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Abstract: Run timing for two experimental groups of adult returns to a natal river and adjacent
areas was compared for 1991 and 1993 broods of chum salmon (Oncorhynchus keta). In the ex-
perimental group of the 1991 brood, eggs and sperm were collected from fish returning early in
December, and eggs were inseminated immediately. For the second experimental group, eggs
were taken from fish returning in early December and inseminated with sperm collected in early
November that had been preserved in artificial seminal plasma and antibiotics at 0°C for one month.
Adults returning in each group were identified from fin-clips and scale analysis. The fresh sperm
group returned mainly in early December over four years from 1994 to 1997, over four years there
was a single abundance peak of returns to the natal river and adjacent areas. The preserved
sperm group showed two peaks, one in late October and the other in early December. Compara-
ble results were also observed for similar experiments conducted with 1993 brood fish. These re-
sults suggest that the return timing to a natal river is influenced by genetic factors that can be ma-

nipulated using preserved sperm.

INTRODUCTION

It is known that the timing of upstream migration
and spawning in salmonid fish is different for each
river, and that there may be several spawning runs in
a river (Mayama 1986). One explanation for these

broods raised from eggs fertilized with preserved
sperm and with fresh sperm. The purposes of this
experiment were to investigate whether there is any
genetic control over season of run timing by using
preserved sperm.

phenomena is that the physical conditions that influ- MATERIALS AND METHODS
ence spawning and survival are different for each
river. If adults return too early or too late, the river 1991 Brood

will often not be suitable for spawning or develop-
ment of their embryos (Smoker et al. in press).
Thus, run timing is clearly important to the persis-
tence of populations, and we suspect that run timing
is affected genetically (Mayama 1986, Smoker et al.
1998). Mayama (1986) inferred that maturation
time of salmonid fish is influenced by the spawning
time of the parents. Pink salmon (Oncorhynchus
gorbuscha) tend to return to spawn at the same time
in a run that their parents did (McGregor et al. 1998).
However, these reports were based on ordinary
propagation; the fish were mated with fish that had
matured at the same time.

In our experiment, we focused on the return tim-
ing of chum salmon to a natal river, comparing

In 1991, eggs and sperm were obtained from
mature chum salmon (O. keta) from the Akka River
of Iwate prefecture, Japan. There were two different
groups in this experiment. In the first group, eggs
and sperm were collected from 86 females and 4
males that returned to the river on 4 December; half
the eggs from the 86 females were inseminated im-
mediately with fresh sperm (Table 1). For the sec-
ond group, sperm for insemination was stripped from
4 males that were in the river on 6 November. The
sperm was preserved by mixing it with artificial
seminal plasma containing antibiotics (streptomycin,
penicillin, fungizone). The sperm was stored at
about 0°C until 4 December. The other half of the
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Table 1. Dates and locations where eggs and sperm were
collected.

Brood River of origin Date sperm Date eggs Date of
ear collected collected fertilization
1881 Akka R. Dec. 4, 1381 Dec. 4, 1981 Dec. 4, 18891

Akka R, Nov. 8, 1861 Dec. 4, 1881 Dec. 4, 1891
1993 Tsugaruishi R, Nov. 26, 1993 Nov. 26, 1993 Now. 26, 1983
Tsugaruishi R, Oct. 22, 1993 Nov. 26, 1993 Nov. 26, 1883

eggs collected on 4 December (86 females) were in-
seminated immediately with the preserved sperm.

