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State of California The Resources Agency

Memorandum

To : Files, Independence Lake, Sierra County 2 iAugust 26 1992

Department of Fish and Game - Region 2

1992 Summary of CTL Spawning Surveys

A total of seven surveys were conducted on Independence
Creek during the 1992 season. Surveys were begun on Apral 23 and
ended August 14. The May 27 and June 16 surveys were conducted
by Ms. Ann Carlscn and Ms. Wendy Thompson of the UlSilorest
Service, Tahoe National Forest. All other surveys were conducted

by myself.

Water volumes in the creek were above average early in the
season and declined rapidly to the low levels which have come to
characterize the stream late in the season. Water flows were
adequate to maintain surface flow in the creek during the survey
period, and young-of-the-year CTL should have access to
Independence Lake this fall.

It was noted that many more Lahontan (Tahoe) suckers (LSKE)
appear to be using the stream this year than in the recent past.
The reasons for this change are unknown.

Below is a summary of survey data information:
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The mean size of the spawning CTL was smaller, with fish in
the 14-16 inch size class comprising 56% of the run. Far fewer
numbers of the 22-24 inch size class (8%) were seen as compared
to surveys since 1988.

Changing environmental conditions in the Independence Creek
watershed are the likely cause for the changes monitored in this
survey. Every effort should be made to survey the system as
early in the year as pos51b1e, preferably beginning in early
April.  Further information is necessary to determine whether the
tlmlng and composition of the CTL spawning run as. shifting to
survive changing env1ronmental conditions.

//John I. Hiscox
'~ Associate Fishery Biologist

bc: | Mr., Patrick. O/Brier
Region 2
| Mr. Eric Gerstung
_Region 2
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Total Length of CTL
Spawners (inches)

Date _ 1415 18270 e
4/23 8 0 2
5/15 18 8 3
5/27

6/5

6/16

7713

8/14 0 0

Totals 5] 42 7.5
S of Total 773 i 1 D6% % 8% 0% 100%

The 1992 surveys yielded several notable changes in the
character of the CTL spawning run. Drought conditions allowed
access to the stream far earlier than in past years. These
earlier surveys suggest that the CTL run itself may be shifting
to a late-spring phenomenon, with its peak around mid-May. Total
observed CTL numbers for this year is more than triple what have
been monitored over the past three years, with 57% of the fish
occurring before May 15.
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Table 3. Indices of Lahontan Cutthroat Trout Abundance in Independence Lake, 1973-1991

Year No. of CTL Gillnet Sport Caught Mean No. of Total No.
Planted Index CTL (landings) Spawners Observed of CTL
Per Survey Sightings

1973 21,500 F 84 weir /
1974 None 78 weir v
1975 75,000 Y 59 weir L/
1976 6,200 Y 83 weir I/
1977 17,500 Y 20 weir &/
1978 None 40 weir v
1979 12,000 Y
1,400 C 316 plant?
18 wild 2
1980 1,500 C 524 planted
‘ 25 wild 2/
1981 1,900 C <
1982
1983
1984
1985
1986
1987

1988
1989
1990
1991

F = Fingerlings Y = Yearlings C = Catchable-sized trout
V' Al fish passing through the weir were trapped and counted

2/ This figure represents the sum of fish observed on each survey and should not be considered as a
spawner count, particularly since a varying but unknown number of spawners are recounted

during subsequent surveys. The data may serve as an index of relative abundance. (both live
fish and carcasses were counted).

Population trend data will continue to be collected in the future to evaluate the effectiveness of
habitat and fish population restoration activities.

5) McCloud Redband Trout Status. Fish population surveys involving electrofishing are
periodically conducted on the more important redband streams in the McCloud River drainage.
These are Trout and Swamp creeks, each with two miles of habitat, and Sheepheaven Creek,
with about a half-mile of suitable habitat. The Sheepheaven Creek population has been
adversely affected by drought and is limited to less than a hundred trout. Swamp Creek, a
formerly barren stream, contains a good population of redband trout - over one thousand fish.
Trout Creek which was chemically treated to remove nonnative trout also supports a good
population of redband trout, though nonnative brown trout have become reestablished in the
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Introduction
Three forms of the rainbow trout are generally recognized to exist in the Kern River

basin. These are: the Volcano Creek golden trout (ak.a., South Fork golden trout)

classified as Oncorhynchus mykiss aquabonita (formerly Salmo gairdneri aquabonita; S.

aquabonita); the Little Kern River golden trout classified as O. mykiss whitei (formerly S.

g. whitei; S. whitei); and the Kern River rainbow trout classified as O. mvkiss gilberti

(formerly S. g. gilberti). .This alignment of the Kern River basin trout as subspecies has
been confirmed by studies by Gold and Gall (1975), Smith (1981) and Berg (1987).

The extensive genetic analyses by our laboratory and summarized in Berg 1987)
indicate that the Kern River rainbow trout is intermediate genetically to the Little Kern
golden trout and coastal rainbow trout. The most plausible explanation for this observation
is that the Kern River rainbow trout originated as an hybrid between ancestral inhabitants
of the Little Kern River and later invading coastal type rainbow trout. Alternatively, the
Kern River rainbow trout could have served as the progenitors of the Little Kern golden
trout which have since followed a separate evolutionary pathway in isolation. The possibility
exists today for fish from the Little Kern River system to migrate downstream into the Kern
River, events which would be expected to maintain a degree of similarity between the two

groups.

The purpose of the present study was to follow up on the extensive sampling carried

out in the late 1970’s and early 1980’s. Eleven Kern River population were sampled in 1991.
A few of these samples were obtained from populations included in the earlier studies. In

addition, the earlier studies provided data for other populations from the Kern Basin and




for rainbow trout from coastal California populations. ‘Thus, the early work provided
comparative information. This report provides an overview of the genetic relationships of
Kern River rainbow trout to other rainbow trout, compares the results of repeated sampling

from several Kern River populations, and examines the 1991 samples in detail.

Material and Methods
Populations:

Data for a total of 31 population samples were utilized in the study. Groups of trout
represented included Kern River rainbow trout, Volcano Creek golden trout, Little Kern
River golden trout, and coastal rainbow trout.

Eleven populations were sampled in 1991 by the Department of Fish and Game and
the fish delivered to the Animal Science laboratory at Davis. The samples provided (with
sample size) were:

Nine-mile Creek (n=23)

Bone Creek above Highway 190 (n=11)
Bone Creek below Highway 190 (n=13)
Freeman Creek (n=23)

Junction Meadow (n=16)

Kern River at Kern Flat (n=27)

Kern River at Peppermint Creek (n=27)

Peppermint Creek (n=25)

Rattlesnake Creek at Bonita Flat (n=25)




Upper Funston Meadow mx=16)

Red Rock Creek (n=3)

Three of the eleven Kern River samples had been collected in the 1978-80. time
period (referred to hereafter as the *79 samples). In addition, a sample was obtained from
Peppermint Creek in 1985. Thus, the four samples (with sample size) available for direct
comparisons of genetic characteristics were:

Nine-mile Creek (n=20)
Kern River at Kern Flat (n=18)

Rattlesnake Creek (n=24)

Peppermint Creek (n=16)

Seven samples from other areas of the Kern River were included in the *79
collections. These were used along with the 1991 collections to establish a broad overview
of the rainbow trout populations of the Kern River. The samples (with sample size) were:

Soda Creek (n=24)
Lower Osa Creek (n=27)
Forks of the Kern (n=34)
Kern Lake (n=18)
Grasshopper Flats (n=29)
Hell Hole Creek (n=25)
Salmon Creek (n=24)

Data for representative samples of three other groups of rainbow trout were used for




comparative analyses of the genetic characteristics of Kern River fish and those of other
rainbow trout lineages. The three groups and the nine samples selected as representative
(with sample size) were:
Volcano Creek golden trout:
Golden Trout Creek (n=16)
Volcano Creek (n=19)
Mulkey Creek (n=31)
Little Kern golden trout:
Lower Wet Meadow Creek (n=24)
Middle Wet Meadow Creek (n=21)
Deadman Creek (n=14)
Coastal rainbow trout:
Devil Creek (n=20)
Big Creek (n=21)

Gualala Creek (n=57)

Methods of Analysis

" Genetic variation at loci for selected enzyme systems was detected using standard
starch-gel electrophoresis techniques (Berg and Gall 1988; Bartley and Gall 1990). Proteins
were assayed from blood, eye, heart, liver, and muscle. A total of 84 loci were examined
for the eleven 1991 Kern River samples. Nine were excluded from the analysis due to

difficulties in reliably scoring these systéms. Thirty-two loci were common to the data for




the '79 and 1991 collections as well as for the samples used for comparative purposés. Of
the 32 loci, 10 represented five duplicate pairs that had been treated as single loci under the
old methodology. Thus, there were effectively 27 loci available for comparative analyses,

of which 21 were polymorphic (showed variation) in at least one population.

Genetic variability was assessed by calculating allele frequencies for each locus.

Genetic identities (I) between all sample pairs were estimated using the method of Nei
(1978). 'These estimates were then averaged arithmetically to obtain genetic identity
estimates within and among samples for various groups of trout. Genetic diversity (G¢y) was
estimated from total gene diversity (Hy) and within sample heterozygosity (Hg) following

the methods outlined by Nei (1973) and Charkraborty and Leimar (1987).

Results
Genetic Variation:

Of the total of 75 loci included in analyses of the 1991 Kern River samples, 34 loci
were monomorphic, and 41 were polymorphic. The nine loci excluded from the analyses
were:

AAT-1,2, G3PDH-2, IDDH-1, IDDH-2, MDHp-1, MDHp-2, AND PGM-3 4.

The 34 monomorphic loci were:

AAT-4, mAAT-2, ACP-2, ADA-2, ADH, mAH-3, ALAT-2, CK-2, CK-5,

FBALD-3, FBALD-4, GAPDH-1, GAPDH-2, GAPDH-5, GAPDH-6, «GLU,

B8GALA-1, BGALA-2, G3PDH-2, GR, HAGH, IDH-1, LDH-1, LDH-2,

LDH-3, LDH-4, «MAN, mMDH-1, MDHp-3, MPI, PGK-1, PGM-1, TPI-2




and TPI-4.

The 41 polymorphic loci are listed in Table 2 along with their frequencies of occurrence in
all the 1991 samples.

Thirty-two loci were common to both the 79 and 1991 data sets. Of the 27 effective
loci that could be used for genetic analysis, 21 were polymorphic in at least one population.
- The polymorphic loci used in this analysis included:

ADH, CK-1, DPEP-1, DPEP-2, G3PDH-1, GPI-1, GPI-2, GPI-3, IDH-2,

IDH-3,4, LDH-3, LDH-4, MDH-1,2, MDH-3,4, MDHp-3 4, PA—1,2, PHAP,
PDGH, PGM-2, SOD-1, and TAPEP.
Loci monomorphic in all 31 populations were:

CK-2, G3PDH-2, IDH-1, LDH-1, LDH-2, and PGM-1.

Overview of Relationships:

The genetic identity among samples was summarized in a dendrogram based on an
unweighted pair-wise averaging clustering analysis (Figure 1). The results clearly show the
distinctness of the Volcano Creek and Little Kern golden trout (bottom of the figure). The

coastal rainbow trout also establish a separate group, along with Bone Creek, indicating

distinct genetic differentiation among the three groups used for comparison purposes.

For the most part, the Kern River Rainbow Trout (KRRT), from both the 79 and
1991 collections, formed a fairly tight group, with genetic identities of 0.99 or above. In
addition, populations located within the main Kern River itself (or very close to it) formed

a group with high genetic identity, regardless of their distance along the Kern River. These




include Kern Flat, Kern at Peppermint, Forks of the Kern, Kern Lake, Grasshopper Flats,
along with Upper Funston Meadow, Soda Creek, and Lower Osa Creek.

A significant exception was the population in Bone Creek, which showed a closer
genetic relationship to coastal rainbow trout than Kern River trout. Their genetic identities
with coastal trout were surprisingly high, averaging around 0.990. These results may reflect
a recent introduction into Bone Creek (planned or otherwise) or an evolutionary history
distinct from typical Kern River rainbows.

Another exception to the consistent genetic similarity among Kern River trout was

the sample from Freeman Creek which showed little identity with any other population in

the study. Its ancestry is clearly distinct from KRRT. The allele frequencies observed
suggests a strong hatchery influence, as discussed in a subsequent section.

Within the Kern River group, the samples from Peppermint Creek and Ninemile
Creek appear to be considered outliers, as does Salmon Creek. While Red Rock Creek
grouped with Peppermint Creek in the dendrogram, this is most likely erroneous, a

consequence of the small sample size (n=3).

Average Genetic Identity:

The average genetic identities within and among the five population groups are
presented in Table 1. The results are very similar to those observed from the dendrogram.
The within group genetic identities (values on the diagonal of Table 1) are high for all
groups, although the average genetic identity among the Kern River samples collected in

1991 was the lowest of all five groups. Clearly, the samples obtained from the Kern River




area in 1991 represented a greater diversity of genetic types than did the *79 samples. Two
samples, Bone Creek and Freeman Creek, account for most of this discrepancy (as discussed
in a latter section).

