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Genetic differences of two chum salmon (Oncorhynchus
keta) populations returning to the Tokachi River

Toshio OkAZAKT*

Abstract

This investigation examines two peaks of chum salmon returning to the Tokachi River in 1977
relative to the allelic frequencies of polymorphic proteins of collections from both peaks, and the
timing of runs and allelic frequencies of chum salmon populations from other rivers that have been
introduced to the Tokachi River. Prior to 1973, the chum salmon run of the Tokachi River exhi-
bited a single peak during late September and early October. Both the timing and the allelic fre-
quencies of isocitrate dehydrogenase (ICD) variants of the second peak during late November and
early December corresponded with chum salmon runs from the Abashiri and Yubetsu Rivers; trans-
plantation from both of these rivers to the Tokachi River were made in 1970. Both lines of evidence
independently support the hypothesis that the second peak of chum salmon return to the Tokachi
River is largely a reflection of these transplantations. The significance of timing as a major varia-
ble to be considered in transplantations and the value of gene frequency data in monitoring the

success of transplantations is discussed.

Introduction

Chum salmon have been transplanted with varying intensities among many rivers of
Japan. It is difficult to determine the initial success of these transplantations through
traditional methods such as tagging or fin clipping because of the necessity of releasing
chum salmon at a very early age and - consequently - small size. Even if traditional methods
were feasible, the information is limited to the immediate generation and thus yields no data
regarding the consequences of transplantation on subsequent generations.

Biochemical genetic methods offer an alternative to traditional marking procedures that is
unaffected by the size of fish at release and that yields useful information concerning the suc-
cess of transplantation beyond the initial generation (UTTER et al, 1974; ALLENDORF and
Utter, 1978). Allelic frequencies of polymorphic protein systems often differ significantly
among populations of a species. Stable frequencies are useful to characterize populations and
tend to remain similar in transplanted and parent stocks.

The present report uses biochemical genetic data to examine the returns of transplanted
and native fish to the Tokachi River. The data verify the success of an initial transplanta-
tion over two generations on the basis of both allelic frequencies and the time of return. The
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applicability of this procedure to the study of transplated populations in general is discussed.

Materials and methods

Samples of liver and heart were collected during the fall of 1977 from mature chum sal-
mon returning to the Tokachi, Yubetsu, Abashiri and Shari Rivers (see Figure 1 for loca-
tions and Table 1 for dates of collections and sample sizes). Tissues were taken at hatcheries
during the process of artificial spawning, and were frozen immediately and remained frozen
at —20°C for up to four months until processed for electrophoresis. Extraction of tissues and
methods of electrophoresis followed procedures outlines in Numacu1 (1974). Genetic data were
collected from four polymorphic systems; malate dehydrogenase (MDH, 1.1.1.37) and a-gly-
cerophosphate dehydrogenase (a~-GDH, 1.1.1.8) from extracts of the heart, and isocitrate de-
hydrogenase (ICD, 1.1.1.42) and phosphogluconate dehydrogenase (6-PGD, 1.1.1.44) from

extracts of liver.

Fig. 1. Map of Hokkaido showing the rivers and hatcheries
(@) from which chum salmon were sampled. (1) Tokachi
River; (2) Shari River; (3) Abashiri River; (4) Yubetsu
River.
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Results

Each of the four polymorphic protein systems used in this syudy has been identified in
chum salmon by other workers. Variation of MDH-B (the system that predominates in the
skeletal muscle) has been described by Numacui et al. (1972), ALTukHOV et al. (1972) and
SeeB and Grant (1976); three alleles have been identified for this duplicated locus. Two al-
lele polymorphisms were reported for a~-GDH by Artuknov et al. (1972) and for 6-PGD by
SeEB and WisHaArRD (1977). A four-allele polymorphism for ICD has been identified by Numa-
CHI et al.; this variation is extended to five alleles through the present report.

