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Year 

1925 
1926 
1927 
1928 
1929 

19.30 
1931 
1932 
1933 
1934 

1935 
19.36 
1937 

TABLE 1. Catch of maau salmon by Japanese fishermen and the 
n~ber of fishing lots operated by the U.S.S.R. 
and Japan in Pr:i:morskaia (from Taguchi (1957) and 
statistioal records of operations; Association ot 
Russian Territory Fisheries). 

Nmnber of fishing lots Catches by 
Japanese Japan fishermen 

U.S.S.R. Operated Closed (in metric tons) 

6 14 1 37.8 
6 14 1 234.4 
3 1.3 0 106.0 
2 13 0 179.2 

32 22 1 207.0 

49 18 1 319.4 
43 16 4 179.1 
44 12 7 210.0 
55 14 0 62.0 
55 14 0 170.4 

82 12 2 295.1 
82 11 3 167.6 
82 4 10 7.1 

Average for 13 years 167.3 

TABLE 2. Age composition of adult masu salmon in the streams 
of the West Kamchatka areas (from Semko, 1956). 

Stream 

l~lpakovskaia River 

Utka River 

Age composition (in number of fish) 

32 42 43 53 

4 12 

16 2 

4 

6 

Total 

20 

24 



TABLE 3. Total length 1) a.."1d body weight of adult masu salmon 
in the streams of Hokkaido. 

Total length Body weight 
Stream Sex Range Mean P~"'16a Mean Source 

cm cm kg kg 
Shiribetsu R .. F 39.6-64.4 55.4 1.913-3.553 2.550 Handa (1932) 

M 36.3-57.8 48 0 8 1.538-3.131 2.325 " 
Nishibetsu R. 46.2-74.3 57.1 1.200-4.163 2.138 " 
Chitose R. 50.0-71.0 62.7 1.5 - 5.1 3.4 Akiba (1936) 

1) In the data given by Ha.TJ.d.a, length is designated as body length. 
Howeyer, it is aflsu:ned 7,ha.t this moans tota.l length. In the case of 
masu salmon, there is not mllch difference between fork length and 
total length. 

TABIE 40 Standa.rd lC:lgth o~ adult masu salm.on in the streams 
of rlolj(c:.ido (frOl:1 Sano, 1951). 

Sample size Mean 
(in no. of standard 

Stream fist) Sampling period length 1) 
cm 

Chitose R. (Japan SeE'.) 52 1946 IX-X 48.1 
Shinsha R. (Japan Sea) 190 1946 VII-VIII 47.0 
Shubuto R. (Japan Sea) 96 1946 VITI-IX 46.0 
Tokoro R. (Okhotsk See.) 196 1946 VII-IX 45.5 
Shari R. (Okhotsk Sea) 52 1946 VI-VIII 45.3 

l)The ratio of st~"1c,ard length to fo:::-k le:1gth i3 not clear. However, it 
is believed that fork length is 5 or 6% longer than standard length. 

TABlE 5. Size of adult masu saloon in various Far Eastern 
areas of the U.S.S.R. 

-,-----_._---
B09Y len~thl) Body weight 

Area Se'Z Range Mean Range Mean 
If 34-55cm 46.6o."l1 0.6-2.7kg 1.35kg West coast of Sou~h Sal:.:..1-).alin _'L 

(1947-1953) F 34-54 45.5 0.6-2.4 1.4 
West coast of KEmchatka 

Kolpakovskaio. Ro 44.0 1.3 
Utka R. 46.2 1.48 

Downstream of Amur Ri \'Z!' 
M 46-67 56.8 1.8-3.2 2.3 
F 47-62 54.4 1.6-3.1 2.3 

Poset (at the bOrc.Ar of 1\o:-ea) F 52-68 61 

Tumnin R. (Strait of Tar'~ar7) M -71 63 -6.0 4.0 

l)Although it is not indicated what standard was applied for measuring 
length, it is probably fork length. 



TABIE 6. Yearly variations in the size of masu salmon in 
southern Sakhalin. 

Year Sex Mean body lengthl ) Mean body weight 

1948 M 43.7cm 1.4kg 
F 43.9 

1949 M 49.2 1.6 

F 47.2 

1) Prcbn,!:)ly fc~k leng~b.. 

Sex 

Male 

Female 

TABLE 7. Hean fork length by age of masu salmon collected 
in the Amur River (from Pravdin, 1949). 

Age 1) 

1 2 3 

12.7cm 31.5cm 65.0cm 

15.5 36.6 56.2 

1) The age in fresh water is not taken into account. 

TABIE 8. Size of masu salmon in southern Sakhalin by age 
(from Krykhtin, 1958). 

4 

58.8 

Bod.!y length2) Body weight 
Agel) Sex Rnngs Mean Range Mean 

en .• em kg kg 

M 44-57 49.7 0.9-2.9 1.595 
32 (Spring downstrerum 

49.6 1.628 migrants) F 45-55 1. 2-2~3 

M 37-49 45.0 0.5-1. 7 1.228 
32 (Sul1l1"C1cr dCi.-:n.stream 

migrants) F 35-50 46.1 0.5-1.8 1.388 

42 (Fall downstream M 47-tJ) 53.6 1.3-3.0 2.022 
migrants) 

F 49-59 53.3 1.5-3.0 2 .. 094 

1) See sections 2.1.4 and 2.5.1 for ages. 
2) Probably fork 18ngth. 



Stream 

TABLE 9. Size of maSu salmon of the west coast of Kamchatka 
by age (from Seroko, 1956). 

Kolpakovskaia R. 38.5 0.910 44.9 46.1 

0.775 47.0 

1.475 

1.575 Utka R. 47.1 1.520 38.0 

1) Probably fork length. 

Area 

TABLE 10. Monthly variations in the proportion of gonad weight 
to total body weight for masu salmon of the Shinsha 
River (from Sano, 1947). 

Sex 

"N8.1.e 
Female 

June 

0.53% 
1.68 

July Aug. 

6.1.$ 
23.9 

Sept. 

6.5% 
26.8 

TABLE 11. Fecundity of masu salmon in Hokkaido, Honshu and the 
Sea of Japan. 

Fecundity He an 
Body 

Range Mean Weight Source 
kg 

Nishibetsu R. (Nemuro Strait) 
Chitose R.(Japan Sea) 

1172 - 3602 2720 
1968 - 5362 3822 

2.1 
3.4 

Handa (1932) 
Akiba (1936) 

Sho R. Tbyama Pref. 3069 - 5434 4051 2.5 Saguri (1938) 
(Japan Sea) 

Okujiri Is. (Japan Sea) 1230 - 2937 2040 1.0 Hokk. Pre!. Fish. St. 
(1956) 

Sea of Japan 1800 - 5700 3244 Data provided by Japan 
Sea Fish. Lab. 



TABLE 12. Fecundity of masu salmon in the Far Eastern regions 
of the U.S.S.R. 

Area 
, ! 

South Sakhalin 

South Sakhalin 

Amur River 

West coast of 
Kamchatka 
Ko1pakovskaia R. 
utka River 

TABLE 13. 

Stream 

Ko1pakovskaia R. 
Utka River 

Age 

( 32 (Spring) 
~ 32 (Summer) 
( 42 (Fall) 

FecWfdity , 
Range 

739-2683 

1145-2745 
520-1820 

1225-3059 

1386-3261 

Mean SoUrce 

1900 Dvinin (1956) 

1675 ) 
1352 ~ Krykhtin (1958) 
2237 ) 

3200 Dvinin (1956) 

2025 ) Seroko (1956) 
3700 ) 

Variation of fecundity of masu salmon by size 
of fish (from Semko, 1956). 

Range s of body length 

45.0 cm or less 45.1-47.0 em 47.1 em or above 

1910 
3520 

2080 
3830 

2507 
3850 



TABLE 14. Estimated body length computed from the growth of 
scales of masu salmon in the Far Eastern areas 
of the U.S.S.R. at the time of formation of first 
and second annuli in the freshwater gro1tJth zone 
and at the time of downstream migration~ 

Area 

Estimated sizel ) 

Time of 
First Second Seaward 

Ages of Specimens Annulus Annulus Migration 

em em em 

West coast of Sakhalin 

Ant 0 novo (Ocean) 

Ainskaia R. 

Novoselovskaia R. 

Kholmsk (Ocean) 

Ainskaia R. 

It- smo1ts 11.1 
Adults 12 

Adults 32 Spring 10.1 

Adults 32 Summer 8.0 

Adults 42 Fall 6.3 

Downstream 
migrants Apr. 22 10.0 
of Age 1+ 

" Aug. 3 7.1 

" Sept. 1 5.2 

West coast of Kamehatka 

Kolpakovskaia R. 

Utka River 

Primorskaia 
Kedrovka R. 

Nelma R. 

Bolshaia Elduga R. 

Ainur R. 

Khivanda R. 

{

Adults 32 

Adults 42 

Adults 53 

{
Adults 42 

Adults 53 

1 + smolts Hay 

1+ smo1ts Sept. 

1+ smo1ts Dec. 

1 +" May-July 

1) Probably fork length. 
2) Actual fork length of specimens. 

10.5 

10.1 

8.8 13.6 

10.9 

. 8.8 13.3 

10.4 

8.0 

7.8 

12.0 

11.3 

11.7 

11.5 

11.9 

10.7 

11.8 

12.5 

14.2 

12.0 

14.(3 

11.22) 

12.02) 

11.52) 

11.02) 

Source 

~ Dvinin 
(1952) 

) 

~ 
) 

) Krykhtin 
~ (1958) 
) 
) 
) 
) 
) 

) 
) 

~ Semko 
) (1956) 
) 
) 
) 
) 

) 
) 
) 
) Kuznetsova 
) (1954) 
) 
) 
) 



TABLE 15. The frequency and percentage of one- and tyo-winter-in
freshYater fish in the samples of smolts and adults of 
masu salmon collected in the streams and coastal waters 
of Hokkaido. 

Specimens 

Doyn stream migrants in the 
stream 

Smolts in the sea 
Adults returning into the 

coastal waters 
Total 

Shubuto R. (Japan Sea) Adults 
Shinsha R. ( " ) " 
Chitose R. ( " ) fI 

Tokoro R. (Okh. Sea) II 

Shari R. ( " ) " 

Age in Fresh Water 

I-winter 2-yinter Source 
(no. of (%) (no. of (%) fish) fish) 

36 (100.0) ( 0) ) 
) 

222 ( 97.4) 6 (2.6) ) Ono 
) (1933) 

92 ( 96.8) 3 (3.2) ) 

350 ( 97·5) 9 (2.5) ) 
) 

91.1 8.9 ) 
91.0 9.0 ) 

100.0 0 ) Sana 

94.6 5.4 ) (1959) 

92.4 7.6 ~ 

TABLE 16. Sex ratio of masu salmon smolts collected in the streams 
and coastal yaters of Hokkaido. 

Females Males 

No. of No. of Period of 
Area of Collection fish (:h) fish (%) Sampii.z:tg Source 

Nishibetsu R. and 36 72.0 14 28.0 late May- ) 
Mitsuishi R. early June ) Ono 

Along Pacific Coasts ) (1933) 

of Japan 203 78.1 57 21.9 June ) 

Coastal yaters of 
Shinzunae, Hidaka, 
Hokkaido 

1 113 90.4 12 9.6 ) June Kawakami 
2 4 100.0 o ) (1937a) 



TABLE 17. Monthly development of maturity ~gonad weight/body weight) 
x 100J of masu salmon during their marine life. 

Matured 
Area Sex March April May June July (Sept.) 

% % ;h ~ % % 
M 0.16 0.18 0.44 

The Sea of Japan 
F 1.09 1.72 3.01 
M 0.3 1.2 

Okujiri Island 
F 2.0 2.5 

Shinsha River M 0.5 5.8 6.5 
(from Table 10) F 1.7 7.4 26.8 

TABLB 18. Sex ratio of masu salmon caught in the Sea of Japan. 

Sex Feb. March April May June Total 
No. of % No. of % No. of % No. of % No. of 

~ 
No. of % fish fish fish fish fish fish 

M 21 (80.8) 92 (37.9) 120 (29.3) 49 (29.5) 4 (36.4) 286 (33.5) 
F 5 (19.2) 151 (62.1) 289 (70.7) 117 (70.5) 7 (63.7) 569 (66.5) 



~ 

TABLE 19. Catches (in number of fish) per tan of drift gillnets ~eighted by proportion of 
different mesh sizes, in the Sea of Japan. (The figures given in the table are 
the logarithms of the number of masu salmon caught per tan, multiplied qy 10.) 

Mesh Size (mm) Proportions 
in catches 

Ten-day 
Species Year Period 85 91 94 97 100 103 106 109 Masu : };link 

Masu salmon 1959 late Feb. 0.623 0.793 0.820 0.845 .863 120 : 0 
Pink sahon II early March 1.603 1.463 1.424 1.244 1.080 o : 414 

" II mid-March 1.436 1.443 1.383 1.304 1.220 o : 402 
II " late March 1.484 1.502 1.406 1.223 1.165 0 1214 

" " early April 1.388 1.754 1.491 1.295 1.346 1.055 0 4150 

" " mid-April 1.276 1.568 1.459 1.336 1.337 -0.374 0 3308 

" " late April 1.511 1.534 1.545 1.298 1.289 56 3505 
Average 1.420 1.619 1.491 1.343 1.304 1.037 

Masu salmon 1960 late Feb. 0.926 0.959 0.673 

" " early ¥i8.rch 1.061 0.832 0.885 0.746 0.425 0.373 169 : 13 

" II mid-March 0.854 0.774 -0.243 0.016 977 : 143 

" " late March 0.482 0.593 0.684 0.948 0.283 0.217 396 : 2 
Average 0.482 0.847 0.832 0.834 0.798 0.266 0.274 80 22 

Pink sahon 1960 late Feb. 1.586 1.489 1.205 1.549 1.641 2 337 

" II mid-March 1.531 1.756 1.260 1.376 0.869 1.158 400 : 1667 
II " late March 1.563 1.619 1.229 0.716 0.514 58 718 

" II early April 1.468 1.451 1.411 1.341 1.393 1.234 1.409 1.144- 205 : 7010 
Average 1.468 1.506 1.537 1.286 1.285 1.098 1.284 1.144 

Masu salmon 1961 early March 1.090 0.0/77 0.354 68 5 

Ul 
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TABLE 20. Fluctuations of the relative abundance of masu salmon 
along longitude l39PE. 

Ten-day 
period 

late March 
early April 
mid-April 

late April 
early May 

Location Location Abundance of masu 
of the southern Maximum of the northern Maximum between these two 
concentration abundanc~ concentration abundance concentrations 

" c" « ! S - 0. 

(No. of (No. of 
fish/tan) fish/tan) 

38°20' ~ 38°40' 1.05 39°40' - 40°00' 0.28 4.05 
38°40' - 39°00' 0.41 40°00' - 40°20' 0.25 2.69 

" " 0.18 40°20' - 40°40' 0.16 1.68 

" " 0.12 40°40' - 41°00' 0.12 1.15 
39°00' 39°/+0' 0.16 41 <>00' 41 °20' 0.05 1.02 

TABLE 21. Mean fork length of masu salmon by age and S6X, 

Harch, 1960. 

Sex 

Male 

Female 

Fork Length 
cm 

38.61 
38.52 

32 
Sample Size 

No. of fish 
17 
36 

43 

Fork Length Sample Size 
em No. of fish 

44.59 24 
42.26 28 



TABLE 22. Estimated fork length of several local stocks of masu salmon at the time of their 
migration in offshore waters. (The fork length observed in individual areas in 
coastal waters was used for back calculations to estimate fork lengths in the 
earlier period, assuming the rate of growth as 1 cm. per lQ d8¥ period. The 
figures in brackets are actual measurements in cm.) 

Okhotsk 
Offshore West Sea Shiri- Nishi-

Ten-day waters Aro.ur coast of coast of Chitose betsu betsu 
Period Japan Sea North Korea Primorskaia River Kamchatka Sakhalin Hokkaido River River River 

early April (42) 58 45 58 47 37 39 43 57 47 51 
mid-April (43) 59 46 59 48 J8 40 44 58 48 52 
late April (44) 60 47 60 49 39 41 45 59 49 53 
early Nay (45) 61 48 61 50 40 42 46 60 50 54 
mid-May (46) 62 49 (62) 51 41 43 47 6J. 51 55 

late May (47) (63) (50) 52 42 44 48 62 52 56 
early June (48) 53 43 45 (49) (63) (53) (57) 
mid-June 54 44 (46) 
late June 55 45 
early July (56) (46) 

tl] 



TABLE 23. Frequencies of different types of scale patterns of masu salmon 
in samples collected from several areas. (See the text for 
the scale patterns.) 

Area 

Shubuto River, 
Japan Sea coast, 
Hokkaido 

Shinsha River, 
Japan Sea coast, 
Hokkaido 

Chitose River, 
Japan Sea coast, 
Hokkaido 

Tokoro River, 
Okhotsk coast, 
Hok..lta.id0 

Shari River, 
Okhotsk coast, 
Hokkaido 

Adjacent area of 
Okujiri Island 

" 

The Sea of Japan 

" 

Month 

April 

May 

March 

May 

(83.7) 

(71.0) 

( 7.7) 

( 3.6) 

9 14 

~ 
~ 

(12.5) 

~ ~ 
(2Z:O) 

2 -

~ 

Types of Scale Patterns1) 

( 5.4) 

(20.0) 

(92.3) 

(91.0) 

2~ 
(36.6) 

2~ 
(40 .6) 

2 28 
(27':5f 
~~ 

(15.4) 

(8.9) 

(9.0) 

( 0) 

(7.6) 

1~ 
(26.0) 

lL? 
(22.9) 

~ 
(33.0) 

-~ 
I (23.1) 

l~ 
(18.7) 

l~ 
(24.0) 

3 16 

~ 
2 4 
'----v--" 
(46.1) 

1) The type A scale of Sano (1959) was designated as FIM " type B as Fl, and 
type C as F2' 
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TABLE 24. The numbers of circuli in the scales of masu salmon. 

Number of Circuli1) 

Area 

Nishibetsu R., Hokkaido 

" " 
Shubuto R. " 
Shinsha R ~ " 
Chitose R. " 
Tokoro"R. " 
Shari R. " 
West coast of Sakhalin 
( Ainskaia River 
~ Novose1vskaia River 
( Kholmsk District 

Age 

Adults A 
" B 
" " C 

First year 

17 
10 - 12 

16.5 
15.1 
16.5 
16.2 
15.1 

10-14 (u.2) 
8-10 (8.3) 
6-10 (6.8) 

West coast of 
Sakhalin 

Downstream (Apr.22) 11-17 (13) 
migrants "(Aug. 3) 6-10 (8.6) 

(Sept. 1) 5-7 

Primorskaia, Amur Fry 4-12 (7) 

l)The figures shown in brackets are the means. 

Downstream 
Migration 

4 - 5 ) 
) 

1-5 
4-6 
7-9 

1-4 
5-7 
7-9 

6.0 
5.2 

) 
) 
) 
) 
) 
) 

Source 

Ono 
(1933) 

Sano 
(1959) 

Krykhtin 
(1958) 

Kuznetsova 
(1954) 
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Figure 10. The relative abundance of masu salmon and the 
computed current system in late March, 1960. 
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FOREWORD 

In this report, literature on masu salmon published in Japan and the 

U.S.S.R. is introduced and summarized. In addition, information obtained from 

the Japan Sea Regional Fisheries Research Laboratory, Hokkaido Regional 

Fisheries Research Laboratory, Hokkaido Prefectural Fisheries Experimental 

Station and Hokkaido Salmon Hatchery was analyzed together with some data 

collected by the author. 

In this work, many scientists from the agencies mentioned above have 

assisted by providinp much unpublished data, by suggesting same of the 

analyses and in many other ways. The author would like to express his 

gratitude to these persons. 

1. INTRODUCTION 

1.1. Classification 

The scientific name for masu salmon (sakura-masu) is Oncorhynchus 

masou var. ~ (Brevoort). Yamame, Q. ~ var. ishikawae (Jordan and 

McGregor), is a freshwater type of masu salmon. Yamame can be separated 
-------~----------------
Received for pUblication June 28, 1963. Original, Japanese. 

Source: Joint Reporting Team, INPFC Committee on Biology and Research. 

Bull. ,Int. North Pac. Fish. Comm., 1963. 
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from biwamasu, Q. rhodurus var. rhodurus (Jordan and McGregor), and amago, 

Q. rhodurus var. macrostomus (Gunther), by the absence of vermilion spots. 

Biwamasu and amago both occur in southern Japan, however, biwamasu is most 

common in lakes while amago is commonest in streams. (Oshima, 19;7; 

Matsubara, 1955.) Since feeding experiments have shown that the vermilion 

spots are a genotypic character, these fishes are tentatively treated as 

d~fferent species. It should be noted, however, that when ma~u salmon and 

amago were crossbred and the offspring mated, the second generation showed 

good growth (Oshima, 1957). This experiment indicated that the two species 

in question are very closely related, even if they are separate. Imanishi 

(1951) considered that from an ecological standpoint they only represented 

a single species. 

l~asu salmon resemble coho salmon, Oncorhypchus kiautch iWalbaum), 

in morphological as well as ecological aspects (Hikita, 1956). The fact 

that the geographical distribution of masu salmon does not overlap that 

of coho salmon is further evidence of the close relationship of these two 

species (Birman, 1953). 

