OREGON COOPERATIVE FISHERY RESEARCH UNIT

Research Highlights - 1976/1977

Title of Project and Highlights

COMPLETED PROJECTS

An Evaluation of the Use of Eggs to Supplement Populations of
strem Sa}.mnids s e e s e e el e el Gitie e e ilie el lelieliiie ilet i iigi e el (e

1. Stockimg eggs directly into a substrate should
probably be equally as successful as using Vibert boxes.

Effect of Pinealectomy, Reproductive State, Feeding Regime, and
Photoperiod on Plasma Cortisol in Goldfish

1. The pimeal gland appears to inhibit the spawning of fish.
2. Photoperiod and seasonal differences may exist in the
©  Voptimum" time to feed fish--which is not constant over

the light phase of the photoperiod.

Effects of Inbreeding Coho Salmon (Oncorhynchus kisutch). .

1. Inbreeding as perhaps experienced in hatcheries did not
affect survival, growth, feeding efficiency, or resis-
tance to gas bubble disease.

~ The Feasibility‘of a Consumptive Wild Trout Sport Fishery on the
North Fork of the Middle Fork of the Willamette River

1. Size restrictions are the most useful means of selectively
limitimg trout harvest.

2. The North Fork can continue to support a catch rate of
0.3-0.5 trout/h. :

Comparative Behawvior of the Progeny of Hatchery and Wild Steelhead
- Trout (Salmo gairdneri). . : e 1 S

1. Hatcherxy fry may be more aggressive, more attracted to
cover, and have smaller territories than wild fry.

The Adaptive Significance of Certain Enzyme Polymorphisms in
Steelhead Trout (Salmo gairdneri). . :

1. Xsozyme phenotypes of isocitrate dehydrogenase appear to
possess differential tolerance to high temperature and low
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dissolved oxygen. Such differences may account for the
predominance of some phenotypes in interior stocks of
steelhead trout in Oregon.

Tolerance to high temperature and low dissolved oxygen

. appear to be heritable traits in steelhead trout. This
implies that alterations in the temperature or dissolved
oxygen regimes of an aquatic system can affect the genetic
constitution of steelhead trout populations.

Stress Response of Coho Salmon Elicited by Cadmium and Copper and
the Potential Use of Cortisol as an Index of Stress. . . .

1. Cadmium and Copper differ in their mode of action with
regard to the stress response.

2.- There may be no general, physiological indicator of fish
health or fitness for clinical use.

Heritability of Tolerance for Infectious Hematopoietic Necrosis in
Sockeye Salmon (Oncorhynchus nerka). . . . . . . . . . . . 5

1. Artificial selection could increase the number of fish
that can tolerate IHN.

Methods Manual for the Electrophoretic Analysis of Rainbow Trout
(Salmo gairdneri)._. G A AR BT g R el e

1. This is a guide for producing and interpreting electro-
pherograms for steelhead trout.

Bioassay of Steelhead Trout in Dworshak Hatehery Water. . .o

1. No toxicant could be established for water or surface skum
from Dworshak National Fish Hatchery.

White-Spot Comparisons for Abernathy Fall Chinook Salmon. . . . .

1. White-spot did not develop in Abernathy fall chinook incu-
bated in Corvallis.

2. The use of Astroturf in incubator trays did not enhance
"survival.

Induced Spermiation in Lahontan Cutthroat Trout by Use of
Gonadotropin: . LG TR gl B Bl T g il e e

1. Copious quantities of sperm were produced by male Lahontan
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cutthroat trout brood stock following injection of salmon
gonadotropin.

Outline of a Fisheries Management Plan for the Coleville Confeder-
ated Tribes . L] . L] L L] L 3 L d L d . L] L] L] L] ° . L] . L] L] . Ll . L . L] Y 2.09

Effects of Fluctuating Temperatures on the Lethal Tolerance Limits
of CGoastal Cutthroat Trout (Salmo clarki clarki) & . . ¢ . 1903

1. Both hatchery and wild trout had similar median survival
times when exposed to constant and fluctuating lethal
temperatures.

Constant temperature bioassay information may be useful
in predicting the consequence of exposure to both fluctu-
ating and constant lethal temperatures.

3. EPA standards appear satisfactory when applied to situations
where fish are exposed to fluctuating lethal temperatures.