Allelic frequencies for three of the polymorphic systems (MDH-B, «-GDH, 6-PGD)
were statistically indistinguishable among the collections of this study, but significant differ-
ences were detected at the ICD locus between the early and late collections of the Tokachi
River (y2=18.85, P<C.001; Table 1). The remainder of this report examines this difference
relative to other known aspects of the Tokachi River chum salmon runs and runs of chum
salmon returning to rivers entering the Sea of Okhotsk.

Table 1. Gene frequencies at ICD, 6-PGD, MDH and a-GDH loci in each river
population of chum salmon.

Collected Number ICD 6-PGD MDH a-GDH
River name of = — — = =
date specimens A B G D E F S B B B” F S

Tokachi R.  Oct. 12th 100 .530 .435 .010 .025 .000 .985 .015 .973 .028 .000 .985 .015

Tokachi R.  Nov. 24 th 60 .408 . 442 075 .042 .033 .992 .008 .996 .004 .000 1.000 .000
Shari R. Nov. 26 th 100 .439 .408 .061 .082 .010 .985 .015 .970 .028 .003 .985 .015
Abashiri R.  Nov. 27th 100 .490 . 381 .046 .062 .021 .985 .015 .975 .028 .003 .985 .015

Yubetsu R.  Nov. 25th 100 .480 .395 .025 .080 .020 .995 .005 .980 .013 .008 .990 .010

The timing and magnitude of chum salmon runs returning to the rivers investigated
(outlined in Figs. 2 and through 5) indicates differences in some rivers in different years
(Annual Report of Hokkaido Salmon Hatchery). Some of these differences may reflect in-
trinsic fluctuations among year classes of natural runs; others may be a result of trasplanta-
tion. The greatest year to year fluctuation in timing is seen for the Tokachi River (Fig. 2)
where an early peak during late September and early October occurs every year, and a second
peak in December is also seen in 1973, 1974, 1976 and 1977. It is necessary to look into the
recent records of transplantation among these streams (Table 2) before an attempt is made
to correlate this fluctuation with transplantation. Large numbers of eggs were transferred to
and from the Tokachi River during 1970 and 1971. The 1970 transfers from the Abashiri and
Yubetsu Rivers to the Tokachi River are particularly pertinent because of the subsequent in-
creases of late returning fish to the Tokachi River which correspond in timing with the runs
of the Abashiri and Yubetsu Rivers. These returns correspond exactly with returns that would
be expected from three and four year old fish resulting directly from the 1970 transplantations
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Fig. 2.
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to the Tokachi River (as outlined in Fig. 6); and it is known that chum salmon returning
to the Abashiri and Yubetsu Rivers are predominantly three and four year old fish.

1970 1971119721973 1974|1975|1976|1977

I

SEA

Fig. 6. Schematic model of the relation between returning year and age
composition of the transplanted chum salmon in the Tokachi River.

Transplantation

The genetic data for the allelic frequencies of ICD (Table 1) also suggests that the late
peak of Tokachi River chum salmon is a reflection of the 1970 transplantations. It is partic-
ularly noteworthy that the Icd-e allele was present in the late peak of the Tokachi River and
in all three collections from rivers entering the Sea of Okhotsk, but not in the early peak of
the Tokachi River. The genetic similarity and similar timing of the runs returning to the
three rivers entering the Sea of Okhotsk are presumably a reflection of gene flow either re-
sulting from their proximity to one another or frequent transplantations among them in the
past (reported verbally by hatchery personnel).