1.2. Geographical Distribution 

Masu salmon have a rather southerly distribution and they occur 

in streams farther south than those inhabited by other species of ge~us 

Qncorhynchus. The species is restricted to the Asian side of the North 

Pacific, none ever having been found in North America. 

On the Pacific coast of Japan their spawning streams are found 

north of Chiba Prefecture. In the Sea of Japan they occur north of 

Shimane Prefecture in Japan and along the eastern coast of Korea north of 

the Racktong River (Yoshida, 1942) through Primorskaia to the estuary of 

the Amur River, The distribution of masu salmon on the Japan side extends 

further north, extending through Hokkaido to the west coast of South Sakhalin. 
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In Hokka!tdo, masu salmon are found in all coastal areas. - They ocour rarely in 

the Kurile Islands, and are present on the west coast of the Kamchatka Peninsula. 

It is reported that some even occur on the east coast of the I~chatka Peninsula. 

It is also reported that in 1954 the masu salmon run in the Utka River on the 

west coast of the Kamchatka Peninsula consisted of some 10,000 fish. (Seroko, 

1956.) In some unusual cases, a few masu salmon were reported in the East 

China Sea, along the west coast of Kyushu, Japan, and along the west coast of 

Korea (Matsubara, 1934; Yoshida, 1938). 

In Japan the center of distribution of masu salmon is in Hokkaido. On 

the Russian coasts, the relative importance of masu salmon in the catch of 

genus Oncorhynchus is rather low. They seem to be most abundant in the 

northern Primorskaia areas. (Pravdin, 1949.) 

Very little is known about their oceanic distribution. In the spring, 

they are distributed all through the northern part of the Sea of Japan, but 

practically no information is available on their distribution in the Pacific 

Ocean. It is considered that this species is of a coastal nature compared 

with other species of Qncorhynchus. 

The geographical distribution of yamame, the stream-type masu salmon, 

extends farther south. As is the case with Oncorhynchus rhodurus, the 

distribution covers all of Japan. The stream-type masu salmon are even 

found in the Taiko River in Taiwan (Oshima, 1957). 

1.3. Review of Fisheries 

Generally speaking, masU salmon are fished in coastal waters. However, 

in the Sea of Japan, the offshore drift gillnet fishery does catch some masu 

salmon. 

On the Pacific coast of Honshu, Japan, mostly north of Miyagi Prefecture, 

masu salmon fishing is carried ::>ut from Ivrarch to September with trap-nets, 
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coastal longlines, gillnets and various Qther les6 significant methods. The 

peak of the fishing season .is in April and May. It should be noted that the 

gear used in this fishery is carried by small-sized fishing vessels, and that 

the object of the fishery is species other than salmon. 

Along the Japan Sea coast of Honshu, mostly north of Ishikawa Prefec

ture, masu salmon are fished from January to June with such kinds of gear as 

trap-nets, longlines and handlines. The peak of the fishing season is in 

April in the southern areas and in April or y~ in the northern areas. 

The masu salmon taken by drift gill net fisheries in offshore areas of the Sea 

of Japan are landed mostly in March, the first month of fishing. However, 

the season does continue on through June. In the earlier part of the season, 

the area between 38°N. and 48oN. forms the main fishing ground, but as the 

season progresses the fishing ground shifts towards the north and by June it 

reaches the area along the northern coast of Hokkaido Island. 

In Hokkaido, masu salmon are abundant all along the Japan Sea coast 

and on the Pacific coast west of Hidaka. On the Japan Sea coast of Hokkaido, 

the most popular gear for masu salmon fishing is the handline. Although the 

earliest catches might be made as early as November, most catches are made 

from January to June with fishing reaching a peak in April and May. 

(Hokk. Pref. Fish. Exp. Stn. and Hokk. Reg. Fish. Res. Lab., 1956; Konda 

et al., 1952.) There are also trap-net catches of masu salmon made from 

April to June. On the Pacific coast of Hokkaido from Hidaka to Oshima via 

the Iburi region, the peak of the masu salmon fishing by trap-nets ocours in 

June. On the Okhotsk coast of Hokkaido in the Nemuro area, most masu salmon 

are landed by trap-nets in Y~y and June. 

In the coastal areas of North Korea catches of masu salmon are made by 

trap-nets from Februa~y to June, inclusive (Yoshida, 1942). 

-4-



In southern Sakhalin trap-nets are the main type of gear used. On the 

west coast of Sakhalin the peak of masu salmon fishing is sometime in early 

June. On the west coast of the Kamchatka Peninsula, masu salmon runs to the 

estuaries of the rivers are observed from mid-June to mid-July, reaching their 

peak in early July. They are caught together with herring and other fish by 

coastal trap-nets. Masu salmon are very scarce in the Amur River, and are of 

very little importance to the fisheries (Kuznetsova, 1954). 

The fishing season for masu salmon usually overlaps that of pink salmon, 

but it does have some slight differences. Nasu salmon are fished a little 

earlier than pink salmon in southern Sakhalin and on the west coast of 

Kamchatka. They are also fished a little earlier b.Y the offshore fisheries 

in the Sea of Japan. However, it is also true that masu salmon are caught 

along the coast of Japan even after the pink salmon fisheries are closed. 

This is particularly true of the so~thern part of the Pacific coast of Honshu. 

It is very difficult to get accurate information concerning catches 

of masu salmon, because in many cases the catches of masu salmon in Japan and 

the U.S.S.R. are included in the catch records of pink salmon. This is partly 

because the fishing season for pink salmon overlaps that for masu salmon, and 

partly because the catches of pink salmon are usually much larger than those 

of masu salmon. 

Handa (1932) estimated the Japanese catch of masu salmon including 

yamame, the freshwater-type masu saL~on, as 5,027 metric tons in the year 1930. 

Some 3,212 metric tons of this total were landed in Hokkaido. lvIihara and Sana 

(1953) estimated the average annual catch of masu salmon in Hokkaido at 

1.2 million fish for the period from 1939 to 1950. It fluctuated between 

a maximum of 4.05 million fish in 1939 and a minimum of 0.23 million in 1945.1) - . 
'b 

1) It is assumed that decrease in the fishing effort as a result of the 
war affected the catch for this year. 
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Assuming that the average body weight of masu salmon is around 2.5 kg., the 

average annual catch of 1.2 million fish can be estimated at 3,COO metric tons. 

The combined catches of pink and masu salmon in the coastal areas of Japan 

for the years 1960 and 1961 were recorded as 3,000 and 2,000 metric tons, 

respectively. With the exception of the area surrounding Hokkaido, catches 

made in the coastal waters of Japan contain more masu than pink salmon. 

Taking these points into consideration, the annual catch of masu salmon in 

Japan can safely be estimated to be in the order of a few thousand metric 

tons per year in recent years. 

Landings of masu salmon in the far eastern areas of the U.S.S.R. are 

between 800 and 1,000 metric tons (Semko, 1956). In southern c~khalin, 

landings of masu salmon have never exceeded 200 metric tons, even in good 

years (Dvinin, 1954). Nasu salmon catches on the 1.Jest coast of Kamchatka 

are less than 20 or 30 metric tons (Semko, 1956). These catches are far 

less than that for Hokkaido. Records of masu salmon caught in the 

Primorskaia area by Japanese fishermen in the pre-war era are available 

(Table 1)0 This table shows that the annual catch for the 13-year period 

between 1925 and 1937, inclusive, fluctuated between 7.1 and 319.4 metric 

tons. The catch in these years averaged 167.3 metric tons. Records of 

catches made by Russian fishermen are not available for the same period. 

However, judging from the proportion of the total fishing area that was 

made up of units fished by them and from the standard quota of fishing~, it 

is assumed tha.t in the 1930's catches by Russian fishermen were equal to or 

greater than those of Japanese fishermen. 

1) This is the maximum amount of fish that could legally be Janded in each 
unit of the fishing area. The total quota was almost equally shared by 
Japan and the U.S.S.R. in the early 1930's, but later the quotas for 
the Russian fishermen were about twice those for the Japanese fisher
men. 
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In North Korea most landings of pink salmon and masu salmon are made 

in North Hamkyong. Pink salmon are predominant in these landings and the 

catches of masu salmon are considered to be very small {Yoshida, 1942)1~ 

In the Sea of Japan, fairly good catches of masu salmon are made by 

offshore gillnet fisheries while offshore fisheries in the North Pacific 

yield very few masu salmon. However, no information on the sizes of landings 

made by the offshore fisheries in the Pacific is available. 

2. LIFE HISTORY 

2.1. Spawning Migration 

2.1.1. Iiming. l1asu salmon first appear in coastal areas in spring 

and migrate upstream until fall when they spawn in upper reaches of streams. 

The timing of this migration varies considerably according to the area. 

In Hokkaido, good coastal catches are made in mid-May and continue 

until late June. Upstream migration of masu salmon starts in May with a peak 

in July and August. (Ono, 1933.) There is a tendency for migration to take 

place somewhat earlier in the north than in the south. In the Nishibetsu 

and Shibetsu Rivers, which drain into Namuro Strait, upstream migration of 

masu salmon is usually first observed in May, while in the Shinsha River, 

which drains into the Sea of Japan, migration starts in mid-June or later 

and is over by the end of July. (Sano, 1947.) On the Japan Sea coast of 

Ishikawa Prefecture, Honshu, the fishing season for the coastal longline 

fishery is from late February to mid-April. The number of fish taken by 

coastal trap-nets reaches a peak in March and April. Upstream migration of 

masu salmon in this area occurs between February and June. (Tabata et al., 

1959.) On the Pacific coast of Iwate Prefecture, Honshu, at least some 

1) Yoshida stated that the total value of landings of masu salmon was 
17,000 yen and the average price per fish in those days was about 3 yen. 
Therefore, it is estimated that 6,000 fish were caught. If it is assumed 
that the ayera~.weight for one fish is 3 kg. then this number is equiv
alent to ~~ metr~c tons. 
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catches of masu salmon are, with the exception of the winter months, recorded 

throughout the year. The largest catches are recorded in May, June and July. 

A second smaller peak occurs in September. Upstream migration of masu salmon 

to the Ozuchi River seems to be around August and September. By late October, 

when the upstream migration of chum salmon starts, very few masu salmon are 

present. 

In Sakhalin, masu salmon appear on the west coast of southern Sakhalin 

in mid- and late Hay. They are most abundant in June and are usually present 

until early July. Almost as soon as they appear in the coastal waters, they 

start their upstream ~igration into the rivers. This migration reaches a 

maximum between mid-June and early July and is finished in early August. 

(Dvinin, 1956.) In general, the timing of the spawning migration of masu 

salmon is earlier than that of other species of salmon in the area (Dvinin, 

1952). 

Along the northern Hamkyong coast of North Korea, masu salmon are 

caught by ~rap-nets from February to June. Upstream migration starts in 

April as soon as packed ice on the rivers breaks up. The biggest migration 

goes into the Tumen River. Landing of masu salmon at Tori, located in the 

lower part of this river, starts in early April, reaches its peak in May and 

continues through June. (Yoshida, 1942.) Pravdin (1949) reported that in the 

Posetskaia area, which is close to the boundary of Korea, upstream migration 

is observed in September. 

In the Amur River, masu salmon are present before other species of 

salmon. They usually start their upstream migration in this river somewhere 

between mid-May and early June after the packed ice has broken up. In the lower 

part of the Amur River the peak of upstream migration occurs sometime in mid

July. Migration is completed by late July or early August. (Pravdin, 1949.) 
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On the west coast of Kamchatka, upstream migration of masu salmon 

occurs at least from the Bolshaia River to the Icha River. Catches of masu 

salmon by coastal trap-net are also made earlier than those of other species 

of salmon in the area. Runs into the estuary area take place between mid

June and mid-July and are at a peak in early July. (Semko, 1956.) 

The areas in which runs of masu salmon are observed are listed as 

follows, according to the timing of occurrence of the runs: Japan Sea coast 

of Ishikawa Prefecture (Honshu) and North Hamkyong (Korea)--upstream migra

tion completed by the end of June; Hokkaido, Sakhalin, Amur River and the 

west coast of Kamchatka--peaks in June and July; Pacific coast of Iwate 

Prefecture (Honshu)--upstream migration in August and September. The Iwate 

Prefecture also has the latest spawning runs of chum salmon, runs usually 

occurring as late as December or January. 

2.1.2. Water temperature. The water temperature observed in coastal 

waters at the time the spawning runs of masu salmon begin varies from approx

imately 5° to 12°C. in rlokkaido (Ono, 1933) and from 7° to 12°C., with an 

average of 9° to 10°C., on the west coast of Kamchatka (Semko, 1956). These 

ranges of water temperature in coastal waters where masu salmon are present 

agree with the range of water temper~ture observed in offshore areas where 

masu salmon are distributed. In the offshore gillnet fishing areas in the 

Sea of Japan, most masu salmon catches are made when the surface temperature 

is between 8°C. and 12°C. The best catches are UGually made when the surface 

temperature is approximately 10°C. (See 2.6.1.) 

In Hokkaido, the Shinsha River, which drains into the Sea of Japan, 

has a water temperature between 150C. and 18°C. at the time of masu salmon 

spawning migration (Sano, 1947). In general, the water temperature in streams 

of Hokkaido reaches as high as 15° - 20°C. in August. It is expected that a 
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fairly high water temperature might be observed in the Ozuchi River of Iwate 

Prefecture during upstream migration in the months of August and September 

as this river has rather little flow during this period. On the other hand, 

it is considered that the water temperature in streams of North Korea would 

be fairly low during the migration period since migration occurs right after 

the break-up of packed ice. 

2.1.]. Maturation. At the time of commencement of upstream migration, 

masu salmon are not yet quite mature. In general, masu salmon feed in fresh

water streams, although some fish migrating up certain streams in southern 

Hokkaido do not eat at all after entering fresh water (Sano, 1947). For fish 

caught in offshore areas of the Sea of Japan, the proportions of gonad weight 

to body weight were 3% for females and 0.4% for males in Nay (Jap. Sea Iteg. 

Fish. Res. Lab., unpub.), while for fish caught in the same month near 

Okujiri Island off the west coast of Hokkaido these proportions were 2.5% for 

females and 1.2% for males (Hokk. Pref. Fish. Exp. Stn. and Hokk. Reg. Fish. 

Res. Lab., 1956). The proportions of gonad weight to body weight for fish 

sampled from the Shinsha River on the Ja~an Sea coast of Hokkaido were 1.7% 

for females and 0.5% for males in June (Table 10). The proportion of gonad 

weight to body weight for fish sampled in June on the west coast of southern 

Sakhalin was reported to be between 0.4% and 1.0% with an average of 0.7% for 

males.. Female fish had more developed gonads. (Dvinin, 1952.) Dvinin (1956) 

also reported that the proportions of gonad weight to body weight for masu 

salmon of coastal runs are, on an average, 0.9% for males and 3.8% for females. 

Semko (1956) reported that the gonad weight of females from coastal waters 

along the west coast of I~chatka varied between 7% and 9% of the body weight. 

In the spawning season, the gonad weight makes up about 20% of the body weight 

for females and 5% or more for males (see 2.2.2). These data indicated that 

most of the development of gonads in masu salmon is made after the fish 
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enter the streams. 

When masu salmon are in the streams their gonads gradually develop. 

They eventually stop feeding and certain changes become evident in their 

appearance. ~~su salmon which were observed migrating up the Shinsha ·River 

at the end of June showed no differences in their appearance from those ob

served in the sea. However, by late July some change in the body surface 

was observed and, on fish collected from this river in mid-August, secondary 

sexual characteristics \'Jere noted. (Sano, 1947.) During spawning, the body 

surface becomes covered with black and vermilion stripes. This coloration, 

as is the case with other secondary sexual characteristics, is more marked 

in males than in females. 

2.1.4. A~~~t maturity. It is generally accepted that most masu 

salmon reach maturity in their third (2+) or fourth (]+) year of life. In 

Hokkaido, more than 90% of the masu salmon spend one winter in fresh water 

and one winter in the ocean. All of the remaining fish spend two winters 

in fresh water and one winter in the ocean. (Sano, 1951, 1959.) The age 

composition of masu salmon on the west coast of South Sakhalin is similar. 

Three-year-old fish are predominant and four-year-old fish are rare. The 

proportions of four-year-old fish in the runs in 1948, 1949 and 1950 were 

1%, 11% and 22%, respectively (Dvinin, 1952). Semko (1956) stated that the 

ocean growth of masu salmon from streams in West Kamchatka is slower than 

that of coho salmon. Masu salmon originating from west Kamchatkan streams 

usually spend two winters in the ocean. Their age composition is as given 

in Table 2. This age composition is quite different from that for fish from 

Hokkaido and South Sakhalin. On the other hand~ Krykhtin (1958) suggested 

that some fish from streams along the west coast of Sakhalin may spend two 

winters in the ocean. He did not obser'!e any fish which had spent two or 

more winters in fresh water. 
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Although other samples collected in freshwater streams and from down

stream migrants do contain some smolts which have spent two winters in fresh 

water, most of the fish in the samples are one winter smolts (see 2.5.1). 

Although there are some exceptional cases, such as those reported by 

Semko (1956) and Krykhtin (1958), Birman (1953) stated that most masu salmon 

spend one or two years in fresh water and one year in the ocean and that the 

basic maturing age for masu salmon is 32 , From his statement, it is assumed 

that most masu salmon originating in Russian streams reach maturity at age 

32. Considering the fact that the west coast of Kamchatka is the northern 

limit of the geographical distribution of masu salmon, it is not surprising 

that those bound for this area spend two winters in the ocean. However, 

another thing which should be noted is that some scales have an intermediate 

band on the boundary between the freshwater growth zone ~!d the marine growth 

zone. In addition, there are two types of scales--one which does and one 

which does not have an annulus in its marine growth zone. (See 4.5.1.) The 

differences observed in the ages of maturing or matured fish could be 

attributable to inconsistenci~s inherent in the aging technique rather than 

to geographical variations. 

2.1.5. Fork length and body weight. The size of masu salmon migrat

ing to coastal waters varies from a minimum fork length of 40 cm. (weighing 

less than 1 kg.) to a maximum of about 70 cm. (about 9 kg.). This is very 

interesting because most pink salmon are considered to spend just one winter 

in the ocean and in this case their size is very consistent. Probably, this 

significant variation in the size of masu salmon according to area can be 

attributed to the great variations in the marine environments which they 

occupy, 

Qno (1933) reported that the body length of masu sdlmon in coastal 

waters of Hokkaido ranged fro~ 40 to 50 cm. Handa (1932) and Akiba (1936) 
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gave a table which is reproduced here in Table 3. In Table 4, the mean 

standard lengths are given for masu salmon sampled in various streams of 

Hokkaido (Sano, 1951). In Table 5, the sizes of masu salmon reported by 

Dvinin (1956) and Seroko (1956) for various far eastern areas are given. 

Yoshida (1942) reported that the total length of the masu salmon sampled in 

the Tumen River and from the Japan Sea coast of North Korea in late May of 

1939 varied from 44.5 to 74.0 cm. and averaged 58.5 em. 

From these data it is concluded that the masu salmon from Sakhalin 

and Kamchatka are small in size, those from the Amur River, Primorskaia and 

North Korea are large in size and those from the streams of Hokkaido are 

generally large in size with some variations according to individual rivers. 

Dvinin (1952) described yearly variations in the size of masu salmon in 

southern Sakhalin (Table 6). 

Although the masu salmon runs to Hokkaido contain some 43 fish as 

well as 32 fish the run can still be considered to consist of a uniform age 

group because of the dominance of the 32 age group. The mean fork length of 

each age group of masu salmon sampled from the Arour River ~ given in Table 7. 

Spawning migrat~ons of masu salmon to southern Sakhalin and the west coast of 

Kamchat~ por~iet of many different age groups. The fork lengt~ and body 

weight of each of the age groups p~ticipating in the migration are presented . -
in Tables 8 and 9. 

Female masu salmon are more numerous Qn ~he spawn-
r.", 

#lIol • •• 

ing grounds than males. On the contrary, males are numerically the dominant 

sex in the stocks of yamame, the freshwater-type masu salmon. 

