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Studies on the Ultrasonic Scattering Layers in the Kagoshima Bay
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Abstract

It has been confirmed that the ‘ultrasonic scattering layers’ give significant effects not only
upon the biological workings in the formation of fishing ground but upon the planning,
researching and using of the various underwater acoustic instruments—those which are
concerned with navigation, fisheries and investigations ; including oceanic life, oceanophy-
sics, submarine resources, and so on. Owing the fact that the researches of the ultrasonic
scattering layers have been performed by the oceanographically advanced countries, a great
number of information have been obtained, concerning both biological and physiological
issues. However, about such important issues as (D the relationship between the ultrasonic
scattering layers and the fisheries, @ composition organisms in the layers, ® ultrasonic
scattering characteristics, and so on, no accurate information have been obtained, yet.
Accordingly, with the intention of clarifying the oceanic state as it is, the author carried out
some investigations on the Kagoshima bay where no existence of the ultrasonic scattering
layers having diurnal vertical migration had been confirmed, yet.

Firstly, some information about the ultrasonic scattering layers were obtained by means of
the 50 kHz fish finder—in other words, a number of records were fixed continuously, day and
night, on board the Training ship Nansei maru belonging to the Faculty of Fisheries,
Kagoshima University, at both the innermost, and the middle, areas of the Kagoshima bay, in
the respective seasons of spring, summer, autumn and winter. Both vertical and horizontal
towings were carried out by the closing plankton net and the Isaacs-Kidd midwater trawl net for
the purpose of ascertaining the composition organisms of each layer. On the other hand, for the
elucidation of the ultrasonic scattering characteristics, the scattering strengths of the respective
layers were measured, and, in order to ascertain the physical features in the ocean, the vertical
distributions of the water temperature from the sea surface to the sea bottom were observed by
DBT (digital bathythermo graph) ; with the performed confirmation of the submarine

illumination by an under water illuminometer.
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The number of the ultrasonic layers having diurnal vertical migration was fixed to be ‘three’,
being unvaried through the whole year, both at the innermost and the middle, areas of the
Kagoshima bay. Occasionally, only ‘two’ layers were recorded during the period from autumn
to winter. Although more or less complicated phases were noted in the vertical migrations of the
respective layers, in the outlined patterns, a close resemblance was noted. It was ascertained
that there was a close relationship between the cause of the vertical migration, the depth where
the respective layers were situated, and the degree of the submarine illumination. The optimum
submarine illumination was fixed as in the following : the Ist layer, 1077 lux ~ 107° lux ; the
2nd layer, 107% lux ~ 1077 lux, and in case of the 3rd layer, 10° lux ~ 1072 lux. No direct
relationship was noted between the vertical distribution of water temperatures and the cause of
vertical migration ; however, the depth of the ultrasonic scattering layer showing no vertical
migration agreed quite well with the depth of thermocline. The mean value of the maximum
velosity of the vertical migration at each layer was as follows : the 1st layer 2.5 m/min., the
2nd layer 2.0 m/min., and the 3rd layer 0.8 m/min. respectively. The mean value of the
scattering strength of each layer was as follows : the 1st layer, —39.1 dB, the 2nd layer, —
34.7 dB and the 3rd layer, —36.0 dB. The composition organisms of each layer were as follows

. the 1st layer, Pollichthys maulli, Maurolicus japonicus, Lophogaster japonicus ; the 2nd layer,
Bemthosema pterotu, and the 3rd layer, Pilchard.

Secondly, considerations were made on a measuring theory applicable for the estimation of
organism abundance in the ultrasonic scattering layers. With the use of frequency 50 kHz, at
the indoor 50 tons water tank of the Kagoshima prefectural cultural fishery center, were carried
out 2 sorts of experimental workings : — the measuring of the target strength of one individual
in the four kinds of organisms composing the ultrasonic scattering layers, and the workings to
examine the influence of the secondary radiation on the scattering strength. The target-move-
ments were processed by a personal computer, with the employment of the general purpose
signal analyser in processing the acoustic signal.

Through the considerations of the measurement theory, a formula 8-34 described in the thesis
and the approximate expression 8-63 indicated in the following

10 log n = SV — 10 log (Tse + n* Tsm?)
were obtained. The target strengths of the individual organisms composing the ultrasonic
scattering layers were as follows, respectively . Bemthosema pterotu, —48.4 dB, Pollichthys
maulli, —49.3 dB, Maurolicus japonicus, —50.0 dB, and Lophogaster japonicus, —52.9 dB. In
the target strength pattern, there was a strong similarity between the above mentioned fishes
and the crustacea in the roll plane, but in the pitch plane, there was a large difference between
these two.

Lastly, the distribution of the organism abundance composing the ultrasonic scattering
layers in the Kagoshima bay was estimated by making use of the following three issues,
ascertained : namely, @ the target strength of the individual organisms obtained by the
measurements in water tank, @ the scattering strength of each ultrasonic scattering layer
obtained by the measurements on board the Nansei maru, and @ the results of the organism

collections obtained by towing the Isaacs-Kidd midwater trawl net.



WE : ERBEOBERHELE 229

The approximate ‘organisum abundance’ composing the ultrasonic scattering layers (lst
layer, 2nd layer) was estimated in all the areas of the Kagoshima bay (excluding entrance
area), the results obtained was as it follows . Bemthosema pterotu 115,000 tons, Pollichthys
maulli 6,000 tons, Maurolicus japonicus 5,000 tons, and Lophogaster japonicus 13,000 tons, with
the confirmed result showing 140,000 tons total amount. While the total fish catches by
fishermen in all the areas of the Kagoshima bay were noted to be about 3,450 tons. Hence the
assumption that, due to the fact that the total abundance of the organisms composing ultrasonic
scattering layers was big enough, compared with the total fish catches, the ever lasting

importance of the ultrasonic scattering layers in the Kagoshima bay was reasonably confirmed.
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Plate 2—1. Photographs showing the Taikai maru No.5 and the Nansei maru.
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Plate 2—2.

Photographs showing the fish finders which were used for observation in the
Kagoshima bay.
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Plate 2—3. Photographs showing the transducer which were installed on board.
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Fig. 2—3. Map showing the bottom topography in the Kagoshima bay.
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Fig. 2—4. The record of ultrasonic scattering layers by 50 kHz fish finder in the Kagoshima bay on
6th in July, 1985.
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Fig. 2—5. The record examples of 50 kHz fish finder in the Kagoshima bay.

A : The record on 24th in April, 1982
B : The record on 11th in July, 1983
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Fig. 2—6—1. Schematic representation of diurnal change of the ultrasonic scattering layers
by 50 kHz fish finder in the innermost area of the Kagoshima bay in spring.
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Fig. 2—6—2. Schematic representation of diurnal change of the ultrasonic scattering layers
by 50 kHz fish finder in the innermost area of the Kagoshima bay in summer.
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Fig. 2—6—3. Schematic representation of diurnal change of the ultrasonic scattering layers
by 50 kHz fish finder in the innermost area of the Kagoshima bay in autumn.
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Fig. 2—6—4—a. Schematic representation of diurnal change of the ultrasonic scattering

layers by 50 kHz fish finder in the innermost area of the Kagoshima bay in
winter.
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Fig. 2—6—4—b. Schematic representation of diurnal change of the ultrasonic scattering

layers by 50 kHz fish finder in the innermost area of the Kagoshima bay in
winter.
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Fig. 2—7. The records of the 3rd layer by 50 kHz fish finder.
A: The record on 23rd in April, 1982.
B: The record on 27th in April, 1983.
C: The record on 13th in July, 1983.
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Fig. 2—8—1—a. Schematic representation of diurnal change of the ultrasonic scattering
layers by 50 kHz fish finder in the middle area of the Kagoshima bay in
spring.
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Fig. 2—8—1—b. Schematic representation of diurnal change of the ultrasonic scattering

layers by 50 kHz fish finder in the middle area of the Kagoshima bay in
spring.
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Fig. 2—8—2. Schematic representation of diurnal change of the ultrasonic scattering layers
by 50 kHz fish finder in the middle area of the Kagoshima bay in summer.
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Fig. 2—8—3. Schematic representation of diurnal change of the ultrasonic scattering layers

by 50 kHz fish finder in the middle area of the Kagoshima bay in autumn.
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Fig. 2—8—4. Schematic representation of diurnal change of the ultrasonic scattering layers
by 50 kHz fish finder in the middle area of the Kagoshima bay in winter.
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B DOHILIKERS0~100m IZ 5 5, LR BRMARZNISE _BRFARE TId2z LV, BiREQ10
DTTFADKEZKI2SmIEL LR ZKTT 5, B1IAIRFEREL EROEHEZRZD
WBEZBRRTHVELL (38 BRKPORELBEEEEBOEERS| TEET 5,

i)

19844F10H24H~26H (Fig. 2-8-3) DB O>VWTHEIT LT, BEBB 2T BII=E
I NI,

B

EEDTRIZ50~60m 23 1, A HATHI405IC T EZBAE T 52 JEDE X 1330~40m T -
fo TREBRLAIRAY 3 40D TTANBET 5, BERB2EVEEICESE LBOITENSH
Al:pDES55EE, THDHBEEUVEOESNIOMIZEERINIBEENAO NS, B
el 3 R~ 3 REREICTAAEE L, HiR%35~4051C TKkFE0~60mICE L LR %4
T %,

BB
REBOTIEM0mBEICH 0, BHEI20~259 1K FTREZBEBT 5, BOE X 13420m,
BREBHODKEIRNIOM TH S, BREN209ICTIKEN~40m T LREEKRT 35,
E=E

THERES LCZ0ERIE_BEABLTHY, HHES ~155KCE_EBhr 598 L
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HmBTCHEET AP XEEZEO LAICEMT 5, Lo THBITR2ICTELTVE L
DOHENELHY, EFESESTRIBLERINIBOESIE~0mO—oDE LM
Bl ELAREERDNSG, UL LUADOFZOEHRIEIE_EBO LANEE=BOT:H13520m
BN THBOHERR2CHHL TV5E, ARAIS00 ~ 1 BERE¥ICKENIOOn TE_BE A6t
UTLER, BBR#%KIDTLERZKT I 5,
iv) %

19854F 1 H23A ~25H (Fig. 2-8-4) DEFIC>VTHET L1, BEBBZTHOBE=ERE
LN,

B8
KEEOTHIE90~100micd ¥, BHEHSSSICTREL2BERYT 5, BOE X 1320~25m,
TREBRLAIEK 1 BRI CTUNEBEEY 5, BREICH T AR, BEICEET S &5 LT,
TRRBECEELUEOES 5 miBEICZ 258, B2ELBEYS SENTWLEEESES
iz, BIRRISHE LR 2BME, 0% ERET SHE 3 h 2 EHEHIKENI00m & TR
LEEgah, ZORZEPREICTE LB TEREP -1,

