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On the Schooling Behaviour of Salmon*

Seikichi MisHIMA** and Kenji SHIMAZART**

Abstract

An effective method has been required to capture a fish school in fishing grounds,
since clarifying the ecological feature of fish is very important. It is often said that salmon
does not form the school as densely as saury and mackerel. Therefore it is difficult to
detect a school of salmon by visual means or sonar. But in the slamon gillnet hauling,
many individuals of fish can be seen netted partially. It appears that salmon do not swim
alone during their migration. In a previous paper authors reported on the netting
tendencies of salmon and pointed out that the netting peaks in abundance of salmon
occur twice a night, and also the timely change of the spartial distribution of pink salmon.
They assumed that these phenomena could be related to the swimming behaviour of the
fish in their vertical movement. In the present paper they ascertain the schooling feature
of salmon {(chum and pink salmon) from the data obtained by commercial fishing, and
then discuss the nocturnal change of schooling tendencies of pink salmon from the data
obtained by the repeated fishing method. A number of fish which were netted from
the same direction in a distance about 50 em among each individuals were regard as a
school.

Experiments were carried out from the middle of May to early August in the
Northwest Pacific and in the Okhotsk Sea in 1965. Commercial fishing were operated at 18
stations in the Northwest Pacific and at 3 stations in the Okhotsk Sea using the gillnet
having several mesh sizes (93, 100, 106, 112, 115 121 and 130 mm). Repeated fishing
were operated at 1 station in the Northwest Pacific and at 6 stations in the Okhotsk
Sea, using the drift-net having 100, 106, 112 and 115 mm mesh sizes. A supplemental
experiment was carried out at 1 station in early August in the Okhotsk Sea using 92
tans of net having 121 mm mesh size.

The results obtained are as follows:

Frequency distributions of schooling salmon by commercial fishing are: Schools of
chum salmon of 3 individuals occur dominantly in the both sea areas, but in the Okhotsk
Sea the frequency of each school was different according to the mesh sizes of nets (Fig. 4).
Large schools of more than 12 individuals were not found. Schools of pink salmon of 2
individuals occur most frequently in both sea areas, but schools of individuals in every
number 4, 6, 8 were dominant in the North Pacific. Schools of 6 individuals and less are
rather frequent in the Okhotsk Sea (Fig. 5, 6).

Schools of pink salmon of 2 individuals occur most frequently in general at 7 stations
by repeated fishing method. Most schools were composed of 6 individuals and less. The
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percentage of individuals in school in the total catch and based on a set made at each
station shown in Fig. 9. The character of schooling of pink salmon is conspicuous by the
time ratio 0.1 and 0.9 occuring at night, but at about midnight the ratio becomes very

low.

Although the variation in the eatch of schools to be related to the surface distribu-
tion of fish, schooling peaks however are found earlier after sunset than netting peaks and
later before sunrise. It is concluded that schools of pink slamon are conspicuous at the
time when the fish come to the surface or submerge into midwater, revealing an ecological
character of pink salmon during their vertical movement.
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FEREREDOY S - = AOSHEHCOVTIRINE THRE OBEND D, »2HYHLHITIN
T3 Y, 2OEHRBEROANOERICETIERIZIPIV. ¥ - v AT 2R 0EOmL
HEBPHRU/TV D, BRBERCARTEI X 3BNOURIBRIREE: Tbh T3, HLHK
Wiz X 2 FEEREOE, BEROBSI INIRENIZSEESBEREL T A REVMLELVER
5, BEBETIZZOBREEOLWVD VIS BN, NATENELUTITEIL TV I E 2R
W AEENELND. ADEEI DV TIX Keenleyside? $ Steven® BOHENDH 3D, BEE
W IRSHBO— R X 3 WRRBOBREESEL 5, $7 - v 2OHNDOHRL LD, KOTH
59 hv AOBMEOEEICH BB TR TR EMA, AROEHHAD CREEYY
LIBHED D 2{TERRICBU MR 2B/ IO THRET 5,0