Ono (1933) reported that the proportion of females in the samples of 

mature fish collected along the l-'acific coast of Hokkaido ranged between 52% 
and 83%. It is also reported that the proportion of males in the samples of 

mature fish from the Shiribetsu River, Shubuto River and Chitose River--were 
73%, 76% and 66%, respectively. These three rivers all drain into the S~a 
of Japan. The proportion of females in similar samples from the Nishibet~u 
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River, which is tributary to Nemuro Strait, was 64%. From 60% to 71% 

of the masu salmon caught in Hokkaido streams between 1948 and 1957, inclusive, 

for artificial hatchery work were females. The ten-year average was 63%. 

According to Saguri (1936), one sample collected in a river in Toyamt 

Prefecture consisted of 57 females (78%) and 16 males (22%). He also stated 

that similar samples from the Tedori River in Ishikawa ~refecture and from 

the Kuzuryu River in Fukui Prefecture consisted of 98.3% females and 99% 

females, respectively. 

Dvinin (1952) reported that only 10 males were present in a sample of 

100 fish taken in August from the Raichisi River on the west coast of Sakhalin. 

He also stated that the proportion of males in catches of masu salmon taken 

in early June can be as high as 25% of the total. Semko (1956) reports that 

approximately 60% to 70% of the total catch of masu salmon in the Utka River 

on the west coast of Kamchatka were females. 

This predominance of females in masu salmon stocks can also be ob

served in downstream smolts and, in the ocean, in young fish which as yet 

have not spent much time in the sea (see 2.5.2). This unbalanced sex ratio 

occurs throughout the marine stage of the life cycle (see 2.6.4). In con

trast, in the case of yamame, the freshwater non-anadromous type masu salmon, 

it is believed that males are dominant (see 2.7). 

2.2 Spawning 

Masu salmon migrate upstream in summer and early autumn. They feed 

for a time in fresh water while their gonads are maturing, but once matured 

the fish stop feeding. They spawn in the fall near the headwaters of the 

streams. Their spawning ecology is similar to that of other species of genus 

OncorQynchus. The depth of the water in the best spawning grounds is about 

one to two feet. Masu salmon dig a nest in the gravel on the spawning bed. 

The eggs, which are approximately 0.7 cm. in diameter, are deposited in the 
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nest. On occasion, matings between males of yamame and females of masu salmon 

have been observed. All masu salmon without exception die after spawning. 

(Ono, 1933; Sano, 1947.) 

Masu salmon spawn near the headwaters of streams and seem to have a 

stronger instinct to migrate upstream than chum salmon (Handa, 1932). In the 

Arour River, some migrate as far as 300 or 400 km. upstream from Nikolaevsk 

(Pravdin,1949). 

2.2.1. Spawning period. The spawning period varies according to the 

area. In Hokkaido, spawning takes place from early September to mid-October 

(Sano, 1947). The spawning period of masu salmon in Ishikawa Prefecture is 

also from September to October. The carcasses of spent fish are found in 

late October. (Tabata et al., 1959.) 

Spawning in the rivers of Sakhalin occurs from the last half of July 

to early September. The main spawning ground in the Raichisi River in 

Sakhalin is located in the upper part of the river. (Dvinin, 1952, 1956.) 

Although the exact locations of spawning areas along the west coast of 

Kamchatka are not as yet well-known, a few mature masu salmon are occasionally 

observed in mid- and late AU5ust in the lower as well as the upper Bolshaia 

River (Seroko, 1956). 

2.2.2. Maturation in the river. Some masu salmon collected in the 

Shinsha River in late June were kept in experimental enclosures in order to 

observe changes in body and gonad weights (Sano, 1947). During the first 

month after collection, the body weight decreased rather rapidly. Then the 

rate of decrease gradually slowed down as a result of the initiation of rapid 

gonad developmentr However, if the gonad weight is subtracted from the total 

body weight then' the resulting weight continued to show a marked decrease in 

the second month. These resultant weights were only 55% for females and 6~fo 

for males of what they had been at the time of capture. The monthly changes 
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in the proportion of gonad weight to total body weight observed during this 

experiment are given in Table 10. 

matured completely by September. 

It might be considered that the fish have 

Semko (1956) observed that the proportion 

of gonad weight to total body weight for female masu salmon taken at this 

time in the downstream part of the Utka River was 20.6% for females of age 

42 and 16.3% for those 53 years of age. 

2.2.3. Fecundity. There are remarkable differences in fecundity in 

different rivers. It is reported that 2,500 eggs is the mean fecundity, or 

average number of eggs spawned per female, for masu salmon spawning in 

Hokkaido (Handa, 1932; Ono,1933). A fecundity of 3,000 to 4,000 eggs per 

female salmon is also reported (Sano, 1950). Information on the fecundity 

of masu salmon collected in various rivers and in coastal waters is presented 

in Table 9. 

The number of eggs taken per female in the Hokkaido hatcheries varied, 

according to the egg-taking records of various hatcheries for 1934 and 1935, 

from a minimum of 1,2?0 to a maximum of 3,330 (Akiba, 1936). Differences in 

the number of eggs taken per fish might depend partly on techniques of egg 

taking as well as the condition of fish. However, it should be noted that 

at the central hatchery, which is on the Chitose River, averages of 3,300 

eggs and 3,100 eggs were taken per female in 1934 and 1935, respectively. 

A~ is indicated in Table 11 the masu salmon on the Chitose River do have a 

high fecundity. For masu salmon collected in the Shiribetsu and the Shubuto 

River systems, which are tributary to the Sea of Japan, the number of eggs 

per female are given respectively as 2,300 to 3,300 and 2,500 to 2,600. In 

contrast, the fecundity given for masu salmon of the Okhotsk Sea is only 

1,500 to 2,000 eggs. It is not known whether or not these differences in 

estimates of fecundity are reliable enough to accurately represent the varia

tions between the different rivers. In the hatcheries of Hokkaido, the average 
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number of eggs taken per female masu salmon during the ten-year period from 

1948 to 1957, inclusive, was 2,048 (Sano, 1959). With female chum salmon it 

has been found that the ratio of the average fecundity to the average number 

of eggs taken by the hatchery is 3,000 to 2,629. When this conversion factor 

is used for the masu salmon of Hok~ido, then the 2,048 ten-year average for 

the hatcheries represents a fecundity of 2,340 eggs per female. Judging from 

thi~, the value 2,500 given by Handa (1932) and Ono (1933) as the average 

fecundity of the masu salmon in Hokkaido seems to be reasonable. In Table 11 

the Sea of Japan category (including the area adjacent to Okujiri Island) 

might include masu salmon which are not bound for Hokkaido. 

The fecundity of masu salmon from the far eastern areas of the U.S.S.h. 

is given in Table 12. The big difference in fecllildity between fish of the 

Amur River and those of the west coast of Sakhalin is correlated with the 

difference in body size of fish collected in these two areas (Dvinin, 1956). 

Masu salmon found on the west coast of Kamchatka show some variations in 

fecundity which can be correlated with variations in age and fork length. 

In Table 13, the masu salmon from West Kamchatka have been divided into three 

size ranges according to fork length and for each the average fecundity is 

given (Semko, 1956). Kuznetsova (1954) counted the number of ova in the 

gonads of masu salmon smolts collected in the Amur River and in the streams 

of Primorskaia and reported counts of 3,364 to 6,310 for fish from the Amur 

River and 2,729 to 7,218 for those from Primorskaia. The average value for 

fish from the Amur River was 5,000 and for those from Primorskaia, it was 

4,550. These values are considerably higher than the counts of eggs in mature 

fish. This is to be expected because it is known that some of the ova in a 

gonad never develop. 

When geographical variations in fecundity are compared with geographi

cal variations in size of fish, some relationships are found to exist. The 
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lew fecundity of most fish from Sakhalin and Kamchatka is related to the 

smaller fish size. The fish in the utka River in Kamchatka are exceptional 

in that they are larger and have a higher fecundity than fish in adjacent 

streams. The high fecundity of fish in the Amur and Chitose Rivers is in 

turn related to larger fish size. In Hokkaido, there once was a large varia

tion in the fecundity of maBU salmon between individual streams. However, 

recently this variation has been greatly reduced because of the many artificial 

transplants. 

No information is available as to the proportion of eggs in the gonad 

actually spawned at spawning time. However, it seems feasible to assume that 

most of the eggs would be spawned. 

2.3. Hatching 

Under a constant water temperature of gOe., the temperature of the 

spring water used in many hatcheries, masu salmon eggs reach the eyed stage 

at the end of the fourth week after spawning and hatch out after 55 to 60 

days. However, eg5s laid in natural streams seem to take more time. In some 

cases they are known to take as long as three months. (Ono, 1933.) In one 

series of experiments fertilized eggs were taken from yamame (freshwater-type 

masu salmon) which had been caught in a stream tributary to Kizaki Lake, 

Nagano Prefecture. They were hatched under various water temperatures and 

it was found that for water temperatures between 7°c. and 11°C. there was a 

high rate of survival to hatching accompanied by a very low abnormality rate. 

(Kawajiri, 1927.) In cases where the water temperature was kept below 3°C., 

100% mortality took place. At approximately 6°C. 85 to 90 days elapsed between 

the time the eggs were laid and the time that they hatched. At approximately 

10°C. the time required was about 50 days and at about 14°C. it was approxi

mately 35 days. 
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After hatching, the fry stay in the gravel until sometime between 

the end of April and the end of May. vJhen the fry emerge from the gravel 

they are about 3 em. in length and have parr marks. At this stage they all 

resemble yamame, the freshwater-type masu salmon. The sex ratio of these 

fry is almost 1 to 1. (Ono, 1933.) A hatching rate of 87% was observed in 

the Hokkaido hatcheries during the years 1948 to 1957, inclusive. This rate 

was identical to those of chum and pink salmon. 

2.4. Freshwater Life 

As is the case with coho salmon, masu salmon fry usually stay in 

fresh water for one or more years after emergence from the gravel. During 

the first summer after hatching, masu salmon fry feed in the streams and grow 

very rapidly. After spending one winter in fresh water, most of them migrate 

downriver to the sea in the following spring. A few of them remain in fresh

water streams for another winter. A considerable proportion of the males 

and a very small proportion of the females remain in fresh water for their 

entire lives. These fish mature and complete their life cycle in fresh 

water. 

2.4.1. Growth. After emerging from the gravel beds, the fry feed 

greedily and in Hokkaido they grow to 8 or 10 cm. or more in length by the 

following summer (Ono, 1933; Sano, 1950). It is assumed that the growth 

rates might vary considerably in accordance with the environments of indi

vidual streams. For example, Dvinin (1952) reported that the average body 

length of masu salmon fry collected in the Kalinskaia River on the west coast 

of Sakhalin on May 21, 1946, was 11 cm. The body lengths varied from a 

minimum of 8.6 em. to a maximum of 14.8 cm. The body weights of these fry 

ranged from 6 to 39 grams with an average of 13 grams. On the other hand, 

fry collected in the Raichisi River on August 1 of the same year averaged 

9.4 em. in body length and ranged from 7.3 to 17.0 cm. They averaged 13 
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grams in body weight and varied from 4 to 24 grams. However, the former 

range of 8.6 to 14.8 cm. in May is a little doubtful as the values seem to 

be unusually large for fry that have emerged in the same year. It is 

suspected that this sample from the Kalinskaia River may be from smolts 

which had already spent one winter in the stream. 

According to Kuznetsova (1954), the range of fork length for fry 

sampled in various rivers along Primorskaia was 4.9 to 15.8 cm. with an 

average of 9.4 em. This included fish of age 0+, 1 + and 2+. He also report

ed that the fry sampled from the Amur River during May and June ranged from 

8.1 to 15.0 cm. in length with an average of 11.0 cm. These samples in

cluded fish of ages 1 + and 2 +. The mean fork length for 1 + age fish in a 

sample taken in one Primorskaia stream during :tvlay was 11.2 cm. The average 

fork length for a sample taken in the same area but from a different stream 

in September was 12.0 cm. and that for a December sample taken in the same 

area but again from a different stream was 11.5 cm. The average for a 

sample taken between May and July in the Amur River was 11.0 cm. 

In the fall, the growth rate slows down remarkably. In winter, fry 

in most areas (except some with relatively high water temperatures) hardly 

feed at all and as a result there is little or no growth. They spend the 

winter in areas where springs occur or in the deep and quiet portion of the 

river. During this period the first annulus is formed on the scale. 

(Ono, 1933; Sano, 1950.) The fork length at the time of formation of the 

first annulus has been back-calculated for masu salmon from various areas of 

the U.S.S.R. (Table 14). Some errors could have resulted because of the 

problems inherent in reading scales. However, it seems feasible to assume 

that the size of the smolts which migrate down to the sea after spending one 

winter in fresh water is about 10 to 11 am. It also appears that the fish 

which would spend two winters in fresh water are less than 9 cm. in fork 
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length at the time of formation of the first annulus. Regardless of the 

time of year at which seaward migration occurs, fish that migrate downstream 

after one winter in fresh water are about 11 or 12 cm. long and those which 

migrate after two winters in fresh water are approximately 14 em. long by 

the time of their downstrea~ migration. The masu salmon in Hokkaido exhibit 

a little better growth while in fresh water than those from other areas. 

2.4.2. Feeding habits. Masu salmon are carnivorous while in fresh 

water. Just after their emergence, they feed on micro-animals, small crust

aceans and other invertebrates. In late spring and early summer they feed 

mainly on insects. During September and October, the amount of food they 

take gradually decreases until by November they have almost stopped feeding. 

(Sano, 1950.) Kuznetsova (1954) observed that in Primorskaia and the Amur 

River, a significant part of their food consists of aerial and terrestrial 

insects, in addition to the benthonic animals. In these areas the aerial and 

terrestrial insects are the main food from June to September while during 

the winter and early spring the benthonic animals are the most important. No 

plankton are eaten by young masU salmon. In their second year of life in 

fresh water masu salmon smolts start to feed on fish as well, primarily salm

on fry. Their stomachs are usually almost full during the period from May 

to September but from then until the early part of the following spring, when 

insects become more abundant, the amount of food in the stomach decreases. 

For example, stomach content in December is about one-third of that in May 

and June. 

2.4.3. Maturation. Same of the males show signs of sexual maturity 

before their first winter in fresh water. The gonads of some of ·~hem are 

fairly well developed and may even give up a quantity of milt. By this time 

the bodies of these fish have started to assume the dark spawning colora

tion. It is thought that these males never make any downstream migration. 
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No females become ripe in their first year. (Ono, 1933; Oshima, 1957.) 

According to Kuznetsova (1954) the ovaries and testes of masu salmon fry can 

be easily differentiated even with the naked eye. 

The sex ratio of masu salmon fry in fresh water is approximately 1 to 

1 in the first year (see 2.5.2). Kuznetsova (1954) reported that a sample 

of fry from the Primorskaia district contained 63 males and 54 females and 

that a similar sample from the Amur River contained 27 males and 47 females. 

There seems to be no special tendency for either males or females to be 

dominant in the first year. 

2.5. Seaward Ligraticn 

Parr marks on masu salmon smolts disappear and the fish become a 

silver color in the spring following their first winter in fresh water. 

These changes occur at the beginning of their seaward migration, at a time 

when the fish are doing considerable feeding. At this stage in their develop

ment the fish are often called "ginke". Migration seems to be especially 

active from sunset until early morning. Generally, smolts migrate down

stream after spending one winter in fresh water. However, some spend two 

winters in fresh water. Both sexes participate in the downstream migration 

but females are much better represented than males. The gonads of these 

fish are immature. The smolts are caught by trap-nets in coastal waters 

for a short time after they enter the sea, but then they leave for offshore 

waters and are no longer caught. Some smolts, especially males, remain in 

fresh water throughout their lives and never lose their parr marks. This 

phenomenon will be described further in 2.7. The silvery smolts which 

migrate seaward are generally slender and their body depth is less than that 

of yamame at the same stage in the life cycle. (Ono, 1933.) 

2.5.1. ~at seaward migration. Judging from the ages of the smolts 

and adults sampled in the rivers and coastal waters of Hokkaido, it appears 
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that most masu salmon spend just one winter in fresh water before their sea

ward migration. A very few spend two winters in fresh water before migrating. 

Some data on the age at seaward migration are given in Table 15. Kawakami 

(1937a) reported that 96.8% of the anadromous-type masu salmon had spent 

one winter in fresh water (Table 16). 

In the feeding experiments, about two-thirds of the masu salmon smolts 

lost their parr marks after spending one winter in fresh water (Fujita, 1933; 

Saguri,1936). Most of the remaining fish would spend the rest of their 

lives in the rivers and only a small proportion of them would ever migrate 

to sea. Kuznetsova (1954) reported that the age of smolts found in the 

streams of Primorskaia and in the .Amur River ranged from 0+ to 2+ years of 

age. The 2+-year-old fish were, however, very scarce. 

Although there have been differing views on the age of maturity (these 

could be because of geographical variations), that fish spend one or two 

winters in fresh water with one-winter-in-fresh-water fish being dominant 

(Semko, 1956; Krykhtin, 1958) is generally agreed. 

2.5.2. Sex ratio. Females are the predominant sex in the seaward 

migrations. Some data on sex ratios are shown in Table 16. These sex ratios 

are not very different from those reported for returning adults. On the 

contrary, with yamame, which do not go into the ocean, males are the predom

inant sex. Saguri (1936) r~orted that three-quarters of the yamame were 

males. Sex ratios were calculated for different size ranges of yamame which 

had been collected at various times of the year from the Nishibetsu hatchery 

on the Nishibetsu River in Hokkaido (Ono, 1930). In samples taken during 

the period from February through April fish of age 1 + which ranged from 11.0 

to 15.0 cm. in length were approximately equal in numbers of males and females. 

However, the larger fish taken during the same period were all males. Approx

imately one-half of the fish sampled in May and June which ranged from 7.0 
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to 11.0 am. in length (assumed to be 0+) were males, while all fish ranging 

between 12.0 and 13.0 cm. and collected during the same months were males. 

Fish of age 0 + collected in the fall had reached a length of 8.0 to 13.0 cm. 

Males and females were both represented in these samples. However, the fish 

of age 1+ taken in the same season were all males ranging between 19.0 and 

18.0 em. in length. From these results, it is concluded that almost all the 

females which had spent one winter in the rivers migrated to the ocean early 

the following spring. In contrast, many of the males had stayed in the rivers 

for at least another year. 

2.5.3. SeRward migration. Fujita (1933) reported that smolts which 

w~re fed in experimental enclosures lost their parr marks in late March. In 

experiments carried out by Saguri (1936), some changes in body shape were 

observed in early Nay. Both of the abovementioned experiments were conducted 

in Toyama Prefecture. In Hokkaido, the disappearance of parr marks starts 

around March or April (Sano, 1950). In the Nishibetsu River in Hokkaido, the 

fishing grounds for masu salmon smolts migrating to the sea shift progressively 

downstream in late May. Along the Mitsuishi River in the Hidaka area of 

Hokkaido, many downstream migrants of masu salmon are trapped in manmade 

ditches from late May to early June. The period when the downstream migrants 

are fished by sport fishermen varies according to t he geographical area. In 

general, this time is in late May and early June; however, in some areas 

fishing occurs as early as April. From these facts, it is assumed that most 

masu salmon smolts migrate seaward from mid-May to early June. (Ono, 1933.) 

As indicated in the tables on the variation in sex ratios (see 2.5.2), females 

of age 1+ disappear from the samples somewhere between April 12 and June 2. 

Another piece of evidence is given by records of the incidental catch of masu 

salmon smolts by trap-nets set in coastal waters for other species of fish. 

Some smolts start appearing in the catch in mid- and late May. The largest 
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catches are made in early and mid-June and masu salmon have almost disappeared 

from trap-net catches by July, at which time most of the smolts are considered 

to have moved to the offshore waters. (Ono, 1933.) In Toyama Bay, some 

masu salmon smolts about 17 cm. in length were caught on April 23 in a trap

net (Saguri, 1936). 

Krykhtin (1958) stated that the smolts on the west coast of Sakhalin 

migrate into the ocean in the spring and early summer during April, May and 

June, as well as during the fall in September and October. According to 

him, the timing of seaward migration is determined by the amount of growth 

during the first year of life. Smolts which had grown less in the year 

just past migrated downstream later in the season. Therefore, all down

stream migrants were almost identical in size, ranging from 11 to 12 em. in 

body length, regardless of the time of migration (Table 14). Dvinin (1952, 

1956) stated that yotmg masu salmon stay in coastal waters for a long period 

after entering the sea and that many of them are accidentally caught during 

June and July by herring gillnets or coastal trap-nets set along the west 

coast of southern Sakhalin. Judging from the above information, it seems 

probable that more smolts go to sea during April, hay and June than in the 

fall. It should be noted that some sport fishermen believe that in Hokkaido 

some of the young masu salmon migrate downstream in the fall. However, no 

evidence in support of this belief has as yet been found. 

