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Studies on the Culture and Transplantation of

Amago Salmon, Oncorhynchus rhodurus.

TETSUO HONIOH

Amago salmon, 0. rhodurus, which is a kind of the genus Onecorhynchus, is districtly distributed on
the western pacific side from the Chubu District on the Mainland of Japan. It has been attracting
considerable attention because this fish provides people in the country with protein and is one of the
commercial fishes. Besides, this fish is a valuable species for the sport fishing in the brook. As the
resource of Amago salmon is decreasing due to the disturved habitat and intensive fishing in recent
vears, the urgent conservation for the resource of Amago salmon has become the necessity of the day.

Accordingly, this study was conducted with a view to increase the resource of Amago salmon which
is decreasing recently, and a series of results with regard to the seed production, feeding, transplanta-
tion, ete., are reported here,

SEED PRODUCTION AND FARMING OF EDIBLE FISH

Until now, anly a few reports have been published on the seed production of Amago salmon, but all
these reports deal mainly with the results on the taking of eggs from the wild fish or hatch. The study
on the seed production under artificial environments has not yet been conducted. The author tried to
feed the wild fish in the pond since 1964, and from 1966 to 1967 succeeded in feeding a great number of
wild fish in order to take ripe eggs from the wild one, and in rearing through successive generations

from the first obtained eggs.

It is said that the feeding technique of Amago salmon corresponds to that of rainbow trout, Salmo
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gairdnerii. However, some differences of habit between Amago salmon and rainbow trout were rec-
ognized, and it was necessary to exploit particular technique for the feeding of Amago salmon. It
was revealed that adult fish can mature and eggs can hatch normally if the water temperature in the
spawning period decreases below 14°C, and the lethal limit of the high water temperature for the
incubation is about 14.5°C to 16. 0°C. Maturity had relavance to growth. Male fish of the high growth
rate almost matured as one-year old fish. On the other hand, female fish which matured as one-year
old fish were very rare and they almost matured as two-years old fish. It was difficult to take ripe
eggs from the same female more than two times as the mortality was very high after the oviposition.

The following two points posed difficulties in egg taking. Firstly, it was not possible to obtain
enough sperm quantity to fertilize ripe eggs thronghout the spawning period as the male fish became
precocious and died after the ejection of sperm. However, the above problem was solved by the pro-
longation of the ejection period of sperm treating with the long-day photoperiod te a part of male fish.
Secondly, the water temperature in the spawning period decreased later than the every year case,
As for this point, it was confirmed that the eggs matured normally by making the spawning period coin-
cide the appropriate water temperature controlling the maturity of female and male fish with the
photopericd treatment.

The fecundity of the wild Amago salmon is only 200 to 300 eggs as the size of its female was small,
but the large fish which was fed in the pond had 1000 to 2000 egegs. Concerning the fecundity of the
matured fish fed in the pond, there was an individual variation, but a linear positive relationship was
recognized between the body weight and the fecundity, and the number per 100gr. was about 250 eggs.
The maturity index - the percentage of egg weight to body weight - increased to more than 20 %, and
was much higher than that of rainbowtrout. A positive eorrelation was recognized between the egg
size and the body weight. The development of the fertilized egg was slower than that of rainbow trout.
When the cumulative temperature reached to about 400°C, hatching started and reached the highest
frequency at about 450°C, but as the cumulative temperature approached 800°C, the provisionization
started to advanced fry.

Regarding compound diet, when Amago salmon was fed with the commereial compound diet for trout,
Amago salmon grew up rapidly, but the specific red spot on the body surface became dim.  Besides,
the addition of carotinoid red pigment to the compound diet revealed the effect of pigmentary deposit on
the red spot.

As for compound diet for adult fish, protein and vitamins were added to the commercial compound
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diet for trout in order to increase the content of both nutrients. The egg weight of fish fed on this diet
was found to have increased.

From the appearance it was difficult to diseriminate between female and male fish of underyearling
of Amago salmon except for the matured male. From the phenomenon that male, which will mature as
one-year old fish, showed the rapid growth particularly with the increase of its testis from middle
July, the author could roughly discriminate male from female by the method of dividing culture group
into each size group after late July. In the case of division into large, middle and small size group,
most of the fish in the large size group were male which will mature in the same vear. On this basis,
the male fish can be used systematically and effectively before it matures. In the middle size group,
almost all of fish were female and the smalt transformation on these fish oceurred in the late fall, It
was established that fish in the middle size group can be utilized as the spawning fish in the next fall.

