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SUMMARY

We used protein electrophoresis to determine the genetic composition of
45 trout populations in the Yaak River drainage, Montana. In the North Fork
Yaak drainage, all three populations sampled appear to be genetically pure
interior rainbow trout, Oncorhynchus mykiss. In the East Fork Yaak drainage,
six populations sampled appear to be genetically pure interior rainbow trout,
four populations are slightly hybridized with westslope cutthroat trout, 0.
clarki lewisi, and one population, established from hatchery introductions,
appears to be genetically pure westslope cutthroat trout. In the West Fork
drainage, all six populations sampled appear to be genetically pure westslope
cutthroat. In tributaries to the middle and Tower Yaak River 10 populations
appear to be genetically pure westslope cutthroat, 11 populations are
westslope cutthroat by rainbow trout hybrid swarms, and one population is a
westslope cutthroat by Yellowstone cutthroat trout hybrid swarm.

The available evidence indicates that interior rainbow and westslope
cutthroat trout coexisted in tributaries to the lower Yaak River. The rainbow
trout appears to have occupied the Tower portions of these streams and the
cutthroat trout the headwaters. In contrast, westslope cutthroat trout appear
to have been the predominant fish in the West Fork and middle Yaak drainage,
while interior rainbow trout appear to have been the predominant fish in the
North and East Forks of the Yaak River drainage. In addition, as one proceeds
northwards up the drainage the genetic impact of introduced coastal rainbow
trout on native populations diminishes.




~ INTRODUCTION

The waters of western Montana were historically inhabited by two trout
species; rainbow trout, Oncorhynchus mykiss, and westslope cutthroat trout, 0.
clarki lewisi. MWestslope cutthroat trout occurred throughout the region, but
evidence for native rainbow trout has come only from populations in two
Kootenai River tributaries (Allendorf et al. 1980; Holton 1990). Preliminary
evidence indicated that native rainbow trout existed in the Callahan Creek
drainage and that hybridized populations between native and introduced
hatchery rainbow trout existed in the Yaak River drainage (Allendorf et al.
1980).

Native rainbow trout and westslope cutthroat trout are considered fishes
of special concern by the State of Montana (Holton 1990) and sensitive species
by the United States Forest Service. Since the beginning of this century,
many native trout populations have been extirpated. Degradation of the
environment by human exploitation has made many waters unsuitable for the
existence of trout. Introduced brook trout, Salvelinus fontinalis, and brown
trout, Salmo trutta, have displaced native trout populations (Gresswell 1988).
This has probably most often occurred in conjunction with habitat degradation
which has made waters more suitable for the introduced than the native
species.

Introduction of Oncorhynchus taxa into waters outside their natural
range has also resulted in the loss of many native populations. These
introductions have often resulted in interbreeding between the native and
introduced fishes (reviewed by Allendorf and Leary 1988 and papers in
Gresswell 1988). This interbreeding has destroyed the genetic integrity of
many native populations and has replaced them with numerous hybrid swarms or
introgressed populations. That is, populations in which genes from two or
more trout taxa are randomly, or nearly so, distributed among individuals. In
such situations, no fish in the population is likely to be a genetically pure
representative of the hybridizing taxa unless it is a recent immigrant.

Preservation of native trout populations in Montana is now the goal of
fish management agencies. Identification of native populations is the initial
step of a conservation program. Once identified measures can be taken to
ensure the continued viability of the native populations. These populations
can also serve as a source of fish or gametes for restoration programs. That
is, programs that attempt to re-establish populations of the native taxon in
reclaimed waters or to found other populations in previously barren waters
within its natural range.

The distribution of potentially pure populations of native rainbow and
westslope cutthroat trout in the Yaak River drainage is poorly known.
Allendorf et al. (1980) examined only two samples from the lower drainage.
Here we report the results of our protein analysis of an additional 45
samples. The results indicate that nine of the samples appear to have come
from genetically pure populations of native rainbow trout, 18 apparently came
from genetically pure populations of westslope cutthroat trout, of which 17
are native and one is introduced, 17 came from populations in which
hybridization between rainbow and westslope cutthroat trout has or is
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“it-at a-very low frequency. Samples from-genetically-pure populations of — —
“rainbow trout and with LDH-B2* and sSOD-1* allele frequencies typical of ;

interior rainbow trout were considered to have come from native populations.

