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Several subspecies of cutthroat trout, Salmo clarki, including the Snake 
River, Yellowstone, and Colorado cutthroat, are native to Wyoming. Because 
these fish have evolved in independent drainages their morphological and 
ecological characteristics have diverged significantly. · Based upon these 
kinds of differences Behnke (1971, 1972) has identified two subspecies of 
cutthroat trout in the Snake River drainage in Wyoming. Recent fish taxonom­
ic studies, however, also employ electrophoretic techniques to measure 
the extent of genetic divergence between suspected species or subspecies 
populations. The amount and kind of genetic variability and the extent of 
genetic divergence between Wyoming's cutthroat trout populations is unknown. 

The present study employed multilocus electrophoretic data to study the 
genetic structure of breeding populations of cutthroat trout within the Snake 
and Yellowstone River drainages. Genetic diversity of Wyoming's cutthroat 
trout populations is potentially important to maximize the success of 
fisheries reestablishment programs throughout the State. The objectives of 
this study were: 

1. To determine the level of biochemical heterogeneity which exists 
within natural populations of cutthroat trout in the Snake and 
Yellowstone River drainages. 

2. To measure the genetic similarity of the different cutthroat trout 
populations present in these independent drainages, and 

3. To determine the extent of genetic differentiation between fine­
and large-spotted cutthroat trout populations within the Snake 
River. 

Procedures 

Location of the study sites: Three cutthroat trout populations were 
sampled within the Yellowstone drainage: 1) a fluvial population of large­
spotted cutthroat from the Yellowstone River sampled during its spawning run 
at Le Hardy's rapids; 2) a lacustrine population of large-spotted cutthroat 
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trout from Yellowstone Lake collected during a spawning run in Pelican Creek; 
and 3) a thermally isolated population of large-spotted cutthroat trout 
in Sedge Creek. Four populations were sampled within the Snake River drain­
age: 1) a small fluvial population of large-spotted cutthroat trout from 
Dime Creek; 2) two fluvial populations of fine-spotted cutthroat trouts 
captured while on redds in the Black Tail ponds and in the Bar B-C Creek; 
and 3) large-spotted and fine-spotted cutthroat trout collected from the 
main body of the Snake River adjacent to the Jackson Hole Biological Research 
Station. Collection methods included dip netting at ~e Hardy's rapids, 
trapping on Pelican Creek and the Bar B-C Spring Creek, electrofishing at 
Sedge and Dime Creek, seining at the Black Tail Ponds, and angling in the 
main body of the Snake River. 

Electrophoretic studies: Samples of blood, skeletal muscle and 1 iver were 
removed from freshly killed specimens and frozen in liquid nitrogen. Muscle 
and 1 iver extracts, prepared by tissue homogenization and high speed centri­
fugation, were analyzed electrophoretically in vertical polyacrylamide slab 
gels. Blood proteins, alfrumins and transferrins, and general muscle proteins, 
encoded by five presumptive genetic loci, were analyzed. The enzymes chosen 
for study included those shown by previous investigators to be polymorphic 
in other fish species and included lactate dehydrogenase (LDH), malate 
dehydrogenase (MDH), alphaglycerolphosphate (aGPDH), sorbitol dehydrogenase 
(SOH), glutamate dehydrogenase (GDH), xanthine dehydrogenase (XDH), hexose-6-
phosphate dehydrogenase (H6PDH), esterase (EST), aspartate-amino-transferase 
(AAT), and superoxide dismutase (SOD). 

Genetic loci were considered polymorphic if the frequency of the predominant 
allele was less than 0.99. Genetic heterozygosity was estimated by calculat­
ing the expected heterozygote frequency from the observed allele frequencies. 
The genetic identity of all possible pairs of populations was calculated 
following the method of Nei (1972). 

Results 

Relatively little biochemical genetic variability was found in over 200 
cutthroat trout sampled from the seven populations in the Snake and Yellow­
stone River drainages. Only two of the 23 genetic loci studied, aspartate 
amino transferase (AAT) and esterase (EST), exhibited allelic variation. 
Aspartate amino transferase had three alleles, AAT(98), AAT(lOO), and 
AAT(l02), and was polymorphic in four populations sampled. Esterase also 
had three allelic variants, EST(98), EST(lOO) and EST(l02), and was poly­
morphic in four populations. One individual collected from Bar B-C Spring 
Creek had all three esterase alleles, suggesting that the esterase locus 
may be duplicated in cutthroat trout. 

Genetic structure of cutthroat trout populations: Two parameters of the 
genetic structure of populations are the proportion of polymorphic loci per 
population (P) and the average heterozygosity per individual (H). These 
values were calculated for all seven populations studied and are presented 
in Table 1. The average heterozygosity (0.01) is within the lowest range 
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reported for vertebrate and invertebrate species, including other salmonid 
fish. 

Interpopulation Variation. The distribution and frequencies of allelic 
variants at both polymorphic loci are given in Table 2. AAT(l02) was 
found only within the Vel lowstone drainage and EST(98) was present only 
within the Snake River drainage. Because EST(98) was found in both large­
spotted and fine-spotted cutthroat trout, it appears that the allelic vari­
ants are associated with the particular drainages and not with discrimi­
nating morphological characters such as spotting patterns. 