The author tried the rearing of three species from fertilized eggs to adults comparing Amago salmon
with "Biwa Masu”, 0. rhodurus, from the Lake Biwa which is demonstrated to be the same species as
Amago salmon taxonomically, and the closely related species, "Yamame™, . masouw. Asa result, the
clear differences in the habit, morphological characteristics and possibility on the propagation were
recognized between Amago salmon and "Biwa Masu”, and it was suggested that "Biwa Masu” did not
belong to the same strain as Amago salmon.  On the other hand, between Amago salmon and “Yamame”
in the Mainland of Japan the difference on the above-mentioned aspects except for the red spot was
not recognized.

REPRODUCTION BY TRANSPLANTATION

The author conducted a study on the transplantation of the hatchery-reared fingerlings for six years
since 1969, performing the study on the seed production at the same time. In the first three vears the
transplanting of the freshwater resident type, i.e., “parr” was conducted for the reproduction of Amago
salmon in the upper courses of the river, later the transplanting of “smolt” which tends to go down-
stream, was conducted for the increase in resources of the sea-run form.

In the upper courses, mainly juvenile was transplanted into the valley of the Kiso River system.
The difference between the transplanted fish and wild fish regarding the characteristies and habits
was not recognized for two to three months after transplanting. Therefore, it was established that the
transplanted fish became wild for a short time and could adapt well to the natural conditions, As the
growth rate of the transplanted fish corresponded to that of the wild fish within the planting density of

0.5 individual / m*, it was clear that this density was moderate for the effective planting. The



recapture rate of this study was higher than the results of published report on the planting of juvenile
rainbow trout. As regards the size of the planted juvenile, the recapture rate of 10 gr fish was
higher than that of 1 gr fish, but the growth rate per day of the latter was relatively higher. As
the diffusion of the planted fish in the valley was very slow, it was considered that juvenile had better
be planted into some dispersal stations in the valley. During the planting of vearling “parr” and
“smolt”, “parr” tended to stay within the study area, whereas “smolt” tended to go downstream.
From the results that “smolt” tended to go downstream and the planted Amago salmon showed the
same characteristics and size as "Sokamasu” - Masu salmon on the ascending migration -, the author
tried to increase the resource of “Sokamasu” by the transplanting of a large number of “smolt”
“Smolt” was transplanted into the lower courses of the Nagara River in the early Winter. Later,
during March and April in the next Spring, many planted fish were recaptured in the Ise and Mikawa
Bay. In April to May the author could recapture many ascending fish in the Nagara River. The
author also conducted the planting study in the Nagara and Kiso River in 1973 and 1974.  As a result,
many data were acquired with regard to the seaward migration, food habit in the marine life, growth,
period of the marine life, season of the ascending migration, homing, etc. Judging from the results
that the transplanted fish always constituted 10 to 20 % of the captured individuals, it was suggested
that the resource of wild Amago salmon was poor. Comparing the morphological characteristics of
the transplanted fish, which ascended the river after inhabiting in the sea during a certain period, with
those of wild fish, that is, the so-called “Kawamasu”, any significant difference could be not recog-
nized. Therefore, it was confirmed that the fish, which is called as *Kawamasu” by the fishermen in the

Ise and Mikawa region, is truely the sea-run form of Amago salmon.
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Table 1. The each river and number of
collected wild fish in 1967.

River No. Percentage
Maze r. 2417 63.2%
Yamanokuchi r. 1830 21.5
Osaka r. 449 L
Mashita r. 63 16
Ogawa stream 53 1.4
Sakura stream 22 0.6

Total 3856 100.0

Table 2. The number and average body weight
of collected fish in each month in 1967.

Maonth No. Average weight

Feb. 69 49.3¢

Mar. 631 50.7

Apr. 1359 53.8

May 752 56.5

Jun, 508 84.0

Jul. 227 et

Aug. 281 50.9

Sep. 29 55.2
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Table 3. Rearing process of the fish collected in 1966 and 1967.