2.5.4. §ize. The length of smolts at the time of seaward migration 

varies according to age as well as according to geographical area. In 

Hokkaido, the migrants which have spent one winter in fresh water are approx

imately 15 em. in length. Ono (1933) observed that some of the downstream 

migrants in the }'ii tsuishi ~.i ver in the Hidaka district reached a total length 

of about 18 cm. Kawakami (1937a) sampled young masu salmon in mid-June from 

coastal waters near Shizunai in the Hidaka district immediately after their 
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entrance into the sea. He reported that the total length ranged from 14.8 

to 28.0 cm. with a mean of 19.2 em. The weights for these fish ranged from 

a minimum of 28 grams to a maximum of 198 grams. The mean weight was 67 

grams. The anadromous -type smol t s obtained in feeding experiment s in Toyama 

Prefecture were 20 to 25 cm. in total length and weighed 70 to 150 grams in 

early May (Fujita, 1933). The same type of fish obtained from Saguri's 

experiment were 12 to 19 cm. in total length and 18 to 64 grams in weight in 

early April (Saguri, 1936). 

The mean length of fish involved in the downstream migration of masu 

salmon in Sakhalin was reported to be 11 cm. The individual lengths ranged 

from 8.5 to 14.7 cm. while the ,.,eights varied from 7.0 to 39.0 grams. 

(Dvinin, 1956.) Scales which had been taken from adult masU salmon collected 

on the west coast of Kamchatka were used to back-calculate the lengths of 

the fish at the time that they left fresh water. This value was 12 cm. for 

fish that had spent one winter in fresh water and 14 cm. for fish that had 

spent two winters in fresh water. A one-winter fish caught on July 21 in 

the Bolshaia River while migrating downstream was 11.1 cm. in length (Semko, 

1956). Some other data on the size of downstream migrants in other areas of 

the far eastern region of the U.S.S.R. are shown in Table 14. It is noted 

that the average length of downstream migrants which have spent one winter in 

fresh water was about 11 to 12 em. 

It is not clear which measurements were used in recording sizes of 

downstream migrants in Russian streams. However, it is assumed that the 

migrants in Hokkaido and Honshu (Japan) are somewhat larger than those of 

Russian streams~ This might be because water temperatures in Japan are higher, 

particularly in the winter. 

After they enter the ocean, the growth of young masu salmon is very 

rapid and as a result the body lengths of fish collected · ~~ different times 
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are often very different. Young masu salmon were sampled in the estuaries 

along the Urakawa coast of the Hidaka district from late May to mid-June. 

The females were approximately 15 to 23 em. in body length and the males 

were about 15 cm. (Oshima, 1957). At about the Same period of ~he year, masu 

salmon of approximately the same size are caught incIdentally by trap-nets 

in Ozuchi Bay in Iwate Prefecture. The body length of these young masu salmon 

is about 20 cm. (about 25 cm. in total length) in July when most of them leave 

coastal waters for offshore waters. (Ono, 1933.) B,y fall they have grown to 

as long as about 30 cm. in total length. Saguri caught three young masu 

salmon in Toyama Bay on April 23 (Saguri, 1936). Their total lengths ranged 

trom 17.3 to 17.6 cm. and they weighed from 37.5 to 41.3 grams. 

On the west coast of southern Sakhalin young masu salmon which had 

spent one winter in fresh water were between 13.5 em. and 26.5 cm. in body 

length in June and July. The average body length was 17.0 cm. and body weights 

ranged from 30 to 184 grams with an average value of 74 grams. Specimens 

collected in November were more than 30 cm. in length (Dvinin, 1956). Semko 

(1956) collected same samples in Sakhalin Bay in August and September which 

were considered to be made up of downstream migrants from the Amur River. 

He stated that the mean body lengths were 22.2 cm. and 26.4 em. for age 1+ 

and 2 + fish; respectively. The corresponding average weights were 124 grams 

and 206 grams. 

2.5.5. Eeeding habits. Young masu salmon are all carnivorous, although 

their feeding' habits do change when they enter the sea. Downstream migrants 

are fisheq very successfully by anglers as the smolts do considerable feeding 

during their migration. The appearance and body shape of the young masu 

salmon which are caught in coastal waters in June are almost identical with 

those of downstream migrants caught in streams. However, the stomach contents 

of fish caught in different environments are completely different. In fresh 
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water, the downstream migrants feed chiefly on aquatic insects and to a 

lesser extent on the eggs and fry of salmonoid fishes. After they enter the 

sea, they feed greedily on COpApoda., Schi~o')I),'"'' Amohioode and fry of various 

fishes. As they grow their diet changes until it consists mainly of ·' fish. 

(Ono, 1933.) Kawakami (1937a) noticed that some of the stomachs of young 

masu salmon sampled in the coastal waters contained freshwater animals as 

well as marine animals. 

Smolts entering the coastal waters of Sakhalin were also observed to 

feed greedily, chiefly on crustaceans and fry of Pleurogrammus (Dvinin, 1956). 

As mentioned earlier, a sample of young masu salmon which had originated in 

the !rour River was collected in Sakhalin Bay in August and September. These 

smolts were found to have fed mainly on certain species of fish. At least 

some fish occurred in the stomachs of all specimens, but in addition, some 

stomachs contained a small amount of insects and crustaceans. The fish 

present in the stomach contents of these masu salmon included smelt, sand 

lancer and herring. (Semko, 1956.) 

2.6. Marine Life 

Masu salmon feed while migrating to coastal and offshore waters and 

during this time they grow very rapidly. They generally return to the coasts 

and rivers after spending one winter in the ocean. It is said that some masu 

salmon originating in Sakhalin and Kamchatka spend two winters in the ocean. 

Masu salmon are fished continuously in some areas along the coast of Japan 

from the time that they enter the ocean as smolts until t hey leave it to 

return as adults to their parent streams. Because of this it has been con

sidered that masu salmon must not migrate as far offshore as do other species 

of salmon. However, the recent development of gillnet fisheries in the Sea 

of Japan has revealed that the distribution of masu salmon extends over all 

of the offshore areas of the Sea of Japan. Their wide distribution means 
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that extensive migrations are involved. On the contrary, very few masu salmon 

are caught in the offshore waters of the Pacific Ocean, and as a result little 

information on their distribution in the Pacific Ocean has been obtained. 

The distribution of masu salmon in the Sea of Japan will be discussed 

in detail in the following section. Because of this, their offshore distribu

tion, as well as other aspects of their marine life, will only be discussed 

briefly in this section. 

2.6.1. Distrib~tion and migration of masu salmon in the Sea of Japan. 

Young masu salmon remain in coastal waters during th~ summer following their 

entry into the sea and are caught incidentally by coast~ trap-nets. Mean

while they have grown to a size of 20 cm. or more in body length. Then, with 

the exception of a few sporadic catches in coastal waters, they disappear 

from the area. Along the coast of Hokkaido, masu salmon of about 30 cm. in 

total length are often caught during the period from October to December 

(Ono,1933). On the coasts of the isolated islands of Rishiri, Teuri and 

Yangeshiri, off the northern part of Hokkaido, the handline fisheries for 

masu salmon start around early or mid-November (Konda et al., 1952). On 

November 17, one masu salmon was caught in the area off Cape Lopatin on the 

west coast of southern Sakhalin by an expedition fishing experimentally for 

herring. This specimen was 32.5 cm. in body length and weighed 385 grams. 

(Dvinin, 1956.) In mid- and late January, the handline fishery for masu 

salmon starts on the southern coast of Hokkaido along Tsugaru Strait and the 

Shakotan Peninsula (Konda et ~!., 1952; Hirano, 1940). On the isolated 

islands off northern Hokkaido as well as along the southern coast of Hokkaido, 

the catch of masu salmon drops off sharply in February or March. At Kamoenai 

along the west coast of the Shakotan Peninsula in southern Hokkaido, the hand

line fishery for masu salmon started in late January in 1940. The masu salmon 

caught by this fishery on ¥~rch 1 of that same year were examined and it was 
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foUnd that their fork lengths ranged from 32 to 45 cm. and their ~eights 

ranged from 350 to 1,250 grams (Hirano, 1940). In slumnary, it appears from 

the patterns of the fisheries along the Hokkaido coasts that during the ~inter 

schools of masu salmon migrate south~ard in the Sea of Japan at some distance 

offshore from the coast of Hokkaido. Apparently most of them reach the 

waters south of Tsugaru Strait by February or March. The patt~rn of the 

offshore gillnet fishery in the Sea of Japan supports this assumption. 

The drift gillnet fishery in the Sea of Japan starts in early March 

and at first is centered in the locality bet~een the latitudes of 38°N. and 

4OoN. Some fishing operations by research vessels have been carried out as 

early as late February. The number of fish caught per unit of gear is 

highest at the beginning of the season ~hen it exceeds 0.5 fish per tanl~ 

The fishing ground ccincides ~ith the area of concentration of masu salmon 

and extends ~est~ard bet~een the latitudes of 38°N. and 40oN. and as far 

~est as l350E. The fishery operates in this same locality until early April 

but the overall relative abundance of masu salmon decreases sharply after 

mid-March. During the earlier part of the fishing season, the catch of 

masu salmon contains specimens ranging in size from 35 to 45 cm. in fork 

length. The average fork length at this time is approximately 40 cm., but 

as the season progresses the size of the fish increases. After mid-April, 

the fishery is centered noticeably farther north~~rd than earlier in the 

season. The southern boundary of this fishing ground is located approximately 

along the latitude of 38°N. until the end of April, but by the end of May this 

boundary has shifted to approximately 40 0 Nn In comparison, the northern 

boundary of the fishing ground extends as far north as the south~est coast 

of Hokkaido in late April and as far north as the Rishiri and Rebun Islands 

1) Tan is a Japanese term used to describe a quantity of net. In the case 
of the salmon gillnet fishery a tan measures approximately 50 meters 
along the float line and 6 meters deep in the water. 
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in mid-May. The area covered by the fishery increases remarkably after mid

April while the average relative abundance of masu salmon decreases consider

ably. In June there are very few masu salmon observed in the area . 

The fish grow larger as the season progresses and by April and May 

the mean fork length is 45 cm. or more, which is approximately the size of 

mature fish. Very few masu salmon more than 50 cm. in fork length are caught 

by drift gillnets. The growth of masu salmon taken by gillnet in the Sea of 

Japan can be summarized as fo11ows--the mean fork length in late February is 

about 38 cm. and increases thereafter by about 1 cm. every ten days. Informa

tion on the size of masu salmon in the ocean is summarized and shown in 

Figure 1. 

It appears that the longline fishery in coastal waters of Ishikawa 

Prefecture from late February to mid-April (Tabata et a1., 1959) and the 

trap-net fishery in the same area during March and April are taking masu 

salmon from the southernmost edge of their distribution at a time when their 

overall distribution extends farthest south. The handline fishery along the 

Japan Sea coast of Hokkaido takes place during March to April or May in the 

southern part and from late April or May to not later than the end of June 

in the northern part (Konda et a1., 1952). These timings agree well with 

the timing of the northward shift of offshore gi1lnet fishing grounds along 

the Japan Sea coast of Hokkaido. 

Along the coast of North Korea, masu salmon are fished by trap-nets 

from February to June, inclusive. For comparison, the following information 

relating to movements of pink salmon along the coast of North KOrea is 

presented. Small young pink salmon ranging between 20 and 30 cm. in total 

length are caught during the period from late November to late December, while 

from April to June larger-sized pink salmon are taken as they migrate north

ward along the coast (Yoshida, 1942). The movement of masu salmon may be 
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similar to that of pink salmon. Ho~ever, no evidence is available so far 

as to ~hether or not masu salmon stocks from off North Korea and those from 

off the ~est coast of Honshu are continuously distributed across the Japan 

Sea. 

In the gillnet fishing grounds, masu salmon are caught in ~aters ~ith 

surface temperatures between 80 and 120 C. The largest catches are obtained 

~hen the surface temperature is approximately lOoC. This lOoC. isotherm is 

located along the polar front in the Sea of Japan. Therefore, it appears 

that the area of concentration of masu salmon shifts as the polar front zone 

moves. In the Sea of Japan, the January, February and March surface tempera-

tures fall belo~ OOC. in ~aters north of Soya Strait and in ~aters along the 

Primorskaia coast. Thus it is assumed that masu salmon are forced to move 

south or east of theso ~aters during the ~inter (Hokk. Pref. Fish. Expl. Stn. 

and Hokk. Reg. Fish. Res. Lab., 1956; Japan Sea Reg. Fish. Res. Lab., unpub.). 

Very fe~ tagging experiments have been carried out on masu salmon in 

the Sea of Japan. Of seven masu salmon released at 38°48'N., 138°23'E., on 

April 21, 1959, one \!as recaptured in a small trap-net near Sawabe, Iwasaki 

village, Nishitsugaru-gun, Aomori Prefecture, on May 1. This fish had moved 

126 nautical miles northeast in eleven days, averaging 11.5 miles per day. 
, 

(Japan Sea Reg. Fish. Res. Lab., unpub.) 

By combining all the above information, the follo~ing pattern of migra-

tio~ of maau ~aL~on in the Sea of Japan might be assumed: The young masu salm-

on which enter the sea from streams along Hokkaido, Sakhalin and Primorskaia 

and from the Amur River stay in coastal ~aters and estuaries until July and 

then move gradually to~ard offshore areas. They move southward in the Sea of 

Japan during the autUTI~~ when the surface ~ater temperatures are gradually 

falling. They reach the areas off the ~est coasts of Sakhalin and northern 

Hokkaido in November or December and in January or February they pass through 

-32-



the offshore waters off the west coast of southern Hokkaido. From late 

February until early April they occur as far south as approximately 38oN. to 

4OoN., the southern extent of their distribution. In late April, when the 

polar front starts shifting northward, masu salmon also start northward 

migrations. They first migrate to the area off the southern Hokkaido coast 

and by the end of May they have reached the area off northern Hokkaido or 

the coast of Primorskaia. Further northward migration is continued in June. 

It is also assumed that another stock migrates southward in the fall and north

ward during April, May and June along the North Korean coast in the western 

part of the Sea of Japan. 

The times of the spawning migrations along the coasts of the Sea of 

Japan are approximately as follows: In Ishikawa Prefecture (approximately 

37oN.) they occur between February and June, inclusive, whereas those which 

occur on the coasts of Ho~atido, Sakhalin and west Kamchatka do not take place 

until June and July. By considering these facts, it can be assumed that masu 

salmon along the coast of Honshu and Hokkaido stay in coastal waters and 

estuaries for about one month before starting their upstream migration. 

The abundance of masu salmon as indicated by the catch per unit of 

drift gillnet decreases very rapidly from a maximum in early March to a catch 

of almost nil in June. This is probably partly because some of the stocks 

leave the area of abundance for waters along Primorskaia instead of migrat

ing northward with the bulk of the stocks and partly because the stocks bound 

for the rivers of Honshu and Hokkaido leave the area of concentration and move 

into coastal waters. These stocks are thus no longer subjected to the drift 

gillnet fishery. Kawakami (1937b) suggested a similar theory for the chum 

salmon fisheries along the coast of Hokkaido. Further analysis of the other 

types of fisheries in coastal waters will help clarify these points. 
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2.6.2. Feeding habits. Examination of stomach contents of masu 

salmon caught in offshore waters of the Sea of Japan showed that masu salmon 

are completely carnivorous and that they depend on other fish to form a 

significant proportion of their food_ From research carried out by the Japan 

Sea Regional Fisheries Research Laboratory, it has been shown that the com

position of the stomach contents varies according to the time of the north

ward migration. In March and April large crustaceans are dominant in the 

stomach contents of masu salmon. Some fish are also present in the stomachs. 

in May certain species of fish and squid are the dominant items in the 

stomach contents. The size of these food items is considerably larger than 

that of the food taken earlier in the year. Similar results are reported by 

the Hokkaido Prefectural Fisheries Experimental Station and Hokkaido Regional 

Fisheries Research Laboratory (1956). The series of samples used for this 

report were collected in areas adjacent to Okujiri Island. In the sample 

collected on April 21, 1956, Amphipoda and Euphausia were the most abundant 

food items whereas in the sample collected between April 28 and May 3, fish 

were the most abundant. In the sample collected on May 9, squid and fish 

were the most abundant food items. The species of fish utilized by masu 

salmon included Maurolicus jaHonicus and Pleurogrammus agonus, two very 

abundant species in this area. According to Dvinin (1956), young masu salmon 

along the west coast of Sakhalin feed on crustaceans and small young fish for 

a period immediately after their entry into the sea from the rivers. In com

parison, he reports that adults which returned to the coast were found to 

have fed mainly on certain fish including Pleurogrammus, herring and others. 

By combining all this information, it may be concluded that young masu 

salmon usually feed on crustaceans and as they grow older their diet changes 

until fish become the most important food item. This transition seems to 

take place around April after they have spent one winter in the ocean. 
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Generally it is assumed that the length of the food organism should not ex

ceed one-half that of the predator. _ The predator in this case is masu salmon. 

One thing that should be noted concerning the transition in feeding habits 

of masu salmon is that in March animals of a size suitable for masu salmon food 

are low in abundance in the area where 1nasu salmon are most abundant. On the 

other hand, many different species were found in the stomach contents of masu 

salmon. These included Pleurogrammus agonus, Maurolicus japonicus, 

Arctoscopus japonicus, herring, saury, Pacific mackerel, sardine and anchovy. 

The presence or absence of these species in the stomach contents from a 

particular area is in some cases a reflection of their geographical distribu

tion. This variety of food organisms indicates that ~ASU salmon feed on 

whatever species of small sized fish are encountered and that when small 

sized fish are not available they feed on large sized planktonic crustaceans. 

(Japan Sea Reg. Fish. ReS f Lab., unpub.) 

2.6.3. Maturation. Unlike other species of salmon, in masu salmon 

gonads do not start rapid growth until after the fish enter freshwater 

streams. Masu salmon in the ocean have rather immature gonads. However, 

some development of gonads is observed during the offshore driftnet fishing 

season, which lasts from March to May, inclusive. 

The proportion of gonad weight to total body weight is given by month 

in Table 17. These data have been collected by the Japan Sea Regional 

Fisheries Research Laboratory since 1957. If we review these data in further 

detail, according to the dates when samples were collected, it can be seen 

that rapid development of gonads starts in April. The mean diameter of ova 

taken from different specimens collected on Nay 10 and 11 ranged from 2.5 to 

4.0 mm. The maximum size of an individual ovum was 4.5 mm. As indicated in 

Table 17, similar results were obtained for samples collected in the ocean 

near Okujiri Island. (Hokk. Pref. Fish. Exp. Stn. and Hokk. Reg. Fish. Res. 
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Lab., 1956.) Some development of gonads was observed during the period 

between April 29 and Nay 9. It was noted that fish in samples taken near 

Okujiri Island were more mature than those collected from the Shinsha River 

(Table 17). This was an indication that the stocks near Okujiri Island 

would go into the rivers very soon. The diameters of ova collected from 

specimens sampled around Okujiri Island were 3.3 mm. at a maximum and 2.7 mm. 

on the average. 

