
NATIVE TROUT OF WESTERN NORTH AMERICA: WHERE ARE WE 20 YEARS LATER? 
 
Genetic investigation and phylogeography of the Mexican trout complex and the risk of introgression from 
exotic rainbow trout  
 
Alicia Abadía-Cardoso, University of California, Santa Cruz and Southwest Fisheries Science Center, 
alicia.abadia@noaa.gov 
Francisco J. García de León, Centro de Investigaciones Biológicas del Noroeste, S.C.  
Richard L. Mayden, Saint Louis University  
Garza John Carlos, University of California, Santa Cruz and Southwest Fisheries Science Center   
         
Trout inhabiting northwestern Mexico are the southernmost native salmonid populations in the world, and the least 
known in North America. They are unfortunately also facing threats to their continued existence. Previous work has 
described one species, the Mexican golden trout (Oncorhynchus chrysogaster), and one subspecies, Nelson’s trout 
(O. mykiss nelsoni) in Mexico, but preliminary analyses indicate that there is more biodiversity than what has been 
described. We conducted a comprehensive genetic analysis of these trout by using novel genetic markers and 
techniques to elucidate the biodiversity of trout inhabiting northwestern Mexico, compared it to that of other species 
of Pacific trout, evaluate hypotheses regarding their evolutionary history, and measure introgression from non-native 
hatchery rainbow trout. Our study revealed significant divergence between Mexican trout and the other species. We 
confirmed the vast genetic diversity present in the Mexican trout complex and the extremely strong genetic 
differentiation, not only between basins but also at a smaller scale. We also found that introgression from non-native 
rainbow trout is present, but the genetic integrity of native trout is still maintained in many watersheds. This 
information will help to guide effective conservation strategies for this globally important group of fishes. 
 
Hybridization between native and introduced trout: Genomic extinction or adaptive evolution?  
 
Clint Muhlfeld, U.S. Geological Survey, Northern Rocky Mountain Science Center, cmuhlfeld@usgs.gov 
              
Human-mediated hybridization is increasing rapidly because of species translocations, habitat modifications, and 
global climate change.  How hybridization affects ecological adaptations and what level of hybridization is permissible 
pose difficult conservation questions with little empirical information to guide policy and management decisions.  This 
is particularly true for all native trout in western North America, where widespread introgression among nonnative and 
native species has often created hybrid swarms over extensive geographic areas resulting genomic extinction. 
Interbreeding between westslope cutthroat trout Oncorhynchus clarkii lewisi with nonnative rainbow trout O. mykiss 
exemplifies the conservation challenges of interspecific hybridization. The presentation will cover over 30 years of 
research investigating behavioral, ecological, and fitness consequences of hybridization and the factors influencing 
the spread of hybridization between native westslope cutthroat trout and introduced rainbow trout.  Results suggest 
that hybrids are not only genetically different than cutthroat trout but also have reduced fitness and are ecologically 
different, and that climate-change-induced warming increases hybridization.  Hybridization is likely to continue to 
spread if hybrid populations with high amounts of nonnative admixture are not reduced or eliminated.  Results 
indicate that extant aboriginal cutthroat trout are at greater conservation risk than previously thought and policies that 
protect hybridized populations may need reconsideration. 
 
Ecological evaluation of coho salmon reintroduction in a Central Washington watershed  
 
Gabriel Temple, Washington Department of Fish and Wildlife, gabriel.temple@dfw.wa.gov 
Todd Newsome, Yakama Nation  
Timothy Webster, Washington Department of Fish and Wildlife  
Scott Coil, Washington Department of Fish and Wildlife       
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Artificial propagation is a tool that can be used by fishery managers to expand depressed or to re-establish extirpated 
fish populations.  However, reintroducing species to their historic range can be problematic for many reasons (e.g., 
non-local donor stock; loss of local adaptation; failure to address causal mechanisms), and may introduce risks to 
other valued species that are not the target of enhancement (NTT).  In this study, we evaluate changes in 
abundance, size, instantaneous growth, and biomass of rainbow trout Oncorhynchus mykiss, and combined biomass 
of rainbow trout and coho salmon O. kisutch, following the reintroduction of coho salmon in a moderately sized 
stream in Central Washington State.  Pre-spawning adult coho salmon were released into index monitoring sites 
where they spawned and successfully produced offspring that fully overlapped the distribution of rainbow trout in our 
treatment sites.  Rainbow trout abundance, size, growth, and biomass generally remained positive relative to control 
locations following 5 years of reintroduction efforts.  Following our study, we recommend others consider using adult 
out-plants in their reintroduction programs when areas targeted for reintroductions contain other valued fish taxa. 
 
Intraspecific morphological and genetic diversification of cutthroat trout from western North America 
 
Ernest Keeley, Idaho State University, keelerne@isu.edu 
Janet Loxterman, Idaho State University         
         
Cutthroat trout are one of the most widely distributed species of freshwater fish in western North America. Occupying 
a diverse range of habitats, they exhibit significant morphological variability that is often recognized by sub-specific 
taxonomy. Recent molecular phylogenies have described phylogenetic diversification across cutthroat trout 
populations but no study has provided a morphological assessment of taxonomic divisions. In this study we used 
linear and geometric-based morphometrics to determine if subspecies divisions correspond to significant 
morphological divisions in cutthroat trout using replicate populations from throughout the geographic range of this 
species. Our data indicate significant morphological divergence based on sub-specific categories in some, but not all, 
cutthroat trout subspecies. We also compare morphological distance measures with that of distance measures based 
on mtDNA sequence divergence. DNA sequence divergence was positively correlated with morphological distance 
measures, indicating that morphologically more similar subspecies have lower sequence divergence relative to 
morphologically more distant subspecies. Given these results, integrating both approaches to describing intraspecific 
variation in cutthroat trout may be important in providing comprehensive conservation plans for wide-ranging species. 
 