BB

REFE—BE L HITKEIN~120mETRIERIN, BOTLEHS I LETELZN,
A2 I T2 BT 5. BOEX1320~30m, BREBEOFOMIKEKNI0mIZH 5,
Hi%al 2 159 LR 2R, BREBNBACLEAZKRTT 5,

B=B
BEORLHHILI20m E TTREL - BHES %, KEHNSOmICEIEEREI NS, HUPE
DE X 1310m T B M5 DHUEVIEL 204 1 BR%IC20~30mE 25, BRICHY
BBOHIMIKIERIL0M TH 5, BIZAT1 BERE1SSE LR 2 BET % 25 LR TRIGCE S
B VR TRHOYE IRETH - 12,

BRREERICH T 5 HAREERS2TO BEEREBINELE U CZERZI N,
1217 L19844E 4 H19~21H, 19854E10H22H ~24R 3D A DLk TH > 12,
DEEREBFREBEICE T 2E5FH, SEFTHHEEOHBREEBHOELKICO>VT
WAL HS, T o % Table 2-1-21ICF EH TR U1,
B—BOEBEBRIHORIHHATS ~407 IS TREZFLE, ZBORTROLEVKEE TTRE
T3, BOEXI330~40mTdh 5., Hi&AT1 RKE~ 3 RFEIC EF 2 5E U B&RZN405 T L
BERTT5, UL UISMEOFEIMOBEHELREBELRERLIZL, BBV TIE
BEZORENIHERT 25 EORENHONEMLREEZE LT,
BEBOEBEBBORIZ A A0S ICTREZEE, BEE—BEEZBOMIMET 5.
Bi%pia s ERZ5BL, RiRE0~400IC LRZ2KT T4, BOEXIZ10~30mTH 5,
TRICH T 5 TADKEIZ20~30mTH > 17, seBRIIEICELEHR I,
BEEBOEEBBHORIIAHK S ~150E_BL 50N X FORETH LS BYRE
TH5EDBEHELY, BOEX10~20mTTRET 5, thOBICHXTELEOEREICH
5 ETEBSEUBRBRICBISE=ZBORYEE BT 5., €L TERHEVKEIN
Bv5, AR LA #BIAL, AREKI~209TEREZKRT T 5, RAICH T 5 TLDKE
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BB B LERARK20~30mTH -1z, BREICBIB=ZBENENOKEINELZBUT—EL
TOEN, XE—BLBEZ/BLOEZB/EREZEVEVKED LIS TAOEMS L UE
ZOHLDONEHTH LI BHEb A ON L, NE-BEBRIGEL, B2AEVBRCEET
BEIBEFELHONI

I I TERREEICE T 2 FBEFRMEEOC A BMEERBHO—F 2B U TO—RIER
ERNY,

=5 B B=E
RE Tk X 20~30m 20~30m

B HAT B AT HHi 5 ~15594
T RBAkaRS 35~ 404 205 T X hIE 1B
BOEX 30~40m 10~30m 10~20m
BRI DK BHE ;ié%% BHiEL

S B B
£ 5 BakaRs Btk Btk Bk

B ik Bk
LT R 4045y 20~40% 10~20%

2. 4 EEBBEE

BERBEBORE, b, BREES JOBPREBEOEH L EBOEBEBRHEE 2K
Bz, MEEE EBO—BRNSEEBHEREORLIIRD LD TH S, TREREIZTREB
BEROAHATRICEXEZRL, Z0HBY3P2ICTE, BEIZH5—EDOKETCELT
5, FREE I LRBEBBRESQOICPBEETH B, BOKENERL SHITHEVEL S
0, ZUTCHEMBRICREKELZRT .

Table 2-2ic& - E - K - KITHB Y B2 ZBEOKEIC DT B BHIH D B HIEFIRICH T 55
bAEBEERABHEE (TREAEE, LRERKEE) 2RU. A XBRES, B
BEBRREBHTH S,

1) BRESE
i) & :

EHRABSEE IS B, $8, FZBOREICKE 2EEZRLUI, THREE, LRHE
EOEIE_BHIRLAEL0.8m,/%, F=ZEH0.1m /5, F—BEIECEEZRLE, &
NOEERABSERE SBREICLY, Z0REICEESHNH - 12D TI9824E, 1983FEITH T
5T, ERBEABHEEOEHELZRICRT ., BIEm /5 TH %5,

£ —E F_E B =B
T kR TR EF T EX
19824 1.5 2.5 1.7 1.6 0.3 0.3
19834F 3.3 3.1 2.3 1.8 0.8 0.7

BBR2TIVIEIZB I BEIKELL BTz, NE—BOEOELIZMDOBIZHREET
Hotz,
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i) &
HEERABBEEIE)E, F—8, FZBOEICKEZEER U, S2BO TERE
WRORELMEERUI, TREE, LREEOEIE_BHRLAEL0.7Tm /5, E—
JB0.5m /%, E=BIXEUCEZRLUIZ,
RITH L FIRRICT19824F, 1983FIZ B 5 TE, ERRABEEE OFELE TS, B iim
SRTHB,

£— B BB BE=BE
T LER ™R kR T LEtR
19824F 1.0 1.4 2.0 1.0 0.5 0.4
19834 0.6 1.0 0.1 1.0 0.3 0.4
BBLIEDENKRE L B AMEAICH 5 12,

i)
EERABESHEEIE—E, F8, S=EBOEICKEZHEERL, S—BOTrE®HE
PERLRELMEERUILTEREE, LR EEOEIE—Bl m,/ 9,8 2/80.9m/5Th -
12o
1983FE10A DEAN L VWD THEDOHE %5 L3 TE 205, 19834F11H, 19844F11

Table 2—2. The maximum velocity of vertical movement of ultrasonic scattering
layers,
A :In the innermost area of the Kagoshima bay.
B :In the middle area of the Kagoshima bay.

A
1st layer 2nd layer 3rd layer
descent |  ascent descent |  ascent descent |  ascent
Spring 3.6 1 3.6 2.7 ¢ 1.9 .0 ¢ 0.9
Summer L5 ¢+ 20 30 i L7 0.6 ! 0.6
Autumn 40 1 3.0 .8 i 27 (0.5) 0.7)
Winter L4 2.4 Lz 11 P03
(Unit m/min.)
B
1st layer 2nd layer 3rd layer
descent !  ascent descent !  ascent descent |  ascent
Spring 40 1 2.2 L3 17 0.3 1 0.4
Summer 20 2.7 23 1 2.6 0.8 ! 0.9
Autumn 2.5 1 2.9 2.8 1 2.6 20 ' 1.4
Winter 2.4 1 2.4 25 1 2.8 0.5 1.0

(Unit m/min.)
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HOBRIPH5DTE DT, EFRRBEERDOFGELZRITRUI, Bldm,/ 3T
%o

B — B - = =E
T L7 T L7 T kR
19824 (108) 3.7 2.6 1.5 2.3 0.5 0.6
iggiﬁ; (118) 0.5 2.0 0.5 0.7 0.5 0.2
F—BOTBREEL LOE_BOLEEEICKE ZHEEMSA NI,
iv) %

EERABHEE IE—E, B8, BSEOECKSLEERUL, B—BOLRHE
PROKELZEEZRLUL.TEREE, LREEOZEZE—B1ln/H5,E$280.1m/H5TH-
126

RIT19844F, 1985FICH T 5 Tk, LRABRABBEREDOTEEART, BiEm,/ HTh
B,

5B BB
TR kR T EF
19844 0.1 0.2 0.6 0.3
19854 1.4 2.4 1.2 1.1
) &R
i) &

EERABHEEIE—E, B8, FZEOBEICKELEEZRLI, S—BOTEEE
PROLRKELEZRLI, THREE, LREEOZRFE—BIRLAE<1.8m. /5, KIC
BTB0.4m,/ 5, BEZE0.1m,/ HThH-o12,

RIT19844F, 1985FICH T 5 N/, LARABHEEDLEEE2RT, Bldm,/ HTh
B

£ — B £ B B=
T LR TR  EF TR LR
19844 2.3 2.2 0.1 0.1
19854 2.7 1.7 .2 18 0.3 0.3

i) &
BEERABRBHEEIFE B, 2B, FZEBOEICKEZEZRLL, F—EBOLREE
PROKEZEEZRLIL, TREE, LAEREOZIE—BIRLKAEK0.Tm/5, B
J80.3m /%, BZEO.1m /D THo12,

RIT19844F, 19854FICH 5 T, LRARABBHEEOFSMEEZRYT., Bilidm/ HTh
%,

£ —B = £E=E
T EF TR kR T ER
19844 1.9 15 1.5 0.9 0.7 0.9

19854 1.7 2.7 2.0 2.0 0.4
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i)

EERABRDHREEISE—BE, F28, FZBOHEICKEIZEEZRL, THEE, tRE
BEOERIE=ZBIrRHKXE0.6m /5, F—BE0.4m /5, BE0.2m/ D TH-1,
RIT19844F, 1985FICH 1T 5 T, LARABBHEEOFYMEE2TRY, Bildm/ HTH

%,
BB
T LR
19844F 2.2 2.1
19854 2.1 2.7
iv) %

|
TR LEF
1.4 2.0
2.7 2.6

®=E
T R
2.0 1.4

EERABHREIE—BEE_BIRIKREL, POWMEKBFEUCELRLI, £=8
PROLNSZETH -1z, THEEE, LREEOZIFE _FHHRHKE<L.0m /57, KIZ

%—‘Er %:Et %)0.4[71/%?&07‘:0

RIT19854F, 19864EICH1 5 T, LARKBHERDOTFHEETT. BEm / HTH

%o
£ — B
TR ER
19854 2.4 2.0
19864F 2.2 2.2
2, 5 HELME

oy |
T EF
2.3 2.0
1.5 2.5

x=8
TR EF
0.5 0.9
0.9

BELREE Sv (Scattering strength) IXIRD &S ICEFHEEI N B,

Sv=1scat /11

ZCZT

(2—-1)

Iscat : BATGAR (1n') 2 OFEGEICHEMERE (1 m) OROBERDR S
Ii  BHR (1n') ~OAHEORS

Zh% dB TERET L
SV=10log Sv

(2—2)

BELAFASFEARTEOBRATHIRFICEABEREE & W, KRTRTBEEREL
BOBERE L I OBRAREEEZTR LTS, BHEE Ts (Target strength) XD

KOERIND,
Ts=Ir /Ii

i &

(2-3)

Ir ENOREHLL SFFRGEICENEERE (1m) ORORHEORS

I ERNANOARBEORS

Zh#%dB T ZRIT I
TS=10log Ts

(2—4)

LR U R AR BRI A— 0T A — 5 THY, BEBEIRENE TS S
B O UG BHOMTRE E SMTH 5.
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YRI5 WD B I LR O BGELIREE & B EEIE 9 5 DIER ICREE T H B 10w, Bk
BHOSN, —RICIET—Y Y - TA N ERESRA TS,