Biochemical Genetic Variation in Rogue River Chinook Salmon
(Oncorhynchus tshawytscha) and Steelhead Trout
(Sl sairdfier i s by, el 0 i T Shie et s el

1. Gene frequencies did not vary between year classes.

2. There are no dramatic differences between races within
the Rogue system.

Anadromous Fish Genetics: Steelhead Trout . . . « « « o o o « o o . .

1. Time of return of Alsea Hatchery winter steelhead has
shifted towards an earlier returning run.

Selection for large size has increased the average age
at maturity of a summer steelhead run.

Steelhead under intense selection had lower survival.

-Steelhead trout from the Alsea are phenotypically more ;
similar to adjacent stocks than distant stocks. The rela-
tionship of similarity and distance between stocks

appears linear and inverse.
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ONGOING PROJECTS

Differential Resistance of Coho Salmon Stocks and Transferrin Geno-
types to Vibriosis and Bacterial Kidney Disease £:9:00 ) P Bt

‘1. Transferrin genotype is important in resistance to chronic
disease such as BKD, but is insignificant in reducing
susceptibility to acute disease such as vibriosis.

2. Alsea stock coho are more resistant to vibriosis and BKD
than is the Big Creek stock.

Study of Columbia River Chinook Salmon. . . . . . . . . .. S
1. The collection of environmental and biological data perti-
nent to Columbia River chinook salmon is nearing

completion.

2. A FORTRAN program for transfer of data to a computerized
storage file is functioning. : :

3. A current index of reference material related to Columbia
River salmonid studies is available on Unisort cards.

Anabolic.Steroids: Effects on Aﬁadrqmous SATMONTIASE S SN

1. Flutamide may be able to enhance growth in steelhead and
not affect gonadal development.

2. Testosterone and methyltestosterone at low levels can
promote growth in steelhead and fall chinook.

3. Flutamide appears to prevent pPrecocious male sexual devel-
opment.

4. High levels of androgens can cause sex reversal.

Cortisol Stress Response in Juvenile Salmonids. . . . . . . . . siis 41233

1. Cortisol increases in juvenile salmonids due to handling
type stress. Acclimation to moderate confinement takes
6-8 "days.

Gill ATPase is depressed in confined fish.
Prolonged exposure to a tranquilizing dose of anesthetic

(MS-222) may be more stressful than exposure to a
narcotizing dose. :
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4. Anesthetic administered before capture and handling
‘increases survival compared to fish anesthetized after
‘capture, which is better than saline, which is better
than no treatment at all.

Factors Affecting Coho Salmon Production in Oregon. . . . . .

Identifying Characteristics by Which Juvenile Summer and Winter
Steelhead Trout (Salmo gairdneri) and Juvenile Spring and Fall
Chinook Salmon (Oncorhynchus tshawytscha) May Be Distinguished
by Race in Field Collections from the Rogue River, Oregon.

‘Genetic Studies of Abernathy Creek Chinook Salmon . . . . « . . . . .

1. A tetrazolium oxidase genotype has more rapid growth than
other genotypes.

2. Brood selection based on electrophoretic variants is not a
viable alternative to present practice.

Other Unit Activities .




BIOCHEMICAL GENETIC VARIATION IN

ROGUE RIVER CHINOOK SALMON (ONCORHYNCHUS TSHAWYTSCHA)

J. Michael Redding and Carl B. Schreck

Oregon Cooperative Fishery Research Unit

Water develepment projects in the Rogue River drainage will cause
changes in existing patterns of water flow and temperature in the river.
Associated changes in the characteristics, distribution, and abundance of
fish stocks that reside in the drainage for all or part of their life-cycles
cannot be predicted. An understanding of the variation extant in present
stocks im the Rogue system is required to detect changes in these popula-
tions. This report describes the results of a study of genetic variation in

chinook salmon (Oncorhynchus tshawytscha) in the Rogue River Basin prior to

the closure of the newly constructed Lost Creek Dam. This study was carried
out by the Oregom Cooperative Fishefy Research Unit in cooperation with the
Research section of the Oregon Department of Fish and Wildlife during the
period between 1 February 1976 and 30 June 1977. It is an updated and com-
pletion report for the chinook salmon phase of the work reported in the
Annual Report (part 2) of the Rogue River Evaluation Program, May 1976
(Oregon Cooperatiwve Fishery Research Unit [1976]).

