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Correlation between the Movement and
Appearance of Fish School

Toshiro KUROKI

The author discussed about the shifting speed of fish school as the velocity against
the ground, seperated from the ‘pure’ swimming velocity in a current. When fish were
swimming in a current, they were seemed to hold a position constantly. But, because
blind fish had not this tendency, the author recognized that it relied upon the sense
of sight.

On the other hand, he estimated the maximum swimming velocity of fish upon the
hypothetic that “this is equal to the velocity just under the water surface when fish
is going to skip up or to dive away hastily into deep”; and he got the results that
the value of the maximum velocity was 200 m/min or more at least for a moment.
Generally, the swimming velocity under serene condition was about 1/5 of max. velocity.

Further-more, the author exprimented to investigate about the relations between
shifting displacement of fish schools and their appearance on the fishing ground. And,
according to the results of this experiments (discharging 100 of carp into 120 m ditch),
he pointed out the possibility to estimate the source area and observation points (actual
examples are spawning ground and fishing ones respectively). He could explain the
shifting phenomena of tunny fishing ground through these ideas.

Lastly, he concluded that it was very important to investigate about the movement
of fish school because the shifting displacement was one of the most important factors
which influenced to the variations of the fish stock and catch.
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Fig. 1. [Illustration of analysis on the shifting speed of fish.
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Fig. 2. Apparatus of variable speed current.
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Table 1. Fish experlmented
Species i Body length, cm Total number
B | Clstgroup, small) 60, 6.1, 6.2
; : (2ndgroup, middle] 74, 8.0, 11.5
Carassius carassius ; 9
i [3rdgroup, large] 157
(crucian) C4thgroup, blinded] 8.0, 8.5
e Istgroup, small 6.0, 6.2, 6.3
Mugil cephalus C ]g = i J 5
(grey mullet) [2ndgroup, middle] 8.1, 9.2
= A [ Istgroup, small] 4.2, 4.7, 4.8, 52
Cyprinus carpio [2ndgroup, large) 18.5, 19.5, 19.6, 10
(carp) 198, 200, 21.0
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Fig. 3-a.
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Fig. 3-b. Swimming velocity in various speed current (C. carpio & M. cephalus).
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Table 2. Maximum swimming velocity of fish, calculated.
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Fig. 6-a. Discharging of fish at the middle

point of 20 m ditch.

(Area of circular marks is proportional to the)
number of fish counted in respective 1 m square.

Fig. 6-b. Discharging of fish at the
3/4 point of 20 m ditch.
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Fig. 6-c. Discharging of fish at the
end of 20 m ditch.
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Fig. 7. Distribution of fish, discharged
in 120 m ditch.
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HER B B 5. = (Discharging from the 3/4 point in 20 m ditch.)
BkOHAE LD b 20m 5
0 ’ e

LB B B O 2 iy
180~195 sec r7cDT & S
W ERKEETH Haf: : do‘:;:)wn ane up down

~ Y 3 @ j ur
DEVETFYE bW & i iey f\Af\A/
DX EEEEE 2 RS S e E e T
B Lo L HSES. Time elapsed

Hi5 No. 10 o _F3fisii & b offiggk _ 90—12 . 9.8

Hii No. 10 O Fifiii X b ofFsE 90— 9  10.2
B, ST 20m sk o Bl b 9~10m DS TH D & L& Rd. [ frE
DEE L LT, Wkl 1HDT b O SOz B AN THE 10X X b HETLES
L5, appo—AECEL IR B BRED Fig. 10. Illustrative diagram for estimation

HERT % ¥ COR % 2T W C Ao pks (P of source (unknown) position.

g 23 cm/sec) s ALE R ¥ C O EEEEDS (Current)

B HECH BD D i i
[(30-+195—12—9)— (30-+45—9)]

% 23/2 = 1580cm I
Lo T Y b 15~16m o SO JEAME
NIRRT A D ThH 5.

LI R34 2 aB U 7o S8R B A b e i
SEAHIWT L I L T ISR DA b O
ThBHH,  ORPOC ORI, HHE
FERAER BbL b & O ChITEE OB

Upper end

Lower end

Observation Point

2> B MBI b % 0 fBED I OB ‘”l 3
KRR Y NG R Sre
]

HZELHEETHAD. DX IELFHEK
BRI B L= — PP L D fHAEAIEE L CHAED Y WO 2857 BRci L 7=
D, AERDEZ G X DA A 5k — Y 2ROk 2 7 A4« KPR ) 7o X 0%
BB Z HE L iR DLW T oMsic 353k 2 T2 Ch 5.