2. 5. 1 HEHE

BHIEIC L A BEVREORE L, A uxa—FIC k0 ENORFEFE#HE L TRD 5
DOPRBBENLNEINT NS, UL UBEENLICBVL TBHEEELEY > ODRHES %2 4+
YURAI-TICEVBELILECS, EEOBEBELHIASXL, XA yura—TLOEE
EAERENRICEIR SN ES L 2SI CEPREMETH 572, EoTEELIZBLTL
WU R S N 5 BRSO LR Loy, BERRV 2T &ICk->TiHA S
RFDEHRS D % FiAHHLO BIELIREE % sk oo 1o, X2 O D BEHRIC WV 2 BRI 13863k P &k O
EAx AW,

D=V« T A ML BEETRE DA TORE IZFEENSHEHIARICT-> 20T, EHR
IZ&BEE, MESICHTAREIIRET S ENTE, MEMEOKEICEELrE2 5
DIBRD & D SBEPEZOND,

OIERECERAL % [ L 72 D TRl ORI A L,

Q@B O XV HE

QEFRBEEDORER « M

OBEWHHEBOLES A 2B OHIN ([ A%)

OZ EHBEL LR MR DR &

@FLENIE A 12O RBE HEE O OF A DK

DBHIT O 72 8KBk B & ORI O EZRY5RE O
D E@Q~@DEBEIZ DV TRD & 5 S FELRE, BET%INA T E 5B 0EEOROBELSRERIE
WHREE 5B £HBERU Iz, OWEH LLLEKEH WS L2512, @, @2V TIIH ITHEIE
THDHPERT B LB Tz, D3R5 5 - NOBRIZESRE R T2 - 1245, f[l[ES KE
HEETSOVEAREPKEL L LBVEIBED 12, O FBHEMMEDBLESHITHRIEL ¢
MBI & 2K s 2 BRI AR 2 15 72 . @ FIER O RIIEMEES % 8 X 94
BICEBIE S MR8 OAMEBEIC & 0 GUERAK L OFUER 2 L 2 DF A 2 L B DA E N
HELINTWED, Z OfFHAERICIE Plate 2-41Z7R U 72 Potentiometer (20Hp-10s,

Plate 2—4. Photograph showing the sensitivity scale which used a potentio meter.
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3kQ) ZEMVOF 1, TOEHBIZ0~1,00ETIHAAICEBONHY, WBE L BRE
BREOZHRAIIS CENTEEE Lo, QDHRIIBRFE 7 0 L8 (HLET.78) BDK— )
R7Y V7 (EEI0m) ZHVE, SOR—VRTY v id~tE, BRICET 3823+
0.05mmEA T TH Y, AHAMIC &2 ERREOELITBMNSEDEAE LTz, T DERGRE T
KRk ok,

TS=20log[|(e:c:— @)/ (o crt o) - a/ 1] (2-5)
T TS weeveerervences ERRE (dB)

Py teeeeeeessesens wARKOHE

P HKEDEE (m /)

Dy rreeeeeseesssss SFROHE

P SRR DEHE (m/ )

G eeeeeeserenens SRR (cm)

gy eesesseseerens R 5 ZEFEADBAEEE (100cm)

0,1.025, ¢, 1,480, p,7.78, ¢,5,180, DEKIEZ KA L TEIRDERERE % —26.7 dB
Lkt WICHIEBBROBEDOKEIZETH > 12, ZhIZBHR, #ICHBEL T BRI
Ko THER Uz, ZUTHRBLOBEDY—Y Y « TAMERBL TEBEDRIERE %R
DEHICAIE LTz,

% R e B R g

KR RS8R KR &5

192m —11.9dB 212m —12.2dB
196 m —12.3dB 207m —11.8dB
200m —12.0dB 221m —12.1dB
201m —11.8dB 219m —11.7dB
200m —12.2dB 216m —11.6 dB
200m —12.5.dB 220m —12.4dB

C DRERBREBBOF19EIZ—12.11 dB, BHRREBHOFIGEIL—-11.96 dB TH-12DT
s s bBEORSEEZ —-12dB & U1,

Z O & s B EIERR S IREIRR & BIBXRICH T 2 2 LW TE 5, ILBIBRIIEH
HEEExE r 9 20log r DEIATKREL 25, BIUEKIBEODPOERISTERINT
BY, WFhOERARZFHTHPICE > THABVDERENENS, BlXI1E, FREKRKS0
kHz, 7KZE200mICBNTI3H3.5dB DEW'HTTL AT EIRERLZTAER SV,
FRLITBOTE, BIURE o« OREICKRRNZA N,

a=43.5/%/(7,000+ f*)+0.00033 f* (dB/km) (2—6)
U fERREHK (kHz) TH 5,

2. 5. 2 BAIEER

BBAND<—Y v - 7 X M D#ER#% Fig.2-9-1, Fig.2-9-2, Fig.2-9-3, Fig.2-9-4IZ7R
U7z, Fig. & 70y hEMED D ENEFNZLREMBICESESITHY TS dB »S
HELBE L 25, Ch s EERNICTFIGE %K T Table 2-3IT7R U 12,
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The results of the margin test of
scattering layers by 50 kHz fish
finder in the innermost area of
the Kagoshima bay.
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. The results of the margin test of

scattering layers by 50 kHz fish
finder in the innermost area of
the Kagoshima bay.

@®:--1st layer

O-++2nd layer

A--:3rd layer

HELREIETE, $=8, S—BoOEICKEZEERLUILZ, L UBZEIZ1982FEDH
ETIE—45.3dB E/NS SRR UIL, E—BEBE_RBDEI3.2dB, FLBLE=EL
DEIX1.6dB TH - 12,

i) &

HELREEE B, 5B, F=BOIEICKELEEZRLUL. ES—BLEBDF135.7 dB,

BEBEE=BDEI311.4dB THH 17,
i) &k

BELREIIE_BIE—BL02.1dB KEBEZRLI, X19834E, 1984FEDI1HICIE
BZEOREIRN, ZOHEIREIEL—36.1dB TH -1,

iv) %

HELRERE_EPE—E L 04.4dB KELEZRUI,
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Fig. 2—9—3. The results of the margin test of Fig. 2—9—4. The results of the margin test of
scattering layers by 50 kHz fish scattering layers by 50 kHz fish
finder in the middle area of the finder in the middle area of the
Kagoshima bay. Kagoshima bay.

@---1st layer @ -1st layer
(O-++2nd layer (O-++2nd layer
A---3rd layer A---3rd layer

BRESICHIIHEBEL—FLZRUT, FIEIRLEBL, TOFIYEIZ—35.04dB,
E—BOTHEIE—38.7dB ThH-12, ULMALEZBIIOVTIX4 HAlIAIRAHNB LI
KBANBETRT S L5 2B IA LN, U TIOBOHMERDHERE FIOMEIL—
36.3dB THOE_BEBEUCEEZRLIZ, SEHICB I FHISHE TV, XFICH
WCE—B, BBELMOFH L0 2 dB BN BBHEAMSAHNT,

) BErhoeds
i) &

BELRERE_BrE—BL012.1dB KELEETRLI,
i) &

HEBERE B, =8, F—BOHEICKEEEZRLL. F—BEE_BD136.2 dB,
ETBEE=BOEE2.3dB THo 1,

i) &K

HEEAEXBE By LML, 8, FZBOEICKE 2EERLI, F—BLEE

MDZE137.0dB, BZBELE=ZBDZEII8.5dB TH -1,
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Table 2—3. The scattering strength of the ultrasonic
scattering layers by 50 kHz fish finder.
A :In the innermost area of the
Kagoshima bay.
B :In the middle area of the
Kagoshima bay.

A
1st layer 2nd layer 3rd layer
Spring —38.1 —34.9 —36.5
Summer —39.8 —34.1 —45.5
Autumn —36.9 —34.8
Winter —41.2 —36.8
The mean value —38.7 —35.0
(Unit dB)
B
st layer 2nd layer 3rd layer
Spring —48.8 —36.7
Summer —39.0 —32.8 —35.1
Autumn —41.0 —34.0 —42.5
Winter —36.4 —35.0 —36.5
The mean value —39.5 —34.4 -37.1
(Unit dB)

iv) %

BELREIE_ErRLEL, BB, FZBIMRAUCEZRL, BTBLOEEIENE
h1l.4dB, 1.5dB T&H -1,

BHRREBEICE T AHERER—E2RBUTE_BIRLEL, ZOEFHEIT—34.4
dB ThHolio B—BUEHRIIBOWTZOHEERELNEL, XRXEEZRLI, -8, F=
BOEFEEIZFNFN—39.5dB, —37.1dB TH -1,

BRYEE, BRREEmEEss bE_BOHERESRLBOVEMICH s, UL LEE
EHLHELEHERILEAONLh o, HEBREBEBICBVTIEEE, BHRREBETEIES
FOENPNSL BBEMICH > 1. BEREOHEREZER/L, KVERSEZEBS 1D,
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Fig. 2—10. The peculiar record by 50 kHz fish finder when the ultrasonic scattering layers
were descending.

A: The record on 24th in May, 1982
B: The record on 12th in July, 1984
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Fig. 2—11. The peculiar record by 50 kHz fish finder when the ultrasonic scattering layers
were ascending.
A: The record on 14th in October, 1982
B: The record in 12th in July, 1984
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Fig. 2—12. The peculiar record by 50 kHz fish finder when the phenomenon of
“Tagiri” was occured on 23rd in April, 1982.
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Fig. 2—14. Schematic diagram showing three Internal Wave types of the ultrasonic
scattering layers.
Type A: near sea surface
Type B: intermediate depth
Type C: near sea bottom
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3. 1 REFHE

KAIZ BT 5 EEEREZ(IE Plate 3-11C/8 U7z DBT (MOX-BT2, EBEEEHHIY 27 A
FRAEAL) 1Tk, BrhIuEEIc B O 06K 521K E < 3 BB T, NE2B U CHIE
2T 12,

3. 2 HRBLUEE

Fig.3-1-1, Fig.3-1-2, Fig.3-1-3, Fig.3-1-4IC#h£N19844E 4 H20H, 7 A11A,
10H26H, 19854 1 H24H ORIELER %R L1,

Plate 3—1. Photographs showing the DBT.
A: Marine observation 500m Winch and the DBT sensor
B: DBT recorder
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The vertical distribution of wa-

ter temperature in the middle
area of the Kagoshima bay on
26th in October, 1984.

Fig. 3—1—4. The vertical distribution of wa-
ter temperature in the middle
area of the Kagoshima bay on

24th in January, 1985.
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Fig. 3—2—1.

Fig. 3—2—2.