Samples from rainbow trout populations with allele frequencies intermediate to

those typical of interior and coastal rainbow trout were considered to have

come from hybridized populations between native and hatchery rainbow trout.

Isoloci

In salmonid fishes, some pairs of loci produce a protein with identical
function and electrophoretic mobility. For example, both sAAT-3* and sAAT-4*
produce an aspartate aminotransferase present in muscle. The protein produced
from the common allele at each of these loci occupies the same position in the
gels after electrophoresis. Such pairs of loci are commonly termed isoloci.
Their existence can be determined only when one or both loci are polymorphic
(genetically variable). In such situations, however, it is not possible to
determine at which Tocus of the pair a variant allele exists. In order to
estimate the allele frequencies at the isoloci in rainbow trout (SAAT-3.4%,
SIDHP-1,2*, sMDH-A1,2*, sMDH-B1,2*, and sMEP-1,2*) and westslope cutthroat
trout (sAAT-3,4*, sMDH-A1,2*, and SMDH-B1,2*) populations, therefore, each
pair wgs considered to be a single gene with four instead of two copies per
individual. ‘

RESULTS

Genetically pure interior rainbow trout populations

Alleles characteristic of only rainbow trout were detected at all the
diagnostic Toci in nine of the 45 samples analyzed (Table 4). With sample
sizes of 25 or more individuals, we can detect as little as one percent
westslope cutthroat trout genes in a hybrid swarm with rainbow trout 95% of
the time, assuming that the genes of the parental taxa are randomly
distributed among individuals. A1l sample sizes from these populations (Table
1 and 4) are near 25 fish except for the upper East Fork Yaak River (N=5) and
lower East Fork Yaak River (N=6). With these two exceptions then, we can be
reasonably certain that the remaining populations in Table 4 represent pure.
rainbow trout populations. Furthermore, the allele frequencies at LDH-B2* and
sSOD-1* are typical of interior rainbow trout indicating they are native
populations (Table 4).

Because of the smaller sample sizes from the two East Fork populations,
we can only be 95% certain that westslope cutthroat trout have had no more
than a 4% genetic contribution to them. These populations, therefore, might
be sTlightly hybridized with westslope cutthroat trout but we failed to detect
this because of sampling error. Until demonstrated otherwise, however, these
populations should be managed as pure native rainbow trout.

Hybrid rainbow trout populations

In the samples from Blacktail Creek, Caribou Creek, lower Hellroaring
Creek, Meadow Creek, lower Seventeenmile Creek, Solo Joe Creek, and East Fork
Yaak River, alleles characteristic of both westslope cutthroat and rainbow
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“trout alleles averaged 6Qer'é]Ti&idgnostiéf1Ebi.ijUbﬁéquehtIy,_fﬁeéé_
frequencies will be referred to as "corrected" for the presence of westslope
cutthroat trout genes.

Since LDH-B2*76 exists only at low frequency in coastal rainbow trout,
we assumed that all these alleles in a hybrid swarm were derived from interior
rainbow trout. Violation of this assumption would result in a slight over-
estimate of the interior rainbow trout genetic contribution.

The final assumption is that the frequency of LDH-B2*76 in interior
rainbow trout contributing to a hybrid swarm was equal to its average
frequency in the seven large samples from genetically pure populations (Table
4, X = 0.957). The two East Fork of the Yaak River samples were excluded in
determining the mean frequency of LDH-B2*76 among the native rainbow
populations because the relatively few specimens collected introduces large
standard errors in the allele frequency estimates. Although the allele
frequencies at this locus significantly differ among the seven samples used
(contingency table chi-square; P=0.034) we feel this is the best approximation
we can make in trying to determine the genetic contribution of interior
rainbow trout to a hybrid swarm when pre-hybridization allele frequencies at
this Tocus are not known. If the frequency of LDH-B2*76 was actually greater
than 0.957 in the hybridizing interior rainbow trout, then their genetic
contribution to a hybrid swarm would be slightly overestimated. The
contribution of interior rainbow trout would be underestimated if the
frequency of LDH-B2*76 in them was actually less than 0.957.