FRFZEORE & Hic H BRI 20 ARSI HR SR, R ERicED S It
2 ARHBENELEEAREEZEROFEFCH LEL S 5 HEERT 5

RES LCFE

Thkhd 1965 4£0D 48 BECIRE AT RNk & 004 & — 7 HRICBO T 1770 - LI & 5 —RRIRE
Pt REREOSERHEERBORSEE S bRk 1, —MRAKIC L 5 RERRIZS APAID6
B AT CORTESRT 18 5 7 ATAA &~ JHHRO 3 AT - 12 (Fig. 1), HAL 12348
DOBESEL 93, 100, 106, 112 4 X ¥ 112, 115, 121, 130m/m Th- Iz, RERE (KA 7~8H
BB RETRESE) 126 A L0 XFEEERTLE 6ATRHAA—YI7ERTLIA 74
E~thAD Ak~ ZHHRT 5 HODF 7 AV TIT WV (Fig. 2) 6 A¥4id 100, 106m/m ¥ X T¥
112m/m BE&%, 7 Bicid 115m/m B-ADFM%E R 12

BB OREIRE L BN EHET 258, AGMOEMBSAKE (W 50em & U12) #EM
BELTWAEREDYr - =208 R—FHaL 1BELTV2 0EENEA 2L TREL . —
BB LA REEE» LV a Y rRION T 7 b RORE RS, KEREEC 3 BRERETIRY
57 be 20AHOEEHC DV TRNZMA, MoAREICOWTIZE L, £ B, & BHeg
2l E T AL X QRBIORMBIT X 5 RBEROBE R, 57+ AOHNEBIET 3 MR L
|3 48

® :
1) —fRkickB MRS Bh
vaygh o —RRREIC & A ATEER L Ok~ v Y TEEROBERBESG S ), BhoBiEK
& OHBURE, BT s ENn e UTORBERE% Table 1 itR T, AVPHFERTCREBES
L3RI VRABNOHBSEERREL, 112m/m BE T 6 BFHC b 00BN ED 55 %3,
115, 12lm/m BH& TIREREROEMEZVCHBREE ISR, BEXKI12ZEH (112m/m BE)
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Fig. 2. Location of the experimental stations of repeated fishing
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Table 1. Frequency distribution of chum salmon schools composed of several
individuals observed by commercial fishing

P "s.bED = 'g‘ 4 Individual number in a school
28l od |88 |28 7
S21SE |88 (88| 2| 3| 4 5' 6‘ 7|s\9‘10[11 12 )13
g | mz| 17 |89 410 12 | 59 | 8 | 8 | 12 1| 2 1| 1|1
Q .
gO | ms| 15 |2269| 203| 3 | 53 | 18 | 5| 4 [ 1|1 , 1
E 121 18 | 1754 | 167 | 17 | 25 | 11 1 1
s2 137 | 32 | 13 | 17 | 2 | 4 1 1] 2
e | 12| 1 | 205 28| 9 | 2 1
Q
[47]
o | 18| 2 | 92| 55| 4 | 6 5 1 1
w
g 121 2 | 964| 50| 8 7 1 1 1
O | 10| 1 | 461| 42 3 | 4| 2 1
19 | 18 | 1 4 1 1] 1

Rohiz (Fig. 3) A4~V 7R TRFERBROEEIID 0 { KEHEHRICRIT 38 AHAL b
BERIED SN, T2D5 112m/m HATIR2B#, 130m/m BATIR4BEMEHL T3
3%, 115, 12lm/m BA Tk itic 3 BROHBEEIRE L, KEEERCsLTURIh I ER L 8
HEDIZIWD & 1 (Fig. 4)o ATRER TIMREICHT 2 BARBORIA I 9~13% (Fi 12%), *
F = ZUHRTIE 5~109% (735 6.6%) 2Rl BEBHOBOCKTEERTIIZOEEHEL, KX
NOBNE 2 TITEESEC D LEEINS,

H5T bR KL L Ak~ SHRIC T 3~ L 2 BERBOBRREERE
Table 2 iZRT, KEHEHKTIZ Fig. 5 RTIL 2 BHOHBFERERICEL, BREKDH

Table 2. Frequency distribution of pink salmon schools composed of

Mesh No, of Total Shcool Individual
size fishing } catch catch g 3 4 5 6 7 8 9
93mm| 12 1243 636 88 21 28 3 9 1 11 1
=4
8 100 » 12 1202 722 67 34 38 4 14 1 8
Q
© | 106 & 8 871 48 | 75 | 1t | 18] 7] 6! 1] 8| 1
o
'g 112 » 8 5718 20863 462 109 88 12 24 1 10 3
[a¥
115 » 3 1456 529 129 22 35 3 1 5
821 197 | 207 26 56 5 37 5
'M :
..g 115 » 3 3187 1849 138 102 80 36 36 14 13 8
o
Cw
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Fig. 3. Frequency distribution of chum Fig. 4. Frequency distribution of
salmon schools composed of several individuals chum salmon schools composed of
in the Northwest Pacific several individuals in the Okhotsk Sea