The Kern River samples ("79 and 1991) show little homology with the Volcano and
Little Kern groups, but show moderate homology with the Coastal Rainbow group. Of the
three comparison groups, KRRT are most distinct from Volcano Creek populations. The
results agree with Berg’s (1987) hypothesis that KRRT arose as a hybrid between coastal
and Little Kern forms. However, it also is possible that KRRT fish were the progenitors
of the Little Kern River fish in the distant past.

There appears to have been little change in the genetic identities among the groups
over the last 12 years. Although the average genetic identity of KRRT with Little Kern
trout appears to have dropped slightly while the average identity with Coastal Rainbows
increased slightly, these differences are consistent with the difference observed in the within
group genetic identities for the two Kern River sampling periods. Thus, it is unlikely that
this apparent change is due to hatchery influences; it is more likely that the differences

simply reflect the fact that different populations were sampled in the different studies.

The 1991 KRRT samples:
Based on analysis of data for the 41 polymorphic loci found in the 1991 samples, an

estimate of 20.1 % was obtained for the Coefficient of Gene Diversity, G,,. This coefficient

can be interpreted as an estimate of the percentage of genetic variation among all fish that

can be attributed to average genetic differences between groups of fish and is a reflection




of reproductive subdivision of populations. This figure is unusually high for fish located
within a single basin. For example, Berg and Gall (1988) found a value of 13.2 % for
coastal rainbow while Bartley and Gall (1990) obtained an estimate of 6.1 % for California
chinook salmon. Other studies have reported values in the range of 5 % to 12 % for many
species. The high G, value may reflect very different ancestries of populations in the 1991
sampling, an interpretation which is consistent with the dendrogram analysis. It also
indicates that there is very low migration among at least subsets of the populations sampled.

A dendrogram representing the relationships among the populations studied in 1991
is presented in Figure 2. The genetic identity analysis utilized all 41 polymorphic and 34
monomorphic loci available. The average pair-wise genetic identity for the group of samples

was 0.9796 (Table 1). In general, the dendrogram indicates relationships similar to those

obtained in the comparative study using a reduced number of loci (Figure 1). One

exception is Red Rock Creek which clustered with Peppermint Creek in the comparative
study, but occurs as an outlier to most of the Kern samples in the 1991 analysis. As
mentioned earlier, the Red Rock Creek sample size was too small to provide useful
information regarding the most accurate placement of this population relative to the others.

The most interesting and obvious result of the 1991 analysis was that the samples
collected from the main Kern River were much more similar to one another than to any of
the tributaries. In fact, the three samples spanning the 36 miles of the main river, Kern at
Peppermint Creek, Kern Flat, and Upper Funston Meadow, were almost identical and fhe
sample from Junction Meadow was very similar to these three samples. Finally, the Kern

River tributary, Rattlesnake Creek clustered with the Kern River group at a genetic identity




of .9956. All the remaining samples appear as outliers to what should be considered typical
Kern River rainbow trout having genetic identities of less than .990 with the samples from
the main Kern River. However, the samples from Ninemile Creek and its tributary Redrock
Creek, and Peppermint Creek show a strong association with the group of samples taken
from the main Kern River. The only fish that do not appear to be typical Kern River
rainbow trout are those from the Upper and Lower Bone Creek samples. The sample from
Freeman Creek presents a special problem; see the section on 1991 Samples Not Previously

Examined for discussion.

Comparison of ’79 and 1991 Samples
Rattlesnake Creek:

Although the *79 sample was collected from the upper portion of the creek, the 1991
sample, collected at Bonita Flat, was remarkably similar genetically to the sample of 13
. years earlier. The only major exception was observed at the PGDH locus. A variant had
not been detected at this locus in any of *79 Kern River Rainbow Trout (KRRT) collections,
including the Rattlesnake Creek sample obtained in 1978. However, the 1991 collection
contained of frequency of 0.220 for the PGDH(120) allele. This variant had been an
important genetic marker for the Little Kern Golden Trout as they contain an average

frequency of 0.460 for this allele. Our first thought was possible contamination from the

Little Kern River by overzealous fishermen. However, if these fish had been introgressed

with Little Kern golden trout over the last 13 years, we also would expect a corresponding

decrease in the PA-1,2(105) allele frequency and an increase in the SOD(60) allele




frequency. In fact, the opposite occurred at these two loci. Thus, the observed frequency
of the PGDH(120) allele must be assumed as a natural occurrence.

Another discrepancy was observed at the PHAP locus. The PHAP(90) allele

occurred at a frequency of 0.125 in the 1978 sample but waS absent from the 1991 sample.

However, fish in neighboring tributaries, such as Osa Creek and Soda Creek, as well as
those sampled at Forks of Kern show either a low frequency or the absence of the
PHAP(90) allele. Thus, these differences can simply be explained as sampling error due to
our relatively small sample sizes.

Of the loci screened in 1991 but not screened in 1978, the TPI-3(97) allele was
observed at a frequency of 0.140 in Rattlesnake Creek; this allele also was seen at a
frequency of 0.019 in the Kern Flat sample. Diagnostic loci for the KRRT, namely IDH-3,4,
PA-1,2, TAPEP, MDH-3,4, and SOD, remained consistent with expectations and similar to

the ’79 collections.

Kern Flat

The Kern Flat sample of 1991 maintained its genétic similarity with the *79 Sample
at nearly every comparable locus. Only minor allele frequency differences were seen at a
few loci, including MDH-3,4, PHAP, GPI-2, and IDH-2. Alleles at loci diagnostic for
KRRT, such as IDH-3,4(74), SOD(60), and PA-1,2(100), actually showed slight increases in
frequency indicating that there has been no introgression with fish stocked at this location
over the past 13 years.

Of the new protein systems screened in 1991, the Kern Flat sample contained an




 ACP-1(-350) variant, at a frequency of 0.093, that was not observed in any other Kern
sample collected in 1991.

Because the Kern Flat sample had changed very little over the 13 year period (about
5 generations) and possesses Kern River rainbow trout genetic characteristics, it appears to

be a solid representative of the typical species of the basin.

Ninemile Creek

The *79 sample from Ninemile Creek was collected at the uppermost part of the
drainage, whereas the 1991 sample was taken much lower on the creek. Therefore,
comparisons between the two collections may be misleading. The sample from Red;ock
Creek, a tributary of Ninemile Creek, consisted of only 3 fish; therefore conclusions from
such a small sample could be erroneous and so will not be attempted. The 1991 sample
from Ninemile Creek showed indications of some introgression with planted rainbows at
several diagnostic loci. The upper Ninemile *79 sample appeared to be representative of
the KRRT so further sampling of the area will be necessary to delineate the apparent
coastal type rainbow trout contamination observed in the 1991 sample.

Alleles SOD(60) and IDH-3,4(74), diagnostic for KRRT, were at low frequency in

the Ninemile 1991 sample (0.109 vs a KRRT average of 0.345 and 0.305 vs a KRRT average

of 0.744, respectively). However, some variants commonly seen at low frequencies in KRRT
fish were present in Ninemile 1991, including mAH-1(20) at 0.022, CK-3(105) at 0.065,
DPEP-1(111) at 0.022, GPI-2(140) at 0.043, IDH-2(105) at 0.174, PDPEP(86) at 0.109, and

TAPEP(124) at 0.152. Unusual characteristics for KRRT fish included a very high




frequency of ALAT-1(125) at 0.478, an allele observed at Junction Meadow at frequency
of .0219, Kern at Peppermint at 0.048, Kern Flat at 0.037, and Upper Funston Meadow at
a frequency of 0.019. A unique variant to the Kern basin was the CK-1(70) allele at a
frequency of 0.065 in Ninemile Creek. A GPI-1(50) variant at a frequency of 0.217 also was
observed in the Redrock Creek tributary at a frequency of 0.167, but nowhere else in the
Kern River. The PGDH(120) variant allele was observed in Ninemile Creek at a frequency
of 0.022 and in Rattlesnake Creek at a frequency of 0.220. The origin of these unusual

variant alleles is not known.

Peppermint Creek: 1986 and 1991.

Peppermint Creek was sampled in 1986 and again in 1991, and although the

collections were only about 2 generations apart, significant differences in the genetic

structure of the population were observed. Considering diagnostic loci, the frequency of the
IDH-3,4(74) allele was low in 1986 (0.453) and remained low (0.490) in 1991, compared to
the average frequency of 0.744 typical of KRRT fish. The SOD(60) allele frequency
dropped 20% from 0.655 to 0.458 over the S year period but was still higher than the KRRT
average of 0.345. The frequency of PA-1,2(105) dropped from 0.422 in 1986 to 0.280 in
1991, well below the 0.501 common for KRRT. A common hatchery rainbow trout allele,
IDH-3,4(45), appeared at an alarming high frequency of 0.140 and 0.160 in 1986 and 1991
samples, respectively, suggesting some past introgression.

Peppermint Creek appears somewhat genetically distant from other KRRT samples

based on Nei’s Genetic Identity (Figures 1 and 2) not so much because of its disparity at




diagnostic loci, but rather because of unusual variants at several other loci. Among these
unique variants to the Kern basin and their frequencies in the 1991 samples, were:
PGM-2(115) at 0.420, AH-1(110) at 0.220, GPI-1(183) at 0.080, DPEP-2(80) at 0.040, and
MDH-1,2(42) at 0.030. In a genetic distance analysis, the allele frequencies at these loci
would tend to make Peppermint Creek seem very different from other Kern River samples,
even though allele frequencies at KRRT diagnostic loci were not that dissimilar. Thus,
whether the Peppermint Creek fish represent typical KRRT remains an open question.
Care must be taken not to discard a stock like this as introgressed fish when such anomalies
in allele frequencies can be caused by long-term isolation from the parent stock.
Information on planting activities and the history of other management activities is needed

before final conclusions can be drawn. An assessment also must be made of what represents

an unacceptable level of apparent introgression.

Other 1991 Samples not'Previously Examined

Bone Creek:

Two samples were collected from Bone Creek in 1991. One was collected at a point
above Highway 190 and is referred to as Upper Bone Ck., while the other was collected
below Highway 190 and is referred to as Lower Bone Ck. Neither Bone Creek sample is
representative KRRT in any way. The samples exhibited virtually no IDH-3,4(74) alleles,
and a frequency of less than 0.050 of the SOD(60) allele, both diagnostic KRRT alleles.

Alleles G3PDH(140), TAPEP(150), MDH-3,4(85), mAH-1(20), DPEP-1(111), and GPI(140),




all common variants in KRRT populations, were virtually absent in the Bone Creek samples.

Common hatchery rainbow trout alleles also were found in the Bone Creek fish.
These included, with their frequencies: PGM-2(85) at 0.150, IDH-3,4(45) at 0.279, and
MDH-3,4(75) at 0.125. The PA-1,2(105) allelic frequency averages 0.501 in KRRT, but
- occurred at a frequency of 0.712 in Bone Creek. Also, the Bone Creek sample possessed
unique variant alleles not found in KRRT populations including (with their frequencies):
v CK-4(105) at 0.080, GPI-2(0) at 0.023, GPI-3(85) at 0.019, and TPI-1(-300) at .0.152. All of
these characteristics taken together strongly indicate that the Bone Creek fish had an origin

distinctly different from KRRT.

Freeman Creek:

Freeman Creek allele frequencies suggest that this stock may have introgressed

considerably with stocked rainbow trout. The observed SOD(60) allelic frequency of 0.174

is about one-half the KRRT average frequency of 0.345. In addition, the SOD(140) allele,
a common hatchery rainbow trout allele, was found at a frequency of 0.391, much higher
than for any KRRT stock. Another common hatchery rainbow variant, PGM-2(85), was
found in Freeman Creek at a frequency of 0.196. The TAPEP(150) allele found throughout
the Kern River was absent from this population sample. The IDH-3,4(74) allele was found
at a frequency of only 0.380 compared to the KRRT average frequency of 0.744. Unique
to Freeman Creek fish were the GPI-2(46) allele found at very high frequency of 0.522 and
the LDH-5(97) allele at a frequency of 0.217. These alleles probably were introduced from

with hatchery rainbow trout.




Kern River at Peppermint Creek
This 1991 collection was taken from the Main Kern River at the confluence of

Peppermint Creek. Based Nei’s genetic identity analysis, these fish were most similar to

those at Upper Funston Meadow, a sample cite over 35 miles upstream. Conversely, they

possessed very few analogies with fish taken from Peppermint Creek, strongly indicating that
few Peppermint Creek fish migrate and spawn in the main Kern River. Variant alleles
commonly found in KRRT, and in the Kern River at Peppermint Creek sample (with their
frequencies) are: ADA-1(93) at 0.214, AH-1(110) at 0.024, mAH-1(20) at 0.071,
mAH-2(127) at 0.024, ALAT-1(125) at 0.048, G3PDH-1(140) at 0.071, IDH-2( 105) at 0.048,
mMDH-2(50) at 0.024, and TAPEP(124) at 0.119. A few alleles at diagnostic loci showed
minor sampling differences from the norm for KRRT. The IDH-3,4(74) allele at a
frequency of 0.560 was somewhat lower than the KRRT average of 0.744 while the SOD(60)
allele at 0.429 was higher than the 0.345 average frequency for KRRT. The PA-1,2(105)
allele at a frequency of 0.429 compared favorably with the average of 0.501 found for

KRRT.