Local variability explains vulnerability of trout populations to land use and climate change  
 
Brooke Penaluna, U.S. Forest Service, PNW Research Station, brooke.penaluna@oregonstate.edu 
Jason Dunham, US Geological Survey  
Steve Railsback, Lang, Railsback and Associates  
Ivan Arismendi, Oregon State University  
Sherri Johnson, US Forest Service, PNW Research Station  
Robert Bilby, Weyerhauser Company  
Mohammad Safeeq, Oregon State University  
  
Climate change occurs simultaneously with land use change, creating a range of conditions that have no historical 
analog. Studies examining their combined effects have occurred at a broad scale, but local variability may play a key 
role in population responses. Here we use an individual-based model of coastal cutthroat trout parameterized with 
daily measurements of stream temperature, flow, and turbidity over multiple years, as well as, field measurements of 
habitat structure and trout abundance. We simulated the independent and combined effects of contemporary forest 
harvest and climate change in four nearby streams over 63 years by manipulating stream temperature and flow 
regimes. Although we applied identical scenarios across modeled streams, we found a high degree of local variability 
in trout responses. Climate change had greater effects than contemporary forest harvest on fry emergence, survival, 
or growth of age-0 trout across streams, but, those composite effects did not consistently translate into a change in 
population biomass. Even though contemporary forest harvest effects on demographic rates were small, they 
occurred at the population-level. These nuanced responses among stream-living populations imply that some 
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populations are more vulnerable to the effects of contemporary forest harvest and/or climate change than others. 
This variability is likely due to contrasting habitat features among streams suggesting that local habitat can buffer the 
effects of forest harvest and climate change. 
 
Defining evolutionary lineages in the native Mexican trout (Salmonidae) of the Sierra Madre Occidental: An 
assessment utilizing microsatellite data 
  
Francisco García-De-León, Centro de Investigaciones Biológicas del Noroeste, fgarciadl@cibnor.mx 
Casey B. Dillman, Virginia Institute of Marine Science, Gloucester Point, VA, USA  
Anabelia De Los Santos Camarena, Centro de Investigaciones Biológicas del Noroeste, Mexico  
Anna George, Tennessee Aquarium Conservation Institute, Chattanooga, TN, USA  
Faustino Camarena-Rosales, Universidad Autónoma de Baja California, Mexico  
Irene De Los A. Barriga-Sosa, Universidad Autónoma Metropolitana Iztapalapa, Mexico  
Richard L. Mayden, Saint Louis University, USA   
 
In the remote high-elevation streams and rivers of Mexico’s Sierra Madre Occidental (SMO) an endemic and highly 
diverse group of native trout of the Rainbow Trout lineage (Oncorhynchus mykiss) exists. Currently, only two species 
are formally described from this lineage, but many other undescribed lineages have been discovered in the last 16 
years. We seek to: (i) provide the first robust multi-locus assessment of genetic divergences among sampled 
populations in the SMO, (ii) compare genetic diversity among sampling localities and (iii) define geographic patterns 
of genetic differentiation and diversity between lineages, providing insight into the distinctness of these Mexican trout 
lineages. We used 11 microsatellite loci for 971 individuals from throughout the range of trout in Mexico. We used 
different approaches to assess genetic divergences among the sampled populations (FST values; phenograms; 
Bayesian methods). Our results strongly support a hypothesis of distinct, non-interbreeding lineages in the native 
Mexican trout. Thirteen evolutionary lineages (species) were clearly identified, and these lineages are in agreement 
with drainage basin boundaries. Species diversity remains to be described within the Oncorhynchus lineage in 
Mexico, these lineages are native and very well differentiated although some evidence of gene flow was detected. 
 
Genetic introgression of cultured rainbow trout in Mexican native trout complex  
 
Marco Alejandro Escalante, UMR Botanique et BioinforMatique de l’Architecture des Plantes, Université Montpellier, 
marko.escalante@gmail.com 
Francisco Javier García de León, Laboratorio de Genética para la conservación, Centro de Investigaciones 
Biológicas del Noroeste  
Casey Dillman, Virginia Institute of Marine Science  
Anabelia De los Santos Camarillo, Laboratorio de Genética para la conservación, Centro de Investigaciones 
Biológicas del Noroeste  
Irene Barriga Sosa, Laboratorio de Genética y Biología Molecular-PExPA, Departamento de Hidrobiología, 
Universidad Autónoma Metropolitana  
Arturo Ruiz Luna, Laboratorio de Manejo Ambiental, Centro de Investigación en Alimentación y Desarrollo.  
Richard Mayden, Department of Biology, Saint Louis University.   
 
The Mexican native trout complex is the group of salmonids that naturally has the southern distribution in the world. 
Nevertheless, it has been poorly studied and even when there are evidences pointing to a major group, there are 
only two described species (Oncorhynchus mykiss nelsoni and O. chrysogaster). Those fishes are threatened by 
several environmental and anthropogenic factors, including the introduction of the exotic species O. mykiss (rainbow 
trout) for aquaculture. Here we applied a bayesian method and a neighbor joining phenogram in wild and cultured 
trout with the goal to understand the degree of genetic introgression of rainbow trout in Mexican native trout. The 
results of this study highlights a high degree of introgression and genetic admixture between cultured rainbow trout 
and Mexican native trout for some populations analyzed, showing more than 90% of its genome spoiled by exotic 
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genes, leading to a high risk of a consequent loss of the genetic pool and degradation of the habitat for Mexican 
native trout. 
 
Parallel Universe:  20 years of international collaboration to rehabilitate coaster brook trout in Lake Superior 
  
Henry Quinlan, U.S. Fish and Wildlife Service, Henry_Quinlan@fws.gov 
Rob Swainson, Ontario Ministry of Natural Resources  
Joshua Blankenheim, Minnesota Department of Natural Resources  
Seth Moore, Grand Portage Band of Lake Superior Chippewa       
     
Lake Superior fishery agencies on both sides of the U.S.–Canadian border,  including Native American Tribes and 
First Nations have spent 20 years working together to rehabilitate coaster brook trout in Lake Superior and Lake 
Nipigon.  We will review our collective efforts, examine the range of conservation approaches, and address current 
population status with emphasis on Isle Royale National Park and northwestern Lake Superior waters.  In some 
locations standardized assessments suggest positive trends in abundance, size structure, and distribution. What 
factors are responsible for these findings and are they likely to persist under future climate change scenarios? 
 