With the above assumptions, the proportion of interior rainbow trout
genes in a hybrid swarm is the corrected LDH-B2*76 frequency divided by 0.957
times the average rainbow trout genetic contribution. This value subtracted
from the average rainbow trout genetic contribution gives the proportion of
coastal rainbow trout genes in the population. When the corrected LDH-B2*76
allele frequency was very near or greater than 0.957 we assumed no coastal
rainbow trout genetic contribution.

Using the above procedure, it appears that only interior rainbow trout
contributed genes to the hybrid swarms in Blacktail Creek, Caribou Creek,
lower Hellroaring Creek, and East Fork Yaak River (Table 5). Both coastal and
interior rainbow trout apparently contributed genes to the hybrid swarms in
Meadow Creek and Tower Seventeenmile Creek (Table 5). Interior rainbow trout,
however, had a substantially greater contribution to these population than '
coastal rainbow trout. :

The hybrid swarm in Solo Joe Creek does not have as straightforward an
interpretation as the others. The relatively low frequency of LDH-B2*76
(Table 5) could indicate a small coastal rainbow trout genetic contribution or
an unusually Tow frequency of this allele in a once pure interior rainbow
trout population. We tend to favor the latter interpretation. Solo Joe Creek
is an East Fork Yaak River tributary. There are no known rainbow trout
introductions in this drainage (Montana Department of Fish, Wildlife, and
Parks, Joe Huston, personal communication) and no evidence of coastal rainbow
trout genes were detected in the East Fork Yaak sample below the confluence of

'.'H
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genetic contribution to the Wampoo Creek and Mt. Henry Lake populations; a 4%

— ——or 1.5% genetic contribution to the Koo Koo and upper Pete Creek populations;
a 5% or 2% genetic contribution to the lower Pete Creek population, and a 9.5%
or 4% genetic contribution to the Tower West Fork Yaak River population.
These populations, therefore, may be slightly hybridized with rainbow or
Yellowstone cutthroat trout but we failed to detect this because of sampling
error. Until demonstrated otherwise, however, these populations should be
managed as genetically pure westslope cutthroat trout.

Hybrid westslope cutthroat trout populations

In the Yaak River drainage, the sIDHP-1,2*71 allele generally
characteristic of rainbow and Yellowstone cutthroat trout occurred at
unusually high frequencies in "pure" and hybridized populations of westslope
cutthroat trout and was, therefore, excluded from the analysis used to
determine the relative purities of individual populations. In the Arbo,
Cyclone, Independence, middle Pete, lower Red Top, upper Spread, two lower
Spread, and two Turner Creek samples, alleles characteristic of both westslope
cutthroat and rainbow trout were detected at at least two diagnostic loci
(Table 7). In addition, in the upper Hellroaring Creek sample alleles
characteristic of westslope cutthroat and Yellowstone cutthroat trout were
detected at all diagnostic loci (Table 8).

Because there are no known barriers. between the two Turner Creek
samples, and the two lower Spread Creek samples came from the same approximate
location, we tested the possibility that these samples were derived from the
same reproductive population. The allele frequencies at the polymorphic Toci
(Table 7) between the two Turner Creek samples were statistically homogenous
(contingency table X’=10.776, df=7, P=0.149). Thus, there was no evidence of
genetic differences so we combined the Turner Creek samples in the following
analysis. In contrast, allele frequencies were statistically heterogeneous
(contingency table X*= 37.4, df=13, P=0.0004) between the lower Spread Creek
samples. Thus, these samples were treated independently in the following

analysis.