Classical taxonomic characters do not permit discriminination between
stocks of fish of the same species‘in the same drainage. Biochemical
genetic traits, however, have utility in partitioning variable, although

closely related, stocks or populations.




Methods

General.--In recent years, the technology to observe and describe the
frequencies of variant alleles at many loci in populations of organisms has
become available. The methodology consists of electrophoretic separation

of allozymes, addition of substrates to produce specific staining reactions,

and cataloging the frequencies of variant forms.. Allozyme variability often

can be explained by a genetic hypothesis which subsequently must be verified
by breeding experiments. The gene and genotype frequencies for groups of
organisms then can be determined and used as a basis for characterizing

specific groups and assessing the similarity between groups.

Genetic sampling.--Juvenile chinook salmon from nine sites in the Rogue

River drainage were collected during 1976 and analyzed for their genetic
variability with respect to seven different enzyme systems. The enzyme sys-
tems and tissue sources that were used in this study are listed in Table 1.
In addition, 'a general protein stain was used routinely to confirm the
species of each fish. The electrophoretic methods used were modified from
those described by Shaw and Prasad (1970), Ridgway et al. (1970), Clayton
and Tretiak (1972), Markert and Faulhaber (1965), and Kristiansson (1975).
Enzymes found to be of little value in an earlier phase of this study were
not included in the analyses.

The banding patterns observed for each of the systems studied are
illustrated in Figures la and 1b. For chinook salmon, the inheritance
patterns of MDH, TO, PGM, and LDH have been confirmed. PHI, SDH, and G6PDH
have not been confirmed. In cases where inheritance patterns have not been
identified, tentative designation according to the observed phenotype was

used.




One enzyme system that had been used previously--isocitrate dehydro-
genase (IDH)--was excluded from consideration this year because its level of
resolution was too unreliable.

The locatioms of each sample, date of collection, and other pertinent
information are summarized in Table 2. Each sample was assigned a code
number for future reference. The locations from which samples were obtained

in the Rogue River drainage are further identified in Figure 2.
Results

The observed genotype-(or phenotype) proportions for each enzyme system
by sample location are shown in Tables 3-8. The proportion of the common
phenotype (or allele for enzymes in which the genetic basis has been con-
firmed) and corresponding confidence interval (p = .05) for each sample are
represented graphically in Figures 3-8 for each enzyme system. One enzyme
system, PGM, was fixed at the common type; hence, it is not represented
graphically.

Each sample was compared to.all other samples to identify significant
differences in the proportion of the common phenotype or allele in each
enzyme system (Fig. 9). In cases where no data were available, the samples
to be compared were assumed to be identical; i.e., no significant difference.
Oof thé 72 between sample comparisons, 81% had one or more significant dif-
ferences while 48% had two or more differences. Much of the variation
between samples can be attributed to differences for the G6PDH enzyme system;

55% of all significant differences were related to G6PDH. Experiments con-

ducted in our laboratory (Solazzi, unpublished) suggest that the G6PDH pheno-

types of steelhead trout (Salmo gairdneri) are labile and dependent upon




sampling methodology. By inference, we suspect that G6PDH in chinook salmon
may be subject to artifactual bias.

The samples from Big Butte Creek and Quosatana Creek had the greatest
number of significant differences (excluding G6PDH) associated with them.
Most of these differences are related to variation in the TO enzyme system
(Fig. 5). Big Butte Creek fish had the highest frequency of the E allele
of TO, and Quosatana had the lowest for all samples taken during 1975,

Comparison of differences between hatchery—reared-fish and wild stock
is hampered by the lack of samples which can be definitely identified as
being of wild origin. Samples collected from the Rogue River mainstem are
likely to contain at least.a small percentage of hatchery-reared fish. Only
the fish from Quosatana Creek can be confidently considered to be of wild
origin. Quosatana Creek chinook salmon differed significantly from Cole
 Rivers Hatchery fish for the TO, PHI, and G6PDH enzyme systems. Because
three of the seven enzyme systems we observed exhibited significant differ-
ences between the hatchery and wild stocks, one might conclude that a high
degree of genetic variability‘exists between these stocks. However, during

1975 these stocks differed only in the G6PDH system.