Adaptive capacity in a changing climate: lessons from native trout 
  
Kevin Rogers, Colorado Parks and Wildlife, kevin.rogers@state.co.us 
Stephen Brinkman, Colorado Parks and Wildlife  
Jordan Anderson, Colorado Parks and Wildlife        
       
How fast cutthroat trout populations can adapt to a warming climate has been a heated topic of recent debate, 
unfortunately based on little empirical data.  We explored this question by obtaining spawn from brood stocks derived 
from low, medium, and high elevation populations of Colorado River cutthroat trout.  These populations are 
noteworthy in that recent molecular evidence and historic stocking data suggests that all three were derived from a 
single source some 80 years ago.  This set the stage for an inadvertent experiment in the adaptive capacity of these 
fish to respond to varying thermal regimes.   Progeny were raised in a blind common garden type experiment to fry, 
then subjected to both static and fluctuating temperature challenges, with thermal tolerance evaluated through 
temperature preference, ultimate upper incipient lethal temperature (UUILT), and critical thermal maxima (CTM).  
Temperature preference was inversely related to elevation of the source population with high elevation progeny 
preferring colder temperatures than low elevation progeny, which also supported the highest UUILT.  Only CTM 
values were not different between the three groups.  This was particularly surprising as earlier research on larger 
trout from the low elevation population also demonstrated the highest CTM values.  These data provide some insight 
into how fast natural selection on thermal tolerance might occur. 
 
Piecing together our view of habitat fragmentation and stream-living salmonids 
  
Jason Dunham, U.S. Geological Survey, jdunham@usgs.gov 
              
Habitat fragmentation is recognized as a major threat to salmonid fishes in streams.  Here I review selected 
examples of approaches to describing habitat fragmentation, diagnosing its causes, quantifying its influences, and 
implications for conservation.  With these perspectives and lessons learned, I conclude by outlining future research 
needs and practical applications.  Throughout I argue that a greater understanding of the causes and consequences 
of habitat fragmentation remains as one of our most significant challenges in native salmonid conservation. 
 
Native Trout in Western North America: Yesterday, Today, and Tomorrow  
 
Robert Gresswell, U.S. Geological Survey, Northern Rocky Mountain Science Center, bgresswell@usgs.gov 
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For much of the 20th Century, trout fishing in western North America was supported by hatchery activities, including 
put-and-take stocking.  The early 1970s heralded a new awareness among managers concerning the value of wild 
trout.  In the following decades, emphasis of trout management gradually shifted toward the use of special angling 
regulations that reduced angler-related mortality of captured trout.  As wild trout populations flourished, research 
began to focus more on trout-habitat relationships and attempts to reduce effects of historic and ongoing land and 
water management policies.  In the past 20 years, management emphasis has shifted towards conservation and 
protection of native trout throughout the region and a growing appreciation concerning the negative effects of 
nonnative fishes on the persistence of native species/subspecies.  Genetic studies have provided important insights 
into evolutionary history and structure at a variety of levels from populations to species.  Indeed, new populations, 
subspecies, and species of trout have been identified in remote areas across the continent, including recent 
discoveries in Mexico.  Today managers and researchers are using insights derived during the preceding decades to 
develop management strategies insuring protection of native trout in the face of continued land and energy 
development, invasive species, and climate change. 
 
The role of beaver in shaping the environment for salmonids in the western United States 
 
Nicolaas Bouwes, Eco Logical Research, Inc., nbouwes@gmail.com 
Joe Wheaton, Watershed Science Department, Utah State University  
Chris Jordan, NOAA Fisheries           
 
Beaver were distributed in high densities across much of North America prior to European settlement.  Dam building 
activity by this industrious rodent can greatly alter stream environments. Intense trapping more than century ago 
nearly exterminated beaver in several regions.  As a result the stream networks of today, from which most of our 
understanding of salmonid-habitat relationships is derived, is quite different than historically.  Although salmonids 
have coexisted with beaver for millions of years, there is skepticism about the benefits dam building activities play.  
We provide information from a watershed scale experiment where we built beaver dam analogs to encouraged 
beavers to build dams, along with information collected in fish-habitat surveys to evaluate how beaver dams can 
affect growth, survival, production, and behavior of salmonids.  We found survival, abundance, and production were 
higher after dam building activities in our restoration experiment.  We also found a high electivity for beaver dam 
habitat. Finally, we found impedance to movement was minimal to native salmonids, but had the potential to alter 
native-nonative interactions. We believe management of streams that include beaver as part of the environment will 
benefit salmonid populations. 
 
Eco-evolutionary and environmental mechanisms influencing introgression of invasive genes into westslope 
cutthroat trout 
 
Ryan Kovach, University of Montana, ryan.kovach@umontana.edu 
Clint Muhlfeld, USGS  
Matt Boyer, Montana Fish Wildlife and Parks  
Winsor Lowe, University of Montana  
Fred Allendorf, University of Montana  
Gordon Luikart, University of Montana   
 
Throughout western North America hybridization between native and non-native trout represents one of the greatest 
threats to salmonid biodiversity and persistence, but the mechanisms driving invasive hybridization and the 
associated fitness consequences are generally unknown.  We document the spread of genetic introgression between 
introduced rainbow trout (RBT) and threatened westslope cutthroat trout (WCT) and identify the eco-evolutionary and 
climatic mechanisms influencing this spread.  In two streams with contrasting abiotic characteristics, RBT admixture 
increased rapidly from 1984-2007 and was driven by surprisingly consistent eco-evolutionary processes.  In both 
populations, admixture levels were related to several phenotypic traits associated with fitness and local adaptation, 
including size, age of emigration and maturation, and migration timing.  Several phenotypic relationships suggest that 
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fish with higher non-native admixture should have higher reproductive success, but RBT admixture was substantially 
lower in out-migrating juveniles relative to spawning adults, suggesting selection against hybrid fish.  Despite 
evidence for selection against non-native introgression, hybridization was promoted in both streams by the continued 
immigration of individuals from RBT source populations.  At a larger scale (Flathead River basin) temporal genetic 
analyses indicate that climatic variation also influences the spread of hybridization.  Our findings highlight the 
potentially antagonistic processes influencing invasive genetic introgression in trout. 
 