Vater tcmperature (°C)

O L

0600
150

Depth (m)

200

Vater temperature (°C)

Depth (a)
o
Al P

150
200

The effect of the vertical distribution of water temperature upon the record of
ultrasonic scattering layer by 50 kHz fish finder.
A: On 20th in April, 1984 B: On 11th in July, 1984
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The effect of the vertical distribution of water temperature upon the record of
ultrasonic scattering layer by 50 kHz fish finder.
A: On 26th in October, 1984 B: On 26th in October, 1984
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CORIEICHER U ZhBER B L OKPBER % Plate 4-1IZR U 2o A 13ZEFREEET,
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Plate 4—1. Photographs showing the aerial illuminometer (A) and the underwater
illuminometer (B, C, D).
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Fig. 4—1—1. The relationship between the Fig. 4—1—2. The relationship between the
ultrasonic scattering layers and ultrasonic scattering layers and
submarine illumination in the submarine illumination in the
middle area of the Kagoshima middle area of the Kagoshima
bay in spring and summer, bay in autumn and winter,
1984. 1984, 1985.
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autumn, 1984.
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Fig. 4—2. The relationship between the ultrasonic scattering layers and submarine
illumination in the middle area of the Kagoshima bay on 11th in July, 1984.
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ENEMULTVWAIENhME, 2O ELD, COBPARKTHIICLLPDLT TR
THRRFIADOHKVIC LI KPBEOHNNPFERTH 5 LHFE SN S, Fig.4-3D B i&
19754F 8 A29~30 A BREBHICH T, [HEERIZ £ 0200 kHz REFEAKZFERLTES
NIRRT H 5, AHAID29HA200FHIZ, BEFBEBRTR2CEREZKTLTHY, 20
EHFIIKE D SKERNOmEFTELEHRINTWS, —F, AHEO0H03MFEDSFII,
HELBO LB SO TUOERAHATIEZ VAN S ~10mBLENSTREL TV ED5HHL
b, ZOHIREE AR 3REICIZAER2.5OANEENOETENT W, COREHE,H
b, " BEERE2RTURLEBONZBEFBEE AR SV BOKPRBENEMT 2L T
B 2HENH 5Nz, Fig. 4-41319824F 4 A23ABEEHIC B 2RBTH B, COHD
A% IX18ME52 Th - 12, AlRIS28.6TH VY, AHOSK405, ARIBR3SH TH > ol dHE
FIZABEPVELDORBETH 12, BEEBEVEIIHRENOSTEREZKTL, 20T
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Altitude of the moon (degree)
»
T

Depth (m)

Before  Moonrise After  Moonrise

Fig. 4—3. The relationship between descending behavior of ultrasonic scattering layers

and the moon light.
A: The record on 10th in July, 1984
B: The record on 30th in August, 1975

WBKERI30mICH VY, HWHZFOKEIZELELhr 12, COZFIOEFTEL» S, WEITHBWNT,
BEWEELEOFES 57KEE, Alt, AOEEEIC k> TEGINAKFBE LGRS 5
ZEVHEINS,
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Fig. 4—4. The record of the ultrasonic scattering layers by 50 kHz fish finder after sunset
without the moon light on 23rd in April, 1982.

E5E Bz MILIBERBELBOBRENDRE

BEWHELE KERBSOVENERE, H5MOEMOBE T £b 5 AYMERIC
FoTHRIBbDEHEINE Y HELE O EERE T O FH R IR IBE & ORF%
HoNlz, 2O EHDHEREBNICE Y 2 EEBE % 1T B HEGELE X5 2 oL M
THEEINTNEHDEHERING, £ TCEHBEBOMBEY ZHLMIZTH I EZAMNEL
TEERETIV7 by - 2y MCEBEMRERIT- 1,

5. 1 #®#&EFHE

Plate 5-1IC/R g HEEEMASA v M (SEIFEA v b, DfF45em, $HO. 33mm) Z{HH L,
BB IC B WO T 19774 7 A20H ~21H, 108 3 H~4 H, By ic 50 CI1d19774
7TH21H~22H, 10H4H~5 BICAEYREZFERU 72, T ORER U 72 AR
Plate 2-200 A (. =/S—4 )L 75 7 FUG-11 B | ZHFE LM EH) AR EIE50 kHz
ThH-o17,

RHAKEORIE L, RFFRARORSREER L2 o, BEHEELUBI SRS hiokiEs
AN OWKEORBEEEM U, S0 &I &0 EHELUEORBEY OME B & ORGEL
BAiiREs s WEEORENSTE S LR RFLT,

BET 7 V7 NV ORER b IR OBIE S EMFBEOR N 218 TT- 12,

5. 2 HRBLUEE

BEREE, By o s g 2 EERAHEA v MK AHRMKE, TV b vbEE,
T3V N VORIEHEBLOCEFNENDOAIE L M dH 720 OEEL % Table 5-1, Table
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Plate 5—1. Photograph showing the closing net.

5-21ZR LTz, XHic B 2 BEHHEBOBEAKICT I v 7 bV - 2 v b ORI
BEOKERZ, ZUTCZORRMBIIBI2HRET TV 7 b OUWBEZ Fig.5-1-1,
Fig.5-1-2IZ7R U 12,

BEXNETIT V7 b VICRZBLLOBEOEY 7T v 7 b bEENTWI, UL ULEY
75V b vREOLOOES (ER)) Ik 0 KIFSEEREZER-ICITO SLE3ELON
BN EDLD, AEOHEEENTI V7 b vDHIIBREL, LPLT TV by DU
BICEEY 7T V7 PV ORBOYREENT NS, WEHSICEWTIRESh 8 7T v
7 by oFaboTERE A, KR, BRE ZEECTH- . FRICERE, HAH
A19774E 7 A, 108 & HITEBU 12,

1) BHESE
i) 7H

B L& B ~6)3F M ENIBBICBVLWTEEDENRL N, T/abEBRHEI16/KE
MBREEBHZTOZBENENIC OV THMEZERL 7225, (1)142.264 ml/n', (2)IF
0.849 ml,/n, (3)130.293 ml/ i’ TH YV, ZOIBKEEISEMFEOMEE ORI A s,
1840 D EBF W HELE A IR S N s VEA)IZ DN T20m ORMZEM U fo. < ORERILE
B£30.094 ml,/ M EDELXEMT T Vo by DEEE S Do, BEBEETHEE
WEELVBD LR 24T U E2IER Y, SBOEHEG)E MDA OE6)ZRML 12, &
DHER, ZBOAPBOILKEILL. 446 ml/ o, ZNLHDEIF0.243 ml/ ' TdH - 12, FF
I DEBEBGICBWTRBS E 0 & 5N R AED, 523EEK,/ mE 2 nr,
LD LIMDEBIC B DT Ikl#EI Wb -1, TabLBEREEVERICEVWTIET 7 v 7
FYBIEZL, FALSNOBIZBVWTCIE TS v 7 b v EBRERDBEWVEAICH - 12,
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i) 10AR
09BE1553 1 5 09RFA0S T 2> i3 TT)~(9)DBEHML 12, Z DREREEWHEEI RS
s H o (7 DWLBEEH0.277 ml,/ MR B E L, WOTE)IDIETH > 12 RICYT,
i3 < D18E20E ERFOEBOAHE0E30mIChz > TRML I, £ DRERILK
B130.105 ml,/ i’ TdH - 12, X20REBZ HHEEMSER I N TV B OKE)Z0mIZH
tro THMA LT, % DRELEE0.73¢ ml/ M 281, HBRERICBL TU)X0DK 7fFIZH
RAt. UhbEHE, BAKEHIK0LY 22 ICSWEFE s, CORKKS
WTIE, HEBEZNLANOBICBIR TV 7 P VRIETADREREFE LI, T8DS
KEDEL 2BICONTT IV 7 bV EBPBAULTWBHEMICH - 1,
) BHREE
i)y 7R
HBERBELBOMN % B/ L 2 013(1)2)5)8)X9)101)T d £ h Eh OHUEIE Table 5-2IC
FUtre (NIEBEBINLZ<BEMUIICH D5 F0.503 ml/ mf LANTRWV THERERIES
Doz, 2 5DFHEIZ0.242 ml,/ M TH - 1. BELBLSNTEZDOLEZRBL DI
@)7)C, TREBOFYMIZ1. 405 ml/ M TH- 1. X TFEREZRML 2D B)6)1TH D,
FOFHEI0.219 ml,/ W TH o1z ZORR, 77 V7 b BRBIGETRHEE & 0K
EOBWE, BEEHEEN, BERBENE &V KEOFEVEOIRICE VEMmICH 72, X
BERBEBARICBOLTHLKEDENHOEELRENI S <, BN, HAROEKED
BEHBEB L O KEOBRVBIZE MAERNS A SN, JhIXRICEH, REOHEEIR 2 -
tre THDEKENSELBBIZONTT I V7 bVEBPRD LTV AEBENA SN
i) 10A
108ICBNTIHERSDEND, REVBEREELBE 2 M UADBICH S 2HESHE
BHHNE, KESEL BEBIRNT TV NV EBPBDUTOAREICS -T2,

PEEESEESEA Y ML BEMREORKRICOVTRLI, BEHBEEOT 7 ¥ 7
FYBIEBFALSOB LD SRZVHDEHEL TV, BRESICE TS 7 BOBAILL
S DEBSHTIEEHEFEXIIV, NBREHO 7 ADKERS, KEVELLDEL
T35 N VEBISEVERLADERESTVE, LMLIDT IV bvBEKREDH
#, 737 FVOUBE, BEBO/NSTYFLRESEENZLDLEEVE,

5. 3 BERAEEORHITE

CO—EOEYMREREBRL TV AR, BRCABENBICLVEBEREEBET 7 V7
by s Ay FORBSTEREBI, £OBOE%E Fig. 5-21IR U1, & ORER U RBHE
K%L Plate 2-20 B (NJA-172B | HARERHRN L) 108 U 728 T A B 200 kHz T
Hotz,

BERSEBOLRICHEVWTRBOBELBOAEYRERT ALY, 77V by - Ay b %
BHIZANT, T5& FEBOHEBOLESHRAL, TEORRLBOE S M < 20 MK
SR 17, FOBSEIEE U THEBIBUORLRINMEDIIOT, ZNHGRECHRS
NBDE{-TTIV I by - 2y baERE LT, COBEEBEBDO TV 7 by -
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J. SiT.
Depth(m) 1840 1850

20
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120 Plankton Net

Fig. 5—2. The record of the ultrasonic scattering layers by 200 kHz fish finder which
avoidded the plankton net.

