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Hydroacoustic surveys were conducted in the East China Sea, in the summers of 1990
-1991 to investigate the distribution and migration behavior of fish, such as the diel
changes in the distributions of fish, the thermoselection behavior of fish, and the fish
reactions to a surveying vessel.

The hydroacoustic observations were taken with a scientific echo sounder operating at
50 kHz and a microcomputer-based echo processor.

Fish samples were collected by bottom trawling and temperature was measured with
a DBT system.

The patterns of fish distributions were compared with the vertical profiles of water
temperature.

The results obtained can be summarized as follows :

1. The time series of hydroacoustic observations on the downward migration at dawn
in the central region of East China Sea showed that the migration rate was 0.24 m/
min. In this region, most of the fish collected by bottom trawling during the surveys
were squid (Photologio edulis f. budo) and horse mackeral (Trachurus japonicus).

2. The hydroacoustic observations, which together associated with temperature data,
indicated that squid and horse mackeral concentrated nocturally in a narrow
vertical band of thermocline, particularly in summer when the survey region was
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strongly stratified. This result suggest that the nocturnal vertical distribution of
these species evidently is controlled by temperature.

3. When the survey vessel, that is running at a speed of 11 knots, has suddenly stopped,
the fish which concentrated beneath the transducer showed a strong avoidance
reaction in the form of rapid downward migration. After a few minutes, the
descending reaction disappeared and the fish slowly began the upward migration
toward their original swimming positions. Trawl data suggest that the fish, which
showed the avoidance reaction, was Liparis lessellatus.
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Fig. 3. Three-dimensional plot of scattering strength showing the vertical downward

migration at dawn in the East Chia Sea on August 4, 1991.

(1990.7.12)

LAT.027°18".57N
LON. 124° 31.52E

N ee—_

DEPTH (M}
Fig. 4. Three-dimensional plot of scattering strength, just after the vertical upward
migration at dusk, showing the fish distribution controlled by the
thermocline on July 12, 1990.

—340—



AEBERAC) o g kel Aot EMEH Rl Ad MR

5%%6 064 30E-7=] A& o F l pegi
ﬁlﬁﬁﬁ% Al 7ol th3lod vfEl Ao 2, Ao
HH-L 054] 46801913, *m@@% Al
17 moll EA1sldvh, MEE Eoll ofs) o8
MRS 185 kgii/&»}, ol gl Fo Mike 7
2 o) (Photologio edulis f budo) 7} 2k 57%, A
78 ol ( Tvachurus japonicus) 7¢ ¢k 13%, -1 vlol
X % (Chrysophrys
(Trichiurus lepturus) 5ol =5

Fig, 30 A o7& HH ERIZA] F2-eF& b}
2 ol Foll & A sho] ikshi BEEMES
el oL 9ot HHH r]o] xS ks
H538 TR Aol saed g el Q)
o}, 53, BEgol 4 ok 47 mol 91 A5t
A&l of ol 06‘] 278oll& 4l ok 57 7}z
S AE o4 olov, 2 FEEE«: 0.24
m/minol ok, =3 HH Aol A7kl of
g ofio FEAMEE Ead, o] A 7hdel o
A o} o TraEKATEIS oS 543 Yl
9leg o % gic}

g, Fig 42 1990 79 12%ol Lat, 27
18, 57N, Long, 124° 31', 52E2] sf<dof4], E &
ol ol ¥ wEARS P 2 Fol Hanhal A
ol A 204] 20F-5-¥¢ 214 10274 A &8 o+
o] MREKRLIZE S Al Zbol dsled ebd Ao
24, gA]9 BE-S 194] 12F-0|3lh, AFE
Eol o3 BEES 672 kgo 24,018 59
B A7Yol7k ok 90%, #H2 Aoi7t eF 5%, 1
glol| 5. ek7rel # x| (Thamnaconus modestus)
o} 1 2] 31.7) (Sphyraena pinguis) 7} o & = ¢}

major) EH 7 A

SEERY

3l

al

ol 4 BEW echo % Hmol 7]