Understanding fish distributions across multiple scales using high resolution data in conjunction with rapid 
assessments  
 
Monica Blanchard, Utah State University, monica.raye@gmail.com 
Nicolaas Bouwes, Utah State University  
Joseph Wheaton, Utah State University  
Carl Saunders, Utah State University         
   
Even in the face of great advances in understanding native trout populations, there remains the need to assess fish 
distributions across multiple scales, as controlling habitat variables are hierarchically arranged in stream networks. 
Most surveys designs sample locations averaging 50 to 500m in length sparsely distributed across large regions.  
Such designs alone may not capture the full range of habitat variability and thus may lead to misinform inferences 
about fish habitat relationships.  In an effort to capture more of the hierarchical and heterogeneous nature of stream 
habitats and fish association we use a combination of high resolution data from 15 sites and rapid assessment 
surveys of an additional 185 sites, covering 34 kilometers, to understand fish-habitat relationships across the Middle 
Fork John Day watershed, Oregon.  Geomorphic unit and reach scale traits were able to explain a significant 
proportion of the variability in fish abundance.  In addition, site specific temperature and production estimates 
captured some of the variability explaining fish distribution and growth.  We suggest using high resolution surveys 
and rapid assessment techniques, to capture the diversity geomorphic and biotic drivers of fish abundance across a 
diverse watershed. 
 
The Bear River watershed and cutthroat trout since publication of Native Trout 
  
James DeRito, Trout Unlimited, jderito@tu.org 
Warren Coyler, Trout Unlimited          
        
Relatively little was known about cutthroat trout in the Bear River watershed when Native Trout of Western North 
America by Robert Behnke was published in 1992. Indeed, just a few decades earlier the Bonneville cutthroat trout 
(BCT) subspecies was thought to be extinct. Behnke cited an estimate of about 302 km of stream length with BCT 
across its range, that only two tributaries to Bear Lake are available for spawning, and that some agencies were 
starting conservation efforts. Since the book, a rangewide status summary (2001) estimated about 1,372 km of 
stream length with BCT, the subspecies was found “not warranted” for ESA listing (2008), and additional genetic 
studies have shown that cutthroat trout in the Bear River watershed are unique from other BCT. Over fifty fish-
passage projects have been completed in the Bear River watershed to provide migratory BCT with access to 
spawning tributaries, including those of Bear Lake. Over 600 km of stream length have been reconnected throughout 
the watershed. In spite of ongoing challenges such as habitat loss and degradation, non-native fishes, climate 
change, and dewatering from irrigation diversions, the future of cutthroat trout in the Bear River watershed looks 
much better than it did in 1992. 
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The effects of anthropogenic barriers on movement patterns of Yellowstone cutthroat trout in the Greybull 
River drainage  
 
Jason Burckhardt, Wyoming Game and Fish Department, jason.burckhardt@wyo.gov 
              
Yellowstone cutthroat trout (YCT) have experienced dramatic reductions in their historical distribution due to 
anthropogenic activities.  Most populations of YCT have been relegated to small headwater populations. The 
Greybull River in Northwestern Wyoming harbors one of the few remaining metapopulations.  Development of the 
Greybull watershed for irrigation agriculture has fragmented habitats and restricted connectivity among YCT 
populations.  In early 2012, a cooperative effort was undertaken to install a fish ladder at the Upper Sunshine 
Diversion – a primary diversion point centrally located on the mainstem Greybull River. We used radio telemetry to 
determine upstream passage of YCT through the old diversion structure and radio telemetry and radio-frequency 
identification (RFID) tags to document the use of the Upper Sunshine Diversion fish ladder following its construction.  
We found that the old Upper Sunshine Diversion was serving as a partial barrier to upstream passage of YCT.  The 
construction of the Upper Sunshine Diversion fish ladder increased the upstream passage of YCT not only through 
the fish ladder, but also through the radial arm gates of the structure itself. These data will be used to determine the 
most effective means of operating this diversion structure to allow for the upstream passage of YCT. 
 
Contributions of Robert J. Behnke to salmonid biology and conservation  
 
Kevin Bestgen, Colorado State University, kbestgen@colostate.edu 
              
This presentation details the life and accomplishments of Dr. Robert J. Behnke, who passed away in September 
2013.  At an early age Doc Behnke was an avid angler and keen observer of the natural world, detailing his findings 
in his personal journal “Piscatorial”.  Doc earned three university degrees, culminating in the Ph.D. at University of 
California, Berkeley.  He traveled extensively to study fishes in North America as well as distant lands including Iran, 
Japan, Mongolia, Siberia, and several European countries.  Professional contributions were to the literature on 
taxonomy and systematics of trout and salmon across the globe, sorted out in the early part of his career.  Later, he 
promoted conservation of coldwater fishes and their habitat, especially those in arid regions, and communicated that 
message to professional and lay audiences alike.  One wonders what might be left of our rich native salmonid 
heritage in North America if Bob Behnke had not studied and appreciated them.  Doc was a mentor, colleague, 
friend, and polymath, who influenced and enriched the many he knew in life.  His scholarship and philosophy lives 
through teachings and writings, and his spirit through many shared memories. 
 
Developing aquaculture strategies for the conservation of native trout: the case of Oncorhynchus 
chrysogaster Needham & Gard, 1964 (Salmoniformes: Salmonidae). 
  
Irene Barriga-Sosa, Planta Experimental de Producción Acuícola, Departamento de Hidrobiología, Universidad 
Autónoma Metropolitana Iztapalapa, ibs@xanum.uam.mx, irabaso29@gmail.com 
Genoveva Ingle de la Mora, Instituto Nacional de Pesca, SAGARPA  
José Luis Arredondo-Figueroa, Centro de Ciencias Agropecuarias Universidad Autónoma de Aguascalientes  
Francisco Javier García de León, Centro de Investigaciones Biológicas del Noroeste, La Paz, Baja California Sur, 
México            
 
The genetic resources known as “truchas nativas mexicanas”, locally known as apariques by tarahumara’s people 
are restricted to reduced geographic areas, positioning them in highly vulnerable conditions due to factors such as 
deforestation, climatic changes, overexploitation and introduction of exotic fishes, like rainbow trout. In nature, these 
species are restricted to pristine, shallow habitats within headwater areas of high-elevation streams (1,500 masl), 
limiting wild specimens to reach high commercial sizes as their counterparts, the rainbow trout. It has long though, 
that their reproduction is limited to the limited space and natural feed, since small size organisms have been found 
with well develop ovaries and sperm during the winter season, giving the impression that native trout are small and 
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do not growth like the selected rainbow trout and that their potential in aquaculture is limited. The present work is a 
proposal to use aquaculture practices as strategy to the generation of knowledge and conservation of the genome of 
this native group of fishes and it is based on genetic and aquaculture data generated on the golden trout 
Oncorhynchus chrysogaster. The lessons learned are discussed. 
 