The preserved sperm was stored in two kinds of
seminal plasmas with different components. The
chemical components of one were 130 mM NaCl, 40
mM KCl, 2.5 mM CaCl,, 1.5 mM MgCl, and 2.5 mM
NaHCO; in water for cell culture. The other consisted
of 80 mM NaCl, 50 mM KCl, 2.5 mM CaCl,, 1.5
mM MgCl, and 50 mM NaHCO;. The chum
salmon fry obtained from these experiments were all
released at the same location and at the same time
into the Osawa River on 13 April 1992 (Table 2).
There were 77,700 marked fry from the fresh-sperm
group and 45,300 from the preserved-sperm group.
Each group was identified by fin clipping and scale
analysis.  The fry from the fresh-sperm group were
marked by clipping both the adipose fin and the left
ventral fin. The preserved-sperm group was marked
by clipping both the adipose fin and the right ventral
fin. From 1993 to 1997, we looked for marked fish
from 1991-brood releases in the river and along the
coast in Iwate prefecture, Japan.

For the purposes of run timing, we have defined
the natal river and adjacent areas as the Osawa River
and the Yamada fish market. The Yamada fish

market sells salmon that are caught in set nets from
near the mouth of Osawa River.

1993 Brood

In 1993, the eggs and sperm of the fresh-sperm
group were obtained on 26 November from 58 fe-
males and 3 males captured in Tsugaruishi River,
Iwate prefecture, Japan. Half the eggs from 58 fe-
males were inseminated immediately with fresh
sperm {Table 1).

For the preserved-sperm group, the sperm had
been stripped from 4 males captured in the Tsuga-
ruishi River on 22 October. Sperm was preserved
until 26 November. The other half of the eggs col-
lected from 58 females captured in the river on 26
November were inseminated immediately with pre-
served sperm. There were 36,400 marked chum
salmon fry from the fresh-sperm group, and 51,200
from the preserved sperm group (Table 2). Fry were
released into the Osawa River on April 20, 1994.
From 1995 to 1998 we looked for marked adults re-
turning from the 1993-releases.

RESULTS

For the 1991-brood experiment a total of 57
marked fish from the fresh-sperm group and 46
marked fish from the preserved-sperm group were
recovered (Table 3). Recovery rates were 0.07%
and 0.10% respectively, but were not significantly
different (%, p > 0.05). Most recoveries in both
groups were age 3+ and 4+, and were not statistically
different (3%, p > 0.05) (Table 3).

Table 2. Summary of release information on marked chum salmon fry.

Date of No. River of Fork length Body weight Marked fin Group'
release released release meantSD(cm) mean+SD{(g)
Apr. 13, 1992 77,700 Osawa R. 6.1+0.41 1.62+0.32 Adipose+Left ventral F
Apr. 13, 1992 45,300 Osawa R. 6.210.32 1.74+£0.26 Adipose+Right ventral P
Apr. 20, 1994 36,400 Osawa R. 6.7+0.35 2.54+0.38 Adipose+Left ventral F
Apr. 20, 1994 51,200 Osawa R. 6.2+0.31 2.16+£0.33 Adipose+Right ventral

"F, fresh sperm; P, preserved sperm

Table 3. Age, sex, and numbers of marked chum salmon that were recovered in rivers and along the coast of lwate Prefecture,

Japan.
Brood Marked fin Group' Number of Age Male Female
year fish
2+ 3+ 4+ 5+
1991 Adipose+Left ventral F 57 2 24 31 O 20 37
Adipose+Right ventral 46 3 22 20 1 12 34
1993 Adipose+Left ventral F 33 3 17 13 - 7 26
Adipose+Right ventral 37 2 21 8 - 15 22

'F, fresh sperm; P, preserved sperm
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For the 1993-brood experiment, 33 fish were
recovered from the fresh-sperm group and 37 from
the preserved-sperm group (Table 3). Recovery
rates were 0,.09% and 0.07%, and again were not sig-
nificantly different (¥, p > 0.05). Most fish in both
groups were aged 3+ and 4+, and age compositions
were not statistically different (%, p>0.05).