IR DP LT B, HFL 2.4,6,8 BBER L b S 3BNBAHRE L b 2 3 Bhic b ~EEEICR
DRTVBDMBEMATH 3 (Fig. 6)o # b~ v JEHRTIIED 6 il ¥ 3 RKTREEROM 3 158
BRALNZVD, 2EBENERICE BNOREVHE T ONTRIERZRL TV 3, X 12, 14,
16, 20, 24 SOFRHKE H s A BREHNA LN, KFHEBRICKIT 5 2, 4,6 SOVEBEEREH LD
BRELREE SN 3RV B L N, MHRDICKRIEEIC T 2 BENREOEI S, KPR T 36~
60% (EHg 4296) F & — v ZHHRTIX 58% %RL, Th— Y JEHRTOPHETH - 12,

several individuals observed by commercial fishing

number in a school

10 Iu ‘m 1m ‘u \w )w [n ‘w 19 | 20 \m }n . 24
1 3 1 1

2 | 1] s 1] o1 1

1

5 8 1

o | 1| 14 1| 1 1| 2 1

3 8| 1] 1 2 2 2
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Fig. 5. Frequency distribution of pink salmon schools composed of several
individuals in the Northwest Pacific
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Fig. 6. Frequency distribution of pink salmon schools composed of several
individuals in the Okhotsk Sea
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Frequency distribution of pink salmon schools composed of several
individuals observed by repeated fishing

Station

Series

Individuals in a school

8

7 8 9

10

11

12

Duration of
Net Set

—

N B GN =

1718—1818
18381939
1959—2059
21170002
0027—0112
0143—0242
0300—0402

OO

17311834
18491956
20172117
2143—0005
0035—0128
01480240
0303-—0358

LN E- R W

D) GO

1804—1902
19242037
2102—2205
22312332
2355-—0045
0110—0200
02260325

SO U=

-
—WhOO®

BB

1740—1843
1907—2010
2036-—2133
2159—2256
2321—0021
00450147
0212—0319

00~ DO DN e

-

LN

17141812
1834—1937
2003—2103
2126—2229
22522354
0019—0117
0141—0242
0304—0408

Q0 XD UG =

e G) O

L0 -0 -0 -

1649—1748
1811-1915
1938—2035
2101—2205
2234—2354
0019—0121
0148—0250
0314—0410

NN =

D) =t DD O

16411738
1801--1910
1933—2035
2059—2201
2225-—0117
01440236
0258—0412

total

37
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2) REMROERBM-ROINEHATI PIAOKN '

vady - n57 e 23— RREOBERBORETES» S, %kﬁﬂ%ﬁ&?actmﬁﬁé
n, AL HYBBODECLpEENT. CORESFETRRRE Y HHE TORRMBEINS
2, TORIEEKE L TOMKESBENOHEGRANC R 2ETTRETITRELEACN,
BICARBEDOKE 34 2, 3RS0/ EERCOVTOHEREV K I L5 ¥ THREINS,
DA EERI B ERTAC s THRINE TH S LOEAF» S, RKERKI LS
BERIBORE L DRI 2. FAICET 3 IBEKIO BN REOHEE S Table 3 1R, 2R
E b AaBNOHBEERIEENICEL, BRI OEEUT T4 BB EONTEER BT
v, BOXEEER (10 BUE) BB T EEZ LERELIDATH» to ERADEIBAF
—~V UWHRTH b, BB LB AR — Y JEROHBIRE & £ OFEMIGEESED 61 5.

8 A1H, 54°~11'N, 155°~08'E DA TIT/L- L B, #&¥ HBHBE2HRLE L IRE 3 E
ORESBEOHETIR, MEOKERES b RBERAIRE (255/) », Pidh 2,3, 4 REOHZA
ERE! 6RRIRIBLOHAR LR LN, BhBEMoR &, B A HEROERK TR
L h A ERTH o 12 (Table 4),

Table 4. Frequency distribution of pink salmon schools composed of several
individuals observed by supplemental experiment

Individuals in a school

T _
Duration of | 4 82 1=ma |82
net set 48l ow 8BS |88
o 2 3| 4 5{ 6| 7| 8| 9101112} ... 24
SE | Zd |28 |a8
(mm)
1739—1935 121 92 821 513 52| 42| 28 1| 12 2 1 4 1 1