Exploring new routes to know and to preserve native trout in Sierra Madre Occidental  
 
Arturo Ruiz Luna, CIAD AC, Unidad Mazatlan, arluna@ciad.mx 
Francisco Garcia de Leon, CIBNOR  
Cesar A. Berlanga Robles, CIAD, Mazatlan  
Marco A. Escalante Sanchez, UMR Botanique et BioinforMatique de l’Architecture des Plantes,  
Rafael Hernandez Guzman, CIAD, Mazatlan  
Alejandro L. Ramirez Huerta, Posgrado CIAD Mazatlan  
Genoveva Ingle, INAPESCA   
 
Following the original spirit derived from the Mexican trout group (USA – Mexico), specialists from diverse disciplines 
such as molecular biology, fisheries and landscape ecology have combined efforts to study the genetic heterogeneity 
of native trout associated to landscape in Sierra Madre Occidental (northwest Mexico). The main approach is based 
on the Landscape Genetics discipline, which combines different levels of biological organization and several scales 
of analysis to quantify the relationship between genetic connectivity with ecological connectivity. Two research 
projects funded by CONACYT and CONABIO (Mexico) are the platform to study the native trout complex (particularly 
focusing on Oncorhynchus chrysogaster, the Mexican golden trout). After the first year of study, advances on 
landscape characterization, modeling of potential distribution and reports on recent sampling results are provided for 
discussion and to consider possible academic associations to improve mechanisms and strategies to preserve native 
trout species. 
 
Evaluation of growth performance of the golden trout (Oncorhynchus chrysogaster) in the Guachochi 
Hatchery at Chihuahua State, México.  
 
Genoveva Ingle de la Mora, Instituto Nacional de Pesca, genovevaingle@yahoo.com.mx 
S. B. Guerrero, Instituto Nacional de Pesca  
T. R. Duran, Instituto Nacional de Pesca  
L. J. Perez, Instituto Nacional de Pesca  
I.D.L.A. Barriga-Sosa, Universidad Autonoma Metropolitana Iztapalapa  
J. L .Arredondo-Figueroa, Universidad Autonoma de Auascalientes  
F. J. Garcia de Leon, CIBNOR, La Paz   
 
Recent reports refer to at least six different lineages of salmonids in Mexico, threatened by anthropogenic and 
climatic changes.  In 2006 initiated a project on the capture and genotyping of a stock of non-described native trout, 
results allowed the development of a biotechnology for its culture and the production of seedlings to evaluate growth 
performance. Here we present the first results of a stock of 5,125 smelts of golden trout with an initial mean weight of 
37.8 gr, and compared to rainbow trout (1200 smelts) with a mean weight of 36 gr. Fish were maintained at Centro 
Acuícola Guachochi, Chihuahua, for a period of 255 days, separated by size in four tanks (15 m length x 3 m de 
width). Three tanks contained golden trout and one rainbow trout (used as reference). The evaluated variables were: 
specific growth rate (SGR), food conversion (FC), condition factor (CF) and survival (S). Water quality and a sample 
of 50 fish from each tank were evaluated every 15 days. Fish were fed with pelleted rainbow trout food and the 
feeding rate and granulometry were adjusted. Results on the mean SGR for the golden trout were 0.74 to 0.93, S 
was 84% and FC fluctuated between 1.2 and 1.5. For rainbow trout SGR was 0.95 and showed significant 
differences with respect to the golden trout (P≤0.05) in two of the three experimental tanks, the other two variables 
showed similar results. These results demonstrate the potential of aquaculture of the golden trout and prompt for 
further investigations to evaluate differential environmental conditions. 
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Predicting fish distributions throughout a mountainous watershed using primary production, water 
temperature, and geomorphic properties  
 
W. Carl Saunders, Utah State University, carl.saunders@usu.edu 
Nick Bouwes, Eco Logical Research and Utah State University       
           
Spatial variation in fish distributions suggest that food and habitat resources needed to support high densities vary 
greatly throughout watersheds.  Physical processes the that form habitat for fish, coupled with biological processes 
that determine food resources and stream temperature that control physiological processes in ectotherms are likely 
to determine the capacity for river reaches to support fish.  We estimated primary production and ecosystem 
respiration via diel cycles in dissolved oxygen and used fish, habitat, and temperature data collected as part of a 
watershed wide monitoring program to investigate factors driving spatial variation in fish abundance and growth rates 
in the Middle Fork of the John Day River, Oregon.   Variation in fish distribution, at the watershed scale, reflected 
variation in primary production and water temperature of river segments.  Understanding factors that that lead to 
variation in fish populations across large spatial scales allow research to understand the importance of the spatial 
arrangement of habitat and food resources throughout a watershed and can help manager prioritize efforts to restore 
fish populations. 
 