Timing of Returns

In 1991-brood experiments, the fish that recov-
ered from the Osawa River and Ymamada fish mar-
ket were 33 (fresh-sperm group) and 21 (pre-
served-sperm group) (Table 4). The adults returned
to the area from mid September to mid December;
the range was the same for both groups. However,
the fresh-sperm group returned mainly in early De-
cember and had a single peak; the preserved-sperm
group showed two peaks, one in late October and the
other in early December. In the fresh-sperm group,
about 42% of the recovered fish returned during the
peak. In the preserved sperm group, about 24%
returned during the first peak and 33% returned dur-
ing the second. Neither distribution (run timing)
was significant (Kolmogorov-Smirnov test, p > 0.05)
(Fig. la).

Similar results were observed in the experiment
initiated in 1993. All of the recovered fish (31 from
the fresh-sperm group and 32 from the pre-
served-sperm group) were recovered in the Osawa
River and Yamada fish market (Table 4). A single
peak in the fresh-sperm group was observed in early
December, and the percentage of fish in the return
peak was about 29%. There were two peaks in the
preserved-sperm group, one in late October and the
other in mid November; percentages were about 16%
and 38%, respectively (Fig. 1b). Both distributions
(run timing) were significant (Kolmogorov-Smirnov
test, p < 0.01).

Location of Recoveries

Among the fresh-sperm group in the 1991-brood
experiment, 27 adults were recovered from the
Osawa River, and 6 adults from Yamada fish market
(24 adults were from other areas)(Table 4). The peri-
ods of recovery were different in the two areas (Fig.
2a). Most of the 27 fish recovered in the Osawa River
were found in the second half of the observation pe-
riod. By contrast, the 6 fish from adjacent areas
were recovered in the first half.  Similar results were
observed for the preserved-sperm group, i.e., most of

Table. 4. Summary of marked chum salmon recovered in the Osawa River and in Yamada fish market.

Brood Marked fin Group' Total number Number of fish Male Female
year of fish
Osawa Yamada others
1991 Adipose+Left ventral F 33 27 6 24 10 23
Adipose+Right ventral P 21 13 8 25 7 14
1993 Adipose+Left ventral F 31 28 3 2 6 25
Adipose+Right ventral P 32 19 13 g 5 14 18

' F, fresh sperm; P, preserved sperm

Fig. 1. Number of marked fish recovered in the Osawa
River (the river of release) and Yamada fish market (near
Osawa River), lwate Prefecture, Japan, 1994--1998.
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Fig. 2. Number of marked adult chum salmon recovered
Sept. —Dec. from the Osawa River and from the Yamada fish
market, 1994-1998.
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the 13 fish that were recovered in the Osawa River
were found in the second half of the observation pe-
riod. The 8 fish that were recovered in coastal areas
near the river were found in the first half of the ob-
servation period. In these results, few fish were
recovered in the Osawa River late in October.

Results were similar in the 1993-brood experi-
ments where few fish were recovered from the
Osawa River in late October for either the
fresh-sperm group or the preserved-sperm group (Ta-
ble 4 and Fig. 2b).

Sex Composition

Sex composition of marked fish from the
1991-brood experiments recovered in the Osawa
River and Yamada fish market consisted of 7 males
and 14 females for the preserved-sperm group (Table
4). For this group the peak numbers of recovered
males was in late October, and for females in early
December (Fig. 3a). For the fresh-sperm group,
there were 10 males and 23 females from the same
areas. The peak in the number of females occurred
in early December, but males did not produce an ob-
vious peak.

For the 1993-brood experiments sex composition
of adults recovered in the preserved-sperm group was
14 males and 18 females (Table 4). In the case of
the males, there were two abundance peaks, one in
late October and the other in mid-November. Fe-
male abundance peaks appeared in late October and
again in late November (Fig. 3b). In the fresh-
sperm group, 6 male and 25 female fish were recov-
ered from the same area. Though a single peak for
the females occurred in late November, no peak was
observed for the males.