In order to determine if the genes from the two taxa were randomly
distributed among individuals in these hybrid swarms, we compared the
distribution of the number of rainbow trout and Yellowstone cutthroat trout
alleles per fish summed over all diagnostic loci to that expected based on a
Poisson distribution with a mean equal to the average frequency of these
alleles in each sample. The observed distribution of rainbow trout alleles
per individual conformed (P>0.05) to the expected random distribution in the
1984 Tower Spread Creek sample, the upper Spread Creek sample, and the Turner
Creek sample. Thus, these populations appear to be randomized hybrid swarms
with a predominant westslope contribution that contain no genetically pure
rainbow or westslope cutthroat trout. The observed distribution of
Yellowstone cutthroat trout alleles per individual also conformed to the
expected random distribution in the upper Hellroaring Creek sample. This

—population, therefore, appears to be a randomized hybrid swarm with an
approximately equal Yellowstone-westslope contribution and no genetically pure
Yellowstone or westslope cutthroat trout.
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Efa}fférenCESHahaﬁa'wééfgiﬁbﬁ_tﬁfthroat trout populations

Again, using the fixation indices of Wright (1978), we é;%iméiéd thé

amount of genetic divergence among the 17 native westslope populations (the
Mt. Henry populations being eliminated because it was established form
hatchery introductions) relative to the theoretical maximum of one when no

populations share alleles in common.

For the native westslope cutthroat trout

populations sampled, the total fixation index is 0.707 indicating a large
amount, of divergence. When this is partitioned into the amount due to
divergence among populations within the West Fork and lower Yaak drainages

(0.658

) and to differences between populations from the drainages (0.049) most

of the divergence is due to the former component. That is, within the
drainages there tends to be as much or more divergence among populations as

there
common
1988).

Distri

is when comparisons are made between drainages. This situation is
among westslope cutthroat trout populations (Allendorf and Leary,

DISCUSSION

bution of Oncorhynchus genes in the Yaak River drainage

Forks
Yaak d

Interior rainbow trout genes appear to predominate in the North and East
of the Yaak drainage (Figure 3). Al1 three samples from the North Fork
rainage and six of eleven samples from the East Fork Yaak drainage

appear| to be from genetically pure populations of interior rainbow trout.

Of the remaining samples from the East Fork of the Yaak drainage, four

came from interior rainbow trout populations that were slightly hybridized

with w

an int
additi
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wests]

wests]
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estslope cutthroat (Figure 5), while the Mt. Henry Lake sample came from
roduced pure westslope cutthroat trout population (Figure 4). 1In

on, the hybrid swarms in this drainage all exist below the confluence of
. Henry Lake outlet and Basin Creek. This suggests that the Mt. Henry
opulation is the main or sole source of hybridization between rainbow
stslope cutthroat trout in this portion of the Yaak drainage.

estslope cutthroat trout genes appear to predominate in the West Fork
rainage and in the middle Yaak drainage between Spread Creek and the
ence of the East and North Forks of the Yaak River (Figure 4). All six
s from the West Fork Yaak drainage and three of seven samples from the
Yaak drainage appear to have come from genetically pure populations of
ope cutthroat trout. In addition, the only sample from the South Fork
[Yaak River drainage, Beaver Creek, also came from a genetically pure
ope cutthroat trout population.

The remaining four samples from the middle Yaak drainage came from

ope cutthroat trout populations that were slightly hybridized with

W trout. The upper Spread Creek and Turner Creek populations represent
bpe cutthroat by coastal rainbow trout hybrid swarms that contain a low
tage of rainbow genes. The middle Pete Creek and lower Spread Creek
tions represent hybrid swarms that mainly contain westslope cutthroat
and approximately equal proportions of interior and coastal rainbow
genes.
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- Our data suggest that in the Yaak River drainage native rainbow and
westslope cutthroat trout had a more complex spatial distribution, at Teast in
the tributaries, than in the Idaho drainages. In the lower tributaries,
distributional patterns appear to be similar to those in Idaho. Rainbow trout
occupied the Tower waters and westslope cutthroat trout the headwaters. In
the middle Yaak drainage, however, the lower reaches of the tributaries appear
to have mainly been occupied by westslope cutthroat trout as none of the
samples were collected above dispersal barriers. Historically, interior
rainbow trout may never have entered these streams. In the upper Yaak
drainage, westslope cutthroat trout occupied the West Fork of the Yaak River
and its headwater tributaries, while rainbow trout occupied the North and East
Forks of the Yaak River and their headwater tributaries. In Idaho, such
waters historically were occupied by westslope cutthroat trout.