Upper Funston Meadow and Junction Meadow

- These Funston and Junction Meadows samples were taken at the uppermost reaches
of the Kern River. Genetically, these two samples look remarkably similar to the other
Kern River samples obtained from other areas of the main Kern River (Figure 1). Upper

Funston Meadow and Junction Meadow both exhibited a very high frequency of IDH-3,4(74)




(0.711 and 0.766, respectively) and a PA-1,2(105) frequency typical of KRRT (0.471 and

0.485, respectively). While the frequency of SOD(60) in Upper Funston Meadow was exactly
equal to the average for KRRT (0.346), the frequency in Junction Meadow was low (0.063),
one of the few unusual frequencies for these two samples. Other variant alleles commonly
seen in KRRT were also observed in these samples, including AH-1(84), mAH-1(20),
ALAT-1(125), DPEP-1(111), and G3PDH-1(140). Two alleles were unique to the Junction
Meadow sample; these were PEPLT(110) at a frequency of 0.188 and TPI-3[103] at a
frequency of 0.031. No evidence of hatchery rainbow trout influence was seen for either of

these samples.




A Note on Two Cutthroat Populations

Four Mile Creek Paiute Cutthroats

The 23 fish from Four Mile Creek were homozygous for Paiute cutthroat alleles at
all diagnostic loci, namely, at ADA-2, CK-2, DPEP-1, MDH-2, and MDHp-3,4. The fish
were also homozygous at the PA-1,2, PGK-2, and SOD-1 loci for the common cutthroat
alleles. Thus, there appears to be no evidence of rainbow trout introgression into this stock.
In fact, the Four Mile Creek cutthroat population appears to be among the "purest" ever

recorded.

The sampled fish were alarmingly lacking in heterozygosity. In fact, of the 84 loci

examined only AAT-4 and AH-1 showed any polymorphism, and even for these loci, the
alternate alleles were expressed in only one heterozygous fish. (While the data in Table 2
show IDH-3,4, MDH-1,2 and MDH-3,4 to be represented by 2 allelic forms in equal
frequency, these are each duplicated loci fixed for alternate alleles.) Thus, 22 of the 23 fish
sampled were homozygous at all loci analyzed. Assuming that the fish analyzed represent
a random sample of the population, these data su\ggest that the population has undergone
an extreme genetic bottleneck. This is often taken as evidence of vulnerability to extinction.

However, if the population appears healthy and viable, its future is probably not in jeopardy.

The population should be monitored carefully and further may merited further study.




Heenan Lake Cutthroat

The results of genetic analysis of the Heenan Lake Lahonton cutthroat were quite
different from those obtained for the Four Mile Creek Paiute cutthroat. Unfortunately, the
sample size was extremely small, and due to an error in processing the tissue, identification
of the two sources of Heenan Lake cutthroat was lost. Of the 12 fish analyzed, only 2 were
homozygous at all loci considered. However, overall levels of heterozygosity were still low,
and typical of cutthroat trout, with most fish only demonstrating one to four heterozygous
loci out of the 84 loci analyzed. Two fish accounted for more than 50% of the variability
in the population.

Only one fish showed clear indications of introgression, expressing rainbow trout
alleles at both DPEP-1 and MDHp-3,4. All other eleven fish were homozygous for the
common cutthroat alleles at diagnostic loci. However, nine of these eleven fish expressed

alleles which are inferential of rainbow trout introgression, though the loci cannot be

considered diagnostic due to a lack of data at these new loci for the general cutthroat

species.  Seven fish expressed rainbow forms of alleles at IDDH-1 and IDDH-2;
unfortunately, resolution of IDDH was not good for these samples so our confidence in the
scoring was not high. Four fish expressed the IDH-3(126) allele, which is observed in
rainbow trout but we had not previously seen in any cutthroat population. Two fish
expressed TAPEP(100), a common rainbow trout allele which we had not previously
observed in cutthroat.

Our overall impression was that one fish was clearly of hybrid ancestry, another fish

was highly likely to have been of hybrid origin, and eight fish were suspect. The two fish




that were homozygous at all loci analyzed showed no evidence of rainbow trout
introgression. Of thosve that did show evidence of introgression, the percentage of rainbow
trout type alleles appeared to be relatively small.

One of the original goals of the Heenan Lake analysis was to analyze the variation
in resident lake cutthroat versus hatchery broodstock. Due to the error in processing of the

samples, we were unable to distinguish between the two stocks and were forced to analyze

them jointly. Because of this proi)lem, and the fact the data were largely inconclusive for

a majority of the sample, we were unable to determine whether rainbow trout introgression

differed for the two stocks.




Table 1. Average genetic identities within and among four groups of rainbow trout native
to California, calculated from pair-wise genetic identity (I) estimates. Values on the
diagonal are average identities for samples within groups. Values off the diagonal
are averages for samples from different groups (among group identity).

Kern
1991

Volcano

Little Coastal
Kern Rainbows

Kern 1991
Kern 1979
Volcano

Little Kern

Coastal
Rainbows

0.9796
0.9835
0.9393
0.9614
0.9784

0.9917
0.9407 0.9960




TABLE 2. Allele frequencies for the 1991 samples of rainbow trout
taken from the Kern River, and for Four Mile Creek cutthroat,
and Heenan Lake cutthroat populations. Seesifablie 8 for:
symbols for sample names.

UBC LBC KPP PEP FRE RAT KFT 9MI RRC UFM JMD  4MC HLC

G807 70 10430 050 .037 .044 .084 .019 .094 )
- 863 ,923 957,950 1.00,1.00 .963 .956 916 981 906 1.00 958

.042

.038
2923

1.00

1.00

1FO0S 00




Table 2. Continued

UBC

G3PDH1

G3PDH4




Continued

46
OH§

ILILS]
100
85

950
100

250
100
40

[105]
[100]

12641
OO}
88
74
45

72

217/




Continued

UBC LBC

i I
MDHp3,4 116
105
100

PAl,?2 105/ .
100] .

PDPEP2 100] .
86

PEPLT 110
100

120
100

120
100
90| .

85

120
115
110].
L0511
100

170
140 il
LOOHERG 55 FeE8 (8T
60 OGSO 77

124 03 8
L0000 9628

=1 OO 3093
= 3001892978077

TPI3 [103]
[100}]1.00 1.00 1.00 1.00:1.00 860 981
[97] .140 .019

[] measured from heterodimer‘band




Table 3. Listing of symbols used to identify samples (column
heagdings) in Table 2.

Symbol Sample Name as outlined in Text

UBC Upper Bone Creek

LBC Lower Bone Creek

KPP Kern River at Peppermint Creek
PEP Peppermint Creek

FRE Freeman Creek

RAT Rattlesnake Creek
KFT Kern Flat

9MI Ninemile Creek

RRC Redrock Creek

UFM Upper Funston Meadow
JMD Junction Meadow

4MC 4 Mile Creek Paiute Cutthroat
HLC Heenan Lake Cutthroat




Junction Meadow

9-mile Ck ('79)
Salmon Ck ('79)
9-mile Ck
Peppermint Ck
Peppermint Ck ('86)
—: Red Rock Ck

Upper Bone Ck

Soda Ck ('79)

Lower Osa Ck ('79)

Upper Funston

Kern Flat

Kern Flat ('79)

Kern at Peppermint Ck

Forks of Kern ('79)

Kern Lake ('79)

Grasshopper Fl. ('79)

Rattlesnake Ck

Rattlesnake Ck (!'79)

Hell Hole ('79)
o

Lower Bone Ck
Devil Ck (Coast)
Big Ck (Coast)
Gualala Ck (Coast)

Freeman Ck
; Low. W. Meadow (LK)
[::: Mid. W. Meadow (LK)
—————————— Deadman Ck (LK)
Mulkey Ck (Vol)

Golden Tr. Ck (Vol)
{ Volcano Ck (Vol)

0.950 0.970 0.980

Genetic Identity

Figure 1. Dendrogram depicting the genetic relationships amon rainbow trout sampled from
gu g p g g {’ g ;

the Kern River system in 1991, Kern River samﬁ) es collected during earlier studies, and
representative populations of Volcano Creek golden trout, Little Kern River golden
trout, and coastal rainbow trout.




Upper Funston

Kern Flat

Kern River at
Peppermint Ck

Junction Meadow

Rattlesnake Ck

9-Mile Ck

Peppermint Ck

Freeman Ck

Red Rock Ck

Upper Bone Ck

Lower Bone Ck

0.985 0.990

Genetic Identity

Figure 2. A dendrogram depicting the genetic relationship among samples collected from the
Kern River system in 1991.




Appendix A

Maps of selected allele frequencies for Kern

River populations sampled in 1978-80 and
1991.
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EXECUTIVE SUMMARY

Fourteen samples collected in 1992 from seven
tributaries in the Little Kern basin were the subject of thisb
study. Genetic variation was detected using standard
electrophoretic techniques. Overall genetic variability as
measured by estimated average heterozygosities and percent
polymorphic loci were very low, but consistant with
previously sampled LKGT populations (Berg, 1987). This low
diversity suggests small population sizes and/or recent
bottleneck event(sj. All fourteen samples of LKGT were
genetically very similar to each other. They clustered
tightly with LKGT from previous studies but separately from
representative KRRT, VCGT and hatchery rainbow trout. There
was no evidence of outside influence for thirteen of the
fourteen samples. The Little Kern R. at Shotgun Creek
population sample showed low frequencies of two unusual
alleles. These alleles may have originated in hatchery
rainbow trout or KRRT, in which case the introgfession would
have been one or more generations in the past. They were
unlikely to have originated in the Coyote Creek stock used to
seed the Little Kern at Shotgun Creek area. The alleles may
have originated in survivors of the chemical treatments, but
even if this were so the frequencies observed were

surprisingly large. The sample size of 15 fish makes more

definitive conclusions about the origins of these unusual

alleles unwarranted.




INTRODUCTION

Three forms of rainbow trout are generally recognized in
the Kern River basin. These are: the Little Kern Golden

Trout (Oncorhynchus mykiss whitei, abbreviated LKGT), the

Kern River Rainbow Trout (O. mykiss gilberti, abbreviated

KRRT), and the Volcano Creek Golden Trout (O. mykiss
aquabonita, abbreviated VCGT).

This study is a follow up to previous studies in the
region, including a studyvof KRRT carried out in 1991

(referred to subsequently as Gall et al., 1991). The primary

purpose of the present study was to geneticaily analyze

fourteen samples of LKGT collected in 1992 and attempt to
determine if there had been any introgression from rainbow

Eromnt:




MATERIALS AND METHODS

POPULATIONS

Fourteen Little Kern R. basin samples from seven
tributaries‘were the subject of this study. These wére (with
sample size):

Clicks Creek (n=20) -

Deep Creek (n=18)

Little Kern River at Shotgun Creek (n=15)
Lower Lion Creek (n=4)

Middle Lion Creek (n=6)

Upper Lion Creek (n=5)

Lower Rifle Creek (n=10)

Middle Rifle Creek (n=9)

Upper Rifle Creek (n=6)

Shotgun Creek below lowest barrier (n=9)
Shotgun Creek below Pistol Creek (n=14)
Lower Tamarack Creek (n=7)

Middle Tamarack Creek (n=18)

Upper Tamarack Creek (n=9)

In addition to these samples collected in 1992, data

from six LKGT populations collected between 1978 and 1981

were available in Berg (1987). These were (with sample sizes

and dates of collection):

Coyote Creek (n=64 1981)

Little Kern R. at Broder's cabin (n=16 1978-80)
Lower Wet Meadows Creek (n=24 1978-80)

Middle Wet Meadows Creek (n=21 1978-1980)
Deadman Creek (n=14 1978-1980)

Sheep Creek (n=17 1978-1980)

Data from representative samples of three other rainbow
trout lineages were also considered relevant. These

included:

Kern River rainbow trout (Gall et al., 1991)
Junction Meadows (n=16 1991)
Kern River at Kern Flat (n=27 1991)
Kern River at Peppermint Creek (n=27 1991)
Rattlesnake Creek at Bonita Flat (n=25 1991)
Volcano Creek golden trout (Berg, 1987)
3




Mulkey Creek (n=31 1981)
Golden Trout Creek, Stringer (n=16 1978-1980)

Volcano Creek (n=19 1978-80)
Hatchery rainbow trput i(call et al., 1981)
Hatchery rainbow Shasta (n=28 1978-80)
- Hatchery rainbow Pit R. (n=45 1978-80)
Hatchery rainbow Davis (n=12 1978-80)
METHODS OF ANALYSIS
Genetic variation was detected using standard starch-gel
electrophoretic techniques as previously described in Berg
and Gall (1988), and in Bartley and Gall (1990). ' Proteins
were examined in extracts of five tissues: blood, eye, heart,
liver and muscle. Initially 86 loci were used in the

analysis. Nine of the loci were excluded from the analysis

because interpretation of the zymograms was judged

unreliable. The nine loci excluded were: AAT-1,2, ALAT-1,

a-GLU, B-GUS, EST-6,7, IDDH-1, and IDDH-2. Allele
frequencies were calculated for each of the remaining 77
loci. Analysis of overall genetic diversity of the fourteen
samples, assessement of possible introgression, and genetic
relationships among the fourteen samples depicted in Figure 1
were all based en these 7/  loei. ' For comparisons with
previous studies, only those loci common to all studies could
be used. Thus, the genetic relationships between LKGT and
other rainbow trout groups depicted in Figure 2 are based on
thetolillewing 23 lioci:

ADHGECKR=1 S HPEP=1 2 G8 PDH=1 5" GRT=i'; "GPl -2 " CGPT—3 ;

IDH=2; 1DH=3,4; ®PH-314; MPH-3,4; MDHP-1,2; PA-1,2:

PHPER=1;8PCPHS PGM=1:ESeOh=—1F ¥ and TAPEP

Genetic identities were estimated using Nei's genetic

identity statistic I (Nei 1972). Dendrograms were drawn
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using the UPGMA (Unweighted Pair-wise Group Mean Average)
method. Technical comments on two of the loci included in

the analysis are found in Appendix 1.