Ay MY 2B TEN S HIMT S N BFCERDS, BRI > 12 b O ERT 5 128, 188746
THOAY P2 T U, §5 &RV FIEFEROLRZ B2, C ORBFEOEOEmA (F
BAA) 1310°CH b, LEOLRIEERITHELTWVWAI NS, ZORBOMKEY LT
Ty b Ay oAl L3 5ml EOBEERELIZbDEMEINS, FBIXE
BPHADETLESLEPoILLDODEDOES bIHICH B >TVWE T EBEZADYE,
ZEBVITNEOFREmD T TV 7 by - Ay bTCRINS DEEHERT 3£ O LIS
WHREETH 5 EDRERITEL 2, COFEEPSHIETHUZE AOBEHHEERNE Zh
LISDBIZBENT, HEBRENPRKELELZL LD HT, T3V by - 2y Mikd
EMRETIE, AROENH LN - 1ZHFEERFS T 5N b, Fleminger and Clutter™
BKEEIZ B B FEERTIEH B8, BIECT IFOL >N S BTS2 v T, BEN
IR YDES TS ZENTEXHDT, M@h 5 DOEBTENH S0, HODOKS IR
WHEPRERICKRSCHEEBTLLERMELTWVS, §abE, COBOTIY I by - v
T, EEREZTOBEEHEE AWK ST A ERET A L TCE R L S L EHEE
Ihb,

D& BBEFHRHEBOLROMHEREIL, 77 by - 2y M OEKEE DR
THRHIENTEN, ZORDFEE Fig. 5-312R U1z, ZNI319844F 4 A13 [ B
BIZBJ 28 TH D, ZOHDHMETKIZ05, BEIHELE 38 O FRESER)IC A - 7255
05RF 1S EEMI 20 DJREIC & 0 KGEFIS0m 20 & HRE D 2R 2R U, ik s Mng105%
DO6IFEEKZEI20m VT IS OB U 7zs Z DR O TR AE R 13H10m,/ DIcET 5, &
DIRFFCERITIZ06/KF0153 7> 5 06/RF11 531 2> W TIKIFI LD 5 KIZES0 m T & T IEARARBA DR
WhHb, O FRERKEEIINB3M,HITEL, ZOFCEROHE S 5 Y4 AT OBk HEE D
HOWEYTH B EHE SN, BEESEUEZ KT 24913, ZoEMBICBEDh TG L
febDEHRIND, C OBEITE)IFH COSHEFLER P T 5 & WA TE TN, 09RF10
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Fig. 5—3. The record of avoidance behavior of the ultrasonic scattering layer (2nd layer)
by 50 kHz fish finder in the middle area of the Kagoshima bay on 19th in April,
1984.

S E TR 1 REEL093 DS Z ORE I EELEIER U 7o, Z OJFERIX 083043 il 1 K {5
» HIKETS mFILE TRLER S N7z pi[E & [FEREO AW B » 6 ORBHTENC L 5 b D LR S
%o 15 BOIRFHIHE O I B 22 BARDFLERIIKIRBE D 2 d i Fahtz DBT ¥ —0it
FThD, TDEDICHBTENG, FLEOHMS LOCRBRTHRZOZSORIcsETE 12,
AT 13 Fig. 5-20_EJE OIS & O Fig. 5-30D08[K 2> 5 09FF DELERAHEAY L, BT BEL
JBEMRRS B EWIEAKTEH AR L2 b D EHEFE I N5, %FICIE Fig. 5-20 FEOEE
B & U Fig. 5-30 HHREHDFLE N 2 Y U, SELE ORERE Y S TEE 5 1A I 268 U 72
LOEHEEEND, LU TENIFKEDENHRTIEE S EOHEAANDETH > 17,
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B 6E Isaacs-Kidd R bO—JLR v MICEL D
HHBEABOBREDDOFE

BERHEBZER T 2EYORECEEREHAHEL v P 2FEALL, U UIRERER L
0, ZOMBEMEHRET I ENTE R E, BLUARENKOTR LY, EE
BEE2THOBEEBEVBIT 77 by - 2y Mokl 2782 L5 EHHBALEO
T, BREEOENENLHET 5 LAEETH 2 KER E D Isaacs-Kidd /@ +a—
Viy FOFERZRES 1,

6. 1 BR&EHEK

Fig.6-1iC Isaacs-Kidd FE b —V Ay FERUTZ, BITRBLTRAT Ly §— - )=
DEXE3m, POEZXRIIMmTH 5, ME2.5/ v b CORBFOMOIEX131.6mTH -
f2o AP OMES L Plate 6-1ISR U Ay b - LI—SF—IC&k0 MBI EMTE, BF
BRELE DR X 13 Plate 2-20 C IR U 12 RBHEAME (NJA-280ku - H AEBRHKRS4)
KEDRBIENTEN, MECLVPESHIECENE TIBEREEEOES & —8 T
B5EO0BMATAVY—u—TORIEFABUNL. Ay b LI—F—DHEEEERIZRT,

FNR-200M II LEHESHASHT

SIRER e TNFRYEREHR
SLBRE e &3 - ALIE150mm
BR/NERAEERE <o #91.5m

AR oo 1% (FE)

ES{mEm - 2,000m

Isaacs-Kidd B b — VA y bEA—T Vv Ay b THB D5, BEFRHELBIS=EL
FINBHE, BROFEOVKRIEETSIE-BL2EALLIIEThE, ZOBLVENED
HILFETHEE, $ZEON%E, BEBATREBIIRO_EXNTEAT S LI
%, $>THE—EZ2ENE UTZOKEEZRBLILEES, BRESNEYICIER, £=
BB 24EMBIEEND LI, XEZBARBT 254 LRIROER» HE=
BBl T 24P REBINE I3, REBIKHSPE=BL2RMWT 3K IO ELE
BREDIRES LV, HFII2REREC TARIBBSTHEELEI LR U T AEE
MU, MESBLIUVBNETAHEBOFERS Ay b« La—%F—, AREELNEICL VA
BIENTEDHY, POFEIEZHEBOEIIC—HI ¢ TCHMB/II0REETH 12, Fh
B HEBELEDOBOE S H10~20m &<, »OERLTWVSHREAL 4 ZF DKENE
t¥s0c, REMENETIEOHBMT S LICEIBERZEL 1,
ZBOHMEBBELNZLTOBREII DV TEZEISRLEL, WKEZE, 5—EBolET
Ho1,

BHRBEIC B T 5 EWEEE 319814~ 19855, BHRREBEICH U TIX1984F ~19855F I »»
JTiTo12,



FASF @ BRI B O E BHELE

291

COD-END
\

TRANSDUCER
FLOAT

SPREADER—BAR

Fig. 6—1. Photographs and schematic diagram showing the Isaacs-Kidd midwater trawl

net.
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Plate 6—1. Photographs showing the set of the net recorder

A: Transducer B: Reciever C: Recorder

6. 2 HWRBIUVEZ

R, AU IZ B )0 T Tsaacs-Kidd /@ b o — vty MICKVEREXI N4
DI 725 HDIE Plate 6-2-1& Plate 6-2-2127R U7z flB L O HSEO/RE %2 ISR,

St

i oA Dansh Bemthosema pterotu
(ErubUE, B 20O UER, 20D UE
i) awyxy Pollichthys maulli

(ICUAH, bizEtrFETHiR, L2228
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i) Fav)xzv Maurolicus japonicus
(ICUAH, bictprFETHEHH, Lx2F8)
FRs

o Lophogaster japonicus
(b#HH, bHHEH, HHFH

i) A¥73 Euphausiids
(BEdbHrH, BXHHE

i) —¢ TEH AR

Bemthosema pterotu

Pollichthys maulli

Maurolicus japonicus

Plate 6—2—1. Photographs showing the collected main species of fish by Isaacs-Kidd
midwater trawl net in the Kagoshima bay.
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Lophogaster japonicus

Shrimp

Euphausiids

Plate 6—2—2. Photographs showing the collected main crustacea by Isaacs-Kidd midwater
trawl net in the Kagoshima bay.

o DMITRENL, F A4 T A (Eregmaceros japonicus), 5L (Saurida elongata)
DR, BEETANT D (Myctophumorientale), 7 )v* A 7 ( Etrumeusmicropus), 4 7
NG 71 ( Bemthosema pterotu), ¥V 0N5, A, YNEOFAEFRELI, 7TV 7 Y
SUSEEMBE, SO, KRR, BERY, 2EHE, / -7V YA, #k (%), 7Y VK (%),
g, A%73 (%), =€ (VI7), 7E b7, NEE, WEE, At ZE (9),
BH (%), LT by, e Nug 5 2othos 5 rEsgEshni,

1) BHEYEEICH T RERER

BREBEICBIEE - H - K- XOEMREMSE % Table 6-1-1, Table 6-1-2, Table
6-1-3, Table 6-1-4ICFEHB L OZ DEEKEEREATR UL, KR, [FHBoE MBI
ALBZ KT 2EYOEREICOVT] CHRECENRELHRT SO IOREIIBENTHE
£ (total length) Z/RU 7z, X Fig.6-2-1, Fig.6-2-2, Fig.6-2-3, Fig.6-2-41Z{8 &%
DEGEM T T TITRUTZ,

i) &

B—BIEHRIET8%, 2% Th o1z, TDD LRBIFILT I298%, fSHIEZF v
IYN82%, A TN A, AYIVIYBEFNENIY, 2 %% DT,

EBIIBIAEI%, FRHI% ChoTz, 2D BREIEA TNY HH5100%, HREIZ
IV, FFTINENFNI%, 41%% D717,

BB AT o S EREAEY T B - 12,
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Table 6—1—1. Composition of the trawl catch with Isaacs-
Kidd midwater trawl net in the innermost
area of the Kagoshima bay in spring.

1st layer 2nd layer
individuat| ! lindividual| %)
length length
number number
(mm) (mm)
Bemthosema pterotu 42 35 1,170 35
Fishes | Pollichthys maulli 6 50
Maurolicus japonicus 224 35
Lophogaster japonicus 972 21
Crustacea| Euphausiids 13 17 47 14
Shrimp 5 55 68 42
Others Acalephae 7 2

Table 6—1—2. Composition of the trawl catch with Isaacs-Kidd midwater trawl
net in the innermost area of the Kagoshima bay in summer,

1st layer 2nd layer 3rd layer
individual|  ©% | individual | °®! | individual| %!
length length length
number number number
(mm) (mm) (mm)
Bemthosema pterotu 220 35 680 34 12 19
Fishes | Pollichthys maulli 34 52 64 56
Maurolicus japonicus 1 35 3 37 9 30
Lophogaster japonicus | 1,545 18 2 19 3 19
Crustacea| Euphausiids 81 15 36 15
Shrimp 2 52
Others Acalephae 1
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Table 6—1—3. Composition of the trawl catch with Isaacs-
Kidd midwater trawl net in the innermost
area of the Kagoshima bay in autumn,

1st layer 2nd layer
individual|  ©°® | individuat| 2L
length length
number number
(mm) (mm)
Bemthosema pterotu 41 35 83 34
Fishes | Pollichthys maulli 73 53
Maurolicus japonicus 14 35 4 35
Lophogaster japonicus 86 19
Crustacea| Euphausiids 80 16 53 15
Shrimp
Others Acalephae 19 33

Table 6—1—4. Composition of the trawl catch with Isaacs-
Kidd midwater trawl net in the innermost

area of the Kagoshima bay in winter,

1st layer 2nd layer
individual total individual total
length length
number number
(mm) (mm)
Bemthosema pterotu 3 31 34 32
Fishes | Pollichthys maulli 1 45 4 46
Maurolicus japonicus 31 30 3 33
Lophogaster japonicus 26 21 4 18
Crustacea| Euphausiids
Shrimp
Others Acalephae 8 4
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1st layer 2nd layer

l

F Fishes @ Bemthosema pterotu
¢ Maurolicus Japonicus
C Crustacea d Lophogaster gjaponicus
€ Euphausiids
f Shrimp

Fig. 6—2—1. Circle graphs showing the ratio of the number of individuals of collected
micronekton by the Isaacs-Kidd midwater trawl net in the innermost area of
the Kagoshima bay in spring.