2.6.4. ~ ratio. The dominance of females is apparent in the stocks 

of masu salmon distributed in the ocean, just as it is in the downstream and 

spawning migrations in fresh and coastal waters. The sex ratios of fish in 

samples collected in the Sea of Japan by the Japan Sea Regional Fisheries 

Research Laboratory in 1957, 1959, 1960 and 1961 are given by month in 

Table 18. As is the case in pink salmon, there is a tendency for slightly 

more males to be present in the earlier part of the fishing season. However, 

there is no doubt that,. as a whole, females are the predominant sex. The 

percentages of females in these samples vary from 60% to 70%. This range of 

percentage also applies to the spawning migrations in most coastal waters 

and streams. It is especially applicable in Hokkaido. In addition, a similar 

proportion of the downstream migrants in Hokkaido are also females. (See ' 
) 

2.6.5. ~ salmon in the North Pacific. Very little information 

has been obtained on the life history and migration of masu salmon in the 

Pacific Ocean. Interviews held in the area around Ozuchi and Karnaishi revealed 

that pink salmon migrate southward as far as Kinkazan, Miyagi Prefecture, in 

March and return northVJard in April, May and June. The migration patterns of 

pink and masu salmon in the Sea of Japan were much the same so it is assumed 

that the migration pattern of masu salmon in the Pacific Ocean is somewhat 

similar to that of pink salmon. 
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The distributions of surface water temperatures in the area off the 

coast of Sanriku are shown by month in Figure 2 for the period from January 

to June in 1960 and 1961, respectively. The values are those for the middle 

of each month. The data were taken from the monthly reports of the pattern 

of fishing and ocean conditions published by the Tokai Regional Fisheries 

Research Laboratory. Because of its relation to the masu salmon fishery 

special attention is given to the 10°C. isotherm. It occurred in the vicinity 

of Cape Todo in January when the water temperature was for the most part 

rather warm. In February, the 100C. isotherm shifted southward to an area 

off Kinkazan or Shioyazaki. The surface water temperature off the coast of 

Sanriku was as low as 50C. Oceanic conditions during March l-Jere some\o.lhat 

similar to those during February, hOl-Jevor, there was 30me extension of the 

cold water mass originating in the Hokkaido area, The temperature of this 

water mass was almost OOC. and in March it €~i:tei.!d'-)d as far couth as the area 

off Hachinohe and Cape Todo. In April, the Kurosh~o current eJ~ended north

ward, gaining strength rapidly and as a result ttero waG an increa3e in the 

water temperature of coastal waters. Because of thi3 the 100 G. isotherm 

was pushed northward as far as the area off Kink~zan. The area in which the 

surface water temperature was below 50C. was forced far to the north. In May, 

the 10°C. isotherm moved as far north as the area off Hachinohe ~~d Cape Todo 

and left cooler water masses along the coast. 'l'hs area in 1-il1ich the aurface 

water temperature was below 5°C. shifted northwarQ to the area off Hokkaido 

and was further reduced in size. In Ju...'1S, the surface tempcra.t1..:.re even in 

coastal waters along the northern pa~t of Japan was almoGt 150 e. The 100e. 

isotherm moved farther north to the area off Hachinohco 

The general distribution pattern of the variou8 sp3cies of salmon in 

the area off Sanrilcu on the Pacific coast of northe~n Honshu 68ems to corre

spond with the seasonal fluctuations in 'Ha.ter tempero:;:ture ~,8nt.ionod above. 
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During February and March, the season when the water temperatures prevailing 

along the offshore areas of northern Japan are the coldest, ealmon are 

distributed in the waters off Kinkazan and farther south as far as off 

Fukushima Prefecture. However, when the surface water becomes warmer in 

April and May, they begin migrating northward in offshore areas and in June 

reach the area off Hokkaido. In the coastal waters along Sanriku, another 

less important catch of masU salmon is landed in September. The spawning 

run to the Ozuchi River, which is in this district, was reported to be in 

August and September. In this period the surface temperature of coastal 

waters in this area exceeded 20oe. by a considerable amounte However, the 

distribution of water temperatures at 100 Meters depth ,indicates that at this 

depth there is a water mass distributed off Sanriku wUh a t8~np3rature of 

approximately 10oe. 

Fairly large amounts of masu s':1.1mon are fished alo!:g "lith pink salmon 

by coastal trap-nets on the Pacific coast of norther:! Japan. This fishery 

is mostly confined to Iwate Prefecture and to the mo,~ths of April and May. 

On the contrary, the offshore gillnet fisheries, as well as th'3 longline 

fisheries by land-based fishing vessels, cover the offshore area southeast 

of Hokkaido during May and June but catch very few masu salmon. From late 

May to late June, 1949, there was some experimental fishing "d.th gillnets 

in waters less than 15 nautical miles from the Pacific coast of Hokkaido. 

In these catches masu salmon contributed only 5.92% of t~e tot-s.l catch. In 

addition, in similar catches made in the same area during mid- and late June, 

1950, the proportion of masu salmon was much smaller. At this time only one 

masu salmon was counted in the total catch of about 4,000 fisho (Sato et ~l., 

1953a, 1953b.) These data seem to indicate that masu s~on in the Pacific 

Ocean migrate southward and northward in waters close to the shore of Japan. 

They also indicate that the abundance of masu salmon is relatively small 
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oompared with that of other speoies of salmon in the Paoifio or with that of 

masu salmon in the Sea of Japan. 

Ten reooveries were reported from one lot of fish tagged and released 

in the ooastal waters of Hidaka, Hokkaido, between June 14 and 24, 1930 

(Hirano,1953). Of these ten reooveries, eight were reported from locations 

to the northwest of the points of release. These fish had moved between 13 

and 4B km. in from 2 to 16 days. These reooveries suggested a general north

westerly movement of masu salmon along the ooast of Hokkaido. 

B.Y reviewing catoh records of masu salmon taken in ooastal trap-nets 

along the Pacific coast of Hokkaido, it was found that almost no catches of 

masu salmon were recorded from near the Kushiro area. The records also showed 

that considerably more masu salmon were caught along the coasts of Hidaka, 

Iburi and Oshima. Judging from this, it appears that after the masu salmon 

have passed northward along the Sanriku coast of Honshu they move along the 

coast of Hokkaido west of Hidaka towards the Uchiura Bay (Funka Bay) area. 

The results of the tagging experiments descri.bed above do not contradict 

this assumption. The biggest catches of masu salmon along the Pacific coast 

of Hokkaido are usually made in the Oshima district along the shore facing 

Tsugaru Strait. This suggests that there is some possibility that masu 

salmon which move northwards in the Sea of Japan enter the Pacific Ocean 

through Tsugaru Strait. Also, the possibility cannot be rejected that some 

proportion of masu salmon migrating northwards along the Sanriku coast in 

the Pacific may be bound for Siberian streams, as is the case with pink salmon. 

The size of masu salmon caught in the Pacific is a little larger than 

that of those caught by gillnet fisheries in the Sea of Japan. The specimens 

collected by gillnets along the Pacific coast of Hokkaido in 1949 ranged from 

49 to 63 cm. in total length and from 1.4 to 2.7 kg. in body weight. The 

average total length and body weight were 54.6 cm. and 2.0 kg., respectively. 
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(Sato et al., 1953a.) The catches of masu salmon landed in 1962 at 

Kamaishi by the local longline fishery were examined by the author and it 

was found that the fork length ranged from 41 to 67 cm., with an average of 

53.4 cm. The body weight ranged from 1.0 to 5.0 kg. and averaged 2.25 kg. 

It should be noted that the difference between the sizes of fish in the Sea 

of Japan and the Pacific Ocean might be partly due to differences in the 

selectivity of the gear. 

2.7. Non-Anadromous Nasu Salmon (Yamame) 

As has been often repeated in previous sections, some masu salmon 

spend all their lives in fresh water. The freshwater-type masu salmon are 

not a significant commercial fish, but they are the object of a sport fishery. 

However, the existence of freshwater-type masu salmon does provide many 

interesting problems in ecology. 

The freshwater-type masu salmon, which in this section will be referred 

to as yamame, are distributed over almost all of Japan. They even occur in 

waters where non-anadromous masu salmon are found. Seroko (1956) found two 

specimens of yamame in the upstream part of the Bolshaia River. 

Masu salmon which do not start downstream migration even after spend

ing two winters in fresh water turn a gold color during the following April 

and May. They become a darker color during the following summer and autumn. 

After these color changes the males attain maturity and at least some of 

them appear to mate with the females which have migrated up from the ocean 

to the spawning grounds. Female yamame can also mature in the third year 

after hatching or in some cases they may mature even later. ~no, 1933.) Some 

males attain maturity within one year after hatching (see 2.4.3). 

The proportion of the fry which will become yamame seems to be variable 

according to the area and the particular circumstances. Fujita (1933) re

ported that 37 out of 103 (36.9%) of the masu salmon fry used in his feeding 
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experiments became yamame. The fry used by Fujita were obtained from spawners 

which had migrated to the Kurobe River. Saguri (1936) reported that 217 out 

of 373 or 58.1% of the masu salmon fry from Hokkaido streams used in feeding 

experiments became yamame whereas only 33 out of 98 or 38.8% of the fry from 

Kurobe River became yamame. In Hokkaido, all streams (except those which are 

geographically land-locked) that have yamame also have runs of masu salmon. 

An instance where the construction of a dam caused the yamame to disappear 

from the upstream parts of a river by preventing the migration of the spawn

ing run of masu salmon was reported by Fujita (1933). On the other hand, 

yamame occur in the streams of some areas in southern Japan where no sea

going type masu salmon or spawning runs of masu salmon occur. This might be 

because of the fact that the temperature of the downstream parts of the stream 

and/or that of the coastal water near the stream might be too high to have 

either downstream migrations or runs of masu salmon. Along the Taiko River 

in Taiwan, yamame are found only at altitudes of 2,000 m. or more above sea 

level (Oshima, 1957). 

Male masu salmon fry have a stronger tendency to become yamame. The 

data collected by Ono (1930) clearly indicated this tendency (see 2.5.2). 

In a series of feeding experiments carried out at a hatchery in the Toyama 

Prefecture by Saguri (1936), 436 out of 578 (75.4%) of the fish which became 

yamame were males. However, the sex ratio of yamame found in streams lacking 

the anadromous-type masu salmon is almost 1 to 1 (Ono, 1933). 

Yamame show very poor growth compared with masu salmon which spend a 

part of their lives in the sea. By the end of their second year after hatch

ing, yamame are only about 20 cm. in length and after three years they are 

only about 25 cm. There is also a large variation according to geographical 

area as well as to the individual. Very few three-year-old yamame are found. 

The fecundity of female yamame is also poor, averaging only 200 to JOO eggs. 
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The average diameter of the mature ova is approximately 0.5 cm. (Ono, 1933.) 

Under favorable conditions yamame grow as large and produce as many 

eggs as anadromous-type masu salmon. The conditions necessary are that they 

live in a cool lake and that there is abundant food. Good examples are the 

yamame transplanted to Lake Toya and Lake Biwa. However, in these cases, the 

age 6£ rcaturlty varies from 3 to 6 years of age. (Ono, 1933; Ono and Ando, 1932.) 

It is generally accepted that all fish belonging to genus Oncorhynchus 

die after spawning. However, the scales of some yamame have what is considered 

to be a spawning check (Ono, 1933). In some feeding experiments, yamame have 

spawned successfully two or more times. Therefore, yamame, the freshwater

type masu salmon may be closely related to the genus Salmo or the genus 

Salvelinus. 

3. OFFSHORE DISTRIBUTION OF MASU SAlMON 

In the eastern half of the Sea of Japan extensive gillnet fisheries 

are conducted from March to Mayor June for pink and masu salmon. Some 

statistics on the catch of masu salmon are collected from commercial fish

ing vessels. In addition, some biological studies of masu salmon are made 

by research vessels from the Prefectural Fisheries Experimental Stations. 

This information is not adequate and is very limited compared to that col

lected for other species of salmon but it is nevertheless sufficient to ob

tain some new knowledge on the distribution of masu salmon inthe Sea of 

Japan. In a follOwing section the distribution of masu salmon in the off

shore waters of the Sea of Japan is reviewed. This analysis of the distribu

tion is based on the catch statistics obtained from the commercial fisheries 

and on the size composition (fork length) of the fish collected by research 

vessels. 

3.1. Gillnet Mesh Selectivity 

Most of the salmon fisheries in the offshore waters of the Sea of Japan 
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are conducted with drift gillnets. In addition, most of the biological data 

collected by commercial fishing vessels and research vessels are also based 

on gillnet catches. Therefore, the efficiency and selectivity of gillnets 

are basic problems to be considered. Fortunately, some of the catches made 

by the Prefectural research vessels were recorded according to the different 

mesh sizes of drift gillnets (Japan Sea Reg. Fish. Res. Lab., unpub.). These 

data can be used for the analysis of the catch per unit of effort for dif-

ferent mesh sizes. The gillnet mesh selectivity for masu salmon is dis-

cussed with reference to the mesh selectivity curves, constructed by Ishida 

(1962)., for pink salmon and some of the other species of salmon. 

3.1.1. Variation in catch per tan by different mesh sizes. Since 

the catch of masu salmon by drift gillnets is comparatively small and since 

most masu salmon are caught in the earlier part of the season, catch statis-

tics on masu salmon are available only for the earlier part of the season. 

In some catch statistics, catches of masu salmon were combined with pink 

salmon catches. In cases where masu salmon and pink salmon catches were 

combined, the predominant species was assigned the catch of each of the two 

species. 

There are several reasons why it was a little difficult to compare 

the fishing efficiency of nets of different mesh sizes by combining the 

results of several operations. First, the units of fishing effort (in number 

of tans of gillnets) used in one operation were not all composed of the same 

proportion of different mesh sizes. In addition, the catch per unit of effort 

is primarily determined by the relative abundance of fish at the time and 

the place of operation. Therefore, the following procedures were applied: 

If it is assumed that at the ~-th operation, .Qmt fish are caught using!mt - -
tans of gillnet of mesh size!!!, and if the rando.m variations are ignored, 

then 
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Qmt 9.m" ~mt 0 Qi ' 

where ~m is the relative fishing efficiency of a gillnet of !!! mesh size 

and ~t represents the density of fish at this particular operation. The 

catch per unit of effort is then 

c / X - q 
-m~ -mt - -ID • 

The mean value of the logarithms of this equation for !l operations can be 

calculated as follows: 

I n 
l , log ~i. + 
t=l 

On the right-hand side of the equation only the logarithm of the variable 

~~ (fish density at ~-th operation) is averaged. 

I n > log P., ... _v 

n '-
log J2t,-

.- ~=l 

represents the density of fish at the ~-th operation in relation to the 

average density during ~ operations. If these procedures are used for 

each fishing operation, we can obtain the standardized catch per tan in 

logarithms. If correction factors can be determined for each mesh size, then 

the arithmetic mean of these factors can be used~ If a particular mesh size 

is not used in all of the n operations, then it is not appropriate to take 

the average of relative abundance indices for nets of that particular size. 

In such cases the mean of the correction factors should be calculated using 

only the data for t~c gillnet sizes used during all n operations. Then the 

density indices for each operation can be obtained by the use of this mean 

and the catch-per-tan statistics recorded by nets of the mesh sizes wlder 

question which were not used in all the operations can be standardized using 

thl.·se density indices. The average catch-per-tan value for nets of these 

particular mesh sizes can then be obtained by averaging only the values 

obtained for the operations t~hich did use this mesh size c The mesh sizes which 

were used in all the operations ar.d subsequently were used as the standards 
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include 97, 100 and 103 rom. stretched mesh (distance between opposite knots) 

in 1959 and 91 and 97 mm. stretched mesh in 1960. Some results obtained by 

using the abovementioned equations are shown by ten-day periods in Table 19. 

Also-, summarized results are shown in Figure 3. The values for pink salmon 

are also sho\oln for ccmpariecn. 

Although the fishing efficiency curve for masu salmon is apparently 

considerably different from that for pink salmon, the inadequacy of the data 

on masu salmon does not permit a test of the significance of this difference. 

Assuming that this curve adequately represents the fishing efficiency of the 

gillnets, then the mesh sizes between 91 and 100 mm. stretched mesh could be 

expected to be equally efficient in catching masu salmon during February and 

March, the earlier part of the season. Not many data are available for the 

middle and later periods of the season. However, judging from the fact that 

the sizes of the fish in the catches became larger, it is probable that the 

most efficient mesh size would be correspondingly larger as well. On the 

other hand, there is no indication that the selectivity curve for pink salmon 

changes markedly between March and April. 

In summary, the gear efficiency does not seem to be variable for the 

mesh sizes within the range between 91 and 100 mm. stretched mesh. However, 

some of the meshes used do not fall within this range and it is possible that 

their fishing efficiency may be as low as one-half or even one-quarter that 

of the most efficient mesh sizes. 

No authoritative information is available as to the mesh sizes used in 

the commercial gillnet fishery. These sizes are believed, however, to be 

between 3.0 and 3.3 ~l) (91 to 100 mm. stretched mesh). In 1955 the cumu-

lative total amount of gillnet used by the government-sponsored experimental 

fishing vessels (43 vessels) which operated near Okujiri Island was 30,000 

1) Japanese Wlit of length. Cne.rum is approximately equal to or:.e-tenth of 
one foot. 

-45-



tans. Of this total, 29,000 tans or 95.0% were 3.3 sun or 100 mm. mesh nets 

and all the rest were between 2.9 mm or 88 mm. ani 3.9 .!illB or li8 mm. (Hokk. 

Pref. Fish. Exp. Stn. and Hokk. Reg. Fish. Res. Lab., 1956). As a result of 

these facts, it can reasonably be considered that almost ali the gillnets 

carried by the commercial fishing vessels have a fairly consistent fishing 

efficiency. 

3.1.2. Gilln~t mesh selectivity curve. We can obtain the mesh 

selectivity curve for gillnets of a certain mesh size on stocks of various 

sized salmon from the size composition of catches made by gillnets of various 

mesh sizes (Ishida, 1962). Unfortunately, such size composition data are not 

available for masu salmon. Therefore, the mesh selectivity curve obtained 

by Ishida for pink salmon is used, after appropriate modifications, for masu 

salmon as well. The mesh selectivity curves of gillnets of several mesh sizes 

for pink salmon are shown in Figure 4. Since the proportion of the body depth 

to the body length increases markedly as masu salmon increase in size (see 4.4), 

the slope of this selectivity curve for the larger-sized fish is probably 

steeper for masu salmon than for pink salmon. Comparison of the selectivity 

curves estimated by Ishida (1961) for sockeye salmon and pink salmon shows 

that for the 121 mm. mesh the shapes of the curves are quite similar for fish 

less than 55 cm. in fork length. This comparison supports the assumption 

that selectivity curves are similar for different species of salmon and helps 

to justify substitution of the selectivity curve for pink salmon in place of 

the one lacking for masu ~almon as a means of obtaining some general informa

tion. 

The size composition of masu salmon for the period between late February 

and late March in 1960 (Figure 15) shows that most of the fish were from 35 to 

45 cm. in fork length. Also, as is shown in Figure 3, it is known that gili

nots with R mesh size of 91 to 100 mmo fish masu salmon very efficiently 
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during this period. In the case of pink salmon, the peak of the selectivity 

curve for this mesh size range is located at around 35 to 45 cm. These facts 

also support our assumption that the selectivity curve for masu salmon is 

basically not much different from that for pink salmon. 

The information on fork length used in these analyses (see 3.5) was 

obtained by experimental fishing vessels operated by the Prefectural Fisheries 

Stations. Some of these data gave records of the fishing effort including 

information on the number of tans of different mesh sizes used. For example, 

in 1959, out of 12,000 tans of net, 27.1% were 91 rom. stretched mesh, ' 20,5% 

were 97 mm., 23.1% were 100 rom., and 14.6% were 103 mm. The mesh sizes 

ranged from 85 to 109 mm. stretched mesh. Of 26,000 tans of net used during 

the 1960 fishing season, 32.8% were 91 mm. stretched mesh, 21.9% were 97 mm., 

20.3% were 100 rom., and 11.9% were 103 mm. The range was from 85 rom.' to 

109 rom. stretched mesh. Generally speaking, each research vessel used gill

nets of different mesh sizes in the same proportions throughout the season. 

From the above data, it may be safely concluded that the gillnets used 

to obtain samples from which data on the size composition of masu salmon were 

derived were mostly of mesh sizes from 91 to 103 mm., inclusive. Eased on 

the mesh selectivity curves for pink salmon, the efficiency of the mesh 

sizes mentioned above is highest for fish of 42 to 43 cm. in fork length. The 

efficiency remains fairly high for fish between 35 and 50 em., where it is 

more than one-third or one-half of the maximum value. The slope of the fish

ing efficiency curves is much smoother in cases where the curves were obtained 

by a combination of several mesh sizes than in those cases where the curves 

were obtained from single mesh sizes. This is because the combined nets 

select for various sizes of fish more equally than a single mesh size net. 

Therefore, the size composition of the catches by all the nets combined might 

be considered to be fairly representative of the actual size composition of 
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the stock being fished. However, if the average size of the fish is small 

(less than 40 cm.), the mode of the size composition of the catch could be 

biased, by 1 or 2 cm., towards a larger size than the mode of the actual size 

composition of the population in the ocean. Als~ the fish larger than 50 em. 

are not expected to be sampled representatively by gillnets of this mesh

size range. 

3.2. Fluctuation in Abundance Indices by Ten-Day Periods 

In the catch-per-tan records, the number of fish in the catches of 

masu salmon plus the cumulative amount, in tans, of gillnet used are given 

for 20 minute by 20 minute statistical areas and by ten-day periods. As this 

information was not obtained from all the fishing vessels operating in the 

Sea of Japan, no information is available as to the total catch of masu salmon 

and the corresponding total fishing effort. However, abundance indices can 

be calculated and used to estimate the relative abundance of fish according 

to area and time. The abundance indices can here be defined as the sum of 

the average numbers of fish caught per tan in each of the 20 minute b.Y 20 

minute statistical areas in which the fisheries operated. Also, the denSity 

indices can be obtained by dividing the abundance indices by the number of 

statistical areas in which the operations were conducted. In these calcula

tions, it was found that during the later part of the season no masu salmon 

were taken in many statistical areas. These areas were included as having 

zero catches in one series of calculations but since they seemed to be at 

the outside of the distribution area of masu salmon they were ignored in 

another series. 

The abundance indices thus obtained for 1960 and 1961 are shown in 

Figure 5. The logarithmic values for these abundance indices are shown in 

Figure 6. The maximum values for the abundance indices are recorded in early 

March and after this they show a fairly steady decline with same fluctuations. 
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The density indices sho~ a greater decline than the abundance indices. This 

is because of the tendency for the number of statistical areas to increase 

as the season progresses. Bet~een 1960 and 1961 these tendencies ~ere con

sistent although there was some difference in degree. These tendencies have 

also been recorded for the years prior to 1960. 