RESULTS AND DISCUSSION

OVERALL GENETIC DIVERSITY

The following loci were monomorphic in all fourteen

samples:
AAT-3; AAT-4; mAAT-1; mAAT-2; mAAT-3; ACP-1 ACP-2:;
ADA-1; ADA-2; ADH; mAH-4; ALAT-2; B-GALA-1; CK-1:;
CK-2; CK-3; CK-4; CK-5; DPEP-1; EST-D; FBALD-3
FBALD-4; G3PDH-1; G3PDH-2; G3PDH-3; G3PDH-4; GAPDH-1
GAPDH-2; GAPDH-5; GAPDH-6; GPI-1; GPI-2; GPI-3:; GR;
HAGH; IDH-1; IDH-2; LDH-1; LDH-2; LDH-3; MDHP-1;
MDHP-2; MDHP-3,4; MDH-1,2; MDH-3,4; mMDH-1; mMDH-2;
MPI; PDPEP-1; PEPLT; PGK-1; PGM-1; PGM-2; TAPEP;
TPI=1: THI=2: TPI-—3: and 'TRT—4
The following loci were polymorphic in at least one
sample:

ACRO-2; mAH-1; mAH-2; AH-1; DPEP-2; IDH-3,4; LDH-4;
PA-1,2; PDPEP-2; PGDH; PGK-2; PGM-3,4; and SOD-1

Table 1 shows the allele frequencies for each
polymorphic locus. Sixteen loci were polymorphic,
corresponding to 21 percent polymorphic loci. Table 2 gives
estimated average heterozygosities for each of the fourteen
samples. Heterozygosities ranged from 0.022 (Deep Creek) to
0.052 (Little Kern R. at Shotgun Creek). Both the proportion
of polymorphic loci and estimated average heterozygosities
are low compared to rainbow trout populations in general but
consistant with previous findings for LKGT. Berg reported 21
percent polymorphic loci with an average heterozygosity of
0.058 for six LKGT populations and 35 percent polymorphic
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loci with an average heterozygosity of 0.10 for seven KRRT

populations (Berg, 1987). The low levels of overall genetic
diversity suggest small population sizes (presumably implying
limited spatial migration) and/or population bottlenecks
(temporary but acute reduction in population size) in the

recent evolution of LKGT.

OVERVIEW OF RELATIONSHIPS

Relationships among the fourteen samples can be seen in
the dendrogram in Figure 1. The most significant result is
the very high level of similarity of these populations to
each other. In Gall et alg, (1991} the genetic identity (1)
of the most divergent pair of populations among KRRT was
0.971. The genetié identity (I) of the most divergent pair
among these fourteen LKGT populations is 0.985, and most
pairs are more similar than 0.990. This is presumably due in
large part to the overall lack of genetic diversity of these
populations as discussed above. Given the high degree of
genetic similarity among sampled populations, the
relationships indicated in Figure 1 should be viewed with
approriate caution. The Lion Creek and Rifle Creek
populations had very small sample sizes and their
relationships should be viewed as particularly uncertain.

These caveats aside, the genetic relationships evident
in Figure 1 appear largely consistent with geographic
relationships, and with known sources of stocks. Clicks
Creek clustered with Deep Creek, both of which were seeded
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with fish from Fish Creek (Dan Christenson, personnel

communication). Populations in and near Shotgun Creek
clustered together, and the three Rifle Creek populations
clustered together (all of which were stocked from Coyote
Creek). These eight populations formed a large cluster. The
three Tamarack Creek populations and the three Lion Creek
populations formed a second large cluster. Tamarack Creek
was stocked from Willow Creek; Lion Creek was stocked from
Sheep Creek (Dan Christenson, personnel communication). As
Sheep Creek is a tributary of Willow Creek, the Tamarack/Lion
clustering is again consistant with the geography and origin
of these populations.

While all of these samples were genetically similar,
within-creek samples were particularly similar to each other.
On this basis, the lower Lion Creek, middle Lion Creek, and
upper Lion Creek samples were pooled to form a Lion Creek
sample (n=15); the lower Rifle Creek, middle Rifle Creek, and
upper Rifle Creek samples were pooled to form a Rifle Creek
sample (n=25); and the lower Tamarack Creek, middle Tamarack
Creek and upper Tamarack Creek samples were pooled to form a
Tamarack Creek sample (n=36). This reduced the effective
number of populations of LKGT collected in 1992 from fourteen
to eight. The increase in sample sizes éfforded by this
pooling was expected to give sample allele frequencies which
better reflected actual population allele frequencies.

Genetic relationships among thesé eight populations, six
previously sampled LKGT populations, and representative
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samples of KRRT, VCGT, and hatchery rainbow trout are shown in
thé dendrogram in Figure 2.

The fourteen LKGT populations (eight from 1992 and six
from 1978-81) group together tightly. The four KRRT samples
form a second tight cluster. Distances between LKGT sampled
populations and KRRT sampled populations were around 0.945.
The three VCGT sampled populations clustered together, at a
distance of approximately 0.937 from both LKGT or KRRT
samples. Pit River hatchery and Shasta hatchery stocks
grouped together, at a distance of approximately 0.969 from
the VCGT group. The Davis strain hatchery sample did not
group with the other two hatchery populations. It appears as
an outlier at a distance of 0.958 from the KRRT group. It
should be emphasizéd that none of the LKGT samples grouped

with non-LKGT samples.

ASSESSMENT OFVPOSSIBLE INTROGRESSION

Results: Presence of alleles IDH-2 (105), LDH-3 (80),

MDH-3,4 (75), and PGM-2 (85) are considered highly

inferential of hatchery rainbow trout genetic influence.

None of these alleles were present in any of the samples
analyzed in this study. IDH-3,4 (45) and SOD-1 (100) alleles
are also characteristic of hatchery rainbow trout. They were
found at frequencies of 0.02 (i.e. one heterozygous fish) and
0.07 (i.e. two heterozygous fish) respectively in the Little
Kern River at Shotgun Creek sample. Neither of these alleles
were found in any of the other population samples.
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Alleles DPEP-2 (107), IDH-3,4 (74), PA-1,2 (100), PGDH
(105) and SOD-1 (32) are considered diagnostic for LKGT.
DPEP-2 (107) was found in six of the eight samples. IDH-3,4
(74) was found at moderate to high frequencies in all samples
(ranging from 0.60 in Rifle Creek to 0.98 in Clicks Creek).
PA-1,2 (100) was found in high frequency in all samples
(ranging from 0.72 in Shotgun Creek below the lowest barrier
to 1.00 in Clicks Creek, and Deep Creek). PGDH (105) was
found in five of the eight samples. SOD-1 (32) was found at
high frequency in all samples (ranging from 0.57 in Little
Rern River at: Shotqun Creek to 1.00 in Lioh Creck).

The following loci are considered diagnostic for Kern

River Rainbow Trout (KRRT): IDH-3,4 (74), MDH-3,4 (85),

PA=1,2 (105), and SOD=1 94323, " I1DH=3 .4 (74) was found at

moderate to high frequency in all samples. PA-1,2 (105) was
found at moderate frequency in two samples: Rifle Creek at
0.17, and Shotgun Creek below lowest barrier at 0.28. MDH-3,4
(85) was absent from all samples. SOD-1 (32) was found at
moderate to high frequency in all samples.

Alleles IDH-3,4 (100) and PDPEP-2 (86) are both
diagnostic for VCGT, IDH-3,4 (100) was found at low to
moderate frequencies in all populations (from 0.03 in Clicks
Creek to 0.40 in Lion Creek). PDPEP-2 (86) was found at 0.02
in Rifle Creek. It was absent from the other seven

populations.

Discussion: DPEP-2 (107) has previously been found at
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frequencies of 0.04 to 0.31 in LKGT populations (Berg 1987).
In the present study two populations did not express the
allele (absent from Clicks Creek, and Deep Creck)i N those

samples expressing the 107 allele, frequencies ranged from

0.07 in Rifle Creek to as highi as 0.43 in Little Kern at

Shotgun Creek. Frequencies of this allele seen particularly
variable (e.g. 0.50 in lower Tamarack Creek vs. 0.05 in
middle Tamarack Creek and 0.00 in upper Tamarack Creek). On
the other hand, 1t 'i=s mot found at.all in hatchery rainbow
trout (Berg 1987) and has a very limited distribution among
KRRT. This suggests its presence is a good indicator of
LKGT, but its absence is not informative.

IDH-2 (105) is generally found at moderate to high
frequency in hatchery populations (0.46-0.80 Gall et al:i
LSSl & Most KRRT have this allele in low frequency (Berg
1987, 'Gallget al. . 19913 "None of the IKCE populations
analysed in Berg 1987 (six populations) expressed this allele
and none of the eight populations in this study express it.
Although it has not previously been used as diagnostic of
LKGT, the absence of IDH-2 (105) might be at least
inferential for LKGT.

Allele IDH-3,4 (74) has previously been found at high
frequencies in LKGT (0.70-1.00 Berg 1987), at moderate
frequencies in KRRT (0.02-0.80 Gall et al., 1991) and low
frequencies in hatchery rainbow trout (0.00-0.33 Gall et atll;
1981). The highest frequency of IDH-3,4 (74) in the 1991 -
study of KRRT (Gall et al., 1991) was 0.81 with most samples
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considerably lower than this (0.30-0.50). The lowest
frequencies in this study are 0.60 at Lion Creek, and 0.64 at
Shotgun Creek below lowest barrier. The other samples had
frequencies greater than 0.70.

At the same locus, IDH-3,4 (45) is considered
inferential of rainbow trout introgression. It is found in
KRRT, but was not found in the six populations of LKGT
sampled between 1978 and 1981 (Berg, 194y <. IBH-3 ,48(45) was
found at a frequency of 0.02 in the Little Kern at Shotgun
sample, but was not found in any of the other samples.
IDH-3,4 (100), which is nearly fixed in VCGT, was not found
at a frequency higher than 0.40 (in Lion Creek). While the
highest frequency of the 100 allele in LKGT reported by Berg
(1987) was 0.30, the lowest reported for VCGT was (B 50220
Although the ranges expected of the frequency of the IDH-3,4
(74) allele in LKGT and KRRT overlap, the data for this
allele, taken in combination with the absence of IDH-3,4 (45)
and moderate to low frequencies of IDH-3,4 (100) are

consistant with LKGT origin of seven of the eight samples.

Only the presence of the IDH—3,4 (45) allele in the Little

Kern at Shotgun population is aberrant. As this population
also had an abberrant SOD-1 allele, it will be analysed in
more detail below.

MDH-3,4 (85) is a rare allele whose presence at any
frequency is diagnostic of KRRT, although not all KRRT
populations have this allele. It had not previously been
found in LKGT (Gall et al., 1981, Berg, 1987) and was not
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found in this study.