Cole Rivers Hatchery and Big Butte Creek produce only spring-run

chinook salmon. Quosatana Creek has only fall-run chinook. Samples from
other 16cations may have had a mixture of both spring and fall chinook
salmon. Fall chinook from Quosatana Creek differed consistently from spring
chinook from Cole Rivers Hatchery and Big Butte Creek only for the TO enzyme
(Fig. 5). This distinction was not apparent in samples taken dufing 1975.>
Comparisons were made between samples taken in 1975 and 1976 from the

same location. Little variability was apparent between years for the enzyme




systems other than G6PDH. Big Butte Creek and Quosatana Creek had signifi-
cant differences between years for TO, Samples of chinook salmon from the
estuary section of the Rogue River had different frequencies of the common

phenotype for SDH between years.
Discussion

The purpose of this study was to provide a genetic description of the
Rogue River chinook salmon prior to the closure of Lost Creek Dam. These

data were collected to serve as a basis for assessing any genetic changes

in these fish associated with environmental changes produced by the water

management program in the Rogue River Basin or with the artificial propaga-
tion of fish at Cole Rivers Hatchery. Detection of any change in the gene
frequencies thét were calculated in this study will be restricted to changes
at the relatively few loci. Some of these systems have been implicated in
temperature adaptation. Johnson (1971) demonstrated a consistent correla-
tion of LDH frequencies with temperature in the crested blenny, Anaplarchus

purpurescens. Alterations of water temperatures in the Rogue River might be

expected to produce associated changes in the frequencies of LDH and other
systems that were studied.

It is important to keep in mind that few loci were examined relative to
the total genome of the fish. One would expect that information at more
loci would have permitted identification of discrete breeding units within
fall and spring chinook salmon. Alternatively, the.apparent homogeneity
between most groups may have resulted from the straying of adult fish from-
their natal streams for spawning, producing a single breeding unit within

each of these groups.
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Table 1. Enzyme and tissue source of the enzyme in chinook salmon used in

electrophorétic studies. Abbreviations are included in parentheses.

Enzyme ; . Tissue

Lactate dehydrogenase (LDH) Liver
Tetrazolium oxidase (TO) Liver
Malate dehydrogenase (MDH) White muscle
Glucose-6-phosphate dehydrogenase (G6PDH) Liver
Phosphoglucomutase (PGM) White muscle
Phosphohexoiéomerase (PHI) White muscle

Sorbitol dehydrogenase (SDH) Liver




Table 2. Codes and information for samples of chinook salmon from the Rogue

River drainage taken for biochemical genetic studies. Sp = spring, F =

fall, H = hatchery origin, RM = river mile.

Collection Parental return

Location Date Age class T

Cole Rivers Hatchery (h) 76 0+ Sp
Big Butte Creek 76 0+ Sp
Table Rock 76 0+ Sp?
Lower Applegate 76 0+ F
Agness (RM 27) i 76 0+

Illinois (RM 27) : 76 0+

Quosafana , 76 0+

John's Hole (RM 4) 76 0+

Station 2 (RM . 5) 76 0+




Table 3. Summary of genotype proportions for lactate dehydrogenase in

chinook salmon from the Rogue River drainage.

Location

Cole Rivers Hatchery
Big Butte Creek
Table Rock

Lower Applegate
Agness

Illinois

Quosatana

John's Hole

Station 2




Table 4. Summary of genotype proportions for malate dehydrogenase in

chinook salmon from the Rogue River.

Location

Cole Rivers Hatchery
Big Butte Creek
Table Rock

Lower Applegate
Agness

I1linois

Quosatana

John's Hole

Station 2




Table 5. Summary of genotype proportions for tetrazolium oxidase in chinook

salmon from the Rogue River drainage.

Location

Cole Rivers Hatchery
Big Butte Creek
Table Rock

Lower Applegate
Agness

I1linois

Quosatana

John's Hole

Station 2




Table 6. Summary of phenotype proportions for glucose phosphohexoisomerase

in chinook salmon from the Rogue River drainage.

Location Common Variant 1

Cole Rivers Hatchery
Big Butte Creek
Table Rock

Lower Applegate
Agness

Illinois

Quosatana

John's Hole

Station 2




Table 7. Summary of phenotype proportions for sorbitol dehydrogenase in

chinook salmon from the Rogue River.