=dadd 43 A4 =

o:. ]mt'b

o] b3 01—3:91 ZHSARHE S BFERE

-85 75 -85 -55 -4510 1S 20 25 30
10 L
20 b 11990/07/12)
{ DBT/2020
30 |LAT.027°18.57N
_ LON. 124" 31.52E
Z40
r
=
o
50 1 ¢
11 i
80 TIME:2050-2150
MAX. <SV>=-67.3(dB)
70 ]
I
80t 1 1

fleft, ool d= 53 F2
Hed Mg Zta g9loglgts =

MALIRRE S S Ao K
R

@, AR AR

SCATTERING STRENGTH(dB) TEMPERATURE (" C)

35

Fig. 5. Nighttime vertical distribution of
scattering strength on July 12, 1990,
shown in relation to the temperature-
depth profile.

Fig. 5% Fig. 4% $9 ¢ #5 A4
5055 214] 5087A] 14] 7‘1.01] 7é;4
ol 7o MHEELEES 4 &
TR ERELIRE S A E3
2 DBTol| o8 =7 3% 4L o
i, 7AEZ Ao},

Fig. 59| 42|

/LD] Q1l:

%4% ol 4 ABERA )

35 m2} 2k 67 mo{]

HOHRLIRE 67,9 dels
%Eﬂiidwﬂ44
4,8 dB ZA], °-F

3 9\eh,

flo [»L:l

4 D’i‘i

BT W oo
[

—341—



4

2. KBHEL Sl ESMEMN

KiREEREe 2 I Sdel A ool
g ol o mRSARES A 257§ stel
2o shEmE et oo SESHFES
I v, 23¥ 2 e Fig 6~Fig. 99 2k,
Fig.6¢] (A)+£ 19904 6% 119l Lat, 25’
59, 76N, Long. 122" 04".14E2] #ojel 4, =

SCATTERING STRENGTH!dB} TEMPERATURE (" C)

-85 -75 -65 --55 -45 10 15 20 25 30 35
10
20 {1890/06/111
{ DBT/2015 )
30 LAT. 025" 59. 76N
LON. 122" 0. 14€
Ty
= L
T
@50
60 TIME:2130-2230
MAX. <SY>=-62. £(dB)
70
80
(A)
SCATTERING STRENGTH!dBI TEMPERATURE (" C1
85 -75 -85 ~-55 -45 10 15 20 25 30 35

20 11990/07 /291
{ DBT/1&45 )
30 LAT. 026" 31. 12N
LON, 122" 44. 32
Zw
£
¥ 50

TIME:2250~2350
MAX. <SV>=-63.81dB)

4

(B)

Fig. 6. Comparisions of the relationship
between nighttime vertical distribution
of scattering strength and vertical
distribution of temperature on June 11
(A) and July 29(B). 1990.

1t

g, (B)+ 19903 74 299 |l Lat, 26" 31", 12N,
Long, 122" 44’, 32E2} sl ool o] 2+t &4 3} of
o feEERLIREE S 2o shEEESe B
AlE ERE Hojrh

Fig. 62 (A)2} (B) ¥ 7tz diub S5 59 4
2 A3 ledol A 49 7hol sl BREE 7R
:ax%é].?-lggq 647 749 9] of 2] =

of @A dh Aol kA% % 4 aleh &, 690
ool Az 44l ok 40 moll T ko] ¥ 45l

b &2l Kig#E7}H7.1°C e 34} a3l

= H 4
A
Aub, L2 AlQe] #ije] Zak 7o glof M=
_1:%1 q]k 20 mg} oF 55 moﬂ 7L7L xﬂ 1::_1 ;ﬂ 29|
Fodgol HAslel R545} ey £