Allele PA-1,2 (100) has previously been reported to
exlist at fregquencies of 0.80-1.00 in LKGT (Berg, 1987, cGall
et al., 1981). It is found at more moderate frequencies of
0.30 to O0/50 in KRRT.  'In this stuydy it was Toundat 0.72 1n
Shotgun Creek below the lowest barrier, 0.82 in Rifle Creek,
and 0.90-1.00 in the other six samples. The alternative
allele, PA-1,2 (105) is found at moderate or high frequency
in KRRT. (0.30-1.00 Berqg, 1987, ‘Gall etial., 18091). 1t is
generally at low frequencies (less than 0.20) or absent in
KRGT populations (Berg, 1987). PA-1,2 (105) was absent from
two samples (Clicks Creek, and Deep Creek), at moderate
frequency in two samples (Rifle Creek at 0.17, and Shotgun
Creek below lowest barrier at 0.28) and at low frequencies in
the other four samples (see Table 1). As in the case of the
IDH-3,4 locus, there is some overlap in the range of allele
frequencies expected of LKGT and of KRRT, but the data from
this' llecus ido not suggest introgression.

PDPEP-2 (86) is an excellent marker for VCGT (0.85-0.98

in Berg, 1987y, 1t is’generally net found in LKGT, although

it may occasionally be found at low frequency (0.07 in Cqute
Creek, 0.02 in lower Wet Meadows Creek and 0.03 in lower
Deadman Creek, Berg, 1987). It was found at a frequency of
0.02 in Rifle Creek and was not found in the other seven
populations.

PGDH (105) is a rare allele whose presence, at any
frequency, has been considered diagnostic for LKGT. It has
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generally not been found outside of the Little Kern basin;:
however, recently it has been found in some KRRT populations
(Rattlesnake Creek at 0.22 and Kern River at Kern Flats 0.02
Gall et al., 1991).  1Its presence must therefore be
considered highly inferential rather than completely
diagnostic. It was present in five of the eighﬁ populations
(see Table 1). It was absent from Deep Creek, Lion Creek,
and Tamarack Creek.

AlleleSOD-1 (32) 'is founhd at vefy high frequencies in
LKGT (0.7~1.00, one sample at 0.34, Berg, 1987), and at

moderate frequencies in KRRT (0.10-0.52 Gall et al., 1991,

Berg 1987, Gall et al., 1981). It is not generally found in

hatchery rainbow trout (Gall et al., 1981). The highest
frequency of SOD—11(32) found in last year's study of KRRT
was 0.52 (GalllSiet Mad et i 9.9 i The lowest frequencies found
in this study were: Little Kern R. at Shotgun Creek at 0.57,
Shotgun Creek below Pistol Creek at 0.57, Clicks Creek at
0.58, and Shotgun Creek below lowest barrier at 0.61. The
other samples range from 0.75-1.00 (fixed in Lion Creek).

| Another allele at this locus, SOD-1 (100) is considered
inferential of rainbow trout influence. It was not found in
the six populations of LKGT sampled between 1978 and 1981
{(Berqg, 1987). It was not found in seven of eight samples in
the present study; however, it was present in the Little Kern
at Shotgun sample at a frequency of 0.07. This is suggestive
of introgression. Both KRRT and hatchery rainbow trout have
thie aliele ‘at high frequency (Gall et al., 1981, Gall et
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LITTLE KERN AT SHOTGUN CREEK SAMPLE

The Little Kern at Shotgun Creek (abbreviated LKS)
sample has alleles unexpected in LKGT at two of six loci
considered inferential for rainbow trout. Two fish were
heterozygous for SOD-1 (100). One of these two fish was also
heterozygous for IDH-3,4 (45). Neither of these alleles were
observed in the six populations of LKGT sampled in 1978-81
(Berg, 1987). Both of these alleles are present in KRRT.
Furthermore, one of the two fish carrying the SoD-1 (100)
allele was the only fish in the sample to carry a PA-1,2
(105) allele. This allele is relatively common in both KRRT

and hatchery rainbow trout, but exists only at low frequency

in LKGT. The data at these three loci raise the possibility

of introgression from either hatchery rainbow trout or KRRT.
If this were the case, it would most likely be an
introgression one or more generations in the past, otherwise
the diagnostic alleles would occur at more loci and in higher
freqgency.

There are two possible LKGT sources of these alleles.
First, they might have occured naturally in the population
used to seed the LKS population, but not have been detected
in previous samples. Second, they might be descendants of
chemical treatment survivors.

Fish from Coyote Creek were used as progenitors of the
LKS population (Dan Christenson, personnel communication).
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We can estimate the probability that these alleles were
present at low frequency in Coyote Creek but were not
observed due to a combination of their rarity and chance in
sampling. For the sake of these calculations, we assume all
samples are true simple random samples. Forty fish were
sampled from Coyote Creek between 1974 and 1976, and 64 more
were taken in 1981. Neither of these alleles were seen in
either population (Smith, 1981, and Berg, 1987 respectively).
From this we can be 95% confident that the frequency of SOD-1
(100) in Coyote Creek was less than 0.014, and that the
frequency of IDH-3,4 (45) was less than 0.007. While we can
be certain that these alleles were not present in the Coyote

Creek population at the higher frequencies observed in the

LKS population (probability less than 0.001) we cannot rule

out their existance entirely.

Smith (1981) has extensive data on LKGT populatlons
collected between 1974 and 1976, before the chemical
treatment of the Little Kern River at Shotgun Creek area.
This treatment was intended to remove stocks which were
classified as introgressed from rainbow trout. Although
Smith's (1981) study included only 12 loci and data from the
study could not be included in the comparative study shown in
Figure 2, data on both SOD-1 and IDH-3,4 were available.
Table 3 gives the allele frequencies for SOD-1 (100) and IDH-
3,4 (45) for the five samples geographically nearest to LKS.
Both of these alleles were present in the area, but at very
low frequencies (less than 0.04). The highest frequency of
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IDH-3,4 (45) near the sample site was 0.03 and the highest
frequency out of all 32 populétions sampled in the basin was
0.08 at North Fork Clicks Creek. The highest frequency of
SOD-1 (100) near the sample LKS site was 0.02 and the highest
frequency in the basin was 0.34, also at North Fork Clicks
Creek. Thus, it is possible that chemical treatment
survivors carried these alleles and that our sample includes
their descendants. However, in light of the low frequencies
mentioned above and the fact that the chemical treatment
surely killed off a portion of the fish present, an IDH-3,4
(45) frequency of 0.07 is still surprisingly high.

There is additional information to be gained from the
fact that one fish expressed both of these unusual alleles.
If both»of these alleles were haturally oecuring at the

frequencies observed in our sample (i.e. our sample mean

equals the true mean), there would only be a 10% probability

we would have observed both alleles in one fish in our 15
fish sample. 1In making this calculation we assume that the
two loci are independant (not linked) and that our sample is
a true simple random sample of the population. This argument
applies equally against both possible LKGT origins of these
alleles (naturally occuring at low frequency in Coyote Creek,
and chemical treatment survivors). It would not apply to
fish descended from populations thch had these alleles at
high frequency (i.e. non-LKGT populations). As ten percent
is not unreasonably small and the alleles must have
originated somewhere, this argument is far frbm conclusive.
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CONCLUSIONS

Seven of the eight samples did not show any alleles
suggestive of outside rainbow trout influence. While not
every sample shows every allele diagnostic of LKGT, taken as
a whole the data suggest very strongly that these samples
have been taken from LKGT with no detectable admixture from
outside sources. It should be noted that the samples which
are slightly aberrant are not the same from locus to locus.
For example, DPEP-2 (107) was not found in Clicks Creek, but
the sample was fixed for PA-1,2 (100), had PGDH (105), and
was within the normal range of frequencies for LKGT at the
other diagnostic loci. Thus, there is no evidence to suggest
introgression in seven of the eight populations.

Two alleles associated with both hatchery rainbow trout
and with KRRT were found in the the eighth population -
Little Kern River at Shotgun Creek. As these were both at
low frequency and all other diagnostic alleles were within
the frequecny ranges expected of LKGT, any introgression that
may have occured must have been one or more generations in

the past. The Coyote Creek stock which was used to seed the

Little Kern at Shotgun population was an unlikely source of

these alleles. Survivors of the chemical treatment are a
more likely source than the Coyote Creek fish, but even under
this scenario, the observed allele frequencies were
surprisingly high. The sample size of fifteen fish makes
more definitive statements about rare alleles difficult.
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INDEPENDENCE I.AKE CUTTHROAT TROUT

The 32 fish from Indendence Lake were homozygous for
cutthroat alleles at all diagnostic loci. These loci
included ADA-2, CK-2, DPEP-1, MDH-2 and MDHP 3,4. The fish
were also homozygous for the common cutthroat allele at the
inferential loci AAT-4, ACP-1, ACP-2, mAH-5, TAPER=1EPA =0 2
PGK-2, and SOD-1. Thus we are confident that the cutthroat
trout examined were not introgressed with rainbow trout.

The population is far from monomorphic, however. High
levels of variability were observed at IDDH-1, IDDH-2,
PGM-3,4, and mAH-2. Lower levels of variability were
observed at AAT-1,2, AH-1, GPI-3, IDH-3,4, MDH-3,4, PGDH and
ACRO-2. We once considered high levels of heterozygosity at
IDDH-1 and IDDH-2 to be suggestive of rainbow trout
introgression. However, the present analysis for the
Independence Lake population and the analysis performed last

year for Heenan Lake cutthroat trout (Gall et al., 1991)

indicate that this clearly is not true, at least for Lahonton

cubthEoat @ trott:

Allele frequencies at polymorphic loci are presented
separately for adults and juveniles in Table 4. Sample sizes
were 13 and 19 individuals respectively. There were slight
differences in allele frequencies between the two groups;
however, at most loci this could be atributed to sampling
error due to small sample sizes. An exception was IDDH-1
which was nearly invariant in juveniles yet was highly
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polymorphic in adults. However, IDDH is a notoriously

difficult system to analyze and were are reluctant to draw

conclusions from this single locus.




Clicks Creek

Deep Creek

Shotgun below lowest barrier

Shotgun Creek at Pistol Creek

Little Kern at Shotgun Creek

Upper Rifle Creek

Middle Rifle Creek

Lower Rifle Creek

Lower Lion Creek

Middle Lion Creek

- Upper Lion Creek

Upper Tamarack Creek

Middle Tamarack Creek

Lower Tamarack Creek

| o

0.9850 0.9900 0.9950 1.0000

Genetic Identity

Figure 1. Dendrogram depicting genetic relationships among
rainbow trout sampled from the Little Kern River system
in 1992, Based on 77 laci.
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Clicks cCr. ('92)
Deep Cr. ('92)
Rifle Cr. ('92)
—[: Coyote Cr. ('81)
‘— Shotgun Cr. at Pistol Cr. ('92)

— Lion Cr. ('92)

& Tamarack Cr. ('92)

L Sheep Cr. ('78-80)

— Deadman Cr. ('78-80)

Shotgun Cr. below lowest barrier ('92)
Little Kern R. at Shotgun Cr. ('92)

Lower Wet Meadow Cr. ('78-80)

Middle Wet Meadow Cr. ('78-80)

Little Kern R. at Broder Cabin ('78-80)

Junction Meadow (K '91)
{ Kern Flat (K '91)
Kern R. at Peppermint Cr (K '91)

Rattlesnake Cr. (K '91)

Davis Strain Hatchery ('78-80)

Golden Trout Cr. (v '78-80)

Volcano Cr. (V '78-80)

Mulkey Cr. (v '81)

Pit River Hatchery ('78-80)

Shasta Hatchery ('78-80)

l I | l I 1
0,95 ' 0.96 | <0.07 | d.98' D990 .00

Genetic Identity

Figure 2. Dendrogram depicting genetic relationships among
populations based on 23 loci. Eight samples from the
Little Kern basin collected in 1992 are compared to
representative samples from Little Kern golden trout,
Volcano Creek golden trout (V), Kern River rainbow
trout (K), and hatchery rainbow trout (collected in the
years indicated).




Table 1.  Allele frequencies for 1992 samples of Little Kern golden trout. Data for 16
polymorphic loci shown (frequencies may not add to 1.00 due to rounding).

Click Deep - LK Lion Rifle Shtgn Shotgn Tmrk
Shtgn lowest Pistol

100" 1.00 093 047 - 062 072 0.82 0.19
——e w0 00 Uusd 038 028 0.18 0.81

100~ 094 890 | 100 100 51000 100 1.00
B e B L

100 190 - 1.00 iaj 052 089 057 0.53
e . - 001 028  -— 0.21 0.03
— . 040« 020  0.11 0.21 0.42

100 100 L1000 00 B0 - 100" 0199
0.01

—env 0.43 007 Ode 022 0.11 0.13
100 " O 093 - U8d: 078 ¢ (089 0.87

IDH-3,4 0.08 45022 1 Ngdd i 098 036 i 0 o7 0.22
0.2 S71 ¢ 0e0 " (UBRY Ded. 073 0.78
il B e LR L R T

LDH-4 R e R e 1.00
Oilge I T L g

PA-12 0.05 805 017 098 0.04 0.08
1.00  0.95 095. 083 . 0.2 0.96 0.92

PDPEP-2 1001 1007 1.00:0 10,98 100 Sa00 1.00
Lo S

PGDH v 0.39 e 006 011 0.11 -
1.00. 150,61 100/ 10.94 & 0.89 0.89 1.00

PGK-2 1.00  0.64 0.93:. 094" 072 0.93 9%
e 0.36 0071 006" 023 0.07 0.09

PGM-3 4 e G T 0o Gk 005

056 i0pas o7 105t .64 0.27
0400 | G5 add . 042 65T 0.48
B07 iy T 0.14

0.07 o - ke il
0.37 -—- 0.24 : 0.43 0.10
0.57 100 096 . 057 0.90
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Table 2. Estimated Average Heterozygosities for each population
collected in 1992, based on 77 loci.