Hybridization

There are two possible explanations for the small amount of
hybridization observed between interior rainbow and westslope cutthroat trout
in four East Fork Yaak River drainage populations: East Fork Yaak River,
Caribou Creek, Blacktail Creek, and Solo Joe Creek. It may represent a small
and sporadic amount of hybridization between native rainbow and westslope
cutthroat trout, or it may represent recent hybridization between native
rainbow and introduced hatchery westslope cutthroat trout.

We tend to favor the latter hypothesis. According to stocking records
(Joe Huston, personal communication) the only Tocation in the East Fork Yaak
drainage where hatchery westslope cutthroat trout have been introduced is
upper Mt. Henry Lake in 1971, 1978, 1983, and 1987. This lake drains 1into
Basin Creek below the confluence of the East and West Forks where our samples
were obtained. The Mt. Henry Lake population is, therefore, the likely source
of the westslope cutthroat trout genes observed in the East Fork Yaak
drainage. The introduced fish have probably emigrated out of the lake and
hybridized with the native fish in the lower reaches of Basin Creek. From
here hybridization has probably proceeded downstream to the East Fork Yaak
River and from there spread to the lower reaches of Caribou, Solo Joe, and
Blacktail Creek where the samples were obtained.

The data provide some circumstantial support for this scenario. In
Caribou Creek and the East Fork of the Yaak River, the westslope cutthroat
genes were largely confined to one fish in each sample, while in Blacktail
Creek and Solo Joe Creek, the westslope cutthroat trout genes were largely
confined to two fish in each sample. These populations, therefore, appear to
have only recently become hybridized with westslope cutthroat trout and this
is consistent with the history of westslope introductions into Mt. Henry Lake.
Furthermore, there appears to be a relationship between sampling date and the
percentage of westslope cutthroat trout genes present in the hybridized
populations. That is, the more recent a population was sampled the higher its
percentage of westslope cutthroat trout genes.

This suggests that emigrét;an and"hybridization between the westsIoﬁé -
cutthroat introduced into Mt. Henry Lake and the native interior rainbow trout
is an ongoing process. It further suggests that the amount and extent of

e
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~ population the latter may be more likely than assuming they all arose from a

single hatchery introduction. 5 kel = = = s e

Although none of the remaining populations have documented records of
trout introductions the hybridization in them is probably also due to
introductions in the Yaak drainage. The hybridization observed in upper
Hellroaring Creek confirms that at some point this creek was stocked with
Yellowstone cutthroat trout. Protein data from the other hybridized
populations sampled in the lower Yaak drainage also suggest that in
Hellroaring, Meadow, and Seventeenmile Creek, both the interior rainbow and
westslope cutthroat trout naturally coexisted. Native westslope cutthroat
occupying the headwaters and interior rainbow trout occupying the lower
reaches of the creeks. Hybridization between them probably rarely if ever
occurred because of spatial and possibly temporal differences in spawning.
Furthermore, the westslope cutthroat trout in the upper creeks may have been
isolated from the native rainbow trout because of a dispersal barrier.

The most Tikely scenario to explain the hybridization observed in these
creeks is that introduced coastal rainbow trout or their descendants entered
these systems from the main Yaak. This resulted in hybridization between the
introduced and native rainbow trout. Occasionally westslope cutthroat trout
would emigrate to the area from above, but because of premating reproductive
isolating mechanisms hybridization seldom occurred between them and the native
rainbows. Once the latter had extensively hybridized with the introduced
rainbows or their descendants, the premating reproductive isolating mechanisms
broke down. Thus, hybridization was initiated between rainbow and westslope
cutthroat trout in the creek. This is also probably still occurring because
some of the fish in the samples appeared to be of recent hybrid origin.
Through time, therefore, we expect the percentage of westslope cutthroat trout
genes in these populations to increase.