Location Common Variant 1

Cole Rivers Hatchery

Big Butte Creek
Table Rock
Lower Applegate
Agness

Illinois
Quosatana
John's Hole

Station 2




Table 8. Summary of phenotype proportions for glucose-6-phosphate dehydro-

genase in chinook salmon from the Rogue River.

Sample

Location Common Variant 1 Variant 2

size

Cole Rivers Hatchery - s . 59
Big Butte Creek 81
Table Rock 1 . ¢ 85
Lower Applegate . . o 92
Agness

Illinois

Quosatana

John's Hole

Station 2
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Fig. la. Electrophoretic patterns observed for MDH, G6PDH, and TO in tissues of chinook salmon. Proposed

genotypes (or phenotypes) are indicated beneath each pattern. Numberals adjacent to bands in MDH
denote relative doses of subunits in patterns with equal numbers of bands.
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“Rig, . 1Dy Electrophoretic patterns observed for LDH, SDH, PGM, and PHI in tissues of chinook salmon. Pro-

posed genotypes (or phenotypes) are indicated beneath each pattern.
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Fig. 2. Locations on the Rogue River from which chinook salmon were obtained for genetic studies during
1975 and 1976. One, 2 - Cole Rivers Hatchery; 3 - Big Butte Creek; 4 - Table Rock Canal; 5 - Savage
Rapids; 6 - Lower Applegate; 7 - Winkle Bar; 8 - Agness; 9 - Illinois River; 10 - Quosatana Creek;
11 - Canfield Riffle; 12 - Station 7; 13 - Gold Beach; 15 - John's Hole; 16 - Station 2..
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Cole Rivers Hatchery

Big Butte Creek

Table Rock Canal

Lower Applegate

Agness

Quosatana Creek
John's Hole
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Fig. 3. Sample proportions and approximate 95% confidence intervals for LDH-B allele in chinook salmon

from the Rogue River drainage.




Location

Cole Rivers Hatchéry

Big Butte Creek

Table Rock Canal -

Lower Applegate

Agness

Illinois

Quosatana Creek

John's Hole

Station 2

Fig. 4. Sample proportions and approximate 95% confidence intervals for MDH-B allele in chinook salmon

from the Rogue River drainage.




Location

Cole Rivers Hatchery

Big Butte Creek

~ Table Rock Canal
Lower Applegate
Agness
Il1linois

Quosatana Creek

John's Hole

Station 2

E

Fig.5.Sample proportions and approximate 95% confidence intervals for TO-E allele in chinook salmon from

the Rogue River drainage.




Location

Cole Rivers Hatchery

Big Butte Creek

Table Rock Canal

Lower Applegate

Agness

Illinois

Quosatana Creek

John's Hole

= Station 2

Fig. 6. Sample proportions and 95% confidence intervals for PHI-common phenotype in chinook salmon from

the Rogue River drainage,




Location

Cole Rivers Hatchery

Big Butte Creek

“TiBle Rock Canal

Lower Applegate

Agness

Illinois

Quosatana Creek

John's Hole

Station 2

Fig. 7. Sample proportions and 95% confidence intervals for SDH-common phenotype in chinook salmon from

the Rogue River drainage.




Location

Cole Rivers Hatchéry

Big Butte Creek

Table Rock Canal
Lower Applegate
Agness

Illinois

Quosatana Creek

John's Hole

Station 2

—

Fig. 8. Sample proportions and approximate 95% confidence intervals for G6PDH-common phenotype in

chinook salmon from the Rogue River drainage.




Total no. of
significant -
differences

with without
Location , . G6PDH G6PDH

Cole Rivers Hatchery 13 5
Big Butte Creek 14

Table Rock R4-B

Lower Applegate R6-B

Agness R8-B

Illinois R9-B
Quosatana Creek R10-B

John's Hole R15

Station 2 R16

Fig. 9. Comparison matrix of significantly different (p .05) sample proportions for the common phenotype
or allele in all observed enzyme systems by location. Symbols on either side of the diagonal are
redundant but are included to facilitate visualization. Each dot represents a significant difference
for one or more enzyme system. A square around a dot denotes one or more differences in enzyme
systems other than G6PDH.