2135—2340 | 121 92 420 | 186 | 46/ 200 6 2
0127—0339 | 121 92 734 | 465 | 101] 46| 21 4| 2

Total 276 | 1775 | 1164 | 199 108| 55 7| 14 2 1] 5§ 1 1

* Sunset 1839 Sunrise 0254

3) HhirMLARER

RESRSC L 2 REEENS, #57 <2t} Table 3 iRTML, —EEIRSWTERIR X
YBNOHBEREDOD S I bMbis, HAEOERKIICKREECHT 3 BhREOERE
Fig. 7 WORd, HX hEHlic X 2 AME L, HhalcizmdsyslitsEnons, HLEHE
OEVEIICIIEN E UTHEINFRDEV L EBRL T3, ER2ITZ - ILBF, Biikd-
TH®I b AT COBMARIRLSOT, ARIHVAHITORHEEZ1LL, BBFMLCOH
£ UT (Fig. 8) 7HIAIC1 2 BAIFIORREIC T 3 BURBOEE 2 EHL £ ORBRE A
72(Table5), 7THIATOBEL b BHE COEGFM LRI 7.51 B TH b, 0.1 124 45 Sriciay
T3, HHRY OREEE % RTHR L Fig. 9 IGRLY, BRESBCBNREBORKHA S
N, A% 01 Tr— %R0, RENMBIXERE LS, BHA 0.1 THIC~ 450, —
ERi 2 @AORNBEOLY DD, ChePREOHRBESLHELTAS L, BRETIIREY— 2
b 0.1 (=454 B, BHEITIZ 0.1 B FhipEO - 2 B8RINTAE,

CORRELY, 757 b RZEBRBEFERRRNZ LT 2EBRTRIOEN % 2 T4 4ENHE b,
B EAT 45 MERRICBERIO ¥ — 2 2oRU/EC BEER L, 0.2 (890 &) BB SED
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WRITIET 508, REBTOEEIZC—~ 2220, ZOHRBER IOBENEE: LBERETS, BES
BYHHAT 0.2 PHOREDO Y~ 2 255 Th, CLORAL b# 45 BN T BhoREVEEE 29,
DBIRBESIUOBERACET T2 0TH2 LBING, ANNPRL OER~OB LT IR
BIOEEL OPREANEBET IRBICENOBESET I CEMash, 257 2 ROEEBEH
MICBIT A ITHOEERTIB LEALN S,

x %"

ok 48 BELHEOAFEERR B I 5~V IR CREBEVURTEITOTROvaYyyr, 757
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BEVEREREOTEBL Tz, Th 77 b2 XTidv uy 0l 6 BULTOBEILIZE VD,
2B X WA /NRO B R BD THEV. BOXEERE L V3 BhoSBESED shi. 7Y
a= ¥y PERICBVNT, MAEDA® {BARIZ 2 EBENEL, RAZHENATL 4~6BTHB LB
LT3,

FETHREINIAR 1EVBRICES 5E, BERYPLLLTEZORABRRADAETHS
TREDERIRTR L 2 YEHORDBRLEELS UDBRBE L5, #o T2 B ESRENI
ERBEL T 3BKII, AVE—TE2IT5-> TR b RACFRIBALIL A5 L EMHEE S,
D> 5 EAD b BEOEANSGIEREIIE L, BhoHEoBRERP I ILEALNS,
REDK S 3 L FHRBO B AT UREEDBRIRMED™ »3M5 o #oTKEIDRT 3 BEEBHNE
ZTHEL, BT L0, RERIIEKED TS LONEL, BhoZBEBE#: 25, HFULE
LRBORREDIETH  — INIBEOALSRN 2 2 THEE, BERGECEIOMHIZITET
H55, 48 BELIEMRITIT B ERAICIZEREC L 2 7 5 7 b v ROEEBMEROERYD 535 34,
HRIEMEORML 1R CIRAEORREA AL 2 b, BhoMRIIERGECLDELETD
55,

—MBECREREOHBNEL, REBETRBALALNLVEVHIERLEIN, BHEDOME
BRBEEROREE A AT IV, HUBOBE O BRGES, BHZ2ETCGEEL EH B
THARRMRE DB 2RI b, RREFREL LB EREEOHEANE T LI,
BALUHLEBEALOBICESTAERABEO L OTRIVILEEAONS, TNV s iR
TERR, R2YrEHFT e REY-FE o TEBL, ARBOERTICET 3BNOMKE
FIBEMEAON DY, YR E{BkIhishole #57 hvRi2 Bk XU H HEFOH
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Table 5. Relation between the number of sehool catoh and total catch