1st layer 2nd layer 3rd layer

F Fishes Bemthosema pterotu
Pollichthys maulli

Maurolicus Japonicus

C Crustacea Loplogaster  japonicus

o O W

Euphausiids

Fig. 6—2—2. Circle graphs showing the ratio of the number of individuals of collected
micronekton by the [saacs-Kidd midwater trawl net in the innermost area of
the Kagoshima bay in summer.
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1st layer 2nd layer

F Fishes A Bemthosema pterotu
b Pollichthys maulli
¢ Maurolicus Japonicus
C Crustacea d Lophogaster japonicus
€ Euphausiids
0 Others g Acalephae

Fig. 6—2—3. Circle graphs showing the ratio of the number of individuals of collected
micronekton by the Isaacs-Kidd midwater trawl net in the innermost area of
the Kagoshima bay in autumn.

1st layer 2nd layer
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b Pollichthys maulli
¢ Maurolicus Jjaponicus
d
4
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C Crustacea Lophogaster japonicus

0 Others

Acalephae

Fig. 6—2—4. Circle graphs showing the ratio of the number of individuals of collected
micronekton by the Isaacs-Kidd midwater trawl net in the innermost area of
the Kagoshima bay in winter.
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Table 6—2—1. Composition of the trawl catch with Isaacs-Kidd midwater trawl

net in the middle area of the Kagoshima bay in spring.

1st layer 2nd layer 3rd layer
individual total individual total individual total
. length length . length
number number number
(mm) (mm) (mm)
Bemthosema pterotu 134 30 195 32 1 29
Fishes | Pollichthys maulli 72 43 3 35 3 35
Maurolicus japonicus
Lophogaster japonicus 92 20 740 20 1,488 20
Crustacea| Euphausiids 4 17 6 18
Shrimp
Others 2 3 1

Table 6—2—2. Composition of the trawl catch with Isaacs-
Kidd midwater trawl net in the middle. area

of the Kagoshima bay in summer, -

1st layer 2nd layer
individual total individual total
length length
number number
(mm) (mm)
Bemthosema pterotu 3 30 125 33
Fishes | Pollichthys maulli 75 35
Maurolicus japonicus
Lophogaster japonicus 929 20 939 20
Crustacea| Euphausiids 6 18 14 20
Shrimp 1 55
Others 5
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Table 6—2—3. Composition of the trawl catch with Isaacs-

Kidd midwater trawl net in the middle area

of the Kagoshima bay in autumn.

1st layer 2nd layer
1
indivital| O b O
length length
number number
(mm) (mm)
Bemthosema pterotu 555 19 48 38
Fishes | Pollichthys maulli 6 52
Maurolicus japonicus 10 37
Lophogaster japonicus 247 16 162 19
Crustacea| Euphausiids 35 11 25 18
Shrimp
Others 7 2

Table 6—2—4. Composition of the trawl catch with Isaacs-Kidd midwater trawl

net in the middle area of the Kagoshima bay in winter.

1st layer 2nd layer 3rd layer
], O |dlidd] OO |l ol
length length length
number number number
(mm) (mm) (mm)
Bemthosema pterotu 879 35 58 35 2 35
Fishes | Pollichthys maulli 96 45
Maurolicus japonicus
Lophogaster japonicus 517 18 832 20 40 20
Crustacea| Euphausiids 61 18 400 17 51 17
Shrimp
* Eregmaceros japonicus
Others sk Acalephae * 10 * % 600 55
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1st layer 2nd layer 3rd layer

C

F Fishes @ Bemthosema pterotu
b Pollichthys maulli

¢ Crustacea d Lophogaster japonicus
€ Euphausiids

Fig. 6—3—1. Circle graphs showing the ratio of the number of individuals of collected
micronekton by the Isaacs-Kidd midwater trawl net in the middle area of the

Kagoshima bay in spring.
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Q Bemthosema pterotu
b Pollichthys maulli
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F Fishes

C Crustacea Lophogaster japonicus

Euphausiids

Fig. 6—3—2. Circle graphs showing the ratio of the number of individuals of collected
micronekton by the Isaacs-Kidd midwater trawl net in the middle area of the

Kagoshima bay in summer.
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F Fishes

C Crustacea

2nd layer

Bemthosema pterotu
Maurolicus japonicus

Lophogaster japonicus

o 2 O N

Euphausiids

Fig. 6—3—3. Circle graphs showing the ratio of the number of individuals of collected
micronekton by the Isaacs-Kidd midwater trawl net in the middle area of the

Kagoshima bay in autumn.
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Fig. 6—3—4. Circle graphs showing the ratio of the number of individuals of collected
micronekton by the Isaacs-Kidd midwater trawl net in the middle area of the

Kagoshima bay in winter.
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Fig. 7—3. Photographs and schematic diagram showing the watertight camera case and the
watertight strobe case.
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Day Night

20 m 20 m

30m 30m
Plate 7—1. Underwater photographs which were taken by the Nikonos-1Il in the middle area
of the Kagoshima bay on 4th in August, 1977. The focal distance was 23. 5cm.
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Mixed layer

2nd layer

1st layer

Outside of layer

Plate 7—2—1. Underwater photographs which were taken by the method that a camera and a
strobe were placed together in the watertight camera case, in the middle area
of the Kagoshima bay, in October, 1982. The focal distance was 45cm.
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2nd layer

1st layer

Outside of layer

Plate 7—2—2. Underwater photographs which were taken by the method that a camera and a
strobe were placed together in the watertight camera case, in the middle area
of the Kagoshima bay, in October, 1982. The focal distance was 100cm.
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B A NI ATAE LI, Plate 7-2-20 3 AEERE£100em & U Tz 120h, 2 M & 04 < STEERE
KHBHERBITR I TRESERE LTRE SN, COLIICRERBICEREZADET
BEUIER, 87707 by EREINADESSEERE I NN, ARICEERZE
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WCHEDENALNZ P12, O EDSEEBHZITHBERBELBEBRT 524D
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ELBERHELEZHK T 2EMOR (BE) LOBRD LOBTREGELEZ BT 24
DOEBITEHICEEET L HDEHEEIND, £ CHEAEME2E L, BWYBEALATS
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M) A7 —AP——TFHB OAE LV A PO RZRIAS L IHE
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Isaacs-Kidd b= 3 v PICEBFEEYIIRZIL THmTH-o D HEELV VX%
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CHWEROEMIET EERIN, ChoDERELV LY ZI3EEI0mE U, HEAE
BE%Z400cm & U7z, EiE L ¥ X100mm DX ARE A IEER T24°, R TIBHIREZRL T
18°L 2%, & T400em D EESFEREIC B 1) 2 IMBLHEHH 13469, 3em, HE104mTH B, KB
BEELT7 Iy VazHY, Yvry dy—FEL/125 KO IEHABTH - 2, Plate
7-3-1i319845E 8 A 3 A, BREBICB I 2BERBEBIr2TLERE2KT UREICE T
HEBOEHBADERETH 5, B, MEKFERDEBV TH 12,
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BE A 21h—10m 30m
EH B 21h—15m 30m

BEH A BLUEE B KZREMNZhZh—EE T2 BE iz, BERIIBT3/8EK0
BERDISEDBTOTTH 12, REHEDHFIESHILUBEEEZMANML . BEEED S
HEHRE CORMSIABRTZVDT, REREAS 7 4 WA IGHERKIIELHI Wz KE
IPHLBEEHEERIS22B5V, BEEH A ZEEREmilO~4 7Y, BEE B 13ARK 4 cnfl
BOLAINTABBREINTOEHDEHFE X NS, Plate 7-3-213 5 KRGS T19854F 1
A23H, HERE, BEEBELES LEPREUNLEETH S, WURL, BEKEIRD
EBOTHB,

wmE R WK

F=BEE 17"—20" 60m
E_BEE  17h—56™ 70m
BHE—EEHE  18"—30m 70m

BEEEEICGEEN 1 nDEEELSB EF120~150BEKBE sz, Chid+rFT7T3b
LRT IEHEESNS, BLBEEEICIEAEN 4D [ 71T H EHE S5 R{EH20E
EBE ANz, ZOEKBMO LRAEII23~27ICh 17, X ERKICEZBEACRE
ShizbDEERBOEELRS LOEKESRE SN, F—BEECEEZBEHELAKD
WERD FOCZNLVETFZVEFESEBRE I NI,
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Plate 7—3—1. Underwater photographs which were taken by the method that a camera and a
strobe were placed apart in each watertight case, in the innermost area of the
Kagoshima bay, in August, 1984, The telephoto lens (100mm) was used and
focal distance was 400cm. A is a photograph of a MAIWASHI. B is a
photograph of a IWAHADAKA.

Plate 7-3-3\& & H gk ©19854F 1 A25H, HHRIE, @BEEHEELES TR L
BHTH 5, fehidl, BKEIRDEBYTH D,

el GZUSES
EH A 05" —55m 50m
EH B ("5 76m

BINEHE 07h—00™ 40m
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1.23 ascending

3rd layer
Depth : 70 m

2nd layer
Depth: 70 m

1st layer
Depth : 70 m

Plate 7—3—2. Underwater photographs which were taken by the same method as the former
in the middle area of the Kagoshima bay in Junuary, 1985. The 3rd layer and
the 1st layer are photographs of crustacea. The 2nd layer is photographs of
IWAHADAKA.
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1.25 descending

A
Depth : 50 m

B
Depth : 76 m

Outside of layer

Depth : 40 m

Plate 7—3—3. Underwater photographs which were taken by the same method as the former
in the middle area of the Kagoshima bay in Junuary, 1985. A is a photograph
of MAIWASHI. B is a photograph of INAHADAKA. The outside of layer
photographed nothing.