W —BUKB OBEGEHE CGETR) #8545, & LARSE—ES L TS50
oD BN 21 4 3 4&H 1Im? % AL T 5 R+ 5D Th %55 HELEHIE 100 J& %
21m?/120m? =17.5 R fEPE & 72T h L& Th %, s, I 20 sec ¢ 46 [A] 15 45l
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Table 3. Total numbers of fish counted Fig. 11. Frequency diagram of total
and their frequency occurred. number of fish counted,
- (cf. Table 3).

Range of total number |

(fish counted) ‘ Frequency occurred .]
GRoes A 7 T

S0 | ori s 8 B :

11 ~15 8 i

16~20 GahETe § L

R b T e

26 ~ 30 5

31 ~35 b T 0 w0 w0
: 36~407 4 Total number of fish counted

e e e
G s ks DfckEEITEE 3 RICBT & 5 R

4TR, BRI Rrich#E UK Ok
— ATZ T2 RTh 17.5 & % il
Min. number: I LT B EHAMCIIE bic\wv. ik
Max. number: 47 faAiFIN 5 ~ 6 BECHLT ik L T

BEVIHEBCH LB THAH L, L b Oy EEEE T 4.5cm/sec T2 THl
SRR 20 sec 4B AaBEEE 90 cm HELsd ¢ 20 [HEHE (18m) HIC 3 EXBILRHRE 6m
DOFIHFCA D HBEECR L WERZELTLEDRE W EAL D LD THSS .
fiuic LT b 100 J2 o faikdn o Ok BIER~S 7o X 5 (81 D 20 L T
LDOTh BN, AEEORMBKAPEEL CXLMETOXREH #lEet E3he s cib
NBEDEREETYT %, HLEHE1BL» BDONIEH DD THS. IR 4R
2% 20 sec LML EREIEAS 6m Tly o7 &\ 5 Rl 227l E D 1D 4 U et
b. BOERTIFED S RIUTHEDITEHE L B DRWEET, L bHNTEL
IRERENIT Lot i\l I O ©, MR ZBTA S L\ ) BRIEOBIES
FER BRCETALDOLEDTHIVTSHAS.

BEDI-DIC, EBEhi =4 O &Ex 10cm » LSO KEGEHIZET ) O HKEY
80cm & L CASEBROMIEZECHEEL TAS WD L 5 1KIRS. {HLRE TR
5 VR EIEE L KT C b O F F/VEAARRR 17~19 m/min FREE & RATS O T2
R NEDO LTS, 7 ) O E S 2000km, fF 10km, kPR 200m & FAuE
FOHE10%: 50: 1 /e > CHERBEDCE  F: Ok 1.2x10*: 10: 1 » Comparable
Wl b, BT b o fa iR 2 SRR O(E (79 3gr/m®) & —B SR DD DT T BH
I 4x108 B 275 %. SEERKGEHEE 3.7 m/min (RIS T D 30m/min (= lmile/hr)
Lo Ty JERRHEECE L\ D, ARSEERA SR ZS RN Ze T & 1B L Uk S 7aBli T
Bt E b ZeBIH IR EE D B BB AR IRECEE 2 O TR e 2fehr & b
B boDTH5b.
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II. 3. RBEROHTEEER

RIS SRR D KA T AR RO X D e e ELBND.  KIERO -Gl fa
WIN BARE ERE Tk L T2 5 DTHAH 5 . HED CHRAME [ ARk T B
ClowBR D, Bk B0 R Ui U EEH & 5 pkEia & -2 CRIERA T kG
5dDLBbhs. (AiFE, HHAEBRSK)

 DPKH A vo, IWEROBBESR V) & THUEWEAIUTIR 5 fAREoBTIE X1k (Vi~v) ~(Vo
+v0) OHERNICSES. WSRO CTHTEBEIT 50 Clk/c, % 12a K o gk
Te DIETERED 75 % M 4 8 < O & = ; .

i 3= Fig. 12. Tllustration of loop type of
LTk —72ENCL F, MARHTIE Swimming path in a current.
Dol (ZafEDHEFEL D) NT a) Downward swimming
FEE L 2O S N ThHi b D EEL Ch
50

4, V= 7O R BRI i b 2 &
m~n [EOBENZ 2 UL AR OB TR
Al Lm I T n IcH b s
FTOR Toik

T\=nD]vy,
PE>C  mn [E O PEAVC T T BEEE Ly 1k
Li=Vy-m-DJvy.