The following factors may be responsible for such seasonal fluctua

tions in abundance indices: 

(1) Change in availability of fish, 

(2) Differences in the efficiency with which gear of certain mesh 

sizes catches different sizes of fish, 

(3) Actual variation in the abundance of stocks. 

The change in availability might be attributed partly to the fact 

that the fishing ground does not cover the whole area of the distribution 

of stocks and partly because some of the stocks may emigrate out of the fish

ing grounds. In addition, there may be a change in the ecology of the fish 

and as a result the fish might then migrate at a greater depth fram the sur

face. As mentioned before, these drift net fisheries in the Sea of Japan 

depend mainly on pink salmon. However, in the earlier part of the season, 

the low abundance of pink salmon makes masu salmon relatively important. 

During March, the fishermen concentrate their efforts on fishing for rnasu 

salmon. As a result, in that month the fishing grounds for these drift net 

fisheries are situated so as to favour the catching of masu salmon, while 

during April and Hay when the pink salmon have become more abundant, the fish

ing grounds are located so as to favour the catching of pink salmon. The 

distribution pattern of pink salmon is generally similar to that of masu salmon. 

One slight difference is that during the early part of the season masu salmon 

are, in relation to pink salmon, relatively more abundant in the southern part 

of the fishing ground than in the northern part. The catch-par-tan indices 
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for masu salmon have a tendency to be lower near the edge of the fishing 

ground (see 3.3.1). This suggests that the area of distribution of masu 

salmon is, at least in the eastern half of the Sea of Japan, fairly well 

covered by the fisheries. As the season progresses, masu salmon begin to 

be caught by other types of gear in coastal waters closer to the coast than 

the area covered by the drift net fisheries. In addition, at around this 

time some masu salmon are observed to enter the rivers. Therefore, it is 

evident that some masu $almon do emigrate from the drift net fishing grounds. 

In any case, there is not sufficient information available to discuss the 

effects of the change in availability. 

With regard to mesh selectivity, it is possible that during the earlier 

part of the season the fishermen may use gillnets ~ith mesh sizes ~hich are 

more favourable for catching masu salmon than those sizes used later in the 

season. However, there is no evidence to suggest that the fishermen change 

their mesh sizes according to the period of the season. In addition, the 

variation in mesh selectivity according to the species of salmon is not so 

critical that the fishermen can selectively fish different species by using 

nets ~ith specific mesh sizes (Figure 3). Therefore, it is hard to believe 

that the effects of the variation in efficiency with differences in mesh 

sizes could be the main factors controlling the seasonal fluctuations in the 

abundance indices of masu salmon. 

Finally, concerning the actual changes in the abundance of the stock~ 

there is no doubt that the abundance does decrease in the later period of the 

season. This is partly because some of the masu salmon stocks migrate up the 

rivers and partly because of the loss due to fishing and natural mortality. 

However, it is still not known how well the apparent trend in the abundance 

indices represents the actual seasonal fluctuation in the abundance of the 

stocks. In the areas from Hokkaido north, ~here the most productive streams 
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are located, the runs of masu salmon do not appear in coastal waters earlier 

than May and most of them do not arrive until June or later. No information 

is available for estimating the natural mortality rate. It seems difficult, 

however, to explain, by mortality alone, this drastic decrease in abundance 

indices, which from the end of March to mid-May dropped to one-third or one

quarter of their initial values. 

In conclusion, it is assumed that the seasonal decline in abundance 

indices can be largely attributed to a change in the availability of fish, 

particularly to their emigration from the fishing grounds. Further studies 

on the distribution of masu salmon in the coastal waters of Honshu, Japan, 

and in the western half of the Sea of Japan along the coast of North Korea 

and Primorskaia might help to clarify the situation. 

Changes in locations of fisheries are assumed to reflect changes in 

distribution of masu salmon stocks. The fishing grounds are concentrated 

in the southern part of the Sea of Japan during March, and as the season 

progresses the northern boundary of the fishing grounds moves northwards. 

At the same time the total area of the fishing grounds is expanding. The 

changes in the areas of distribution of pink salmon and masu salmon might 

be reflected by such changes in the fishing area. In the latter part of 

May, fish are less abundant and the fisheries are concentrated in the 

northern part of the Sea of Japan. The fishing season is over by the end 

of June. 

The density indices of masu salmon vary by season in accordance with 

the seasonal fluctuations in abundance indices and the changes in the size 

of fishing grounds. In the earlier part of the fishing season, during March, 

the density indices decline very s~arply until they are about one-third of 

the initial level. After this initial decline, the density indices continue 

to decline gradually at a rate which is approximately linear on the logarith-
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mic scale until they reach minimum values at or near the end of the season. 

Occasionally, the density indices may even show a slight increase toward the 

end of the season. It is possible that this slight increase sometimes ob-

served at the end of the season might be a result of statistical errors. 

Because the catch of masu salmon in this part of the season is very low, minor 

errors in statistics can have a relatively significant effect on the calcula

tion of density indices~. 

3.3. Spatial Distribution of Catch-Per-Tan Indices 

3.3.1. Changes in the density patterns of fish stocks by ten-daY 

periods. According to the analysis made in Section 3.1.12), it is reasonable 

to assume that the number of fish caught per tan of gillnets is an indication 

of the relative abundance of fish in the area in question. Based on the 

number of fish caught per tan of gillnets in the 20 minute by 20 minute sta-

tistical areas and by ten-day periods, the distribution and relative abundance 

of masu salmon throughout the Sea of Japan and their seasonal changes were 

analyzed. The relative abundance of masu salmon in the Sea of Japan based 

on catch-per-tan data is shown by ten-day periods for 1960 and 1961 in 

Figure 7. In order to show the distribution of salmon more clearly the 

density indices were categorized into five groups which, for each ten-day 

period, may differ, rather than show them as definite values. Generally 

speaking, areas which have a relative abundance more than approximately twice 

as high as the average for 

indicating that the area has a comparatively high relative abundance of fish. 

1) Circumstantial evidence indicates that, in a few statistical areas, some 
of the catches of salmon have been misclassified as to species. 

2) There are many problems besides that of mesh selectivity involved in 
representing the relative abundance of stocks by the catch-per-tan sta
tistics. For example, since the drift gillnets fish only from the sur
face to a depth of approximately 6 m., the vertical distribution pattern 
of the fish affects the catch-per-tan statistics. 
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On the other hand, the areas in which the relative abundance is less than 

one-fifth or one-tenth of the average density for that particular period is 

left as white, indicating a very sparce distribution of fish. The areas with 

relative abundances between these two extremities are classified into three 

categories and designated in Figure 7 

order from higher to lower abundances. The actual catch per tan designated 

by these five classes is shown in individual figures for each ten-day period. 

~~su salmon are rather concentrated in the waters south of 40oN. in the 

Sea of Japan during March and early April. After mid-April, the northern 

limit of distribution shifts rapidly northward and by mid-May it reaches the 

northern tip of Hokkaido. On the other hand, the southern limit of distribu

tion of masu salmon remains approximately along the latitude of 38oN. during 

March and April, and then during May it shifts northwards. During June the 

distribution first extends to the offshore waters of northern Hokkaido and 

then moves farther north. The distribution outlined above will be described 

in the following paragraphs in more detail by dividing the season into ten-day 

periods. 

Early March: The fishing grounds are limited to the area between the 

latitudes of 38oN. and 4OoN., where the catch-per-tan values are quite high. 

In much of this area catches of one or more fish per tan are recorded. In 

this period, there is some tendency for the major concentration of masu salmon 

to be located in waters somewhat towards the north of the fishing grounds. 

The area covered by the fishing grounds is rectangular in shape and extends 

from east to west as far as 1350E. However, there are no clear indications 

that the relative abundance of masu salmon decreases as one moves towards the 

west. Therefore, it is suspected that masu salmon are distributed farther 

west than the western extent of the fishing grounds. The distribution of the 

surface water temperature at this time also supports this assumption (see 3.4.1). 
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Mid- ~ 1ate March: There is a slight tendency for the fishing area 

to expand but most of the fishing grounds are limited to the area between 

JSoN. and 40oN. and east of IJ5~. The relative abundance is still fairly 

high but the values are a little lower than those recorded in early March for 

almost all the statistical areas in which fishing occurs. However, it is also 

noted that in an area near the northeast coast of Sado Island an even higher 

level of catch per tan was recorded. In the waters east of 139~., the fish

ing grounds extend farther north, as far as the west coast of southern 

Hokkaido. The catch-per-tan values in this northern area are relatively low 

compared to the values for the fisheries located in more southern waters. 

In late March of both 1960 and 1961, there were two concentrations of masu 

salmon. One was in an area extending from northeast of Sado Island to close 

to the coast of Honshu, and the other was in waters which extended from north

west of Sado Island to around J9oN. and IJ6~. These two separate concentra

tions could be still followed even after early April. 

April: In April, the extension of fishing grounds into the area north 

of 40oN. gradually becomes more marked. In late April, the fishing grounds 

are in waters south of a line connecting Okujiri Island with the point at 

40oN. and IJ50E. On the other hand, the southern limit is still approximately 

along the latitude of JsoN. The western boundary of the fishing grounds is 

essentially still located along the longitudes of IJ5~., although some fish

ing operations were carried out near 1340E. in 1961. The average catch per 

tan declines during this period to even less than 0.5 fish per tan. In late 

April, average values of 0.14 fish per tan in 1960 and 0.J5 fish per tan in 

1961 were recorded. This decline in density can be partly explained by the 

expansion of the area of distribution of masu salmon which was represented 

by an increase in the area covered by the fishery. The high concentrations 

of masu .salmon in areas northeast and northwest of Sado Island remaiz.wad, 
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although they showed some northward movement during April. In early April, 

the areas of high relative abundance of masu salmon are still south of 40oN. 

while in late April they are both north and south of 40oN. However, the 

relatiye abundance has decreased considerably by late April. The concentra-

tion of masu salmon located in the area northwest of Sado Island moves north-

wards in the offshore waters of the island, while the other concentration in 

the area northeast of Sado Island migrates northwards in coastal waters. In 

1960 the relative abundance of the concentration to the northwest of Sado 

Island was higher than that of the concentration to the northeast of the 

island. In 1961, the reverse was true. This seems to be reflected by the 

much lower catches per tan recorded in the coastal waters in 1960 than in 

1961. 

May: The fishing grounds extend farther northward along the coast of 

Hokkaido and by mid-May they are located in waters south of the line connect

ing Rishiri Island with 42oN. and l35~. During the last ten-day period in 

May, the fisheries cover all the area in the northern part of the Sea of Japan 

except the waters adjacent to Primorskaia. In early May, relatively high 

concentrations of masu salmon can still be observed between latitudes 38°N. 

o and 40 N. However, by mid-May the catches of masu salmon per tan have, with 

a few exceptions, declined markedly in the waters south of 40oN., and during 

late May very few fishing operations are carried out in these waters. Some 

vessels fish as far west as 1330E., but the fishing in the western part of 

the fishing grounds is rather sporadic and, in addition, the catches are very 

variable. As a result, the distribution pattern of masu salmon in this part 

of the fishing grounds is not well represented by the catch statistics. 

However, some remarkably large catches of masu salmon per tan of gillnet were 

recorded at several locations in this area. This suggests that if no large 

statistical errors are involved then there is a fairly high abundance of 

-55-



masu salmon in the area west of 136~. Apparently, the concentrations of 

masu salmon which pass through the offshore waters of Okujiri Island and then 

those of Rishiri Island continue to move northward. However, it is also as

sumed that the main part of this concentration which has moved northward along 

the longitude of 136~. has left the offshore fishing grounds for the waters 

near Primorskaia by this time. 

June: In 1961, the abundance of masu salmon declined very sharply in 

late May and the catches during June were very small. Because of this the 

relative abundance of masu salmon for June of 1961 is not shown in Figure 7. 

On the contrary, in 1960 masu salmon were still relatively abundant at the 

end of June. The centre of distribution was located off the west coast of 

northern Hokkaido, and sporadic high catch-per-tan values were recorded in all 

the fishing grounds north of 390 N. This might indicate that many small stocks 

remained dispersed in a broad area after most of the stocks had left the fish

ing grounds and moved towards the north. 

3.3.2. Qhange in catch per tan by ten-day period in each of _the sta

tistical areas. In Section 3.3.1 the patterns of relative abundance of fish 

stocks were compared for ten-day periods. The average catch per tan declined 

rather markedly from the maximum recorded in early Ivfarch. As a result, an 

area designated as a low abundance area might have a higher catch per tan 

in one ten-day period than that recorded at a later date in an area designated 

as having a high abundance of masu salmon. For instance, a catch per tan bf 

0.15 or less was designated as a very low relative abundance for the first 

ten-day period in March 1961, while a catch per tan of 0.10 or more was 

designated as a very high relative abundance for the last ten days of Hay 1961. 

Thus, there is a danger that we did not properly understand the seasonal 

fluctuations in the density of the fish stocks. After considering these points, 

in this section the changes in catches per tan for a specific area are fol-
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lo~ed through the season. 

The catch per tan recorded in the statistical areas along longitude 

l39°E. (strictly speaking this ~as the average of the values obtained for the 

statistical areas bet~een l38040'E. and l39DE., and bet~een 139~. and 

139020'E.) in successive ten-day periods are sho~n in Figures 8 and 9 for 

1960 and 1961, respectively. In these figures, the dots connected by a line 

represent the change in relative abundance from south to north for one spe

cific ten-day period, and the dots on a particular latitude (on abscissa) 

represent the changes in the relative abundance through the season at that 

latitude. 

Since both the longitudinal and seasonal fluctuations ~ere quite con

sistent for the years 1960 and 1961, the data from these t~o years are com

bined. High catch-per-tan values ~ere recorded during early March for the 

areas bet~een 390N. and 4OoN. and the values for the areas outside of these 

latitudes ~ere progressively lo~er. In mid- and late ~furch, the catches 

per tan recorded for the area bet~een 390N. and 4OoN. decreased ~hile the 

catches per tan for the areas close to the shore and south of 390N. in

creased. This indicates that the fish migrated south~ards during March. 

During the period bet~een early April and early May, the area ~here relatively 

high catches per tan ~ere recorded shifted north~ards as time progressed, 

and the value for specific statistical areas south of 41oN. generally de

creased. Therefore, the pattern observed from the distribution of the catch

per-tan data does not indicate a north~ard migration of fish stocks but rather 

that the gradual disappearance of fish from the southern areas leaves a rela

tively high abundrulce at this time in the northern areas. This general pat

tern can be related to areas other than those along 139~. In the region north 

of 41oN., some statistical areas sho~ed an increase in the catch-per-tan 

figures by mid-May. The relative abundance values in particular were high in 
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these areas around mid-May. However, in most areas, the catch pe1" tan tor 

mid-May did not exceed 0,1 fish and the wide variation in values made it 

difficult to detect any general tendencies. 

As can be observed in Figure 7 the concentration of fish stocks shifted 

northward along l39°E. during the season in both the years 1960 arld 196.1. 

However, it became clear that the areas in which high catches per tan were 

recorded did not move northwards as a unit. In other words, fish were dis

appearing from all of the fishing grounds rather rapidly. The set of figures 

which show the seasonal changes in the catch-per-tan values for the period 

between late March and early May 19ED is a good example to show this dis

appearance. The catch-per-tan values along 1390&. for late March show that 

there are two high concentrations of masu salmon in the area. The first is 

between 380 20' and 380 40' N. and the second is between 390 40' and 4OON. These 

two separate concentrations were maintained even after early April, although 

they did shift gradually northwards. At the same time, however, the catches 

per tan in these areas of concentration decreased. The locations of the two 

concentrations of masu salmon are shown by ten-day periods in Table 20. The 

catch-per-tan values for the areas of concentration are also shown for these 

periods as are the abundance indices which equal the sum of the catches per 

tan recorded in the areas between these two peaks. From late March to early 

May, a period of approximately 40 days, the locations of the highest catches 

moved northwards about 10 in latitude while the abundance decreased apProxi

mately to one-quarter the initial level. It is also noted that the rate of 

decrease in abundance was fairly consistent from late March to late April. 

It apparently decreased by about one-third over each ten-day period. 

The figures shown in Table 20 are those recorded in the area extending 

north and south within 20 minutes of l39~. longitude. The same general. 

tendency can be observed ih areas al.ong other longitudes as well. In Section 
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)".).1 the northward shift of the concentrations was discussed and as indicated 

this shift cannot be interpreted as a simple migration of the high concentra-

tions northwards. If we can assume that the decrease in the value of the 

abundance indices by a factor of one-third every ten days is due to mortality, 

then the fact that the areas with a relatively high abundance continue to be 

located. farther north can be interpreted as due to the northward migration of 

fish. This is taking into consideration the fact that the patterns of rela-

tive abundance remain similar throughout the season. However, if the decrease 

in the abundance of fish was a result of other factors such as the emigration 
. 

o£ fish, then it is unlikely that the northward shifting of the high concentra-

tions should be interpreted as being due to the northward migration of masu 

salmon. 

).4. The Relation between the Distribution Pattern of the Stocks of Masu 

"Salmon and the Oceanographic Oonditions 

3.4.1. Distribution pattern of masu sallnon stocks in respect to the 

surface water temperature. Oceanographic observations have been conducted 

during the salmon drift net fishing season in the Sea of Japan. These data 

made it possible to construct isotherms of the surface water temperature for 

each ten-day period (Japan Sea Reg. Fish. Res. lab., unpub.). Although it 

is not well known in what layers masu salmon are migrating, the distribution 

of the relative abundance indices of masu salmon is compared here with the 

distribution of the surface water temperature on the basis of ten-day periods. 

In Figure 7, the catch per tan of masu salmon in the Sea of Japan is shown 

by ten-day periods along with the surface isotherms of gOO., 100 0. and 120 0. 

In a few parts of Figure 7 the 90 0. isotherm is given in place of the gOO. 

isotherm and in other cases the 110 0. isotherm is used instead of the 120 0. 

isotherm. 
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A fairly close relationship was noticed between the distribution of the 

surface water temperature and the relative abundance of masu salmon. The 

drift net fishing season lasts from March to June inclusive and throughout 

the 1960 and 1961 seasons very few relatively high catches per tan were made 
o in waters where the surface temperature was below S C. High catch-per-tan 

o 
values were also exceptional in waters with surface temperatures over 12 C. 

Therefore, it can be safely concluded that the major proportion of the masu 

salmon stocks was distributed in waters having a surface temperature between 

SoC. and l20C. In the Sea of Japan the area where the surface water tempera

ture is approximately 100C. (SoC. to l20C.) corresponds to the Polar Front, 

where the cold water masses coming down from the northern part of the Sea 

of Japan encounter the warm Tsushima current from more southern parts and 

form a very complicated oceanic pattern. Between March and June, this Polar 

Front gradually moves northwards. At the same time the concentration of masu 

salmon moves northwards, approximately following the surface isotherm of 100C. 

Thus, it is concluded that the movement of these fish is closely related to 

the movement of the Polar Front. 

Although it has been concluded that the distribution of masu salmon is 

generally limited to waters with a surface temperature of SoC. to l20C., it 

does not necessarily mean that masu salmon will be present in all the areas 

that have a surface water temperature between SoC. and l20C·. For example, 

during March and April, the surface isotherm of 12°C. is located far south-

west of the fishing grounds and also probably far south of the southern limit 

of distribution of masu salmon. However, the southern limit of distribution 

of masu salmon does shift northward in Mayas the fish are apparently driven 

northwards by the isotherms of l20C. During March very few fish are distrib

uted in waters north of the surface isotherm of SoC., however, in April when 

the fish are starting their northward migration part of the stocks cross this 
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Doc,. GIG (2.J 
isotherm to areas where the surface temperature is even lower. It might not 

be appropriate to relate the distribution pattern of masu salmon with sur

face water temperature since masu salmon do not necessarily migrate in the 

surface layer of the ocean. Even disregarding this problem, it is evident 

that the relation between the distribution of masu salmon and oceanographic 

conditions is not a simple one. 

Several isolated cold water masses surrounded by gyres occur along the 

Polar Frontal zone. In some instances, the distribution pattern of masu 

salmon is closely related to the presence of these gyres. In Figure 10 the 

distribution pattern of the indices of relative abundance of masu selmon for 

late March 1960 was compared with the computed currents (Japan Sea Reg. Fish. Res. 

Lab., unpub.). In the waters north of Sado Island two gyres, one with a 

clockwise current and another with an anti-clockwise current, were observed. 

A relatively high abundance of masu salmon was found on the east, south and 

west sides of the gyres. However, this kind of correspondence is not con-

sistent and it is not adequate enough to derive any conclusions about the 

relationship between the circulation of the water and the distribution pat-

tern of fish. 