In Cyclone, Independence, and lower Red Top Creek, it appears that both
westslope cutthroat and interior rainbow trout historically occupied these
creeks. The presence of coastal rainbow trout genes in lower Red Top Creek
suggests that hybridization in this creek may have been initiated by coastal
rainbow trout. Due to the apparent absence of coastal rainbow trout genes in
the Cyclone and Independence Creek populations, however, we can not rule out
the possibility that interior rainbow and westslope cutthroat trout may have
sporadically hybridized in the Tower reaches of these creeks.

In summary, hybridization between rainbow and westslope cutthroat trout
in the Yaak drainage appears to mainly be due to the introduction of hatchery
fish. In the upper drainage, it seems to have been initiated by the fairly
recent introduction of hatchery westslope cutthroat trout. In the middle and
Tower portion of the drainage, with the exceptions of Turner, upper
Hellroaring and Arbo Creek, most of the hybridization is probably attributable
to the introductions of coastal rainbow trout that occurred in the main Yaak
between 1934 and 1969. Due to a barrier falls at the mouth of Turner Creek,
the coastal rainbow trout genes observed there are probably derived from an
undocumented rainbow trout introduction, while the hybridization observed in
upper Hellroaring Creek undoubtedly results from an undocumented introduction
of Yellowstone cutthroat trout. The hybridization in Arbo Creek, however,
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~Name, status (W = westslope, R = rainbow, W x R = westslope - rai
R X W =rainbow - westslope hybrids, W x Y
location (township,
45 trout samples fro

nbow h

Taxonomic __Location
Name o~ OLACHS T R S N Date
1. Arbo Creek WxR 33N 33W 13 30 15 Sep 87
2. Wampoo Creek ; W 33N 33W 4&5 12 18 Sep 91
3. Seventeenmile Creek (Tower) RxW 34N 33W 27 26 Sep 87
4. Seventeenmile Creek (upper) W 33N 320 9 19 Sep 87
5. Fourth of July Creek W 34N 33W 30 25 18 Sep 91
6. Independence Creek W xR 34N 33W 15C 25 16 Sep 91
7. Cyclone Creek WXxR 34N 33 6 25 18 Sep 91
8. Red Top Creek (lower) WxR 35N 33W 31 25 17 Sep 91
9. Red Top Creek (upper) W 34N 34W 11 25 17 Sep 91
10. Meadow Creek RxW 35N 33W 19 25 13 Sep 91
11. South Fork Meadow Creek W 35N 34W 22 25 16 Sep 91
12. North Fork Meadow Creek W 35N 34W 13 25 16 Sep 91
13. Hellroaring Creek (lower) Rx W 35N 33W 18 24 13 Sep 91
14. Hellroaring Creek (upper) Y x W 36N 340 35 27 11 Sep 91
15. Spread Creek (Tower) WxR 35N 33W 3 25 11 Sep 91
16. Spread Creek (lower) WxR 35N 33W 3 10 26 Sep 84
17. Spread Creek (upper) WxR 36N 33W 19 26 9 Sep 91
18. Pheasant Creek W 35N 33W 12C 26 5 Sep 91
19. Pete Creek (Tower) W 36N 32W 29 6 Sep 87
20. Pete Creek (middle) WxR 36N 320 19 10 5 Sep 91
21. Pete Creek (upper) W 37N 33W 36 7 5 Sep 91
22. Beaver Creek W 36N 31W 34C 25 5 Sep 91
23. Turner Creek WxR 36N 31W 23C 25 9 Sep 91
24. Turner Creek ' WxR 36N 31W 25 27 20 Sep 90
25. French Creek W 37N 32W 35 26 22 Aug 91
26. West Fork Yaak River W 37N 32W 35 3 Sep 87
27. West Fork Yaak River W (Canada) 25 30 Sep 91
28. West Fork Yaak River W 37N 320 6 25 16 Sep 91
29. Garver Creek W 37N 32W 18 19 23 Aug 91
30. West Fork Yaak River W 37N 33W 22 25 16 Sep 91
31. Koo Koo Creek W 37N 31W 20 7 22 Aug 91
32. East Fork Yaak River R 37N 31W 23 6 22 Aug 91
33. Blacktail Creek RxW 37N 30W 17 25 21 Aug 91
34. East Fork Yaak River RxW 37N 30W 29 22 15 Sep 87
35. Solo Joe Creek RxW 37N 30W 32 27 19 Sep 90
36. Caribou Creek RxW 37N 30W 22 24 19 Jul 86
37. Mt. Henry Lake W 36N 30W 17A 12 7 Jul 92
38. Basin Creek R 36N 30W 16D 28 18 Sep 90
39. West Fork Basin Creek R 36N 30W 21 28 18 Sep 90
40. East Fork Basin Creek R 36N 30W 21 27 18 Sep 90
——41. Porcupine Creek R ~36N_30W 13 24 19 Sep 90
42. East Fork Yaak River R 37N 29W 31 5 21 Aug 91
43. North Fork Yaak River R 37N 31W 10 26 20 Sep 90
44. North Fork Yaak River R (Canada) 24 10 Oct 91
45. Boyd Creek R 37N 32W 1A 25 6 Sep 91