Landscape topography and the distribution of Lahontan cutthroat trout (Oncorhynchus clarki henshawi) in a 
high desert stream  
 
Guillermo Giannico, Department of Fisheries and Wildlife, Oregon State University, giannico@oregonstate.edu 
George Boxall, Amnis Opes Institute, Bend, Oregon. USA  
Hiram Li, Department of Fisheries and Wildlife, Oregon State University      
         
Lahontan cutthroat trout (Oncorhynchus clarki henshawi) are currently limited in their distribution to a patchwork of 
small isolated populations, the result of habitat degradation and natural variation in landscape and in-stream 
conditions. The objectives of this study were to determine if landscape topography influences trout distribution, and if 
water temperatures control this response.  The work was carried out in McDermitt Creek, which drains the sagebrush 
desert of southeastern Oregon and northern Nevada.  Trout within these systems are challenged by low discharge 
and high temperatures during the summer, and anchor ice during the winter.  Contiguous whole stream surveys were 
used to look at trout distribution during the summer of 2003 and spring and fall of 2004.  Our results suggested that 
topography can affect trout distribution.  Trout numbers were highest in areas with greater numbers of broad valley to 
confined canyon transition points (nick points). Our data suggest that hyporheic inputs are high in such areas, thus 
providing trout with shelter from warm water in the summer, anchor ice in the winter, and shallow stream depths 
during all seasons. Spatial occurrence of these areas of refugia can be taken into consideration when planning land 
use activities and restoration efforts 
 
Phenotype predicts genotype for lineages of native cutthroat trout in the southern Rocky Mountains 
 
Kevin Bestgen, Colorado State University, kbestgen@colostate.edu 
Kevin Rogers, Colorado Parks and Wildlife  
Robert Granger, Colorado State University         
      
Morpho-meristic characteristics of cutthroat trout Oncorhynchus clarkii were described from 48 populations in the Rio 
Grande, and Colorado, South Platte, and Arkansas River basins in Wyoming, Colorado, Utah and New Mexico.  
These include presumptive Rio Grande (O. c. virginalis), Colorado River (O. c. pleuriticus), and greenback (O. c. 
stomias) cutthroat trout subspecies and the unusual Bear Creek, Colorado, population.  Our main goal was to 
determine if phenotypes of individuals and populations, first assigned to lineages with mitochondrial DNA techniques, 
corresponded better with the traditional Geographic classification model or to lineages under the newer Molecular 
classification model.  Ten morpho-meristic characters, including spot distribution and density patterns, were variable 
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across taxa and classification analyses better supported assignment of populations to the Molecular Model than the 
Geographic Model.  Bear Creek and Rio Grande lineages were distinct, as were Blue Lineage populations of the 
Upper Green River Basin.  Green Lineage populations were more difficult to classify and may represent more than 
one taxonomic entity.  Classification success was also high within lineages at the drainage scale, suggesting smaller-
scale organization of diversity.  All lineages are rare and findings will be useful to managers tasked with listing 
decisions and conservation actions for these cutthroat trout. 
 
Riverscape genetics guide to conservation management: A case example of supplementation strategies for 
westslope cutthroat trout in the Sullivan watershed, Washington, USA 
  
Erin Landguth, University of Montana, Division of Biological Sciences, erin.landguth@mso.umt.edu 
Andrew Bearlin, Seattle City Light, Boundary Fish and Aquatics Team      
            
As part of an adaptively managed suite of conservation and remediation measures benefiting fish resources 
impacted by the Boundary hydroelectric dam in NE Washington State, a simulation platform for exploring structural 
and functional ecological relationships in the aquatic landscape was developed. For westslope cutthroat trout, we 
used an individual-based simulation program designed to enable spatially-explicit quantification of how the stream 
environment affects genetic and demographic connectivity patterns in the Sullivan watershed riverscape. We 
simulated gene flow with stipulated biological processes in order to determine if the simulated genetic pattern was 
related to the observed empirical genetic pattern, and provide a means to independently validate the riverscape 
model and inferred processes identified in the empirical data collections from the Boundary system. A series of 
applied management plans were then implemented to explore recolonization potential following the removal of non-
native eastern brook trout. We explored a number of scenarios with, and without, supplementation in the form of 
translocation and stocking, as suggested by empirical sampling. Simulations evaluated the resultant patterns of 
demogenetic viability in westslope cutthroat populations over time and showed that demogenetic outcomes were 
highly sensitive to the influence of supplementation stocks and assumptions about responses to alleviation of 
competitive pressure. 
 
California golden trout and climate warming: How hot is too hot? 
  
Kathleen Matthews, USDA Forest Service Pacific Southwest Research Station, kmatthews@fs.fed.us 
              
The California golden trout (CGT), Oncorhynchus mykiss aguabonita, is one of the few native high-elevation fishes in 
the Sierra Nevada. They are imperiled due to exotic trout, genetic introgression, and degraded habitat, and now face 
further stress from climate warming. Their native habitat on the Kern Plateau meadows includes stream areas 
impacted by cattle grazing. Areas with reduced streamside vegetation (willows or sedge) and widened channels with 
shallow stream depths experience the warmest water temperatures. Climate change will further compromise CGT 
and their habitat in grazed areas because the warmer water temperatures predicted under most warming scenarios 
could increase to lethal levels. Yet little is known regarding the specific temperature tolerances of trout in the Sierra 
Nevada. In a current analysis of CGT meadow streams, I found that stream temperatures often reached 25oC in 
degraded areas and many areas lack resiliency to future warming. These high temperatures are reportedly lethal for 
salmonids, but may affect CGT in more subtle ways such as growth, condition, or long-term survival. An important 
future research question is determining how hot is too hot for CGT.  To prepare for future stream warming, studies 
are needed to determine differences in growth, condition, and survival in areas of varying temperature and determine 
specific temperature tolerances for the CGT.  
 
Developing a mechanistic understanding of the effects of climate change on native and non-native 
salmonids in the Greater Yellowstone  
 
Robert Al-Chokhachy, U.S. Geological Survey, Northern Rocky Mountain Science Center, ral-chokhachy@usgs.gov 
Patrick Uthe, Montana State University, Montana Cooperative Fishery Unit  
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Brad Shepard, Wildlife Conservation Society  
Alexander Zale, Montana State University, Montana Cooperative Fishery Unit  
Jeffrey Kershner, U.S. Geological Survey, Northern Rocky Mountain Science Center    
     