The data presented to this point independently indicate that the late peak of the To-
kachi River run is a direct result of 1970 transplantations from the Abashiri and Yubetsu
Rivers. It is pertinent to consider the absence of an early peak reflecting the reciprocal
transplantations from the Tokachi River to rivers entering the Sea of Okhotsk made at
the same time (Table 2). The answer is that the transplanted Tokachi River fish did ap-
proach the Okhotsk Sea streams as adult in considerable number but were harvested by the
set net fishery so that they did not contribute significantly to subsequent generations (Fig.
7). Chum salmon approaching large rivers (e.g. the Tokachi River) remain silvery upon en-
try to fresh water in contrast to fish approaching small rivers (e.g. the rivers entering the
Sea of Okhotsk) which take on nuptial coloration in salt water. Bright silver chum salmon
were, in fact, intercepted in the set net fishery on the coast of the Okhotsk Sea starting in
September and October of 1973. Some of the transplanted Tokachi River fish had been tag-
ged prior to release, and some of these silver colored chum salmon taken in the set net fish-
ery contained these tags. In contrast, the set net fishery of the estuary of the Tokachi River
closes early in November. Thus the transplanted fish from the Okhotsk Sea rivers, whose
spawning peak occurs after this time, returned in sufficient number to continue the
transplanted lineage for another generation.
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Table 2. Summary of chum salmon egg transplants
during 1970 and 1971. Number represents
thousands of eggs.
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Discussion

This report describes only a portion of the transplantations that have been attempted
with chum salmon in Japanese rivers. Transplantations to the Tokachi River were attempted
in 1959 with fish from streams entering the Strait of Nemuro (Fig. 1), whose timing coin-
cides with that of the runs returning to the streams of the Sea of Okhotsk. These plantings
apparently did not produce a second generation because they did not result in the establish-
ment of a second peak such as that observed in this study. This failure was presumed to be
the result of poor survival of the transplanted eggs (reported verbally by hatchery personnel).

However, other successful transplantations have been reported. A new late peak—similar
to that of the Tokachi River—was temporarily established in the Okawa River (of the Miyagi
Prefecture) three and four years after transplantations of fish of a late run from the Otsuchi
River. This late peak eventually disappeared and the Okawa River presently consists of a
single early peak—as it did prior to the transplantations (Nose, 1970).

Natural chum salmon runs consisting of two peaks are known in the Ishikari and Tsu-
garuishi Rivers. The two peaks of the Ishikari River (September-October and November-
December) were initially differentiated by sex ratio and growth measurements. These runs
have been altered through such factors as transplantations and stream bed modifications and
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the early run is presently the major component (KoBayasui, 1961). An early run of the Tsu-
garuishi River has occurred since the early 1940’s. This run precedes the regular run by
more than a month and its causes have not yet been determined (Nosg, 1970).

A general characteristic of annual chum salmon runs returning to different rivers is their
definite timing. This timing tends to be later proceeding southward along Honshu to 39°N.
latitude where the trend reverses and runs to streams further to the south again tend to re-
turn earlier (MacHIDORI, 1978). It is presumed that this distinct timing of different groups
is the result of fairly long periods of natural selection and that this characteristic has therefore
a high genetic component.

This trait of distinct timing apparently persists in transplanted fish, and permits mon-
itoring of the relative success of these transplantations over time intervals such as has been
done with runs of the Tokachi and Okawa Rivers. Monitoring the success of transplantations
by time of return alone is not possible, however, if the transplanted and native stocks do not
differ with regard to this trait. Other means of identifying populations such as by scale pat-
terns, fecundity and number of vertebrae are similarly limited because of the tendency of
overlap of characters between populations.

Gene frequency data, on the other hand, permit monitoring of the relative success of
transplanted runs having similar timing to native runs if differences of allelic frequencies ex-
ist for the two groups, and if data pertaining to these differences are available prior to trans-
plantation. Such data are available for the runs presently returning to the Tokachi River.
These data will permit continued monitoring of possible changes occurring in these runs at
different times relative to their genetic makeup. If the second peak disappears at some time
(as occurred in the Okawa River) it will be possible to determine if this disappearance was
the result of actual loss of this run, or the continuation of the run with a change in its time
of return.

The primary consideration regarding the relative success of transplantations in the past
has been the number of eggs transfered, and little attention has been paid to qualitative dif-
ferences that may exist regarding the adaptation of runs of two areas. Differential timing of
runs is a major variable that must also be considered. The continued study of the chum salm-
on runs returning to the Tokachi River through the use of genetic markers provides a mod-
el for the general study of transplanted salmonid populations.
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