Mesh, | No, of .
F. No. |Date|size | net serles| 2 3 4 5 ] 7 8
(mm) | (tan) |..ich
6.5 100 9 T. C. 25 50 72 142 81 25 [}
1 |
6- 6 106 10 S. C. 0 25 (1} 0 0 22 [
68-25 T, C. 22 64 16 85 116 47 14
2 ! 112 20
6-26 S, C. 3 22 0 0 0 13 0
7- 3 T, C. 1 62 63 56 61 18 12
3 | 115 15
7- 4 S, C. 0 33 3 7 8 4 0
7- 6 T. C. 26 45 62 58 46 31 18
4 | 115 15
7-7 S. C. 3 15 30 22 8 8 5
7- 8 T. C. 12 2 23 37 39 39 15 6
5 | 115 15
7-9 S. C. 2 0 8 8 14 18 0 0
7-10 T. C. 0 7 19 39 37 52 16 1
8 | 115 15
7-11 S, C. 0 0 16 12 19 12 2 0
7-12 T. C | 20 | 14 | 19 | 22 | 38 | 13 | 3¢
7 | 115 15
7-13 S, C. | 18 4 2 2 2 4 3
%
(60) 31
(40) 2 2
e
o
B
(-]
g
» (20) 1}
° L T Ll L]

§ I
o 02 04 06 08 10

I.' 2 )

Fig. 9. Relation between the fluctuation of the catch and the relative value of
school catch to the total in a night

- -~ - fluctuation of the catch,

fluctuation of the school cach, S/T. .. .school

catch to the total, Cr....catch ratio (catch/hour/set)

— 271 —



ok Kk B % & XIX, 4]

BOBREHCARZIZ 58, FPOBELE 2 THENRIN, R 5 RREE L OREDHK
wcammsmméntm,cnex¢oﬁmm&tﬁ$,%ﬁ&%,ﬁﬁﬁﬁﬁmomrm,ﬁw
REMBRL X OAEO HRTEDER & 8 TS EREF EEROBRILIZNV,

B ]

1. AR HHUERBERO Yy - < AOBAORKER DV, Hilic X 5 —BRBRESL T
RXBHSEOBERRRE L b RFL .

2, vudrRAEERIUAS—Y SHEERE 3R DI IBMNONBEERE, BRK12E
ErEsIni.

3. A5 7 bV RRKREE k- rEHRe b2 REOMHBEER®HL, EBERLH2IHON
BHBEXLBRAOBIZ 24 B Thd - 1%,

4, H77+ AOREOBNRBOTIIZ, BRRNREEEI LT 2HmBd 5, Wb,
BEEOE & SIIHENAEL L,

5. #57 FvXOBAOKEIT, ARBRREC—2 X4 HRL, BHEITIA45 DT
L ¥— 2B URBIRERTSH 3,

6. ©377 L vRAOBENOKER, ARORERL TEEROBBTHATY, EEBEHRKRO—
DD ETRA B

Bl B X M

1) Keenleyside, M, H A, (1955), Zoo, Lav, Univ, Groninga, The Netherlands,
2) Steven, D M. (1958). Dep. Zool, Univ, Coll, West Indies,

3) ZaFE - EB— . JIBFIRE (1966). HAkE 32(10), 843~846,
4) ZREE . SEB- - BwR— (1966). gk3E 32(11), 922~.930,

5) Maeda, H. (1953)., pkis 19(4), 305~.318,

6) mmmk (1962). JwkgfzRws 25, 20~25,

7) (1962), JukIBAHM 19(3), 85~90.

8) |UAmE— . =EWEE (1962). Jriokdes 13(2), 82-97,

9) EHiE— SEAWEE . UARE— (1965). JiAkERR 16(3), 143~153.
10) LEBE— - ZBHEE - RiFg- (1965). HiE 16(2), 71~77,

11) BiER— - S a1EE (1966). [Hik 16(4), 256~261,




	0261.tif
	0262.tif
	0263.tif
	0264.tif
	0265.tif
	0266.tif
	0267.tif
	0268.tif
	0269.tif
	0270.tif
	0271.tif
	0272.tif