Average
Population Heterozygosity

Clicks Cr. 0.030

Deept Cr2 0.022

ILeKern: R.iSheotgun! Cr. . 0.052

lower Lion Cr. 0.031
middle Lion Cr. 0.030
upper Lion Cr. 0.031

lower Rifle Cr. 0.048
middle Rifle Cr. 0.045
upper Rifle Cr. i 0.044

Shotgun Cr. blw lowest (0}, 10)551

Shotgun Cr. blw Pistol 0.043

lower Tamarack Cr. 0032
middle Tamarack Cr. 0.042
upper Tamarack Cr. 02085




Table 3. SOD-1 (100) and IDH-3,4 (45) allele frequencies for

select LKGT populations sampled 1974-1976 (with sample
sizes).

sop-1  IDH-3,4
Population (100) (45)

L Kern R. above Broder' Cabin (n=37) 0.00 0.01
L Kern R. below Broder's Cabin (n=39) 0.01 0.03
L Kern R. at Wet Meadows Cr. (n=33) 0.02 0.01
I Kern R. at Rifle Cr. (n=41) 0.00 0.01
lower Shotgun Cr. (n=31) 0.00 0.00




Table 4. Allele frequencies for 15 polymorphic loci in
Independence Lake Lahonton cutthroat trout (frequencies
may not add to 1.00 due to rounding).

Adults Juveniles Total
Population

0.96 0.93 0.94
0.04 0.07 0.06

0.92 0°92 0.92
0.08 0.08 0.08

St 0.08 0.05
1./00 0. 92 0.95

0.04 . 0.16 0.11
0296 0.84 0.89

015 0.03 0.07
0285 0.97 0593

e 0.03 0.02
0.73 0217 0.88
0.27 gt 0.11

0.44 0.61 053
0.56 0239 0.47

(0) 52l 0.05 0.09
0.37 0.45 0.41
0.50 0.50 0.50

1.00 0.96 0.98
e 0.04 0.02

1.00 005 .97
e 0.05 0.03

0.67 0270 0569
0533 08 0 0.31
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APPENDIX ONE: Technical notes on ACRO-2 and mAH-1

A monomeric allele system was discovered in this study
which was highly polymorphic. We have named the system ACRO-
2 because it showed up as a fast-migrating acromatic band.
The system was observed on a 11.4% starch gel made with TBCL-

8.0 buffer (0.03M Tris, 0.064M Citrate, pH 8.0). The gel was

run using a TBCL-8.2 buffer (0.06M Lithium Hydroxide, 0.30M

Boric acid). The protein appears with standard 1.25% MTT,
2.5% PMS stains. The ACRO-2 system was observed in heart
tissue, but not in liver, muscle or retina tissue. The locus
is polymorphic both in Little Kern golden trout and in
Independence Lake cutthroat trout. Analysis of past smaples
has revealed polymorphisms at ACRO-2 in Kern River rainbow
trout as well. The distribution of allele frequencies ranged
from 1.00 for the ACRO-2 (100) allele in Deep Creek to 0.81
for the ACRO-2 (95) allele in Tamarack Creek. Considering
the low level of diversity encountered at other loci in the
region, we highly recommend inclusion of this system in
futrue analyses.

We observed bands under an AH stain which could not be
positively classified with any of the known AH loci. These
bands migrated very slowly, and at least superficially appear
to be associated with mAH-1. Two varieties were observed:
one which produced a single band, and one which produced a
double band. The bands were highly population specific, and
were scored as alleles of the mAH-1 locus. While the true
genetic nature of these bands is unclear, their genetic
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origin is not in doubt and they were therefore included in

analyses of genetic identity.
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INTRODUCTION

Three forms of rainbow trout are generally recognized in the Kern River basin. These

are: the Little Kern golden trout (Oncorhynchus mykiss whitei, abbreviated LKGT), the Kern

River rainbow trout (O. mykiss gilberti, abbreviated KRRT), and the Volcano Creek golden

trout (O. mykiss aquabonita, abbreviated VCGT). This report summarized results of progress

as a continuation of studies on the trout of the region. Earlier reports summarized a study of
KRRT carried out in 1991 (referred to subsequently as Gall et. al. 1991) and a study of LKGT
carried out in 1992 (referred to subsequently as Mirman et. al. 1992). The primary purpose of
the present study was to genetically analyze thirteen samples of LKGT and four samples of
KRRT and attempt to determine if there had been any introgression from outside sources.
One sample of McCIoud redband trout and two samples of cutthroat trout collected in 1992

also were analyzed for possible introgression.

POPULATIONS (with sample size, n)
Little Kem River basin samples:

Little Kern River sample “C" (n=5)

Little Kern River sample “B" (n=19)
Little Kern River sample "A" (n=18)
Little Kern River kilometer 0.6 (n=9)
Little Kern River kilometer 1.0 (n=11)
Little Kern River kilometer 2.3 (n=4)
Little Kern River kilometer 2.7-3.1 (n=6)
Little Kern River kilometer 3.2-4.1 (n=8)
Little Kern River at Shotgun Creek (n=8)
Shotgun Creek at Pistol Creek (n=6)
Pecks Canyon Creek (n=40) ;
Lower Wet Meadows Creek (n=11)
Upper Wet Meadows Creek (n=14)




Kem River basin samples:

Main branch Upper Durwood Creek (n=12)
North branch Upper Durwood Creek (n=7)
South branch Upper Durwood Creek (n—10)
Upper Osa Creek (n=19)

McCloud redband sample::
Trout Creek (n=40)
Cutthroat trout samples.

Four' Mule Canyon Creek (n—25)
. Silver Klng Creek (n 28)

Data from prewous studles used for comparatlve analyses were (W|th sample S|zes and year -

of collection):
Little Kem golden trout

- 'Shotgun Creek below Plstol Creek (n-14 1992
Shotgun Creek below lowest barrier (n=9 1992) . .
. Little Kern River at Shotgun Creek (n—15 : 1’992)
Little Kem River at Broder's cabin'|
; »Lower Wet Meadows Creek (n-24 1978—80)
. Middle Wet Meadows Creek (n=21 1978-80)
Coyote Creek (n=64 1981)

Kem River rainbow trout:
Junction Meadows (n=16 1991) -
Kem River at Kern Flat (n=27 . 1991)
Kern River at Peppermint Creek (n=27 1991)
Rattlesnake Creek at Bonita Flat(n=25 1991)
Lower Osa Creek (n=27 1978-80)

Volcano creek golden trout:

Volcano Creek (n=19 1978-80)




Hatchery rainbow trout:
Davis strain (n=12 1978-80)

Pit River strain (n=45 1978-80)
Shasta strain (n=28 1978-80)

METHODS OF ANALYSIS

Genetic variation was detected using standard starch-gel electrophoretic techniques as
previously described in Berg and Gall (1988) and in Bartley and Gall (1990). Proteins were
exarhined in extracts of five tissues: blood, eye, heart, liver and muscle. Initially 74 loci were
used in the analysis. Nine of the loci were excluded from the analysis because interpretation
of the zymograms was judged unreliable. The nine loci excluded were: mAH-1, ALAT-1,
a-GLU, GR, MDHP-1,2, MDHP-3, and PGM-3,4. Allele frequencies were calculated for each

of the remaining 65 loci. Analysis of overall genetic diversity of the twenty samples,

assessment of possible introgression, and genetic relationships among the twenty samples

were all based on these 65 loci. Fdr comparisons with previous studies, only those loci

common to all studies could be used. Thus, the genetic relationships between LKGT and

KRRT sampled in 1992 and other rainbow trout groups were based on the following 20 loci:
ADH; CK-1; DPEP-1; G3PDH-1; GPI-1; GPI-2; GPI-3; IDH-2; IDH-3,4; LDH-3; LDH-4;
MDH-3,4; PA-1,2; PDPEP; PGDH; SOD-1; and TAPEP

Genetic identities were estimated using Nei's genetic identity statistic | (Nei, 1972).

Dendrograms were drawn using the UPGMA (Unweighted Pair-wise Group Mean Average)

method.




RESULTS AND DISCUSSION

Overall Genetic Diversity

The following 31 loci were monomorphic in all samples:
AAT-1, AAT-2, AAT-3, mAAT-1, mAAT-2, mAAT-3, ADA-2, ADH, AH-2, ALAT-2, CK-2,
CK-5, G3PDH-1, G3PDH-2, GPI-1, GPI-2, GPI-3, IDDH-1, IDDH-2, IDH-1, LDH-1,
LDH-2, LDH-3, MPI, PEPLT, PGK-1, PGM-2, TPI-1, TPI-2, TPI-3, and TPI-4.

The follow 34 loci were polymorphic in at least one sample:
AAT-4, ACRO-2, ADA-1, mAH-2, mAH-4, CK-1, CK-3, CK-4, DPEP-1, DPEP-2,
EST-6,7, EST-D, G3PDH-4, IDH-2, IDH-3,4, LDH-4, LDH-5, MDHP-4, MDH-1,2,
MDH-3,4, mMDH-1, mMDH-2, PA-1,2, PDPEP-2, PGDH, PGK-2, PGM-1, SOD-1,

and TAPEP.

Table 1 shows the allele frequencies for each polymorphic locus for the Little Kern

golden trbut samples. Table 2 shows the allele frequencies for each polymorphic locus for the

Kem River rainbow trout, cutthroat trout, and redband trout samples. Table 3 gives the
estimated average heterozygosities for each sample. Heterozygosities of LKGT ranged from
0.027 (Shotgun Creek at Pistol Creek) to 0.065 (Peck's Canyon Créek). Heterozygosities of
KRRT ranged from 0.043 (Osa Creek) to 0.073 (North Durwood Creek). Four Mile Creek
cutthroat and Silver King Creek cutthroat had estimated heterozygosities of 0.009 and 0.086,
respectively. These values are consistent with estimated heterozygosities obtained from

previous studies (Berg, 1987, Mirman et. al. 1992).




OVERVIEW OF RELATIONSHIPS

Genetic relationships among the twenty samples are shown in Figure 1. The two

cutthroat trout samples, Four Mile Creek and Silver King Creek, were separated from the

rainbow trout samples at a genetic identity of 0.80. Three clusters can be distinguished within = ol

the rainbow trout samples. The redband rainbow trout éample from Trout Creek formed a
cluster by itself, at a genetic identity of 0.92. The four samples of KRRT formed a second
group, at a genetic identity of 0.96. The final cluster consisted of the LKGT samples with a
genetic identity of 0.98. Within the four KRRT samples the three Durwood Creek samples
clustered closely together, while the Osa Creek sample was not much farther from the LKGT
cluster than it was from the three Durwood Creek samples. Due to the high degree of genetic
similarity among the LKGT samples, relationships within this cluster should be viewed with
appropriate caution. Although all thiteen LKGT samples are similar to each other, three
clusters may be recoghized. The first consists of the three Little Kern River samples labelled

S NATABYE and "C" as well aé the t\;\‘/o"Wet 'Meadows Creek samplesf‘ Thé'tWO Wet Meadows 'il{_

Creek samples were more similar to each other than to the Little Kern River samples. The

second group consists of the five Little Kem River samples taken from kilometer markers 0.6-
4.1, Little Kem River at Shotgun Creek, and Shotgun Creek at Pistol Creek. Finally, Peck's
Canyon Creek formed a cluster by itself.

Figure 2 shows genetic relationships between samples collected in 1992 and relevant
samples previously analyzed including LKGT, KRRT, hatchery rainbow trout, and Volcano
Creek Golden Trout. With the exception of Peck's Canyon Creek, LKGT samples collected in
1992 clustered closely with previous samples of LKGT. Samples from Wet Meadows Creek
taken in 1992 clustered closely with samples from Wet Meadows Creek taken from 1978-

1980.




In addition to the large cluster of LKGT, three other clusters can be recognized. The
first of these consists of four samples of KRRT collected in 1991. The second consists of the
Durwood Creek samples taken in 1992, as well as the Pecks Canyon Creek sample and a
sample of Volcano Creek golden trout collected in 1978-1980. This clustering does not
necessarily imply Volcano Creek golden trout influence in the samples from Durwood Creek
and Pecks Canyon Creek. For example, Volcano Creek golden trout have the allele
PDPEP(90) at an average frequency of 0.92 (Berg, 1987) and this allele was not found at all
in the Durwood Creek samples and was found in Peck's Canyon Creek at a frequency of only
0.02. On the other hand, VCGT have a high frequency of IDH-3,4(100), and this allele was
found in the Durwood Creek and Pecks Canyon Creek samples at high frequency, contributing
to the clustering seen in Figure 2. This allele is also commonly found in KRRT (albeit at lower

frequencies).