BE A ICIEERIO~20emD 7 4 7 ¥ EHEE S h 5 kDS 6 kiR s hi, 1 B24H~
50T T TOEME, ~4 7Y OBNIHOEHEZKIFRICH T > THERL DT, It
HUTHRERABIELILEZAI8~20mTH 1, ZIIXEEINILb DL, FO—HTH b
LHEFEIND, BE B ICIEEN 2D [ TNTH EHETE S N5 ks 3 ik ahi,
BABEIZEEBEH ZTHOBEFEHILBEP 2T TRHELTUE > 2/KEFE4O m LB 2EET
bB. WERIIF|ESHILL S NZHEMK TSRS UCHFE LK HEERRED bz, ZOH
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EHEOAEXIE] ~2migEEHEENS,
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<HIRN” Dy, BYBHLIARTLL, BEROELZODBUNPELES TSNP
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$8E BENMIABEEET EVIHEOANTER

WBREIC B AEMHHROBE, REROHES LOKERRORPRENAZRET
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1) EHEAR
2) HBNAR
4) AR
u) BAAX
KRBT HIENTES,

EHSFRIABENESERIN LSO SRECES T T, FIZv 7/ o@ED ™",
LEOH 4 - < R0 EEkEOmT I BETE, EEMORBEHE" £ EX
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RFEINTER, LA LEROBHICRHBZEL, 20EICEESBOEVIRRZRVE
BIENTERV, CORMEMD LHRE, LELOWRSE > ORBERO LIS, BB
BEHSHREINZOENEBIES> TS, HHARALFL®ICLZ2 Y4 - </ U
BITB I AER, EF SV ICL B ETAYr OFHBEERSITOATHEY, BHHRERT -
BEWONATY, TV, $ASEEBRECHVT, HRYVVVCEBAL S ARFEI N
TVWBENTF, w54 DRBATEORRE, EF>Y04s - < ZEBEFHEIY AT LD
BEBSHY, XFERABEAKOER, MR, FASOMBERZE N7 McElroy and
Wing®™, Bodholt™, Goetze®, Ehrenberg et.al™, tH*'»5% 5,

BB A EIC B BEHEARIMT Ul 4 OENORFEZ TV INAT Y b TEHHD
THY, TORDIKBONRELEL THEMNBBENIRIN TS, X, BHEFIIBY
BEHONTHEIERTH HBEULLPEATELVREANH B, bH—2>DOES AR ISHEEN
PEORAKEAET IO /BOEEWH LT, HHBELRDIARNTHY, FHEHRNLVE
BHTH S OENOBRBEINEOERZEDEHIELTVS, BEEHBEBEZERT 2L
MOBREEIIEL, »2 1BEROKEEIPNSVEHEHEARETETH S, L>TIOE
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B ABERHEBZER T 2EPONHRENS o OREERAEER IEIHROZ
AHEEALUTCHEHRBRZB LD,

F2TEY, BEOEMIIODWTOERRZHL, RICEFRENDOEEGLEEX SN BHFHE
DERIZ OV TERT 5, BERENORHICOVTIIEEN» 5O—RRFEOAH 25T, &
BEENMOBERSH, $abbRREOEE>\WCHRZBHT 7Y,

8. 1 BHENORAEER

Fig.8-1D(1)ITR Ut & IT, BHREERB» oEEFMAICEF S h, BRZEKRL,
BARENIC L O RE, BUOBERZEHRL CRESRICRS. XEHR» ORFINIIFTRDORE
X% 1, XEBOKEM Y — VEBOEE bt (0, V) LT, ROKDIIKERIND,

bt(6,¥)=I1(6,¥)/1(0,0) (8—1)

E-oTHEROBE (0, V) IZBIBFHROBSI(6, ¥) BRATREND, ZHEL L
2I1(0,0) % LL, BHINIBFROTHBELOBRITH S,

I~1bt(6,7) (8—2)

RFEBLVENIGETSETCORERM » 2T 5, KBEE 1/, BINBE 1/
OFBIZLY, BENADAFHEDRI IKRATEDINS,

Li~Lbt (6, ¥ )Q1/r)e* (8—3)
a=pg-loge (8—3)

Ii : EHAOAFHORS
g - BEOBEFREOWERAOE

Acoustic Axls

(1) (2)

Fig. 8—1. (1) Reflection of sound waves by a single target.
) Reflection of a fish finder pulse by a multiple target.
(3) First reflection route of sound waves (transducer—ith target—transducer)
and secondary reflection route of sound waves (transducer—jth target—ith
target—stransducer).
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a - BEOBIIRE
ENREEIANE-O—H2RN - ZABL, BV A2RHFAT 5. ZOREND S BAIERE
KB ARFDBIIERAE LB,
Ir~Ti-obf(6,7)
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T
Ir L OEN D HBEEEEIC BT A REEDRX
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bf(6,7T): ENORsHERME S — > BDE
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SRR BT B BEEEND S DRABEOBI XK EL S,
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Ie D ORBFERRI B ARHABOHES
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ERB, £oT (8—6) REERDEAITRT I ENTE S,
le=L-b% 8, T )(1/r" e 6-bf( 8, V) (8—28)

(8—8) AMBGFENOREHERZEZRLTVS,
CCTHELNTER o SEMNEE Ts OBRICOVWTRYT ., BHREILX, ZOEETSH L
ZAIZEVEAEE B,

Ts=Ir/1i (8—19)
HELWTER BN EECAR U EFROBS 1) CBAEMICB T 2BENT -0 TH 5,
& o THELNTER ¢ EARTROBS 1) EORH, BUMERIC &> T2AmICEH LR
NI —EZ LV, £oT

Iico=Ir4n-1°
o=4r-1r/1i (8—10)
(8—9) K& (8—10) Kic&kD
oc=4rn'Ts (8—11)
X, h#% dBRRITNERDEDITE B,
TS(dB)=10log(Ir/1:i)=10log(s/4n) (8—12)

(8—8) REIHEMEREZ 1BD/NFX—FELTVAEY, ThEENRE Ts KB
2BERA LB,
le=L-b% 0, ¥)-Q1/r" e ® 4n-Ts-bf( 6, V) (8—13)
COkHIT (8—11) RIT kW, MELMTER % EHOMEICHBICERT 2 LATRETH
%, ko TUBROKA R IIEENER « 2#EHT 5,
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8. 2 HMEBEMOREER
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&% C, BHNNWRAEE ¢t L3hiE, Cr/2 DEHDHIZHEET S nfAOFhFNK
HOBIVBREBEND ODORFBE ORI ZEFHTELICE T, BELBY» > ORELD
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o - EEABRBEY
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COBEI -2/ )V ABBAROLXES n iV TmMahEBEkLa—nBoh, 208
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+30 3 3 S P rijs- P rkblcosdi+8ji)-cos(gk+ olk)

-
I
L3
+
-
~
#+
-
+
>

+sin(¢i+ 671)- sin(gk + 61k))

[
0=
g

+; JZZ}iPri.-Prj.-cos(tﬁi—qu)

b

+
Ms=
M=

Prij,’+2: ZE ,ZzP ri,*Prij,ccosédji

-
I

+

[\]

M= 5
M=
M=
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Fig.8-2D(1),

Pri,-Prj, D BN IBRU 25O RRAONEEERT, —RRHDOF
ccos(¢i—¢j) B5S Y, Th D, Fig.8-200(2),

Prij’ DEN I OBREINFTEEEN J LK ZRRHERT,

ZRIRGFOERB S B, TH S, Fig.8-20(3),

Pri,'Prij, BN o0 —RRSE, B I ASBRA S EETEREZEN

*C0sdji JICEDZRRH LI ROREDMNBEEERT, —IRRHDE—
FHES Yoo TH 5, Fig.8-200(4),

Pri,'Prjk, DB L 0—RREE, BR J HOBRAE SN TRZEN
-cos(gi—¢j EICED ZRRH LU IBEOmEDNMBEZEEZRT. —RRHEDE
—okJ) TS Y-, TH B, Fig.8-20(5),
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328 BREXFKEZRCE F6E5F25 (1987)

Transducer Transducer Transducer Transducer

Transducer

(1) (2) (3) (4) (5)
Pri1 Pri1-Prj1 Prij2 Pri1-Prij2 Pri1-Prjke
"cos (@i -3 ) ~cos dji wcos (i - g - dkj )

Fig. 8—2—1. Reflection routes of sound waves.

Transducer Transducer

(6) (1)
Prij2-Prike Prij2-Prkl2
.cos ( djt - dki) -cos (@l + dil - gk - dlk )

Fig. 8—2—2. Reflection routes of sound waves.

Prij.Prkl, D EMN BRI TEEEN JICKD ZRRFALIZHD
-cos(gi+dji &, Bk »oBBRHINERAZEN [ ICLXV ZRIRF LI
_ g8l B OTEOMIIE AT, “HRHOBETERS Yoot TH 5,

. Flg- 8‘20)(7)0
£-T (8-33) RIKRAL2%,
PrzEB|+Y|+Bz+Yz-1+Yz-z+Yz-3+Y2_4 ( 8 _34)
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(8—34) XOE—MH, FIHIL, (8-17) RICBYIE—IH, F_HELLLA—DHD
THY, B S>O—RREZRL, F—HIZZOERES %, EHIZTFEBRSE2EKL
T35, EZEDBIEN» S OZRRHFICHT 20T, E=ZHIZFOEKRKS %, 509
HURE B —TFT S » BN TFERIAEKRL TWE, K-> TENHEEO _RREE T
EZRTHR, Cho TERORFEZZEZZTNERL LBV, UL U—RRHS LUK
HOTFERIE D, Zh o DFGEINBENTFENHT S ERET L, FERDIILT
OERVERTZIENTES, Lo TEMICLAZRRHETCERLUIES, Bira—
Pri BRATRT ZENTE S,

szgprw+§§?rmz (8 —35)

T Pri, BED Prij, 1k, EhER (8—-19), (8—20) K& ROELXLES.,

Priy=Po- 6% 65 , Ui )-(1/ 1) e ™ oy bf( 65 , Wi) (8 —36)
Prijy=Py-b( 6 , Uj )-(1/7j%) e a0 bf( 85 , Wji )-(1/ 7ji?) e~

ca0 bf(8i, Wi )(1/7i) e b( i, Wi) (8 —37)

8. 3 ISRV LTHBE

FE TR LOREREZRE 2, BERBEBOTHEE 2 KD B 1D ERZEL,
ERWBOEAMENS — v 3 E DT, ERLE—EoHEAY/ Sy — v IcB S #x Bl
tT5, EFFEBOBAGENI—VIZ 06,0 )THbd, CORBFu—TOHEZ, 70
et FWCEERRTH I ETHE, B/ Y -3 b8 &nb, 2L THEAKIE
FOEREITNIL, sind=0 TH 5,

T

o1 ‘ oe
fb’(ﬁ)-Zn-ﬂ-d0=[ 27+ 6+ d6= - fe? (8 —38)

61
0e’/2=[ b¥6)-6-d6 (8 —39)

C OigmREY % FMiEmA e L35, KA LI, XRWBOLEA 01/2 (FEHSH#
DIELY 6dB AT HAE I /N7 — LUK 1/21255) EDBICROELESKRIL T 5.
6e=0.646 1/2 (8 —40)

EFWERD S OERENSELVRICBWVTIE, fe 3RO RERT 5.