JEe——
= westslope - Yellowstone hybrids),
range, section), sample size (N), and collection date of

m the Yaak River drainage, Montana.
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— —Allele-frequencies at the polymorphic loci in native rainboW. out populations in the Yaak River drainage,
- ——Montana.. ALl other_loci analyzed but not listed here were genetically invariant forthe gllele————0r ————
‘characteristic of rainbow trout. The number designations below the East and North Fork of the Yaak River
samples correspond to the sample numbers listed in Table 1.

Samples and Allele Frequencies

E. Fk. W. Fk. E. Fk. E. Fk. N. Fk. N. Fk.
Basin Basin Basin Boyd Porcupine Yaak Yaak Yaak Yaak
Creek Creek Creek Creek Creek River River River River
Locus Alleles (31 (33) (41) (44)
GPI-B2* 100 1.000 1.000 1.000 1.000 0.979 1.000 1.000 1.000 1.000
nul - - - = 0.021 = = = -
i . mIDHP-2* 100 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.981 1.000
140 = - ~ 5 - 22 = 0.019 -

sIDHP-1,2* 100 0.500 0.509 0.500 0.500 0.500 0.500 0.500 0.635 0.500
71 0.500 0.482 0.500 0.190 0.469 0.500 0.333 0.231 0.479
- 0.009 T 0.310 0.031 - 0.167 0.134 0.021

LDH-B2* 100 0.056 0.089 0.036 = 0.104 0.200 - 0.019 =
76 0.944 0.911 0.964 1.000 0.896" 0.800 1.000 0.981 1.000

LDH-C* 100 1.000  1.000  1.000 1.000 1.000  1.000  1.000  0.981 1.000
95 . - - - - - . 0.019 .

SMDH-B1,2% 100  0.991 1.000  1.000 1.000 1.000  1.000  1.000  0.981 1.000
83 - - - - - - - 0.019 -
125  0.009 - - - - - - - -

|
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~ Allele frequencies at th

e'ﬁni

— cutthroat trout in the Yaak River drainage, Montana.

but not Tisted here were genetically invariant for the

of westslope cutthroat trout.

ymorphic Joci in populations of westslope — —

A1l other loci analyzed
allele characteristic

Samples and Allele Frequencies

Beaver French Koo Koo  Fourth of Garver
Locus Alleles Creek Creek Creek July Creek Creek
SAAT-1* 200 * 1.000 1.000 0.940 0.895
L 250 * - 2 0.060 0.105
CK=-C1* 100 1.000 1.000 1.000 1.000 1.000
38 - - - - "
GPI-B1* 100 1.000 1.000 1.000 1.000 1.000
null " - < = ”
sIDHP-1* 86 0.680 - 1.000 1.000 0.579
i1 0.320 1.000 - - 0.421
sIDHP-2* 100 0.900 1.000 1.000 1.000 1.000
40 0.100 - - - -
LDH-A2* 100 1.000 1.000 1.000 1.000 1.000
¥, B 5 - = *
LDH-C* 100 1.000 1.000 1.000 1.000 1.000
95 - - - - =
sMDH-B1,2* 100 1.000 1.000 1.000 1.000 1.000
83 - : " " .
PGDH* 100 1.000 - 1.000 1.000 1.000
110 < 1.000 - - -
~ PGM-2* 100 1.000 - 1.000 1.000 0.974 -
85 - 1.000 - - 0.026
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~ Allele frequencies at the diagnost

— = ¢ Toci between westsTope cutthroat frout —
e _and_nainbow_irout_andmat"the“two_locj_that_djfferenijate_coasia1 and interior
rainbow trout in ten westslope cutthroat-rainbow trout hybrid swarms in the

Yaak River drainage, Montana. The table follows the conventions of Table 5.

