, and associated atmospheric circula-
tion patterns. American Geophysical Union.

Wofford, J. E. B., R. E. Gresswell, and M. A. Banks. 2005. Influence
of barriers to movement on within-watershed genetic variation
of coastal Cutthroat Trout. Ecological Applications 15:628-637.

Yau, M. M., and E. B. Taylor. 2013. Environmental and anthropogenic
correlates of hybridization between Westslope Cutthroat Trout
(Oncorhynchus clarkii lewisi) and introduced Rainbow Trout (O.
mykiss). Conservation Genetics 14:885-900.

Young, M. K., A. L. Harig, B. Rosenlund, and C. Kennedy. 2002. Re-
covery history of Greenback Cutthroat Trout: population char-
acteristics, hatchery involvement, and bibliography, version 1.0.
U.S. Forest Service, RMRS-GTR-88WWW, Fort Collins, Colorado.

AFS|

300 Fisheries | Vol. 41 « No. 6 « June 2016

HT2000B MK5 Battery Backpack

ELECTROFISHER

The HT2000B MK5 meets and exceeds all aspects of the Electrofishing Guidelines
for Safety and Functionality.

Simply the safest, most rugged and
reliable Electrofisher on the market!!

Contact us to find out why so many Federal, State and Local Authorities are choosing
the HT2000B MK5 for their Fisheries Research Monitoring and Stream Assessments.

919-766-4568 ext. 24

sales@halltechaquatic.com « www.halltechaquatic.com

Visit www.htex.com for Rugged Data Collection Systems, GPS Solutions & more Field Research Products.