The third cluster consisted of three representative hatchery samples. They clustered

at some distance from the other groups (0.88). While some samples of wild fish expressed
low frequencies of some alleles typical of hatchery rainbow trout, none of these alleles
occurred at a frequency high enough to cause them to cluster with the hatchery samples.
Surprisingly, the sample from Osa Creek taken in 1992.a'nd the previous sample of
Osa Creek from 1978-1980 not only clustered at some distance from the other samples in the
analysis, but at a distance of 0.89 from each other. This was not due to the influence of one
or two aberrant alleles, but to significant differences at a number of loci. The 1978 sample
had alleles at G3PDH, IDH-3,4, and TAPEP that were not found in the 1992 sample. The
1992 sample had an allele at PDPEP that was not found in the 1978 sample; furthermore,
even when alleles were shared their frequencies were different at a number of loci (including

IDH-3,4, MDH-3,4, PA-1,2, and SOD-1). Both samples have allele frequencies consistent with




KRRT, but the differences between them suggest these samples were from different

populations, perhaps due to sampling at different locations.

POSSIBLE INTROGRESSION
Little Kem Golden Trout samples:

The presence of alleles IDH-2(105), LDH-3(80), MDH-3,4(75), and PGM-2(85) are
considered highly inferential of rainbow trout influence. None of these alleles were present in
any of the LKGT samples analyzed in this study. IDH-3,4(45) and SOD-1(100), also
characteristic of rainbow trout, were found in seven populations but at low frequency (Table 4).

Alleles DPEP-2(107), IDH-3,4(74), PA-1,2(100), PGDH(105), and SOD-1(32) are

considered diagnostic for LKGT. DPEP-2(107) was found in ten of the thirteen LKGT

samples. IDH-3,4(74) was found at a frequency of 0.32 in Peck's Canyon Creek, and at
.moderate to high frequencies in all other samples (ranging from 0.54 in Little Kemn River
kilometer 2.1 to 0.86 in Little Kemn River"‘B"). PA-1,2(100) was found at moderate to high
frequencies in all samples (ranging from 0.48 in Shotgun Creek to 1.00 in Little Kemn River
"C", and the two Wet Meadows Creek samples). PGDH(105) was found in eleven of the
thirteen samples. SOD-1(32) was found at a frequency of 0.15 in Peck's Canyon Creek and
at moderate to high frequencies in all other samples (ranging from 0.39 at Little Kern River
kilometer 0.6 to 0.77 in upper Wet Meadows Creek).

The alleles IDH-3,4(74) and SOD-1(32) are helpful in differentiating LKGT from KRRT
as they are generally found at lower frequencies in KRRT than in LKGT. Both were found at
moderate or high frequencies in all LKGT samples, except Peck's Canyon Creek, as
mentioned earlier. PA-1,2(105) and MDH-3,4(85) are also diagnostic of KRRT. PA-1,2(105)

was found in ten of the thirteen samples, at frequencies ranging from 0.03 in the Little Kern




River "B" sample to 0.52 in Shotgun Creek at Pistol Creek sample. MDH-3,4(85) was found in
Peck's Canyon Creek at a frequency of 0.13. It was not found any other LKGT samples.

Allele IDH-3,4(100) occurs at high frequency in coastal rainbow trout and is nearly
fixed in VCGT. It was found at low to moderate frequencies in all thirteen samples (ranging
from 0.13 in Little Kemn River "A" to 0.61 in Peck's Canyon Creek). PDPEP(86) is commonly
found at frequencies greater than 0.90 in VCGT but only at very low frequencies in other Kern
basin trout (Berg, 1987). PDPEP(86) was found at a frequency of 0.02 in Peck's Canyon
Creek. It was not found in any other LKGT sample.

Based on the observed allele frequencies, the following samples showed no evidence

of introgression: Little Kemn River “C", Little Kern River "B", Little Kern River kilometer 1.0,

Shotgun Creek at Pistol Creek, lower Wet Meadows Creek, and Upper Wet Meadows Creek.

Each of these populations had high frequencies of the alleles IDH-3,4(74), and SOD-1(32),
which tends to be the characteristic of LKGT. Shotgun Creek has a 0.48 frequency of PA-
1,2(100) and each of the other five had this allele at high frequency. Each sample except:
Shotgun Creek had the allele DPEP-2(107) at low frequency, a rare allele whose presence at
any frequency is considered diagnostic for LKGT. However, not all LKGT populations have
this allele (Berg, 1987, Mirman et. al. 1992). PGDH(105) is another rare allele considered
diagnostic for LKGT (Berg, 1987). Four of these six populations had this allele (absent from
Little Kern River mile 1.0 and Shotgun Creek). None of the alleles diagnostic for coastal
rainbow trout were found in these samples. On the basis of diagnostic loci, these six samples
appear to be taken from pure LKGT populations (but see following discussion about Little
Kemn River kilometer 1.0).

Six populations had allele frequencies typical of LKGT at most loci but had low

frequencies of aberrant alleles at IDH-3,4 and/or SOD-1. These were: Little Kem River SAT




Little Kern River kilometer 0.6, Little Kern River kilometer 2.3, Little Kemn River kilometer 2.7,
Little Kern River kilometer 3.2, and Little Kern River at Shotgun Creek. Frequencies of the
aberrant alleles are summarized in Table 4. These are the same two alleles found in a
previous sample from Little Kem River at Shotgun Creek (Mirman et. al. 1992). It is possible
for a sample which originated in a population with low frequencies of these alleles to be
devoid of these alleles by sampling error. For example, although the Little Kemn River mile 1.0
sample and the Little Kemn River mile 2.7 samples did not contain either of these alleles, the
presence of IDH-3,4(45) in .the other samples listed in Table 4 raises the possibility that IDH-
3,4(45) is in these samples but was not found due to sampling error. Assuming a true IDH-
3,4(45) frequency of 0.023 constant through all seven populations (this is the average of the
seven sample frequencies), simply with random sampling and random mating, there would be

approximately a 0.90 probability of not finding the allele in two or more of the seven

populations sémpled. For SOD-1 (1 00), under the same assumptions there would be

approximately a 0.56 probability of not finding the allele in five or more of the seven
populations. The low frequencies of these alleles and the small sample sizes both contribute
to making these probabilities large. The presence of rare alleles in a number of
geographically continuous sampling sites suggests a common origin for these alleles.

The sample from Peck's Canyon Creek had alleles more typical of rainbow trout as -
follows: IDH-3,4(45) at a frequency of 0.07, SOD-1(100) at a frequency of 0.18, and MDH-
3,4(85) at a frequency of 0.13. MDH-3,4(85) has not previously been found in LKGT, and this
was the only sample.in this study to have it. An allele characteristic of VCGT, PDPEP(86),
was found at a frequency of 0.02. This allele has been found in both LKGT and KRRT at low
frequencies (Berg, 1987). The sample had low frequencies of alleles typically found in LKGT

as follows: |DH-3,4(74) at a frequency of 0.32, PGDH(105) at a frequency of 0.05, DPEP-




2(107) at a frequency of 0.16, and SOD-1(32) at a frequency of 0.15. Whiie the PGDH and
DPEP alleles may be found at frequencies this low or lower in LKGT, the IDH-3,4(74) and
SOD-1(32) alleles are generally found at much higher frequencies in LKGT (Berg, 1987,
Mirman et. al. 1992). Overall, the data suggest the Peck's Canyon Creek sample was
obtained from an introgressed population. Examination of genotypes of individual fish in this
sample suggests this hybridization happened at least several generations in the past. For
example, two fish display both PGDH(105) and MDH-3,4(45), and four other fish display both
DPEP(107) and MDH-3,4(45), but only one fish displays both PGDH(105) and DPEP(107). If
the hybridization had been recent, more fish displaying both LKGT alleles would be expected,
and less fish would be expected to display one each of the LKGT and rainbow alleles. The
observed allele frequencies at these loci suggest several generations of random mating. The
data at other loci are consistent with these conclusions.

Kem River rainbow trout samples:= Sy

The following alleles are typical of KRRT: IDH-2(105), IDH-3,4(74), MDH-3,4(85),

PA-1,2(105), PDPEP(90), SOD-1(32), and TAPEP(124). IDH-2(105) was found in North
Durwood Creek at a frequency of 0.06 and in South Durwood Creek at a frequency of 0.10.
IDH-3,4(74) was found at moderate frequencies in each of the four KRRT samples. PA-
1,2(105) was found at a frequency of 0.65 in South Durwood Creek and at high frequency in
the other three samples. TAPEP(124) was found in each of the Durwood Creek samples at a
frequency of 0.10-0.11. The alleles MDH-3,4(85), and PDPEP(90) were not found in these
four samples.

Alleleé IDH-2(105), PDPEP(90) and TAPEP(124) are rare alleles whose presence is

diagnostic of KRRT but whose absence is not informative. Allele IDH-3,4(74) is generally
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found at higher frequency than observed in the three Durwood Creek samples (Gall et. al.,
1991, Berg 1987). IDH-3,4(45), considered indicative of hatchery trout influence, was found in
both middle Durwood Creek (at a frequency of 0.10) and in South Durwood Creek (at a
frequency of 0.02). The Durwood Creek samples also displayed SOD-1(100) at relatively high
frequency, an allele typically found at very low frequencies in KRRT and at higher frequencies
in hatchery rainbow trout. The upper Osa Creek samplé did not display either of these alleles.

Previous studies of KRRT show great variation in the genetic makeup of KRRT _from
one stream to another (Gall et. al., 1991) making assessment of introgression more difficult
than with LKGT. The Durwood Creek samples show some evidence suggestive of hatchery
trout influence while the upper Osa Creek sample shows no evidence of outside influence.
However, there is no clear baseline of "pure" KRRT genetic makeup for comparison as there
is with LKGT. Previous studies indicate that KRRT may typically possess more coastal

rainbow alleles than other trout in the Kem basin (Berg, 1987, Gall et. al. 1991).

Redband Trout sample:
The following alleles are used in differentiating redband trout from rainbow trout: GPI-

1(183), IDH-3,4(45), LDH-4(72), MDH-3,4(100), PA-1,2(105), SOD-1(100), and TAPEP(60).

Alleles GPI-1(183) and LDH-4(72) were not found in the Trout Creek sample, while the other

diagnostic alleles were found at the frequencies indicated in Table 1.

A high frequency of LDH-4(72) is diagnostic for inland redband trout.. This allele was
not found in the Trout Creek sample. High frequencies of GPI-1(150), SOD-1(100) and
TAPEP(60) are characteristic of Goose Lake Redband trout (Berg, 1987). The Trout Creek
sample had only a 0.23 frequency of SOD-1(100), only a 0.10 frequency of TAPEP(100) and

did not have the GPI-1(150) allele. Both inland redband trout and Goose Lake redband trout
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typically have a low frequency of IDH-3,4(45) and a very high frequency of MDH-3,4(100)

(Berg, 1987). The Trout Creek sample had a 0.50 frequency of IDH-3,4(45) and a 0.45
frequency of MDH-3,4(100). These frequencies, as well as those above, are typical of
McCloud River type redband trout. The Trout Creek sample appears to be from a population

of McCloud River type redband trout.

Cutthroat Trout samples:

The following alleles are used to differentiate cutthroat trout from rainbow trout:
AAT-4(120), mAH-2(60), mAH-4(119), ADA-2(115), CK-2(85), DPEP-1(111), MDH-2(130),
MDHP-3,4(116), and TAPEP(124). The Four Mile Canyon Creek sample was fixed for each of
these alleles. The Silver King Creek sample had MDH-2(130) at a frequency of 0.41, and
each of the other diagnostic cutthroat alleles at frequencies of 0.75-0.82.

The Four Mile Canyon Creek sample had been sampled previously (Mirman, 1992).
As reported previously, there was no evidence of introgression with rainbow trout; Four Mile
Canyon Creek appears to contain pure cutthroat trout. Both samples had very low estimated
average heterozygosity. The only loci showing any polymorphism in this sample were EST-6
and EST-7. Low heterozygosities generally indicate either a small breeding population or a
recent bottleneck in population size. However, this is not necessarily cause for alarm as
cutthroat trout have often been found to have heterozygosities this low or even lower (Bartley
and Gall, 1989).

The Silver King Creek sample showed alleles indicative of rainbow trout influence at
every diagnostic locus. At most of these loci the frequency of rainbow alleles was between
0.18 and 0.25. Examination of genotypes of individual fish suggested eighteen of the twenty-

eight fish were pure cutthroat trout, two fish were pure rainbow trout, and eight fish were -
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hybn'ds.' None of the eight presumptive hybrids was a first generation hybrid; five fish were of
primarily cutthroat origin displaying rainbow alleles at from one to five of the nine diagnostic
loci. The other three hybrids were of primarily rainbow trout origin, and were heterozygous for
the cutthroat allele at either one or two diagnostic loci. Although there were no first

generation hybrids, these data suggest recent or ongoing hybridization.