3.4.2. Distribution pattern of fish stocks with respect to vertical 

distribution of water temperature. The distribution pattern of rnasu salmon 

should be related not only to the horizontal distribution of water temperature 

but also to the vertical distribution of water temperature. Also, it is 

assumed that the availability of fish is often affected by the vertical 

distribution pattern of water temperature. For example, it is to be expected 

that the availability of fish to drift nets, which fish only in the surface 

layer of the ocean, might increase when the depth of the thermocline from 

the surface decreases and causes the fish to congTegate in the surface layers. 

Therefore, it is interesting to compare the distribution pattern of fish 
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stocks or the catch-per-unit-of-effort with the vertical distribution of water 

temperature. 

Oceanographic observations made during the salmon fishing season in 

the Sea of Japan provided data on the water temperatures at various depths 

from the surface of the ocean. These data were used to make vertical profiles 

of the water temperature distribution. Two profiles of the vertical distribu-

tion of water temperature which were prepared b,y the Japan Sea Regional 

Fisheries Research Laboratory were compared with the catches per tan recorded 

in the same ten-day periods for statistical areas near the lines along which 

the vertical profiles were taken. The localities of these lines, the oceano-

graphic stations and the statistical areas which were used for comparisons 

with catches per tan are shown in Figure 11. The temperature profiles along 

these lines and the corresponding masu salmon catches per tan are shown in 

Figures 12 and 13. Figure 12 was prepared from observations made at Stations 

37 to 52 in the period between April 28 and 30, 1960; consequently the 

catch-par-tan figures are those for late April of the same year. Figure 13 

is prepared from observations made between ~~y 2 and 4, 1960, at Stations 

65-71, the catch-per-tan data being for early May of the same year. The 

localities against which the catch-per-tarl data were plotted were the points 

at which perpendicular lines drawn from the centre of each statistical area 

touched the line of oceanographic observation. In addition, the computed 

current systems prepared by the Japan Sea Regional Fisheries Research Laboratory 

are shown in Figure 11, in order to relate the current systems with these 

profilesl~ 

1) In Figure 11, the computed currents for late April were drawn near the 
observation line of late April and the computed currents for early May 
were drawn for the area close to the early May observation. Then those 
two current systems were combined to make up the current patterns shown 
in Figure 11. 
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As is shown in Figure 12, the highest catch-par-tan values were record

ed near Stations 39 to 42, where the vertical distribution of water tempera

ture is very characteristic. The vicinity of Stations 39, 4D and 41 was an 

area where northward currents predominated and a sharp gradient in water 

temperature existed between a warmer water mass in the eastern side and a 

cooler water mass in the western side. In Figure 7, the catch-per-tan data 

in late April indicate that the relatively high abundance of fish present 

in the area near Stations 39 to 42 extended towards the north to Stations 

67 and 68 and formed a narrow band of high abundance lying in a south-north 

direction. From Figure 13" it is clear that this characteristic structure 

of the water mass observed near Station 4D extended north almost as far as 

Station 70. However, the relatively high abundance of masu salmon near 

Station 70 is sporadic. As is shown in Figure 13, a relatively high con

centration of masu salmon was located near Stations 66 and 67 where warmer 

water extends northward in the surface layer, resulting in a temperature 

stratification. Also, in this area the currents fluctuate a small amount 

but are usually directed from west to east. 

It is difficult to define precisely the relationship of the distribu

tion pattern of masu salmon with the vertical distribution of water tempera

ture or with the current system on the basis of only the two above-stated 

instances. It is necessary that further studies be carried out before any 

generalizations are made c 

3.5. Fork Length Composition 

3.5.1. Difference in fork length according to sex. Samples taken in 

1955 near Okujiri Island indicated the existence of a difference in maBU 

salmon size according to sex (Hokk. Pref. Fish. Exp. Stn. and Hokk. Reg. 

Fish. Res. Lab., 1956). The female masu salmon were, on the average, larger 

than the males. This contrasts with pink salmon, where the males tend to 
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be larger. Differences in size according to sex can introduce large errors 

in results of size composition analysis of masu salmon. In the case of pink 

salmon, it is well known that the catch during the earlier part of the season 

consists predominantly of males while later in the season females are predom

inant in the catches. Since this may also be characteristic for' maSU salmon 

(see 2.6.4 and Table 18), it may make it more difficult to accurately analyze 

the changes in size composition with respect to time. To avoid such errors, 

the fork length composition b.Y sex was carefully studied to verify the 

presence or absence of sexual dimorphism. 

In Figure 14, the fork length frequencies according to sex are shown 

tor masu salmon caught with gillnets in waters near Okujiri Island by the Hok

kaido Prefectural Fisheries Experimental Station. Although the inadequacy 

of the specimens does not permit any definite conclusions, there did not 

appear to be a consistent tendency for the size of either sex to be larger 

than that of the other. It is probably accurate to state that the fork lengths 

of the males show greater variation than those of the females. Similar results 

were reported concerning the size of fish in catches in 1961 (Japan Sea Reg. 

Fish. Res. Lab., unpub.)o The size composition for the catch of masu salmon 

in 1955 also suggested a greater variation in the sizes of males than in 

those of females (Hokk. Pref. Fish. Exp. Stn. and Hokk. Reg. Fish. Res. Lab., 

1956). In Table 21, the mean fork length for fish caught in March, 1960, 

is given by sex and by age (Japan Sea Reg. Fish. Res. Lab., unpub.). In this 

case, the males had a greater mean fork length than the females for both the 

32 and 43 age groups. This relationship is just the opposite of that shown 

by the data collected in 1955 (Hokk. Pref. Fish. Exp. Stn. and Hokk. Reg. 

Fish. Res. Lab., 1956). 

Judging from these fragmental data, it appears that the mean fork length 

varies from time to time according to sex and there does not seem to be any 
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consistent tendency for the size of one sex to be larger than that of the other 

sex. The data also indicate that there is a tendency for the fork lengths 

of the males to be more variable than those of the females. Therefore, it is 

assumed that the data which make no reference to the sex of the fish will 

not introduce large errors in results. Actually, the analysis done in the 

following section makes use of only the combined data, partly because the 

data available for separate analysis by sex are inadequate. 

3.5.2. Change in fork length composition by ten-day period. Data on 

the fork length composition of the masu salmon caught in the Sea of Japan 

have been available since 1955 (Hokk. Pref. Fish. Exp. Stn. and Hokk. Reg. 

Fish. Res. Lab., 1956; Japan Sea Fish. Res. Lab., unpub.; and Hokk. Pref. 

Fish. Exp. Stn., unpub.). These data are summarized by ten-day periods in 

Figure 15. In this figure the Sea of Japan was divided into three sub-areasl~ 

These three sub-areas are as follows: Sub-Area I--south of 41 oN. and east 

of 13'7"E.; Sub-Area 2--north of 410 N. and east of 137~.; Sub-Area 3-west 

of 1370E. The divisions of these sub-areas were made after referral to the 

pattern of fish distribution discussed in Section 3.3.1. Most samples were 

collected b,y drift gillnet but a few were collected by trapnet, longline or 

bottom gillnet. 'The samples that were not taken by gillnet are indicated 

in the various figures. The size compositions for each ten-day period were 

calculated by taking the total frequency of the fork lengths for all the 

specimens in all samples taken within the period~ For 1955, however, the size 

compositions given by the Hokkaido Prefectural Fisheries Experimental Station 

and Hokkaido Regional Fisheries Research Laboratory (1956) are used. 

It is obvious from Figure 15 that the size of masu salmon is rather 

small ~n the earlier part of the season and that it increases as the season 

1) The location was not recorded for some samples taken. ' A sampling area 
was estimated from circumstantial evidence so that samples could be 
assigned to appropriate statistical areas. 
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progresses. However, year-to-year fluctuations in the size of masu salmon 

at the same period of the year and the differences of the sampling periods 

in the different years shown in Figure 15 make it difficult to analyze the 

increase in the size of masu salmon. The ranges of the -fork length of all 

the specimens in the samples taken throughout these years and the range of 

the modes for particular years are shown in Figure 16. The data shown in 

this figure were obtained for each ten-day period by combining all the results 

given in Figure 15. The data collected by the Oyashio-~ (the vessel 

chartered by the Japanese Fisheries Agency) on March 22 and April 3, 1961, 

are ignored, since the data collected Jon these two dates were markedly dif

ferent from the remaining data. Then the increase in the size of the fish 

during the season is very marked. The increase in size is quite linear with 

respect to time and from late February to early June the length increases 

steadily from about 38 cm. to about 48 cm. The rate of increase in size is 

about 1 cm. per ten-day period or about 3 em. every month. The maximum fork 

length also increased linearly and in parallel with the increase in the approx

imate average fork length. On the other hand, the minimum fork length varied 

between 31 and 36 em. (29 and 36 cm. if the data collected by the Oyashio-~ 

are included) and did not show a marked increase. Since it is cle~r that the 

efficiency of the gillnets with a mesh size of 91 Mm. declines sharply for 

fish below 35 em. (see Figure 4), it is to be expected that the gillnet 

catches would not contain many fish of SUch a small size. 

It is assumed that the estimated increase in fork length during the 

season is probably representative of the growth of the fish. If the trend 

line mentioned above is assumed to correspond to the actual growth curve then 

by extrapolating it, the estimated average fork length in early January would 

be 33 cm. and that for late June would be 50 cm. These values do not contra

dict the values observed for the smolts found in the sea nor those for the 
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adult spawners returning to coastal waters (see Figure 1). 

3.5.3. Annual variation in fork length. Comparison of seasonal varia

tions in fork length composition for individual years with the average trend 

line of seasonal growth for all of these years combined (Figure 16) indicates 

that there were large variations in the size of the fish between years. For 

example, the size of the specimens collected in 1956 was generally smaller 

than that indicated by the trend line while the samples collected in 1959 

included a considerably higher proportion of fish that were larger than that 

estimated by the trend line (see Figure 15). In order to obtain information 

on the variations in size from year to year, the size composition for mid

and late April, when adequate samples were usually available, are compared 

between years from 1955 to 1961, inclusive (Figure 17). The direction of 

the variation between mid- and late April is quite similar for the different 

years. It is rather remarkable that the size of fish was in general larger 

than the average in both of these ten-day periods in 1958 and even more so 

in 1959, while in 1955 and 1956 the size of fish was considerably smaller 

than the average. In 1957, 1960 and 1961, the fish were approximately average 

in size. It should be noted here that the area from which samples were col

lected varied according to the year and as indicated in the next section there 

is some difference in the fork length by area. The size composition for 

samples collected in sub-area 1 is shown by the crossed histograms in Figure 

17. Even comparison of samples from sub-area 1 suggested that the fish were 

larger than the average in 1958 and 1959 while the fish in 1960 and 1961 were 

smaller. No cyclic variations such as the two-year cycles observed for pink 

salmon were noted. 

It is not known whether or not this variation in fork length between 

years is representative of the difference in growth. As is indicated in 

Section 4.2, the average size of fish varies according to wh10h rivers the fish 
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are bound for. Therefore, it is possible that the yearly variations in the 

rate at which the different stocks from the various rivers are mixing might 

have produced the variation in the fork length composition between years. 

3.5.4. Variation in fork length according to~. As indicated in 

Figure 15 it seems that there is some variation according to geographical 

area. It has been noted when comparisons of fork length compositions for the 

same ten-day periods are made that the fork lengths of the fish distributed 

in the area west of 137~. (sub-area 3) were often larger than those for the 

fish east of 137~. (sub-areas 1 and 2). This is interesting because the 

difference in fork length by geographical area might be connected with the 

problem of identification of stocks. The aspects referred to above will be 

dealt with in the following pagesl ) • 

Although the sampling program for masu salmon has not been systematic, 

some samples collected in similar areas at similar times were combined for 

purposes of comparison as shown in Figure 18. Since the samples for 1956 

and 1957 were taken only off the west coast of southern Hokkaido, and those 

for 1958 were collected only in the area north to Sado Island, these samples 

were excluded. The fork length compositions of the combined samples referred 

to above are illustrated in Figure 19 by histograms for each group by geo-

graphical area, by season and by year. In order to compare the sizes of fish 

between two different geographical areas from which samples were obtained at 

different times of the season some adjustments to take into account the time 

lag can be made by applying an increase of 1.0 cm. per ten-day period as 

indicated by the trend line for seasonal increase in fork length (see 3.5.2). 

1) It should be noted that one research vessel may carry gillnets of dif
ferent mesh sizes from those used by other research vessels. Moreover, 
the area which was covered by one research vessel might be different from 
the area covered by another research vessel. Therefore, there is a pos
sibility that these factors would produce some apparent variations in the 
fork length according to area and mesh size. 
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Since the seasonal increases in the modal size of fish are approximately 

parallel to this trend, parallel lines are drawn in Figure 19, connecting 

the positions where the modes occur. The results of the review are outlined 

below for eadh year. 

1222: The size compositions of the fish in groups 1 and 3 are rather 

similar while the samples belonging to group 2 consisted of a greater propor

tion of small sized fish. Although the inadequacy of the samples in group 4 

makes it difficult to compare this group with the other groups, it is assumed 

that the size composition for group 4 is rather similar to that of group 2. 

1960: In March, the size compositions for groups 1, 3 and 7 had, when 

graphed, a rather wide dome-shaped distribution suggesting that these groups 

consisted of fish that are a little smaller in size than the average size of 

the fish in groups 2, 4 and 5 as well. The size composition for group 6 is 

quite different from the other groups as the fish in this group are much 

larger than those in the others. When studied a little more carefully, it 

will be noticed that in groups 2 and 6, such small sized fish as those found 

frequently in group 1 are also found but they are less frequent. It will also 

be noted that some large fish of a size which corresponds to the modal size of 

group 6 were present in fairly large numbers in group 4. Although the sample 

sizes were rather small and had an irregular size composition, it seems that 

most of the fish taken later than April correspond to the small sized fish 

among the specimens of group 1 taken earlier in the season. This comparison 

is based on the assumption that the trend line accurately· represents the 

increase in fork length for fish of this size as well. It is also observed 

that a few large sized fish of almost 60 cm. in fork length are found in 

groups 9 and 10. 

+961: The sizes of the individual samples were rather small in 19610 

The modal Size for group 2 is somewhat smaller than that for grdups 1 and 3 
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and the modal size for group 7 is somewhat larger than that for groups 4, 

5 8.i"'ld 6. 

These analyses were based on information that is rather fragmentary 

with respect to both time and place. However, it does provide enough in

formation to give some idea of the complexity of the variations in size of 

the fish. The characteristics referred to in this section can be summarized 

as follows: 

(1) Generally, the size of the masu salmon found in the northern part 

of the Sea of Japan to the waters off Hokkaido is small. These small sized 

fish correspond to those fish in the samples from the offshore waters in 

groups 2 and 4 in 1959, groups 9, 10 and 11 in 1960 and groups 5 and 6 in 

1961. 

(2) The large sized fish are more abundant in the offshore area west 

of 135~. The fish from group 4 in 1960 and group 7 in 1961 are the examples 

of this. 

(3) In comparing fork length composition between areas, the time lag 

is adjusted for by using the trend line for the increase in size through the 

season. The fish distributed in the eastern part of the area near Sado Island 

during March and April are closely related to those distributed in the area 

west of Hokkaido in the later part of the season (group 2 is related to group 

4 in 1959; groups 1, 3 and 7 are related to groups 8, 9, 10 and 11 in 1960; 

group 2 is related to groups 4, 5 and 6 in 1961). On the other hand, the fish 

distributed in the western part of the area near Sado Island in }~ch and 

April are rather closely related to the fish distributed in areas farther 

northwest in the later period (group 1 is related to group 3 in 1959; groups 2 

and 5 to group 8 in 1960; and group 1 to groups 3 and 7 in 1961). The one 

crosswise relationship was observed in 1960 between group 4 and group 6. The 

analtses mentioned above suggest same migratory route or intermingling between 
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local stocks. However, further studies are necessary in order to obtain 

more information. 

4. RACIAL STUDIES 

4.1. Races of Masu Salmon 

No systematic racial studies and very few tagging experiments on masu 

salmon have been made so far. Moreover, the biostatistics are quite inadequate 

to make any systematic analyses based on them. Therefore, it is very dif

ficult to relate the stocks distributed in the offshore areas to those in the 

coastal areas. In the past, it has been generally accepted that masu salmon 

did not migrate for a long distance but stayed in coastal waters all their 

lives. However, it became clear that masu salmon make such large migrations 

as pink salmon in offshore waters of the Sea of Japan and that they probably 

make similar migrations in the Pacific Ocean. Therefore, any studies on the 

population dynamics of masu salmon require a knowledge of the distribution 

of the stocks. 

Although the biostatistics are rather incomplete, they do show that 

there are variations in size and fecundity of masu salmon which can be related 

to particular coastal areas and streams. In some parts of Japan the local 

name litamasu l is applied to a certain type of masu salmon. This type of 

masu salmon can be separated from other types by its greater body depth in 

relation to its fork length. Also, some scale studies have been done on 

samples taken from streams as well as offshore fishing grounds. The data 

available on the racial problem are summarized and discussed in the following 

sections. 

4.2. Fork Length 

As has already been stated in Section 2.1.5 and summarized in Figure 1, 

masu salmon collected in the streams and coastal waters of west Kamchatka and 

Sakhalin are rather small in size. The body length (probably fork length) 
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is approximately 45 cm. on the average, while masu salmon collected from 

the Amur River are approximately 55 cm. in body length and those from 

Primorskaia district even exceed 60 cm. on the average. There are some varia

tions in the size of masu salmon between rivers within Hokkaido. The fish 

from these rivers have average fork lengths which range from 50 em. to 60 cm. 

There is some general tendency for the masu salmon in the streams along the 

Okhotsk Sea coast of Hokkaido to be smaller than those in other streams of 

Hokkaido. 

It was assumed that the straight trend line which indicated an increase 

of 1 cm. per ten-day period in the modal fork length of masu salmon in the 

Sea of Japan (see 3.5.2) was representative of the average growth of individual 

fish. Next, the fork lengths observed in various areas along the coast were 

adjusted using this trend line to give an estimate of what their fork lengths 

would have been at the times when they ~ere thought to be in the offshore 

areas and then this estimate was compared with the trend line for masu salmon 

actually collected in offshore waters. This comparison is summarized in 

Table 22. 

It is apparent from this table that generally the stocks distributed 

in offshore areas in the Sea of Japan correspond very closely to the stocks 

along the Okhotsk Sea coast of Hokkaido, and are~ite similar to the stocks 

of Sakhalin and the small sized fish in North Korea. The masu salmon from 

Primorskaia, the larger ones from North Korea, and those from the Chitose 

and Nishibetsu Rivers are much larger fish than those taken from the stocks 

in the Sea of Japan. Masu salmon landed at Kamaishi on the Pacific coast of 

Honshu, Japan, around April 20, 1962, had a modal fork length of 55 cm. 

which is similar to that for the fish from the Nishibetsu River. 

The fork length composition of the drift net catches of masu salmon in 

the Sea of Japan varies from year to year and within a particular year there 
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may be a bimodal distribution of fork length frequencies (see Figure 15). 

Because of this and because the other types of gear often catch much larger 

fish, the approximate average straight trend line for growth mentioned above 

possibly might not be suitable as a standard for identifying the stocks. 

In fact, the range of fork lengths observed for samples collected in the 

Sea of Japan (Figure 16) is wide enough to include the sizes estimated for 

fish in all stocks during the time of their offshore distribution (Table 22). 

However, these facts do not invalidate the use of such an analysis as a means 

of getting some suggestion as to which stocks contribute most to the drift 

gillnet fisneries in the offshore areas of the Sea of Japan. However, as 

is the case in Hokkaido, the size of the fish may vary markedly even between 

rivers within the same area and also there are yearly fluctuations in the 

size of fish from the same river as is shown by the data from Sakhalin 

(Table 6). For these reasons more samples are required from coastal waters 

and streams for the identification of masu salmon stocks. 

4.3. Fecundity 

It is obvious that there is some variation in the fecundity according 

to the geographical area (see 2.2.3). Generally speaking, in areas where 

the larger fish are abundant the fecundity of masu salmon is high and con

versely the fecundity of the smaller fish is usually lower. The growth of 

the fish makes it difficult to compare the fork lengths of fish collected 

in the offshore waters and those collected in the coastal waters or streams. 

However, it is assumed that the fecundity of salmon is quite well established 

by the time the salmon appear in catches of the offshore fisheries. There

fore, the fecundity of the salmon stocks in the offshore waters might be an 

effective index for identifying the stocks. However, here again, the estima

tioh of the fecundity is a time consuming work and results in samples of a 

rather small size~ 

-73-



,. Because the data on the fecundity of the fish collected in the ocean 

are very scarce, it is almost impossible to identify the offshore stocks of 

masu salmon on this basis. The fecundity for the fish collected near Okujiri 

Island WB.S reported to be 1,230 to 2,937 eggs per female (Hokk. Pref. Fish. 