The genetic similarities of al 1 possible population pairs was calculated 
utilizing Nei 's (1972) index of genetic identity. These values are summa­
rized in Table 3. The similarity values all fall wlthin a very narrow 
range of 1.00 to 0.995. There were no apparent differences between the 
genetic similarities among all combinations of drainages, habitats, or 
morphological forms tested. 

Discussion 

Although the morphological spotting pattern varies considerably both within 
and between populations of cutthroat trout in the Snake River and Yellow­
stone River drainages, the present study failed to reveal evidence of 
comparable biochemical genetic variability in the same populations. Estimates 
of genetic heterozygosity varied between populations, but all were within 
the low range reported for other vertebrates. Reduced gene flow between 
populations, population bottlenecks, and phyletic age have been shown to 
affect genetic heterozygosity of populations. Because of recent glaci-
ations in the area, al 1 three factors are potentially important to account 
for the low heterozygosities observed in these populations. The two 
smallest populations studied, one from a thermally isolated population in 
Sedge Creek and another from Dime Creek, an extremely small tributary to 
the Snake River, had the lowest heterozygosity values (0.00). This low 
value is probably the result of recent bottlenecks in population numbers. 
The reason for the low level of genetic heterozygosity in the other five 
cutthroat trout populations sampled is not readily apparent. Other investi­
gators (Utter et al., 1973) also have reported little biochemical genetic 
variation in saTmonid fish. 

The cutthroat trout populations of the Snake and Vel lowstone River drainages 
have been classified by some taxonomists as two separate subspecies on the 
basis of the conspicuous differences in their spotting patterns and their 
different ecological characteristics. However, the genetic basis of spotting 
patterns in cutthroat trout is unknown and no other differences between the 
purported subspecies have been shown for other meristic characters studied. 
The genetic identity measurements determined from our electrophoretic studies 
of the seven cutthroat trout populations were well within the range normally 
observed for local populations of other fish species. The presence of the 
rare E~1(98) allele in both large-spotted and fine-spotted cutthroat trout 
i n h vo populations in the Snake River drainage suggests that gene exchange 
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may occur between the two different morphological forms of cutthroat trout. 
There was no apparent association between the rare EST(98) allele and any 
specific habitat type. 

It appears that morphological divergence has occurred at a much faster rate 
than biochemical divergence in the Wyoming cutthroat trouts. Behnke has 
proposed that the cutthroat trout subspecies he has described had a post­
glacial origin, whereas Svardson (1970) proposes that they had a pre-glacial 
origin. It is possible to estimate the time of genetic divergence of 
several populations from electrophoretic data utilizing Nei •s (1972) methods. 
Our calculations suggest that the Cutthroat trout populations sampled in 
the present study began to diverge about 20,000 years ago during the reces­
sion of the last major Pleistocene glaciation. 

Conclusions 

Our data, based upon a single years study, indicates that (1) there is 
relatively little biochemical genetic variability within the seven cutthroat 
trout populations studied, (2) large-spotted and fine-spotted cutthroat 
trout populations show a high genetic similarity value, and (3) the large­
spotted and fine-spotted cutthroat trout populations are at an early stage 
of genetic divergence. 

Future Studies 

In future studies we propose: 

1. to determine the relative proportions of large-spotted and fine-spotted 
cutthroat trout in several Snake River drainage populations, 

2. to determine the allele frequencies for the esterase (EST) and aspartate­
amino-transferase (AAT) loci in each population studied, and 

3. to determine if gene exchange does occur between the large-spotted and 
fine-spotted morphological types of cutthroat trout. · 
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Table . 1. Estimates of genetic diversity in cutthroat trout populations 
from 23 genetic loci. 

Pro~ortion of Loci 
Number of Polymorphic per Heterozygous per 

Population individuals population individual 

Le Hardy's Rapids 50 .09 .0260 
Pelican Creek 57 . 05 .0026 
Sedge Creek 8 . 00 .0000 
Dime Creek 10 .00 .0000 
Snake River 50 .05 . . 0100 
Black Tai 1 Ponds 26 .09 .0160 
Bar B-C Spring Creek 16 . 09 .0180 

Table 2. Allele frequencies of polymorphic loci in cutthroat trout populations. 

Aspartate 
98 

Le Hardy's Rapids 0. 11 
Pelican Creek 0.015 
Sedge Creek 
Dime Creek 
Snake River 
Bl ackta i 1 Ponds 0.08 
Bar B-C Spring Creek 0.03 

Amino Transferase 
100 102 

0.87 0.02 
0.97 0.015 
1. 00 
1. 00 
1. 00 
0.92 
0.97 

Esterase 
98 100 

0.75 
1. 00 
1.00 
1. 00 

0.04 0.87 
0.85 

0.012 0.77 

102 

0.25 

0.09 
0. 1 5 
0.21 

Table 3. Matrix of genetic similarities between populations of Salmo clarki. 

P.C. s. c. D.C. S.R. B.P. B.C. 

Le Hardy's Rapids 0.996 0.996 0.996 0.998 0.998 0.996 
Pe 1 i can Creek 1. 000 1.000 1. 000 0.994 0.997 
Sedge Creek 1. 000 1. 000 0.995 0.997 
Dime Creek 1.000 0.995 0.997 
Snake River 0.998 0.998 
B 1 ack Ta i 1 Ponds 0.998 
Bar B-C Spring Creek 

X -997 
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