S AR TR O f o (Bl
THOSREE) DL —TrkiciEH I
5 ThAH D . Plz EfGENED=50miles
DR, FBIREIEEE vy X RREKHDK
1/5 BEECE b A b 852 FETE
7.8mile/hr ® 1/5 & L T vy=1.6mile/hr
L UL Ti= (7 x50)/1.6=98hr=4days
Lieh. Vo Y EnsEET Vo=0.7
mile/hr & 3iuE, L,=69 miles &\ 5
WRAED. OF D AECHR O GRS
b EL20h% & S HEIGEEL T L C R L EET 5 /oIt 4 B4 69miles 72
FETFMTTRX I WIS 5. PR EP LN R OGO TH 50 b it
DR TR S XTEE & My 25U < ol (-1 0.7miles) ¢k 1 2 A Ric#5 500 miles
YBETH LS. MY ERROABNGHECIL LT 202 M O d 2 ARFTICIEHA
FTBD TS D .

S HDBRBE S SIS R S AT T < T BRI A kSl T B i B Ic AL S L 55 12
Ko X 5 (CERIE A CREISEE 230 L IoRIE OIS D & Licie . BUR O £ 0 bk
L0 THDOTh, b B/IHEOHTE * DEIMESLEIE % L T ARSI 0o 4L D 12 vo/n
LTI DI WD e THIR T X b,

2D

T2
Tu=
Vg
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LEFFEOEBRCE LN WRkEREY a (@=03~0.5) &3iud T, BB EIT 5
[T OFEEE L vXEnR L & RERCE 2 T
L():a b Vun':‘D/'U().

5 12b [CHE S 2v7e & 5 Ic—2D node 7> BYRDFIAE node ¥ TORE#EN Ly Tl H LD
R 2 BB 5B Ty Tho TR OEIR] « AEIE « OEC#EBIn D, ANEEE B
WL LCRL 2 — A% BEIL 226 554, ThEOHZ Do Tk 2 AREO EET
DEREEEAIE Clo D TS AR I NG Vb0 LB S5 D ThH 5.
Fifl & FIRgC. D=50miles, vo=1.6 mile/hr, Vo=0.7mile/hr * L, a=04 LiE<7sb
[ 4 = W )

%ﬁ%mﬁ@%@:ngﬁﬁ%ﬁwm#n@w

F OIS DER : Li= 0.4 % 0.7 x 310 = 87miles
w45, 2 EREC % 90miles b kL i CFEAMER SN A HIC e 5. S AUXE P
KRB~ 7 el tONBEEFETHHOTHY, EHEREH AL LD 1Thhs 7
B R OBEL WECIEEL, BEREHEACL ARG, BT EBERAT2H, oM
T4~5HrBEL Y, 12 A FaX D 4 BiE0iy 120 B ECE B> TFJ 800 s
WIBEMAL FER L TR L ChRY LR e 52 5 b0 L EEbNS.

&

RESRE DK BEELC F5\ T b & DX B faii s i e & 2RI T & W5
7> BBFE S CRICHITEN Th 5%, ZIUTAEMENZ DR OIRAS 7 ST
W5 E W) SO TR T TH 2. BWEEH 7 biE, B oiRss Rl & ks
TR, ZefReE) & TG AR 2 TYT2oTe b & W iR iRk & A ST 3L e
DIUIRIE A TFEEEITE  F T b L BIEEBIER LA D EFXHTHHS .

4, Fx DFEEIR A BESEROZBLT D S DICFR T, JHic b fAEREK (JhEX
L FIRIEEN) XSO R~ A&, FRE ORGHE & Z2 R Th & A3 IS DFFLOXF
K LTECEDTRS. Lrd L0 RTGOZBIUIMECEIRLEL bbb HBEELR D
BELHBHDTHSD. ZOMHEEZROTHESRAOEFIER & L CORBERL HBLL
HERLLD L LICOBRARTH S, D TARICTI W TLNH « EWFEIIEER SHUIR
B (i« W) OBEEELNCHEN TR 2D L Wi AUV ThH S
5. B bfitivic X 5 Ik 27 A4 o 7 ) OFRFLFIELECEIGH T LT BIL T
EFDFEXMHCPSHITNE b, Lo RBCERORZEIBINEG &\ 5 524
CEINT WS, KRT LR OLORELE I EED O L 5 IaB 2 Hhs L OFEPESEE
DT [k ECHST 5 b0h, HEOMIEE L FILECHE > T—EOPF &5
ZEFED LABELTWHARETHS.
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