Fig. 3. Number of male and female marked adult chum
salmon recovered Sept. -Dec., 1994-1998.

a. b
7 9y
B 6} Preserved-sperm group, 1991 B g | Preserved-sperm group, 1993
B 87
H ¢
274
g5 e
% 4 %2 54
a OMale g4
G 2 % Femate § 3
'y g
% =2 1 -
o Z41 i |
9 10 11 12 9 10 11
Month Month
12 9 5
g % g Freshsperm group, 1993
£ 1o g
g 8 gs
2 a
i i
CMale B 4+ OMae
% 4 »Female B 34 WFemae
$ 2
g 2 i C é 1 ]
04 L “0-
9 10 1 12 g 10 11
Month Month

12

DISCUSSION

It has been known empirically that chum salmon
propagated on the same day in the usual way form a
unimodal distribution when they return (Kobayashi
1985; Mayama 1986). Moreover, the center of the
frequency distribution is the day the parents were
spawned; the range is three weeks before and after
this date (Kobayashi 1985; Mayama 1986).

In our experiments, we propagated fish from
pairs that differed in maturation times by using pre-
served sperm, and the results show an interesting
pattern. When we used preserved sperm we ob-
tained a bimodal distribution, unlike the pattern ob-
tained with fresh sperm. That is, dates of peak re-
turns of chum salmon that were propagated using
preserved sperm coincided with the sperm-stripping
date and the date eggs were collected and fertilized.
However, there was no significant difference in run
timing of each group in the 1991 brood experiment.
However, the important point is that the date of the
return peaks for chum salmon corresponded with the
dates of return of their parents.

Miyagi Prefecture (1999) conducted similar ex-
periments using sperm after cryopresevation.
However, their results did not agree with ours with
regard to the characteristics of the returns (especially
run timing). They reported that the date when the
peak occurred fell between the sperm stripping date
and the date of insemination. In either case, pre-
served sperm groups were somewhat different from
run timing in the fresh sperm group; in other words, it
is likely that run timing is under genetic influence.

Mayama (1986), McGregor et al. (1998) and
Smoker et al. (1998) reported that the spawning time
of salmonids has a genetic component. Moreover, it
has been reported for chum salmon that spawning
time is closely related to the date the fish return to
their natal river. Seki and Shimizu (1996), sug-
gested that the date of return to the natal river for
chum salmon is influenced by parental genetic factors.
Judging from this and our experiments, run timing is
under genetic influence.

Another characteristic that was observed when
using preserved sperm was that some fish returned
early (similar in time to when the male parent re-
turned). These fish were recovered near the natal
river, but had not entered the river. We do not un-
derstand the reason for this, but there may have been
a difference in the stage of maturity. We did not
observe any special trends related to sex composition.

Experimental releases were conducted by trans-
plantation in our experiments. However, transplan-
tation did not seriously influence the run timing of
our experiments. This is because the timing of up-
stream migrations is not easily changed by environ-
mental differences (Okazaki 1982a, b).
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In our experiments, the number of recovered fish
was not large, and we cannot be certain that the re-
sults would apply to the whole population. There-
fore, further experiments will be required to clarify
the relationship between run timing and genetic fac-
tors.

There have been numerous studies on techniques
for preserving sperm for use in artificial propagation.
Salmonid fish have frequently been used in these
studies (Smith and Quistorff 1943; Barrett 1951;
Forester 1965; Withler and Humphreys 1967; Hoyle
and Idler 1968; Truscott et al. 1968; Withler and
Morley 1968; Ott and Hortor 1971; Hiroi 1973).
However, the main objectives were to determine
storage methods, fertilization techniques, motility and
the fertility rates of the sperm. Therefore, the bio-
logical characteristics of the adult salmon that con-
tributed the sperm were not described in detail.  Our
experiments suggest that run timing can be manipu-
lated using preserved sperm. We also suggest that it
can be a useful technique for maintaining balanced
stocks during artificial propagation, because there are
many more male chum salmon than females during
the first run.  Also, sperm preservation could main-
tain chum salmon diversity in a river without having
to transplant rare stocks of early run fish. Naturally
we should be careful using preserved sperm until all
features of its use are clear.
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