Exp. Stn. and Hokk. Reg. Fish. Res. Lab., 1956). The average was 2,040 eggs 

per female. The fecundity of masu salmon from the eastern part of the Sea of 

Japan was recordSd to be 1,800 to 5,700 eggs per female with an average of 

3,244 (Japan Sea Reg. Fish. Res. Lab., unpub.). The fecundity of masu salmon 

in the area around Okujiri Island was calculated from 21 specimens collected 

on April 28, April 30 and Nay 9. The fork lengths of these fish ranged from 

37.0 em. to 47.0 cm. and they averaged 41.1 cm. This sample was composed of 

characteristically small sized fish with a low fecundity, suggesting that the 

sample might possibly belong to the stocks of the Okhotsk Sea coast of Hokkaido 

or west Sakhalin. The fecundity of the masu salmon in the eastern part of the 

Sea of Japan was calculated from 13 specimens ranging from 44 to 58 cm. in 

fork length. These values indicate the fish in this sam~le were rather large 

and had a high fecundity. The precise area whence the samples were taken 

and the exact time of sampling is not yet clear. 

4.4. Body Depth 

Some masu salmon, known locally as 'itamasu', have a very deep body. 

The scale studies of these fish indicate that the growth in their second 

year of life in the ocean is very marked. This type of masu salmon (itamasu) 

is caught only in the Horoizumi district of the Hokkaido area by trapnets 

which are set at some distance from shore and have long guide nets. Therefore, 

it is assumed that the distribution pattern or migration route of such salmon 

might be little different from the ordinary masu salmon. (Ono, 1933.) In the 

coastal waters of North Korea, two groups of masu salmon were observed, one 

contained fish of a normal body depth and the other contained fish with a 
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greater than average depth (Yoshida, 1942). There is no mention of this 

phenomenon in the literature of the U.S.S.R. There has also been no descrip

tion of this type of masu salmon in the catches from the offshore waters of 

the Sea of Japan. Therefore, the presence or absence of this type of masu 

salmon (itamasu) cannot as yet be used as a means of identification of the 

stocks o 

The body height (in cm.) of masu salmon is plotted against their total 

length in Figure 20. This figure is based on data from Yoshida (1942), 

Hirano (1940) and Kuznetsova's (1954) data on masu salmon smolts. It shows 

that the proportion of body depth to body length increases as the size of 

the fish increases. On the other h911d, the range of body depth for fish 

of the same length is not very wide. Therefore, so far as this figure is 

concerned the term 'itamasu' i~ould seem to refer to fish which have shown 

good growth and have reached a length where the proportion of body depth 

to body length is relatively large. The differences in body depth observed 

between the two types of masu salmon is probably not a result of differences 

in relative growth but is more likely due to differences in body length. 

4.5. Scale Patterns 

4.5.1. Types ,of scale patterns. Since masu salmon spend one or two 

winters in fresh water and usually one winter in the sea, the age composition 

of the run is rather complicated. In addition, the method of aging scales 

has not yet be6il standardized among the scientists working on masu salmon. 

One publication classified the scale patterns of masu salmon into eight types 

(Hokk. Pref. Fish. Exp. Stn. and Hokk. Reg. Fish. Res. Lab., 1956). Initially 

the scales a.re divided into two groups. The first type has one winter check 

in the freshwater zo~e and is designated as Fl and the second, designated as 

F2, has two winter checks in this zone. Some scales of both the Fl and F2 

type"s have a so-called Itintermediate bandit of condensed circuli between the 
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freshwater zone and marine zone. The scales with an "intermediate band" are 

designated by the letter M. Finally the scales which have a winter zone or 

annulus in the zone formed during marine life are designated by the symbol 

Sl' while the scales with no annulus in the marine growth zone are designated 

by the letters Sn' Thus eight types of scales can be obtained by combination 

of these three types of classification. 

Since this system of classification of scales has not been adopted in 

the literature published in the U.S.S.R., the comparison of the ages of masu 

salmon between the U.S.S.R. and Japan is a little difficult. Age data on 

masu salmon in streams of Hokkaido (Sano, 1959), data from the area near 

Okujiri Island (Hokk. Pref. Fish. Exp. Stn. and Hokk. Reg. Fish. Res. Lab., 

1956) and data from the Sea of Japan (Japan Sea Reg. Fish. Res. Lab., unpub.) 

are compared here (Table 23). 

The outstanding difference between samples from offshore areas of the 

Sea of Japan and those from streams of Hokkaido is that half or more of the 

fish in the offshore samples were of the F2 type while less than 10% of the 

fish in the Hokkaido samples were of the F2 type. In the samples of masu 

salmon from the west coast of Sakhalin, very few F2 types were observed. 

On the other hand, 12 out of 48 fish (25%) sampled on the west coast of 

Kamchatka were reported to have spent two winters in fresh water (Table 2), 

but this proportion of F2 type fish is still far less than the approximate 

value of 50% recorded for the samples in offshore waters. These discrepancies 

cannot be explained by the data a.vailable. The yearly variations in the age 

composition of fish in coastal waters or rivers have not been studied. 

The proportion of the Fl type masu salmon with an intermediate band 

seems to vary between rivers even within the same region. For example, there 

are considerable variations between the different rivers on the Japan Sea 

coast of Hokkaido and between those on the Okhotsk Sea coast of Hokkaido. 
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In large streams such as the Chitose and Tokoro Rivers, the proportion of fish 

with an intermediate band is large (Sano, 1951). The proportion of fish with 

an intermediate band in samples collected in offshore waters is somewhere 

between that of the Chitose and Tokoro Rivers and that of the other streams. 

This proportion might be a result of intermingling, in offshore waters, of 

various stocks from many rivers. 

Some scales collected from masu salmon which have spent at least one 

winter in the ocean do not have any winter zone. Okada and Sakurai (1937) 

reported that scales from four out of nine masu salmon (total length--54-63 em.) 

caught at the estuary of the Ishikari River on May 28, 1936, had no winter 

zone. A few scales without winter zones were also observed among samples 

collected by the offshore fisheries in the Sea of Japan. Since the data of 

Sano (1959) are not classified by the presence or absence of a marine winter 

zone, it is difficult to compare them with samples collected in offshore 

waters. Of the offshore samples, those from the area near Okujiri Island 

have a higher proportion of Sn type fish (no annulus in the marine growth 

zone) than those from the Sea of Japan. Also, samples collected during 

April or May have a higher proportion of Sn type fish than those collected 

in March. This is interesting because it means that the scales without a 

marine winter zone are not just scales which as yet have not completed the 

formation of the winter zone. The fact that the scales from some masu salmon 

caught at river mouths in May did not have the zone also supports this. As 

suggested by Okada and Sakurai (1937) it might be more feasible to explain the 

presence or absence of the marine winter zone as due to the differences in 

environmental conditions of the places where the fish spent the winter. 

Scale patterns have been primarily analyzed for age and at present it 

is impossible to identify the stocks based on these patterns because of the 

inadequacy of the data. Some contradicting results suggest that some errors 
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may have been introduced as a result of different scientists having aged the 

various scales. Therefore, some standard tecr~iques in the reading of scales 

should be established before any analysis based on scales is started. The 

problem of developing a standard technique of scale reading is also related 

to the problem of age determination. 

Some scientists from the Japan Sea Regional Fisheries Research Laboratory 

pointed out that the intermediate band corresponds to the first marine annulus 

observed by Krykhtin (1958) on the scales taken from adult fish which had 

migrated to the sea in the fall. However, according to the unpublished 

data of Sano, intermediate bands were observed on specimens released in the 

Chitose River and recovered in the coastal waters a week later. This suggests 

that some environmental factor such as water temperature or food supply during 

the freshwater stage from early spring until the downstream migration could 

cause the intermediate band to form. The Chitose and Tokoro Rivers are rather 

large sized streams in Hokkaido and the fact that the samples taken from these 

streams have a high proportion of specimens with an intermediate band seems 

to make the theory mentioned above more meaningful. 

4.5.2. Nwmber-2f circuli. The number of circuli as well as the intervals 

of circuli are often found to be very useful in racial studies of salmon. This 

may be because the circuli on the scales are a record of the growth which is 

a reflection of the different environmental conditions encountered by the fish. 

Some of the patterns recorded during the earlier part of the life cycle of 

the salmon are particularly useful for racial studies. Some studies on the 

number of circuli in the first year zone or in the freshwater zone have been 

made on masu salmon. 

The number of circuli on the scales of masu salmon that are within the 

first year zone or in the freshwater zone are summarized in Table 24. The 

results show that the number of circuli in the first year zone is much larger 
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for masu salmon in Hokkaido, where it averages 15 to 17, than the values for 

those from Sakhalin, Primorskaia and the Amur River which average less than 13. 

Although the size of the adult fish from Primorskaia and the Amur River is 

greater than the size of the adults from Hokkaido, the number of circuli 

formed during their early life is remarkably less. This is good evidence 

that the number of circuli formed during the first year of life can be used 

as a means of identifying races. 

Unfortunately, no data on the number of circuli on the scales of fish 

taken in samples from offshore waters are available for comparison with data 

for the stocks in coastal areas. 

5. S~Y 

1. Masu salmon (Oncorhynchus ~) occur only in Asia and waters 

adjacent to it. They are distributed along the coastal areas of the Sea of 

Japan, along the coast of the North Pacific north of Chiba Prefecture in 

Honshu, Japan, in the Amur River and along the west coast of Kamchatka. Masu 

salmon are most abundant in Hokkaido and vicinity. Most commercial catches 

have been made with coastal trapnets, handlines or longlines. In addition, 

in recent years a large amount of masu salmon has been caught with drift gill

nets in offshore areas of the Sea of Japan. The annual catches made by Japan, 

including fish taken from offshore waters, are several thousand metric tons 

and the annual catch of the U.S.S.R. is estimated to be less than 1,000 metric 

tons. 

2. The timing of the spawning runs to coastal waters varies according 

to area. Along the coast of the Sea of Japan, early runs occur from February 

to June, inclusive, in southern areas and later runs occur in May, June and 

July in more northern parts. In Hokkaido runs occur in May, June and July. 

Later runs are observed on the Pacific coast of Japan. As soon as masu salmon 

appear in coastal waters, the upstream migration of spawners begins in the 
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streams of the area. Adults continue to feed for a time in freshwater streams 

as they move upstream to the sites where they will spawn during summer and 

fall. The spawning season in Hokkaido is during September and October. 

The eggs usually hatch about two months after they are deposited and 

fry emerge from the gravel of the spawning beds in the following spring. 

Most of the fry remain in fresh water for one winter but a few of th€m remain 

for two. They grow to some extent during their stay in fresh water". The 

color of the smolts changes to a silvery white the following spring signifying 

that they are ready to make their downstream migration towards the sea. The 

downstream migration of smolts is particularly active during the night. In 

the streams of Hokkaido the seal-lard migration is during Hay and June. The 

migrants are predominantly female with the sex ratio being about two females 

to one male. Thus, it appears that a considerable proportion of the males 

spend their whole life in fresh water. 

It appears that the smolts that have entered the sea stay in coastal 

waterG for a certain period and then gradually leave for offshore waters. 

Generally speaking, young masu salmon migrate in a north-south direction while 

in the ocean. They move southwards during fall and winter until February or 

March and th3n turn back and migrate north until they reach their spawning 

streams~ The southern limit of their migration in the Sea of Japan appears 

to be somewhere Lear 38°N. and in the Pacific Ocean it is approximately 37°N. 

to 38~. 

3. Most masu salmon are assumed to spend just one winter in the ocean. 

Therefore, the age of maturity must be 32 or 43. Commonly, the 32 age group 

is the dominant. a.ge group and usually forms more th::.n 90% of a spawning run. 

40 The average fork length of fry at the time of their emergence from 

the gravel is approximately 3 cm. They grow to nearly 10 cm. by the end of 

the following summer in fresh water, but growth stops during fall and winter 
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and their length remains at about 10 cm. until the next spring. The length 

of downstream migrants varies from about 11 to 12 cm. (in the U.S.S.R.) and 

to 15 cm. or even larger (in Hokkaido) for fish that have spent one year in 

fresh water and about 14 cm. (in the U.S.S.R.) for fish that have spent two 

years in fresh water. Growth is very rapid after the smolts enter the sea. 

The fork length of yOIDlg masu salmon at the time of their first winter in the 

ocean is about 30 cm. The fork length of fish which have returned to coastal 

waters varies from 35 to 70 cm. Masu salmon returning to Sakhalin and 

Kamchatka are smaller in size, averaging 45 cm. in fork length, while those 

returning to the Amur River, Primorskaia and northern Korea are generally 

large, averaging 55 to 60 cm. or more in fork length. Fish which return to 

Hokkaido are generally large, averaging 55 cm. in fork length, while fish 

which return to the Okhotsk Sea coast of Hokkaido are relatively small in 

size. They weigh from 0.6 kg. to 6 kg. or more at the time of their return 

to coastal waters. The mean body weight of fish collected in the coastal 

waters of Sakhalin and Kamchatka is about 1.5 kg., while the corresponding 

value for fish from the Amur River or Hokkaido is approximately 2 to 2.5 kg. 

5. Some males attain maturity within one year after emergence and 

usually never make a downstream migration. Most masu salmon mature after 

spending one winter in the ocean. Some development of masu salmon gonads is 

observed even while fish are migrating in the ocean, but most of the develop

ment takes place after fish enter fresh water. From March to May, inclusive, 

the proportion of gonad weight to total weight for flsh maturing in the ocean 

increases from less than 0.2% to 1% for males and from 1% to 3% for females. 

This proportion stays rather constant until the fish enter the streams and 

then it increases rapidly until by the time of spawning in September this 

proportion for males amounts to several per cent and for females it is approx

imately 20% or more. The diameter of the ova of fish collected in the ocean 
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is about 2.5 to 4.0 mm., while it is as high as about 7 mm. at the time of 

spawning. 

There are considerable variations in the fecundity of masu salmon 

between individual fish and between areas. Generally, a higher fecundity 

is recorded for areas where larger fish are found. The average fecundity 

for masu salmon in Hokkaido is approximately 2,500 eggs per female f~sh. 

In several regions of the U.S.S.R. for which data are available, the fecundity 

varies from less than 2,000 eggs in Sakhalin to 3,200 eggs in the Amur River. 

6. Masu salmon are carnivorous throughout their life cycle. While 

in fresh water the fry or smolts feed mainly on insects in the water or in 

the air. In addition, they feed on small fish, including the fry of salmon. 

After they enter the sea, they mainly feed on planktonic crustaceans or small 

sized fish. Study of the stomach contents of fish from samples collected in 

the ocean indicated that these fish fed mainly on crustacea during March and 

April and on fish and squid during May. This feeding behaviour is somewhat 

related to the availability of food organisms in the region where the fish 

are distributed. 

7. In the hatcheries of Hokkaido, eggs taken from masu salmon are 

hatched in spring water at a temperature of 8°c. In hatching experiments 

done on eggs of land-locked yamame, the freshwater-type masu salmon, good 

hatching rates were observed when the water temperature was between 70 and 

II0C. After emergence in the spring, the fry are very active while the water 

temperature of the streams is increasing through the following summer. During 

the following winter while the water temperature is decreasing, they remain 

rather inactive and are for the most part confined to areas where springs 

occur. When the snow begins to thaw in the following spring masu salmon smolts, 

which are now in their second year of life, start their active downstream 

migration. 
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In offshore areas of the Sea of Japan, masu salmon are usually 

distributed in places where the temperature of the surface water is approx

imately 10oC. Judging from the surface temperature of the areas where masu 

salmon are fished commercially, the temperature range in which masu salmon 

commonly occur is from BOC. to 12°C. The temperature of coastal waters at 

the time when masu salmon runs appear in these waters is from 5°C. to 12oC. 

around Hokkaido and from 7°C. to 12°C. along the west coast of Kamchatka. 

However, in both cases the largest runs appear when the water temperature 

is around 10°C. 

It is assumed that the water temperature of streams to which masu 

salmon return varies to quite a large extent according to geographical area. 

In Hokkaido the water temperature of streams is usually from about 150C. to 

IBoC. at the time of spawning migration. However, since masu salmon spend 

a certain period of time in the streams before they start spawning, the 

temperature might reach approximately 20°C. during the time that they are 

in the streams. 

B. In offshore areas of the Sea of Japan, drift gillnet fisheries 

are conducted for masu salmon from March to June. Analysis of catch data 

recorded for the individual mesh sizes of driftnets indicates that during 

March a similar fishing efficiency is to be expected when driftnets of mesh 

sizes between 91 and 100 mm. are used for masu salmon. Also if it is assumed 

that the mesh selectivity curves obtained for pink salmon adequately represent 

the situation for masu salmon then samples taken by gillnets with mesh sizes 

that are in the range mentioned above are fairly representative for masu 

salmon between 35 and 50 cm. in fork length8 

9. Abundance indices of masu salmon were obtained from the catch data, 

and from the data on the cumulative amount of gillnets used in each 20 minute 

by 20 minute statistical area. In general, the overall abundance of masu 
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salmon is highest during early March and thereafter it decreases at a con

sistent rate. It is assumed that the emigration of masu salmon from the 

fishing grounds is partially responsible for this decrease in abundance. This 

emigration is in addition to mortality factors and the escapement of fish into 

spawning streams. 

10. In offshore areas of the Sea of Japan, masu salmon are in general 

distributed between the latitudes of J8° and 400N. during March; during April 

their distribution extends to the area off southern Hokkaido; and in May it 

extends to the offshore areas of northern Hokkaido and, also in May, the 

southern limit of distribution shifts northwards as far as 400N. During June 

the main concentration of masu salmon passes through the area off Hokkaido 

and moves farther towards the north. It is assumed that there are two centers 

of concentration of masu salmon which migrate northwards along lJ6DE. and 

lJ9DE., respectively. 

Since the relative abundance of masu salmon (number of fish caught 

per tan) decreases rapidly while the area of distribution shifts northward, 

it is not appropriate to assume that the fish migrate northwards as discrete 

schools. 

11. It appears that fish are mainly distributed in waters where the 

surface temperature is between 8°c. and l20 C., and that fish move northward 

as these surface isotherms move northward. On the other hand, the relation

s~ip b9t~ee~ the distribution of fish and currents and that between the 

distribution of fish and the vertical distribution of water temperature seem 

to be very complicated. 

12. Since no significant consistent differences between the fork 

lengths of males and females were found, the analysis of the size of masU 

salmon was made for both sexes combined. The mean fork length increases 

throughout the season. The average fork length during the seven-year period 
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.. 
from 1955 to 1961 was 38 cm. for late February and thereafter it increased 

at a rate of 1 em. every ten days until it reached 48 em. in early June. 

Some year-to-year variations were observed in fork length. For example, in 

1955 and 1956 the mean fork length was generally less than the long-term 

average while in 1958 and 1959 the opposite was the case. Also, geographical 

variations even within the same year were observed between the areas from 

which samples were collected. Masu salmon found in the area off Hokkaido 

are generally small in size while samples taken west of l35~. contain fish 

of a mUch ~arger size o 

~3o The racial studies of masu salmon have been very inadequate. 

Insofar as sizes of fish are concerned, fish caught by drift gillnet fisheries 

in offshore waters of the Sea of Japan are generally small and compare in size 

to the small sized fish found along the Okhotsk Sea coast of Hokkaido and 

Sakhalin and to the smaller sized fish found in northern Korea. The fecundity 

of fish caught :i.n the vicinity of Okujiri Island is relatively low and corre

sponds to the fecundity of fish along the Okhotsk Sea coast of Hokkaido or 

along Sakhalin. Some masu salmon, kno~n locally as 'itamasu l , have a body 

depth that is extraordinarily deep in relation to their fork length. It is 

assumed that when masu salmon show a marked increase in size, the proportion 

of body depth to total length increases. 

The age composition of the stocks is such that in offshore waters 

fil3n v!hich hs.ve spent two winters in fresh water are very abundant (50% or 

more) whereas most of the fish appearing in spawning runs to coastal waters 

have spent o~ly one ~inter in fresh ~ater. The proportion of fish which had 

spent boJO Hinters in fresh water was never as high in coastal waters or streams 

as it was in o:~fshore areas. The proportion of fish that had scales with 

intermediate bands between the freshwater zone and the marine zone was variable, 

within Hokkaido, according to streams. The proportion ebtained in samples 
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from offshore waters is a value somewhat intermediate in the range of values 

observed for the various streams. The numbers of circuli inside the first 

freshwater annuli were studied. On the scales of masu salmon collected from 

Hokkaido, there were on the average 15 to 17 circuli in this zone while the 

masu salmon from Sakhalin, Primorskaia and the Amur River had less than 13 

circuli inside the first annulus. This character could be used in the 

future for racial studies. 
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