Samples and Allele Frequencies

Middle Lower

Arbo Cyclone  Independence Pete Red Top
Locus Alleles Creek Creek Creek Creek Creek
SAAT-1* 200 0.533 0.800 0.860 0.950 0.080
250 T = G = 0.800
' 100 0.467 - 0.200 0.140 0.050 0.120
CK-A2* 84 0.600 0.840 0.760 0.700 0.880
100 0.400 0.160 0.240 0.300 0.120
GPI-A* 92 0.500 0.800 0.780 0.750 0.880
100 0.500 0.200 0.220 0.250 0.120
IDDH* 40 0.550 0.760 0.780 0.850 0.860
100 0.450 0.240 0.220 0.150 0.140
sIDHP-1,2* 86 0.183 0.350 0.240 0.250 0.340
114 0.017 - - - -
100 0.467 0.510 0.490 0.575 0.540
71 0.125 0.100 0.220 0.175 0.120
40 0.208 0.040 0.050 - -
mMEP-1* 88 0.633 0.820 0.800 0.750 0.880
null 0.367 0.180 0.200 0.250 0.120
Average westslope 0.563 0.804 0.796 0.800 0.876
Average rainbow 0.437  0.196 0.204 0.200 0.124
LDH-B2* 100 0.850 0.800 0.740 0.900 0.900
(0.657) (-) (-) (0.500)  (0.194)
76 0.150 0.200 0.260 0.100 0.100
(0.343)  (1.000) (1.000)  (0.500)  (0.806)
sSOD-1*% 152 0.133 0.040 0.140 - -
(0.304) (0.204) (0.686) (-) (-)
100 0.867 0.960 0.860 1.000 1.000
(0.696)  (0.796) (0.314)  (1.000)  (1.000)
Average coastal 0.157 3 - 0.0% 0.020
Average interior 0.280 0.196 0.204 0.104 0.104
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uencies at the di
Yellowstone cutthroat trout

S ] T

agnostic Toci between westslope cutthroat and

in the Yaak River drainage, Montana.
cutthroat trout is listed first.

characteristic of westslope

Sample and Allele Frequencies

Average Yellowstone

(Upper)

Hellroaring
Creek
200 . 0.333
165 0.667
100 0.365
38 0.635
92 0.611
100 0.389
40 0.463
100 0.537
100 0.574
=75 0.426
88 0.444
null 0.556
100 0.537
90 0.463
100 0.556
110 0.444
100 0.444
101 0.556
100 0.481
135 0.519
100 0.537
null 0.463
Average westslope 0.486
0.514

The allele
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_ | 34 | East Fork Yaak
River 42
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Figure 2. Schematic diagram of the locations of 45 populations sampled from the Yaak
River drainage, Montana. The numbers correspond to those given in Table 1.
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Figure -4-— Schematic diagram of the locations of 18 putative westslope cutthroat trout
populations sampled from the Yaak River drainage, Montana. The numbers correspond to
those given in Table 1. Population 37 is derived from hatchery introductions of

westslope cutthroat trout.




East Fork Yaak

North Fork Yaak ' 34 36
' River | l
I River
~——  West Fork ég _I e
Yaak il
i i 1
River
D
South Fork Yaak
River
O
4
Yaak River
Yaak Falls
1
Kootenai River
Figure 5. Schematic diagram of the locations of 18 hybrid populations sampled from

the Yaak River drainage, Montana.

The numbers correspond to those given in Table 1.

& Indicates a hybridized inland rainbow trout population.

=5

@ indicates a westslope cutthroat by rain

bow trout population. e —