The sensitivity of salmonids to stream temperatures and hydrologic regimes is undisputed, rendering concerns for 
how climate change will affect salmonid life-history patterns, interspecific interactions, and distribution and 
abundance.  It has been nearly two decades since changing climatic conditions was broached as a major concern 
likely to drastically influence salmonids globally; however, there remains a paucity of research describing mechanistic 
relationships between how factors such as climate and local stressors (e.g., non-native species) interact to affect 
salmonid fitness and behavior.  To address this need, we examined the influences of temperature, streamflow, food 
availability, and presence of non-native brook trout on life history characteristics of Yellowstone Cutthroat Trout 
Oncorhynchus clarkii bouvieri in two watersheds in Wyoming and Montana.   We used passive integrated 
transponder (PIT) tags and a combination of stationary and mobile PIT tag antennae within a capture-recapture 
framework to monitor growth, movement, and survival of Yellowstone cutthroat trout and Brook Trout Salvelinus 
fontinalis within multiple tributaries in each basin.  We observed considerable differences in frequencies of 
movements between species and among tributaries. We found significant differences in Yellowstone Cutthroat Trout 
growth rates within and across basins, and preliminary results suggest the observed differences were driven by the 
complex interactions of streamflows, fish densities, and stream temperatures.  We discuss our results in the context 
of maintaining diversity of life-history patterns within watersheds as a means to increase metapopulation resiliency. 
Our findings provide critical information needed to refine climate risk assessments and to better direct limited 
resources to ensure the long term persistence of the subspecies. 
 
The Cherry Creek, Montana, Westslope Cutthroat Trout Introduction Project: the impetus for a paradigm shift 
within 20 years  
 
Patrick Clancey, Montana Fish, Wildlife & Parks, pclancey@mt.gov 
Carter Kruse, Turner Enterprises, Inc.  
Bradley Shepard, Wildlife Conservation Society        
       
In 1996, Montana Fish, Wildlife & Parks (FWP) proposed a westslope cutthroat trout (WCT) restoration program in 
the Madison River Drainage.  With the invitation to evaluate the Cherry Creek Drainage on their property for this 
effort, Turner Enterprises, Inc., (TEI) provided the opportunity for FWP to meet a significant goal of FWP’s WCT 
conservation and restoration plan, as well as make similar efforts commonplace.  After several administrative and 
legal challenges to the project, the successful eradication of non-native trout was conducted from 2003 through 2010, 
with establishment of a genetically pure wild WCT population from wild sources occurring from 2006 through 2012.  
Over a 10 year period, 100 km (60 miles) of high quality stream habitat and a 105 acre-foot lake were converted from 
non-native to native trout.  The success of this collaborative effort launched similar, if smaller, efforts in Montana and 
other western North American locations. 
 
Prioritizing Conservation of Yellowstone Cutthroat Trout Across Their Range 
  
Bradley Shepard, Wildlife Conservation Society, bshepard@wcs.org 
Robert Al-Chokhachy, USGS Northern Rockies Science Center  
Robert Gresswell, USGS Northern Rockies Science Center  
Lee Nelson, Montana Department of Fish, Wildlife and Parks  
Scott Opitz, Montana Department of Fish, Wildlife and Parks 
Dan Garren, Idaho Fish and Game  
Jack Williams, Trout Unlimited  
Steve Yekel, Wyoming Game and Fish Department  
Jason Burckhardt, Wyoming Game and Fish Department 
Amy Haak, Trout Unlimited 
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Resources available to conserve native trout are limited and must be targeted where conservation is most critical and 
likely to be successful. We collaborated with an Interagency Multi-State Yellowstone Cutthroat Trout (YCT) 
Conservation Work Group to prioritize conservation across the range of YCT. This prioritization will target national 
resources to critical conservation needs. We developed and applied a set of ecological and opportunity-based 
conservation criteria using the experience and knowledge of field managers. Ecological criteria were representation 
(genetic integrity and uniqueness), resilience (length or area of occupied habitat), and redundancy (number of 
populations or tributaries). Opportunity-based criteria were ability to address imminent threats, feasibility, and public 
support. Both river basins and individual conservation populations were prioritized. We concluded that all remaining 
conservation populations should be preserved or enhanced to ensure long-term persistence of YCT. Highest priority 
river basins were located at the core of the historical range. We assessed threats to the highest-priority conservation 
populations to prioritize conservation actions that could address the most pressing threats. Threats included 
nonnative species, human activities, habitat degradation, climate change, and disease. For many of the highest 
priority conservation populations the threat posed by nonnative species was of the most immediate concern and must 
be addressed if those populations are to persist. 
 
The Hoback River: A tale of fisheries management  
 
Diana Miller, Wyoming Game and Fish Department, diana.miller@wyo.gov 
Rob Gipson, Wyoming Game and Fish Department  
Darren Rhea, Wyoming Game and Fish Department  
 
The Hoback River is a free-flowing tributary to the Snake River in northwest Wyoming.  The native fish community in 
the Hoback River is largely intact, with the exception of a few isolated populations of introduced salmonids.  Snake 
River Cutthroat Trout Oncorhynchus clarki clarki and Mountain Whitefish Prosopium williamsoni are the only native 
game fish and comprise the majority of the fish assemblage.  Fish stocking was prominent in the Hoback River for 
most of the 20th century.  Stocking practices during the major ity of the 1980’s and 90’s involved stocking large 
numbers of catchable cutthroat to improve angling quality in the lower reaches of the river, an area presumed to lack 
suitable recruitment and over-winter survival.  Due to changes in angler “catch and release” ethics and an increased 
knowledge of overwinter survival, stocking was slowly phased out beginning in the late 90’s and was eliminated 
completely in 2005.  Since the elimination of stocking, wild Snake River Cutthroat Trout numbers have increased and 
angler catch rates have remained high.  This story highlights fisheries management changes in river systems as a 
result of nationwide trends of management, decreased consumptive angling, and increased knowledge of fish 
survival.             
  
Spawning behavoir of mountain whitefish and co-occurrence of Myxobolus cerebralis in the Blackfoot River 
Basin, Montana  
 
Ron Pierce, Montana Fish, Wildlife and Parks, rpierce@mt.gov 
Craig Podner, Montana Fish, Wildlife and Parks      
 
To assess exposure of Blackfoot River mountain whitefish (Prosopium williamsoni) to the exotic parasite Myxobolus 
cerebralis - the cause of salmonid whirling disease, we investigated the spawning behavior of mountain whitefish 
(MWF) and their overlap of M. cerebralis within the Blackfoot River Basin, Montana.  Most MWF migrated to 
upstream spawning sites in the mainstem of the Blackfoot River.  Spawning ranged from 31 October in the lower river 
to 9 November in the upper river and occurred across a range channel types. Despite later spawning in the upper 
river, eggs hatched earlier under the warming influence of groundwater inflows. Here, most MWF fry (65%) tested 
positive for M. cerebralis infection during the immediate post-hatch period of mid-April. Conversely, MWF fry from the 
lower river, downstream of the groundwater influence, showed no detectable infection.  For MWF, the co-occurrence 
with M. cerebralis varied spatially across the basin and temporally within the mainstem Blackfoot River at the most 
vulnerable early life stages.  This variability appears to buffer age 0 MWF from infectious conditions across large 
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areas of the basin.  However, continuous TAM release from groundwater-influenced environments coinciding with 
early rearing may impose pathogenic conditions to MWF in the upper Blackfoot River.  
 
