
R E S PON S E TO ED I T O R

No evidence for ecological segregation protecting native trout
from invasive hybridization

We appreciate the comments of Young et al. (2017) on our recent

paper (Muhlfeld et al., 2017) concerning spatiotemporal dynamics of

hybridization between native westslope cutthroat trout (Oncor-

hynchus clarkii lewisi; WCT) and introduced coastal rainbow trout

(Oncorhynchus mykiss irideus; RBT). Nevertheless, we believe there is

no evidence for “ecological segregation” protecting WCT from hybri-

dization with invasive RBT. Here we consider their three major argu-

ments for ecological segregation and find their conclusions invalid.

First, Young et al. (2017) argue that the current distribution of

WCT in cold, headwater streams and RBT in larger, warmer environ-

ments reflects physiological differences between species. This argu-

ment is incorrect based on historical and contemporary data. WCT

were historically abundant throughout watersheds, including down-

stream habitats (Behnke, 1992; Shepard, May, & Urie, 2005). WCT

populations are currently restricted to headwater streams as a result

of the ongoing spread of introduced RBT from the legacy of stocking

in lower elevation lakes and rivers and habitat loss. Although climatic

conditions affect habitat choice, there is no evidence that natural

selection favors RBT in warmer environments (Kovach et al., 2015,

2016), and RBT admixture was evident across the range of thermal

variation found in our study area (Muhlfeld et al., 2017). These pat-

terns corroborate data showing that RBT and WCT have similar opti-

mum temperatures (Bear, McMahon, & Zale, 2007), and that minor

physiological differences between the species are often intermediate

in hybrids (Yau & Taylor, 2014).

Second, Young et al. (2017) contend that the nonrandom distribu-

tion of RBT alleles in hybridized samples and the presence of nonhy-

bridized individuals provides further evidence for “ecological

segregation” and “resistance to introgression”. However, the most

likely explanation for the nonrandom distribution of RBT alleles is that

many of these samples are recently hybridized, include highly admixed

migrants (immigrants) from lower elevation areas, or nonhybridized

WCT from above barriers (e.g., Boyer, Muhlfeld, & Allendorf, 2008;

Kovach et al., 2015). Further, some of the genotyped loci are linked so

that nonrandom distribution of genotypes (i.e., linkage disequilibrium,

LD) will persist for many generations (Forbes & Allendorf, 1991).

For example, McKelvey et al. (2016) reported that Grouse Creek

had 10.8% RBT alleles at diagnostic loci, and that these alleles were

nonrandomly distributed among individuals. However, there is sub-

stantial LD among all pairs of diagnostic loci in this sample. More-

over, there are three fish that appear to be nonhybridized WCT,

several fish that appear to be F2 backcrosses with nonhybridized

WCT, and all of the loci in this sample are in Hardy–Weinberg pro-

portions—indicating random mating. Together, these facts suggest

that the immigration of RBT alleles into the WCT population is

recent, not that the population is resistant to introgression. Recent

hybridization and hybrid immigration is particularly likely given that

samples genotyped in McKelvey et al. (2016) and used in Young

et al. (2016) were primarily from higher elevation streams where

hybrid dispersal and subsequent admixture are expected to be more

recent than in lower-elevation reaches near historical stocking

locations.

McKelvey et al. (2016) used 68 diagnostic loci between WCT

and RBT, and there are 30 chromosome pairs in the coastal RBT

karyotype (Thorgaard, 1983). Thus, many pairs of diagnostic loci

must be on the same chromosome. Linkage between loci will reduce

the rate of decay of LD from one-half per generation to (1-r), where

r is the rate of recombination between loci. We have not reanalyzed

data from McKelvey et al. (2016) for LD between all pairs of diag-

nostic loci, but two diagnostic loci (OclWD_P53_307Kal and

OclRD_P53T7R2_Har) appear to be closely linked because strong LD

is present in all samples. WCT and RBT alleles at these loci will

remain nonrandomly distributed for many generations.

Finally, the natural sympatry of WCT with the Columbia River

redband (i.e., native) rainbow trout (rRBT; Oncorhynchus mykiss gaird-

neri) does not imply ecological segregation between WCT and intro-

duced hatchery coastal RBT. Data presented in Young et al. (2016)

and (2017) do not distinguish between hybridization with native

(rRBT) and introduced RBT. Nonnative coastal rainbow trout were

widely stocked in Idaho, USA. Weigel, Peterson, and Spruell (2003)

concluded that hybrids in the Clearwater Basin of Idaho resulted

from hybridization between native WCT and introduced RBT, not

WCT and rRBT. Similarly, Allendorf, Espeland, Scow, and Phelps

(1980) detected both rRBT and introduced coastal RBT in the Koote-

nai Basin, Montana, USA. Hybridization between naturally sympatric

populations of WCT and rRBT appears rare when introduced coastal

RBT are absent, while the presence of coastal RBT acts as a genetic

threat to both WCT (Shepard et al., 2005) and rRBT (Muhlfeld et al.,

2015). This pattern is consistent with observations from other sal-

monids indicating maintenance of reproductive barriers between

species in areas of natural sympatry and erosion of barriers following

the introduction of hatchery fish (e.g., Castillo et al., 2008).

Our 40-year genetic monitoring data clearly demonstrate that

hybridization has increased over time (Muhlfeld et al., 2017), further
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reducing the limited range of nonhybridized WCT (10%–20% of their

historical range; Shepard et al., 2005). Further, most remaining WCT

populations are not viable in the long-term because they are small

and isolated. To prevent genomic extinction of additional populations

of native WCT, conservation strategies must mitigate human stres-

sors that interact with climate to promote the expansion of invasive

RBT. We applaud the extraordinary efforts of fisheries managers to

restore and protect WCT populations, and we emphasize the need

to continue these conservation efforts in an era of rapid environ-

mental change.
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