™ ﬂh\»,gﬂm@mw o

CONCLUSIONS

Of the twenty samples collected in 1992, thirteen samples were from the Little Kern
basin, four samples were from the Kem River basin, two samples were cutthroat trout from the
Silver King basin, and one sample was a presumptive redband trout from Trout Creek in the
McCloud River basin. Genetic variation was detected using standard electrophoretic

techniques. Overall levels of genetic diversity were consistent with previous findings for each

group of trout.

.. Of the Little Kem River basin samples, the two samples from Wet Meadows Creek, the = i

Shotgun Creek at Pistol Creek sample, the Little Kem River sample "C" and the Little Kern

~ River sample "B" showed no evidence of introgression and were fouhd to be pure Little Kern
Golden Trout. Peck's Canyon Creek golden trout showed clear evidence of introgression with
rainbow trout at least several generations in the past. Little Kemn River samples "A", kilometer
0.6, kilometer 2.3, kilometer 2.7, kilometer 3.2 and the sample taken at Shotguh Creek had
one or both of the rainbow trout alleles found in a previous sample of Little Kern River at
Shotgun Creek. The Little Kem River sample at kilometer 1.0 showed no direct evidence of
introgression but may also have one or both of these alleles.

Kem River Rainbow trout from Osa Creek showed no evidence of introgression;

however, they were surprisingly different from a previous sample of Osa Creek trout. Kern

13




River Rarnbow trout from Durwood Creek.»have some alleles typrcal of hatchery rarnbow trout,

but KRRT are known to vary greatly from locatron to Iocatron and these observed allele -

frequencres could be typrcal of Kem Rrver rarnbow trout Four Mile Creek cutthroat trout were‘;y; St
found to be pure. Srlver King Creek co d »mrxture of pure cutthroat tnout, pure rarnbow

trout, and hybnds The Trout Creek sample wa found to be a McCloud Rrver redband Trout. ;«-v
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Figure 1. Dendrogram depicting genetic relationships among trout sampled from
the Little Kern River system in 1992. Based on 66 loci.
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Figure 2. Dendrogram depicting genetic relationships among populations based on 20 loci.
Seventeen samples collected from the Kern River basin in 1992 are compared to
representative samples from Little Kern Golden Trout, Volcano Creek golden trout V),
Kern River rainbow trout (K) and hatchery rainbow trout (collected in the years
indicated).
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Table 1. Allele frequencies for 1992 samples of Little Kemn golden trout, Little Kem River samples. Data for
25 polymorphic loci shown (frequencies may not add to 1.00 due to rounding).

Locus Allele LR C LK B LK A LKI0.6 KO0 ERE2:58 K2 BKES 2

ABT-4 <120 =i 0.03 ——- ——— —— -—— —— —
100 “1i00 0.97 1.00 1.00 1.00 1.00 1.00 1.00

100 0.40 0.47 0.61 0.78 0295 0163 0.83 0245
95 0.60 0Ei53 0.39 0022 0.05 0.37 0217 0525

100 1.00 1.00 1500 1.00 1.00 1.00 1.00 1.00

X S—— T p— ———— e s - ——

110 —--—- — —_— — — 0. ig _— _—
100 ¢ 2.00 1.00 1.00 1.00 1.00 0.88 1.00 1.00

84  ———o —— e ———— e - T —

1LTES) —_— e oo i T
100 1.00 1.00 1.00 12500

CK=3 100 1.00 1.00 0.75 0:92
85 e i 025 0.08

D RER 6 —_—— SR e
100 _ HES0.0 1.00 1.00

DPEP-2 107 0.28 Yo7 Lo
e300 0.72 1.00 1.00

EST-6,7 103 D e, A
100 ; . 0.85 0.94 0.88
9 . 0.15 0.06 0.12

EST-D 1.00 100 1.00
95 _—— e e

G3PDH-4 0.94 1.00 1.00
81 0.06 — ——

IDH-3,4 -—— ————
100 0o 3k 0.46
74 . ¢ 0556 0.54
45 0.06 i




Table 1. (cont.) Allele frequencies for 1992 samples of Little Kern golden trout, Little
Kern River samples. Data for 25 polymorphic loci shown (frequencies may not add to
1.00 due to rounding). !

Locus Allele LK C LK B LK A K 0.6 LRG0 LK 2.3 LRI2.0

LDH-4 100 1.00 1.00 1.00 1.00 1.00 100

72 ——- — _— ———- -— -—

MDHP-4 105 00 —— —_—— e e
100 0.90 1.00 100 1.00 1.00

MDH-3,4 119  —-—- —— _— -—— —
100 0.82 1.00 1.00 1.00
95 0.18 —— _— —

85 dind B il Ch o

244 —— ——
100 1.00 1.00
80 _— : —

105 0083 : OE 8l
100 0.17 019

105 5 0.36 G333
100 : 0.64 0.87

120 ——— o
100 0.44 0.75

90 0. 56 Q=25

6o 0.47 10.38
32 0.53 0.62

e 0.13
1.00 0.87




Table 1. (cont.) Allele frequencies for 1992 samples of Little Kern golden trout,
remaining samples. Data for 25 polymorphic loci shown (frequencies may not add
to 1.00 due to rounding). '

Locus Allele LKSht ShtPstl Pecks LW Mead UW Mead

120 ---- ————eeem L

100 1.00 17200 1.00 1.00 1.00

100 081 1.00 0.86 0.54 0.53
95 814 L] e 0.14 0.46 0.47

100 1.00 1.00 0.96 1.00 1.00

— - 0.04 — -—

1.00 1.00 0.94 1.00 1.00

-— — 0.06 -— -—-

0.01
0.99

GRS 1.00

DPEP-1 : 0.04
0.96

DPEP=2 0.16
0.84

EST=6,7: oy il (0502
R E +i £ 0,93
@ 0204

EST-D 1.00

G3PDH-4 : 0.94
0.06

I DH=3 24




Table 1. (cont.) Allele frequencies for 1992 samples of Little Kern golden trout,
remaining samples. Data for 25 polymorphic loci shown (frequencies may not add
to 1.00 due to rounding).

Locus Allele LKSht ShtPstl Pecks LW Mead UW Mead

LDH-4 100" - 1.00 1.00 1.00 19500 1.00

yran e R i

MDHP-4 105 A
100 1.00 1.00 1.00 1.00 1.00

MDH-3,4 119 = ———- -——- - 0.01 - —
1000 1.00 1.00 0.87 1.00

a5 ZLo e an s

L — — 0.13 _—

244 — 0.06 0.20
100 1.00 0.90 0.80
80 —— 0.04 —

105 0.48 0.80 1.00
100 5 0.52 0.20 e

105 S 0.05 : 0.43
100 . 0. 95 - 0:.57

120 L
100
90

00160 2
32




Table 2. Allele frequencies for 1992'sémples of Kern River Rainbow trout, Trout Creek
Redband Trout, and Cutthroat trout. Data for 35 polymorphic loci shown
(frequencies may not add to 1.00 due to rounding).

Locus Allele UDurM UDurN UDurs OsaCr Trout 4Mile Silver

AAT-4 120 @ ---- -——- ——— e - 1.00 0.79
100 1.00 1.00 1.00 1.00 1.00 -— 0:21

100 0535 0.69 0.35 0.34 1.00 1.00 0.98
95 0.65 0.31 0.65 0.66 e e 0.02

100 0.95 02 0.85 1.00 1500 0.96
93 0225 0.28 01> S R 0.04

115 -—-- e e -— 1.00 e
100 hoo 1.00 1.00 1.00 —ee 0.23

100%51:1..00 1.00 1.00 1.00 -— B0
60 iiimmm e ot o 1.00 0.79

119 025 0.11 015 0.08 1.00 0.75
100 0.75 0.89 0.85 0.92 S Q.25

CK=1 100 0.85 0.89 0.90 1.00 1200 1.00
70 (6], als) 0.11 0.10 S B

ck=2. 100 1 .00 1.00 1.00 1.00 0.18
; 85  ———- -— -— 0.82

CK=3 105 0.05 : ‘ co

100 0.95 - 1.00

CK-4 25105 aain o e el
100 - 1.00

DPEE-1H 111 e
100 1.00

EST=6,17103 0502
100 - 0293
97 - 0.04

G3PDH-4 100 0.84
81 o 0216




Table 2. (cont.) Allele frequencies for 1992 samples of Kern -River Rainbow
Trout, Trout Creek Redband Trout, and Cutthroat trout. Data for 35
polymorphic loci shown (frequencies may not add to 1.00 due to
rounding) .

Locus Allele UDurM UDurN UDursS OsaCr Trout 4Mile Silver

IDDH-1 307  ---- ——- _— ——- -— 1.00 0.82
100 ' 1:00 1.00 1.00 1.00 1.00 — 0.18

IDDH-2 100  1.00 1.00 1.00 1.00 1.00 — e 0.20
Ck J— - ———- -— —_— 1.00 0.80

IDH-2 105  =-——- 0.06 0.10 -— — —— ——-
100 200 0.94 0.90 1000 41,00 1.00 1.00

TDH=3/ 44124 0205 0.14 0.13 st e S S
100 G850 0.72 0.58 0.66 0.50 0.50 0259
88 S e = e e 0350 0.40
74 0385 0.14 0.28 0.34 e e e
45 0.10 e 0-03 S 0.50 e 0.01

LDH-4 100  0.95 1.00 0.90 1.00 1.00 1.00 1.00
724 605 —_— 0.10 -—- — -—- -—

LDH-5 100  0.95 0.2 0.80 1.00 1.00 1.00 1.00
9% 510,05 0.28 0.20 -— -—- —— -—

MDHP-4 105  —--——- — — — 1.00 0.82
%00 1.00 1.00 1.00 1.00 — 0.18

MDH-1,2 130  ~--- ——- —- —- 0.50 0.41
100" 4,.1.00 1L00i =100 1.00 0.50 0.59

42 - —- — ——- — -—

MDH-3,4 119  --—- —— -— ——— —- _—
g 1,00 0.90 0.70 0.45 1.00 0.95
95 | —=e- -— 0.30 0.49 -—- -—
85 - ———- ——- — 0.06 —- 0.05
75 ——— 0.10 —— ——- -—

AMDH-1 9150 |/ imnnt - —-
-100  1.00 1.00 : 1.00

mMDH-2 244 Gt 0.05 : Tk
100 1.00 0295 . 1.00

PO 0208105 /895 12006 . 0259
100 0.05 . i c 0.41




2. (cont.) Allele frequencies for 1992 samples of Kern River Rainbow
Trout, Trout Creek Redband Trout, and Cutthroat trout. Data for 35
polymorphic loci shown (frequencies may not add to 1.00 due to
rounding) .

Locus Allele UDurN NDurM UDurs OsaCr Trout 4Mile Silver

PDPEP-2 100  1.00 1.00 1.00 1.00 1.00 1.00 0.98
86  ———- -— -— -— — _— 0.02

PGK-2 100 1.00 1.00 1;00 092 0.18 e 0.05
90 S s o 0.08 0.82 1.00 0.95

PGM-1 100  1.00 1.00 1.00 0.90 1.00 1.00 1.00
-100  --—- -— -— 0.10 -— -— —

soD-1 100  0.25 0.11 0.05 —— 0.23 — -
60 ' 0.75 0.89 0.95 0.95 0.77 1.00 1.00
32 - -— -— 0.05 -——- -— -—

124 0.10 - 0.10 S 0:10 1800 Ol 717
100 0590 : 0290 1.00 0.90 S 0223




Table 3. Estimated Averagé‘ﬁéterozygosities for each population, based on
66 loci, T

Estimated
Average
Population Heterozygosity

Durwood Creek main i 0.059
Durwood Creek North - : 0.073
Durwood Creek South 0.070

Four Mile Canyon Creek 0.009

KerniiR @t 0.051
Kerni R." "B 0.059
Kern' R i"A" 0.058
Kern R. mile 0.057
Kern R. mile 0.041
Kern R. mile 0.063
Kern R. mile 2. 0.047
Kern R. mile 3. 0.049
Kern R. at Shotgun Cr 0.046

el o el el S o

Osa Creek top . 0.043

Peck's Canyon Creek 0.065

Shotgun Cr at Pistol Cr 0.027

Silver King Creek 0.086

Trout Creek 0.051

WetvMéadow Creek: lower 2. 0.052
Wet Meadow)Creerupper el 58 0.059




Table 4. 1IDH-3,4(45) and SOD-1(100) allele frequencies for LKGT
populatlons sampled 1992.

frequency frequency
Population IDH-3,4(45) SOD-1(100)

o Kern! /R GtAl 02103 0.00
Kern @ R. 016 0.03 0.00
Kern R.''2.3 0.06 0.00
Kern R. 2.7/ 0.00 0.08

s Ke rniaRCE 3180 0.03 0.13
Kern at Shotgun 0.03 0.00

Peck's Canyon Cr 0.07 0218