Evaluating the effect of population density on Cutthroat Trout and Brook Trout competitive behavior and 
energy expenditure 
 
Ethan Green, Central Washington University, greeneth@cwu.edu 
 
In western North America, invasive Brook Trout (Salvelinus fontinalis) displace native Cutthroat Trout (Oncorhynchus 
clarki) throughout their range. One factor that may play a role in why Cutthroat Trout are being so widely displaced is 
the population density at which Brook Trout occur. To assess the effects of population density, juvenile Cutthroat and 
Brook Trout were held in a simulated stream aquarium and observed at 3 population densities. The fish were 
monitored with a closed-circuit camera array. Antagonistic behaviors were measured via focal animal sampling of 
each individual. Individual energy expenditure was assessed using Tracker software that tracked fishes’ movements 
in recorded video and estimated hourly energy expenditure using a velocity-based metabolic model. Antagonistic 
behaviors observed included lateral threats, frontal threats, charges, chases, and nips. These data will determine the 
relationship between population density and the behavioral or bioenergetic competitive advantages of Brook Trout 
and Cutthroat Trout.           
         
Investigating Bonneville Cutthroat Trout spawning movement within the Logan River watershed with 
consideration of potential metapopulation structure and management 
  
Harrison Mohn, Utah State University, harrison.mohn@gmail.com 
Brett Roper, USDA Forest Service/Utah State University  
Phaedra Budy, Utah State University  
 
Bonneville Cutthroat Trout (BCT) populations have been dramatically reduced across their native range.  The Logan 
River in northern Utah contains the largest remaining population of BCT, which are potentially threatened by invasive 
salmonids, whirling disease, and habitat reduction due to climate change.  We investigated potential metapopulation 
structure at a watershed scale by evaluating the movement extent and destinations of native BCT during the 
spawning period (April-July).  We tagged Cutthroat Trout with Passive Integrated Transponders (PIT) tags during the 
summers of 2009-2012 within seven mainstem and tributary reaches of the Logan River using standard techniques.  
Using data collected from PIT-tag detections throughout the year and during the spawning period, we determined: (1) 
small numbers of trout move long distances, (2) condition differences between “movers” and “sedentary” individuals 
are negligible, and (3) far fewer “mainstem dwelling” trout utilize tributaries than previously assumed.  Far more trout 
are using the mainstem of the Logan River than initially thought; therefore, adjustments in fishing regulations may be 
desirable to protect this species during a critical time of the year.  By determining how BCT use the Logan River for 
spawning, we can inform sustainable management so the long-term persistence of this critical population may be 
ensured.             
  
In hot(ter) water? predictions of arctic char growth and consumption under climate change scenarios on the 
Alaska North Slope  
 
Stephen Klobucar, Utah State University, stephen.klobucar@gmail.com 
Phaedra Budy, Utah State University       
 
Lakes are sensitive to the surrounding environment and thus, are effective sentinels for climate change.  In the Arctic, 
short growing seasons drive ecosystem production and arctic lakes are increasingly sensitive to climate change due 
to low species diversity, and extremely low nutrient levels. We used bioenergetics simulations to assess the potential 
for change in arctic char (Salvelinus alpinus) growth under warmer climate scenarios on the Alaska North Slope.  
Char growth did not increase when subjected to a longer, warmer growing season in the absence of increased 
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consumption.  However, by simulating an extended growing season and increasing daily ration by 1-2%, overall 
growth of small char (190 mm) increased by 33-51% and overall consumption was 27-43% greater.  Growth and 
consumption of larger char (310 mm) also increased substantially (20-34% for both growth and consumption).  
However, greater growth and consumption depends on increased productivity at lower trophic levels.  Empirical 
models suggest zooplankton production could increase by greater than 40% during key summer periods under 
similar warming scenarios.  We aim to achieve these scenarios via a whole-lake experimental manipulation in the 
coming years to investigate production at all trophic levels, as well as validate and extend current model predictions 
across regional landscapes.  
 
Role of acoustic telemetry in the suppression of lake trout in Yellowstone Lake  
 
Philip Sandstorm, Montana State University, ptsandstrom@gmail.com 
Robert Gresswell, U.S. Geological Survey  
Micheal Parsley, U.S. Geological Survey  
Bahram Farrokish, Montana State University  
Patricia Bigelow, National Park Service  
Todd Koel, National Park Service  
Brian Ertel, National Park Service   
 
Yellowstone Lake once supported the largest assemblage of genetically unaltered cutthroat trout in the interior of 
North America.  However, during the past two decades predation by invasive lake trout has substantially reduced the 
abundance of Yellowstone cutthroat trout in the lake. The National Park Service has been actively suppressing lake 
trout for almost 20 years using gill nets, but as the cutthroat trout begin to recover, there is need to develop less 
expensive alternatives. To that end, we are using acoustic telemetry to monitor behavior and distribution of adult lake 
trout. Specifically we are attempting to locate areas of high activity, movement corridors, and potential 
spawning/aggregation sites. In 2012 we recorded two-dimensional movements of lake trout and examined how 
individual fish utilized a verified spawning site. Based on lake-wide data collected 2011-2013, it was possible to 
locate six potential spawning sites, areas of high activity, and document seasonal differences in behavior.  
Transmitters with depth and temperature sensors provided additional information necessary for identifying putative 
spawning sites. Larval fish traps will be placed at sites based on telemetry data to validate if successful reproduction 
is occurring at suspected sites.  

mailto:ptsandstrom@gmail.com