N

27411, 4C 2 A 640l vl 2 27k 4,3C v A

o, olshzhe AR Kol o 24 ol Mol
sllste] of ol BRI E T Aol &
mol Qi v, 6ol Gl AE Feokd A
o Rael Mol FUsA #& A4
= AEE el gl 746l glof 4 A
1ob5 3t 4 2 k% Aol ) Aol vl e
b2 ozl WAHD AeT o & Uk @
. ol efold =g ABH SERIEER-
e e gelolont, , ol ATl T3

s Oi:rbl ?ﬁﬁiﬁ‘é‘mﬁ%f‘“-— —62.4 dBol2
Yol A 1 <FE3} A 2 okZ xlo|o) FA &
O%—E‘/l 1 %2 —69,8 dBol2
ghad, Fig, 62 (A)oll A 7t 430l gk o~
o] EfatEraliEE T T4 11~15 m Bl
A A w2 g Vel AL e, of 4 77
of 4] Bh2] gk 14770 2] of T2 HEE T H E 317
Asled, olF oFor HE ALY BEFK
echo {5582} RIES 24 22+ Fig. 73 2
o}, Fig, 79| #itsd2 $HE S0 (%) ol i, Hh-2
4 11~15 m F7ke] ol whx]|3 M
echo E% F# IRIE(V)-& Vel Aojrf,
o] &l A AP echo F9H 2 RIEC] 0~2 V
Effol AF=A UASE S 53U F, o] AL
g2 g o] o] o] FAEI] L o FE

oloithe AL odnldta, & FHEA FE

—342—



FREQUENCY (X}

RERAB) ol 3 SBre] Aot AR R e W

30 T . — T n T Y
L i
24} 1
3 F (1990/6/11/2130-2230) ]
18 _T ) (DEPTH 11M-15M/N=147) J
12| 4
&[] J
O =1 =t PN IO T 1 1
0 2 4 8 B 10
ECHO AMPLITUDE (v
Fig. 7. Frequency distribution of fish-school

echoes for the depth layer of 11-15 m in
Fig. 6(A).

o HFse] AdjA o v ¢ wlol o X el
2 fegor A Rlol AR B S vER L Sl
Fig, 8 1990 8% 7ol 7ATx A%
Lat, 33° 48, 01N, Long, 127° 09, 75E¢] 3| <ol
A1 B ol 224] 20-25-€] 234] 4082742 AF
g o] 7o A ARG Ee} Fgof AAFZY
& Mz vlagt dog Ay, £
13 moll F A=, EH EFEH +
3CAch =3, EE 2ol o3 o=l of
38k 205 kgo A, o3& MR- HA 7}
oF 89%, A78ol7} of 9%, 2 vt = <F7ke]
S Aol o] Fo] of 2=t Fig, 7ol 4]
AfFzel o] Fo BHSHEES ¥
, T2 17~18C 9 A&l FAF of
ofZ o] wlg olef Foll FH & o Fo
52 B2lElo] £2ste SA4S e
o3 g Ao FE AHFY o7
| o] Fo g, = 339 o7& Ao}
o] o] zolF o sinks|wy, zzbe] ity
HEERLIBE S —70.8 dB, —71.2 dB°l%)
Fig. 9+ Fig. 89 =tz <l g AF=
A2 Lat, 33° 47, 12N, Long. 128° 23, 24E
o] sl do A 1991 64 5Ll F/3Hd A 224]
5046 234] 50-8-7bA] Al E g ol o] fREAK

= O A o
F2 A4 ek

rfo

N

—343-—

SCATTERING STRENGTH(dB) TEMPERATURE (" ©)
-85 -75 -65 -55 -45 10 15 20 25 30 35
10
20 T
TIME:2220-2340
MAX. <SV>=-70. 8 (dB) |
30
Z40
: !
o
450 r
80 {
= } 11990/08/07)
70 { DBT/0855 )
LAT. 033" 48.0IN
80 LON. 127" 0. 7SE
Fig. 8. Nighttime vertical distribution of
scattering strength on August 7, 1990,
shown in relation to the temperature-
depth profile.
SCATTERING STRENGTH(4B} TEMPERATURE (" C)
-85 -75 -65 -55 -45 10 15 20 25 30 35
10
20
30
. t
T 40
I
o
Wi 50
%
60 TIME:2250-2350
MAX. <S5Y>=-60. 8 (dB) | (1991/06/05)
70 T ( DBT/2200 )
LAT. 033" 47. 12N
80 LON. 128° 23, 24E
Fig. 9. Nighttime vertical distribution of
scattering strength on June 5, 1991,
shown in relation to the temperature-
depth profile.
RLIBE S 2o SHEBEE vIad Aol
o wloll = o] A UrtE ] ¢tol TEHH
of M FHo] #2471 3,8CEA ol =gkt
BA 2, ofFol TFHA A i Lobod ¥
Uk T2 YA Aoz ks, o Mk
BRLIEE = —60,8 dBoldth, EEo 23 o
sge 2 Arlols 2o Ao edeh,