1966, Fish 1967, Fish 1967, Fish

[tem Peried Sex ‘ : . : 3
in spring in spring in summer
Cnl]cctﬁ;\d \ 1915 2441‘“; l 1410
Beginning of
1705 2371 0
period II
- Mature female 326 623 197
f Ending of Mature male 382 795 237
Z period II Immature 416 410 531
g: Total 1124 1828 965
i Mature female 150 44 17
Ending of Mature male 45 24 74
period III Immature 287 357 466
Total 482 425 557
Collected l = 5.8 T
Beginning of
e A i 42,1 54.3 =
— Mature female 144 157 93
.FEC' Ending of Mature male 160 181 95
E period 1I Immature 45 50 37
& Total 113 143 63
:% Mature female 114 124 100
Ending of Mature male 120 140 59
period I Immature 54 75 47
st period I 11.0 2.8 =
E\i period II 31.8 18.9 24.5
= Mature female 518 BT 87.8
E‘ Period III Mature male 7.0 94.9 6l.2
T Immature 27.9 12T 952
C. F * Period II 8.3% 4189 —
C. F.*: Conversion factor
1966 1967

Period T Mar. 20 —~ May 2 Hahl 9 = W]
Period II May 2 — Sep. 29 May 11 — Sep. 28
Period III  Sep. 20 — Dec. 1 Sep. 28 ~ Nov. 27
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Fig.3 Frequency distribution of mortality of
Amago salmon of mature male and female
in spawning season in 1966.

HHE168.0% + HLIHM A OTL.7% L KT
{, F rRpem A
JRHR T X 7= e o BlE, 19665F i 4 £ 13 304

ez,
R, 19674 75 14 1 5 12 587TRE, 19674 X Wi
MM 2190 T, FRATIREREIZHN L T15.9
0%, BLUI3.5%TH-T2,

BT EBLVER .
|3 ARSI L B e o T2,

%, 24,

T E RO s, B

= =20

ity

JﬁJ Z[;vaﬁ}{fjlv'\-" f-_". 2_‘“370\}-%7?1{')
B i b
DAL 2, REICIHEL 2 RIIETE

12 L 7o f i AR

-
LS

A e TRl AT

e

i
-

Far

PEREER R A 5 2B,
TR E BT,
il o EEC BT A ERIFAIRICA

Lk EE, 1966EEEA (5 A2 BOWFY

42 1g 459 H20H 2113 g X #9272 % -
12, 196TAE OIS L 5 H11H O F R
54.3gH70 A28HIC143 g X492, 724 D, 1966

EoERr—3L7z, LirL, ZEMmEAI,
SRS O RT3 5g (2R L 9 A28H 2363
g HRE AT LAz,
BRI L 2 UL TR TR T A
I LA I

LTRECE(EZTEY, BALWEEZL T

BT fo ik LT,

v, A E B E o RN Z o L ) IS
TR T R A 1,
LRI TR ) 5

12 1138.3%, 19674121341.8% &l 72,

~ 9 Aok, 1966

Lo L, (AR i 2 ot Ml 2 T, 4
30kg o fi et % A L 7212 & e o & K9 30kaik
|l

EBANKES, ROVICHELFE
OPBE ; 19674E D3R IERES (777 ) HRE 2
13, fokRE 400 g (fRE28.0cm ), Fe/MEEA4L.5
¢ ({RE13.9cm) FHYRE14] g TH -T2, ARM]

S0, & B IO B 12 D o TR o) EBL AL D

Jex R BILEET A L, RO FEEKREIZLT ¢
oL T E D EERTZ93 e LATHD T ATK

BTh-712,
MR BT 2 A0l E (We) LRk
zh

(Lem) OMBEEARTTEBN T,

2P VTl log W = 2,90 log L —1.6676,
Hifilc 2 T it logW = 2.66log L—1.390507
EATRbHENTZ,

PROPHR : 1966481 (2 10 H 18 H 12 286K, 10H

31 EIZISRIEM L T, HITE b HEFHoiRI



400 ]
g 300
b
i8]
= 200f
=
=
(=]
anl
100
A
8,67 —smale
o & a--afemale
ﬂf
1 1 1
15 20 25
Body length (cm)
Fig. 4 Relation between the body weight and

body length of mature Amago salmon.
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b7 Table 4. Result of egg taking and incubation
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