r

Fig. 6~ Fig, 9o o & o] &l Z M5 t¥iES
FYHeE nuH o, KR KR e
Aop s, s el iR KRRl ¥ 4
el 2le A,

al, =

ok 7ol A Bo|v} 79, 2] o] 9}

o] ulz o}e)ﬂj&o{] =

k=

=]

B
u
i
»
i3
N
2.3
P
FI

3. MRS AEIKRES)
FETE o Bt

REAnel MLk RIETL o] 7o) B el vl
d &S AE 7] 2sted, 1990 11 124
off Lat, 34° 06’. 80N, Long, 123" 33,47E¢] &l
o (4£TALE Eu i) olA) Auke] EHE R
w= EEs A AR echo E5E A4H
02 23 Az Fig 105 7ok,

Fig, 1004 (A) & #%Ee] Wistel o} & ol
o] TR ES TR ABHEMBEA d5Hoe
723 fEsekolvl, (B)& = wol #Ee) |

mne

sitn

1
“

pin

o

Nel

O
fud

P

. RS oA
ol aotol glef 4t
o % a4

Fof &7t 5,

~N
N
=

=S
[N

o

I vhepLbaL 9l
Ao AEEE

e B o2
3k
o
1
it
=
rﬁﬂ

2 Y:c»l

BHEIRIENE N oo

[

Temperature(°C)

|t} =, Fig, 119 2 AL

JS 4
S o ox

AL B shol B4y W
o] o}

=

|
o

2C
#

71

ste

S

9

il

AL j}_

[

20 - Salinity

Depth{m)

1 1 i 1
325  Solinity (%)

L 1

340

5 D.0.{mI/1)

. Vertical

salinity and dissolved

(A)
10
o [o]
s 8 o4
HE
g 6 °
A ° | :
3 al o prifting o
a o | |
o Q
[} 2 [o] o]
o ° o °
0 ) TS I W S W S W | 11 ) IS U U Y T WY SN (NN W S N NN (S N NV N N R N T N N SN S | ? ) I}
21:05 2125 21:45
Time
(8)

Fig. 10. A echogram showing the fish reaction to a survey vessel(A) and the change in
the speed of a survey vessel with time (B).

—344—

10

profiles of temperature,
oxygen
measured in the survey area of Fig.

10.



ANl o akre sk EXIHN B¢ HR

shEol e 27t A ohE bkkel 73 shod
T%iﬁ}'—l Al% ] %\f’“nﬂﬁi z2 'T‘E" EL '/?“ A/]\
ct.

Fig. 109} (B)oll 4 A4&& 214 1&0] 9.2
knots, 214] 580l 6.7 knots, 214 9% 2.2
knots . A &} 2w 4], 21/\] 1180l #Ef1S F
A 5] EREAI A B REES Al skl 2o,
BIRRLSkol = T2oE vlE ol Fo R 23
AL UWl AdpEfe] 2141 64 FE s Ko 2 A
48] hkEshe TR E-S JEbH 7] A]2hstod,
%, 3~4F Tk & dAFHE T
#BEhohe el Jeli e, F Adake 3
Azt FAlol o] & A Ko kBstE 178
BH-S eb ok, ol AL A
ERgol 7alsle 01:& o] kEHTEIC B Irls
43"‘“ ‘1 7P°| 731}5“’*] u}a} 0%-7“’ "/P‘l =

of 453 ShEol et o o BEARAE 2
ol 7k g & 4 oleh B, ddo] Yold
Aol 3le]

h_
wl
w
?‘
&
§§
B
2
b
‘H? e

2 o
5H°3°1|/“] "'"l?} 7@] % EE9 o8 F Mol §
e a0 9ldh, &, Fo88 1575 kg Foll
A} Eol| 7) (Liparis tessellatus) 7} 67.7%, 2.
Aol (Todarodes  pacificus) 7} 21.2%, #+=
(Scomberomorus niphonius) 7} 6,5%, L 4ol
% k7Y #H A9z =& 7| (Pseudosciaena
manchurica) 7} o & 5o, Ak Eell7) e} 2
o] o3 4jo] 73t ol F 3 A2 Ao o] f4
o] kgt ofFo] Talx Aol vlr 2 RE YT

3l o},

BEERAB S ol &otol MRrY St L AT

BEES AZSY] A AT dgo g MR
of A=<l HERERSE 3 BERARELRE
ol 54 e A sy, =3 52 hEHE
of o) o] SEE S FRFE S WA, Al il
ihEgol ubE o 7ol THNE F& dAA4YEE
Fotel AR, nAY AAE 2ok &
2t

i

(D oAz =Ramfte #2229 shams
A JA AEE & 5 A

(2) HAEE —?"o‘-‘?—oil H Hi &RizbA 4
Lok utE ofal| el A st Unl 72 Ao
of A 7gol of Fol Hiti3} vl AL el F
%3] Thste BAELEMEC] A, -

THRESEE S 0,24 m/mine] 2 ,

(3) KifegREl Y dd Al Fx= A ubelod
thab B5-aelg tio s of o SRE S HHE
P 2o shEEet s 4 vlw w4 A
#, BFAAFY FEAL AL, B FH T

_\2

A4t seekEo] FAslof gk A5, Hlels}
e Aol + e obte] #2otEel wE ofh %
of s FHSE EAL e, =
53k A%e] LAt AL %ol Qloj At B
E7ha) A3 F kst TRNE H S e}
Welet,

(4) Aubg (A2 o, A7) A sjo] $2a}
t fbkael 33 AAA02 3 ol BHE
EBATES VERASEh T, 2 F Azl
A ahahol wpebd Al debe] Bk 2 i

B@ots dEAS delids, Bd, +E
St g AAZ stol 433 shEol LEatE o
%] 5ol s ol 7} gl Hl,
ob% ofe) ol 9ol At of Fo BT HBAT
85 ehi ol Al s, 1 9%l Qof At 1eid
A 3L A A ek, ook WAL £

—345—



1)

ol & ]
7)ol eha gheksleh, w4l ol s ool 4
A ES Fo oolE e Bolv], ¥o
, Aa Folglet

2 Z 3R
Levy D.A.(1990) : Reciprocal diel

vertical migration behavior in
planktivores and zooplankton in British
Columbia Lakes. Can. J. Fish. Aquat. Sci.
47, 1775-1764.

Williams R.(1985) : Vertical distribution
and C.
the
development to the seasonal thermocline
in the Celtic Sea. Marine Biology 86, 145
-149,

Olson K.(1981) : The significance of fish
the

hydroacoustic survey data. Fish Capture

of Calanus finmarchius

helgolandicus in relation to

behavior in evaluation of

tr

Committee 1-25.
4) Angell J.(1982) : Observed fish reactions
to a surveying vessel with special
reference to herring, cod, capelin and
polar cod. Symp. on Fish Acoust. Bergen
Norway, 21-24 June 1982, 1-16.
A .(1990) : Hydroacoustic

characteristics of scattering layers in the

5

N

Orlowski

Northeastern Atlantic Ocean. J. Acoust.
Soc. Am. 88, 298-309.

Thorne R.E. and G.L.Thomas(1990) :
Acoustic observations of gas bubble

o
o

release by Pacific herring(Clupea
harengus pallas). Can. J. Fish. Aquat.
Sci. 47, 1920~-1928.

7) Rose G.A. and W.C. Legget(1988) :
Hydroacoustic signal classification of
fish schools by species. Can. J. Fish.
Aquat. Sci. 45, 597-604.

8) MacLennan D.W.(1990) : Acoustical
measurement of fish abundance.

J. Acoust. Soc. Am. 87, 1-15.

—346—