1) BHBEDOEEIE, C—LF e HOEDHTHELL—ETHY, #hlUSTIZ0
Thb,

2) REFRDOEIE, FEEZE-LA e HOEDRIZBVWTHLELLL—ETHY, #
NS CIEBSIE 0 TH B,

Plate 2-1D(C)IZ/R S iz NJA-280 ku FRBHEANME, BBES0kH: OBS KR Y — 4 -
NG — V% Fig.8-3D(3)ITR U 1z, TOXBEMAIZ12°TH V E{HHEAA fe 137.68°& 12 >
126

RAREEP ORH I NS/ AFEF % Fig. 8-30(1)ITR LT, COEFIZERTIZLN,
o TZDRENBENCER THHLTHEMEL SV AICEBESBRIEMLT 5,
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A-F -- 10% point B-E -- 50% point C-D -- 90% point

ti -- pulse risetime ta -- pulse falltime

T -- pulse duration Te =-- equivalent square pulse
(2)

Fig. 8—3. Pulse waveform and beam pattern.

Fig. 8-30 (2)ITR U 2 & 5 1275V ABIARZSTEHES0% @ B i, /9 AEIERANERE U <
WES0%D E S THY, O BE W/ WA Thb, €I CBEN%D C A, DA
i CD %S MERED/ VAR o ET2E, © EOBRRRATRENS,

i 9y (8—41)
FEU R EHERKET 5. ko> CRRHBL HFH S N FRBEMIERA fe DRF
V—LaTHD, TONNNVARSEMELEICESBRA SN o &85,

Fig. 8-30 (1) DREMEHITOVT2)ITR UL/ SVAKEO LYy Ru— 7LD A E~F
BHICBF 52N EFNDO 0 ZARREOKR % Ty, Ts, Te, To, Te, Tr, XENENODOE
FE#% Vi, Vi, Ve, Vo, Vi, Ve ETHEBEBRISRTEBVTH B, BB K<
4 7 akx>y ST-1005 B yes  {HFH A EER 10H2~100kHz (MBS L¥EHRARH) ©
RSN AEZEL, YTFNTF T4 SM2100 (HIEEEHEER L) 12k 0BT L
1ZHDTH %,

fIF,, e 1.1288 msec. b e 0.13305 V
g ot aeesse 1.1738 msec. Moo o s 0.66525 V
g commmtions 1.2328 msec. Vg woorarers 119745 V
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Tp oo 2.1224 msec. Vp rereeeee 1.19745 V
Te oo 2.1871 msec. Vg roeeee 0.66525 V
T coeeeeee 2.2656 msec. Vi roemeeee 0.13305 V
ZOTEDHERICRFINTNS/ IV AE 1
=Tg—Ts

=1.0133 (msec.)
NEMEFBE D/ AE 10 1
e=Tpr—Te¢
=(.8896 (msec.)
THBHIENDODP B, £->T (8—41) K5 K=0.8779 K% %,
CORBEBEHBEBIEI—RET v S LIIEIC, E—AlE, 2OV AIRICHE U AR
HLTWVWBDT, Fig. 8-4ITR U1 & 51T Cr1e/2 DERHRERS ABCD DEME V RICHFET
BEHORFICOVTERTREL N, COKE VICESRZESE» >ORMY 7. &7
5L, Vidiktckdohs,
V=S-C-z./2 (8 —42)
S=710 (8 —43)

Transducer

Pe

Fig. 8—4. Principle of density measurement.
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2=2nr(1—cosbe) (8 —44)
1212U Ge<n/2
22T (8—43), (8—44) X% (8—42) IZRA

V=rl-r(l—cosbe):C- . (8 —45)
fz1Z L
S D OEREBELVERE r KBIAIREY - A0EM
Cte/2 ¢ ISWVAED 1/2
Q D OBRICRAMEKA (s7)

o TBERMEBOFHEEZ N, &8 VAOENOKE n &3hiE, ROBIFRKH
Bond,

n=N-V (8 —46)
I TEMERADE X L hiE
b( i, ¥i)=1
SN 60, Ui )=1 (8 —47)

L%, XEEEE re ZFAV, ZUTENREVIZELILTWA ETHIE, (8—36), (8—37)
ARIRDO &EH 12125,
I70,~ 1o (1/7.") e ™0y bf( 61, Ui) (8 —48)
I17ij,~ T (1/1") e ot bf( 6, Wi ) bf( 6ji, Wji) (8 —49)
FFT—RRHFIOVTHNIE, BEEABENRICE T 3 TRORKENY» > ORI, #%
FRFEEZHNBDT, O monostatic KEAHEMEREOTLEE% 0. &THIL,

ga.,-bf( 6, Ui)=n-g, (8 —50)
CHRREHCOWT AL, RS, E i, BN SEEE0SALSTEEE 55, L
» UBKIEN OB IT b1 351, TRDBIEKA Q=dr(sr) Kbl > T—RREHZ T,
ZUCEBEIC S 5 R OBEEN n—1 HFESHEEOF AR -RERT5EEL 505,
& - T bistatic LEELKEBEOFL9EE on ETHIE
S0 bf( 60, Wi ) bf( 8ji, Uji)=n' on® (8 —51)

i=1Jj%i

&z B,
D EDS (8-35) RIBKRARTEDTIENTE S,

n n n
le=21ri,+2 XlIrij,
i=1 i=1 j*i

~Io*(1/ 7e') e n+(ge+ n* o?) ' (8 —52)
22T (8-52) iz (8—46) KERA
Ile=I"(1/7.") e % N-V-(oo+ n* 0n?) (8 —53)
510 (8—53) Kz (8—45) XERATHIL
Ie=I*(1/7.) e ™ N-z-(1—cosbe) C* te*(de+ n* 0n?) (8—54)

LB,
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Tabhs, BZEHRICBTIENDSO—KRRH, ZIRRFZERL 12 KEEOR S 13,
EZEBIOBHINLFERORS L, BEEBELEOFHERE N, F15 5@l N &EHH
(0t on®), SMET/ SIVANE e ICIEHFIL, EZHB» SENE TOEHED 2% r.’, B
U OEMD 2 £ h 5 BEOBEFRBOIKESE 7 ICHHHI 5, BEKBELE
DOFGEE N ExcEkbahs,

N=Ir-7.’ /{1, 7(1—cosfe): C: ze*(ce+n* an’) | (8—55)
BHEBELEZEBRT 5 LHE I NS BEEEYIL Isaacs-Kidd FB O -V - 2 v hOD
B L OHETEENTELOT, KERICEWVTZ OBRKOERNERERE S AEETDH
5, XELILBY 2BERMEBOENBEREERIZT TIC Fig. 2-98 & U Table 2-2
KR LTz,
2T
ce=4n-Tse (8 —56)
on=4m-Tsm (8 —57)
7212 L Tse & monostatic & B{AKIERGEE DFIGE, Tsm X bistatic /s BABELRE D
THEET 5,
& o TRHEERICEET S (8 —52) Kb
Iev~1,:(1/7.) e n-{Tse+n-Tsm*| (8 —58)

ZITley BEBERBEBICLAHELRORERICB ISR TH S, BERHELED

BELBE L n{Tse+n-Tsm* I IZHELL, Ih%E Sv EBIIE

Sv=n+{Tse+n-Tsm?| (8—59)
EisB, TITHBNEEENE
logSv=logn:|Tse+n-Tsmi (8—60)
M 10 LT
10 log Sv=10 log n-{Tse+n-Tsm?
=10 log n+10 log| Tse+n-Tsm? (8—61)
2T
SV=10log Sv (8—62)

EFE SV IZFELRICH T 2 EEFHEEEOHELRERIEMSLR CIEER) DETH 5, £
THEFEENOBEBISRRA» 5RDHBZENTES,

10 log n=SV—10 log (Tse+n:Tsm? (8°—63)
(8—63) RIIZURHE TERUILELRTH 5,
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FOE BENBELBEZHMETIENOEE

BEIZBI 2R, 7707 b0 IERREZOMBEREELBEERT 2495
DHIBEZHETET 100101, BEMRED S OCBEENBRED L VBRLBESBEE LS,
BESY, BA - HET"'Y, MESIZRAEREROEL L TEROENREZAEL,
kg, BEH, HEOBR, NADHOKNMI LIHEREOERLSEEIODVTHRLE TV S,
EFRERISOVTORIEZITY, WEF - IR I3 RIE OIS 28 2 L EBIRIC &
BHPEEIT> TV B, X Haslett", Love™ "M 3 8 fk fa D K (38 & B 7, Haslett
et.al" I ZBE & DBER, Foote'™ |&FEMRE & kK & DBAfR, % LT Ehrenberg"”,
Drew"!, Marchal™, Dalen"®, Foote'”, Olsen"®, Midttun"” \3faBE% BHEHTT 5
e BERXIZRBOENMBERNE DA ERD LCERIODVWTHRRTVS, XEBAX - ME
W EH - EFPE TS5 Y 2 b Y 5B VIS &M OBELREIC S\ T AR
TOEMBEER %17V, Beamish™ '™, Ehrenberg®™, Greenlaw'”, Penrose and Kaye'™,
Guzman et.al™ 3F L L CHRMLEEZERL, B - ME™, HK™, RHF 3L
KBWTBERBELBEORFHBROMELZIT>TVE, COLIICEL OHREICL->TH
BEICBI2EMPHBOHRELZT) O OEBENOER S LI TE T,

EFEMICPIZREETRHEBOBEBEORERLRIE 1. 6 HELME] 2, 2L T
SEOBBEMOREREREZ [6. 2 FERBLUOFE] KRLI, L UBBTEEELED
HELSES, 2hiaBRT2EPOHREOBFRIOVWTIIRRETH- 12, 22T, B
Lt 2 BERBEVBOBESRERIELR, KEITH T 2 BAROENBERAELERD LU
Isaacs-Kidd FE b a— V4 v F CORMBEREDOBFRICOVT, [FE'E BEHHKEE
BT 2EPSHEBEOATEER] THRELULERNERZEE X, BEEBELEZHERT
B5EMORHRITOVTRET LT,

9. 1 BEHRBEEEWET 3 EDORGFERRERE

BERBELBZEBR T 5EYONHRZMS HITIEFIETRA T &3 ITHREYBEKOD
ENRELARMIBNENDH D, 2 CHRREMTHELHEREINIZATINT S, avITy,
Fav)xy, uRHRAY —DEEERBREDRAIE ZKEICEVTEREL 1,

9. 1. 1 BEHEE

1) EBokig

BEEBELB BRI 5 EMOBKENBEORAE L, BRBEFEKTICH 2 EREBEL
LY F~DODBRKEZFERA LU, Fig. -LUIR Uz & ickiEizar 7)) — MBUTHE
6.5m, #3.3m, FX2. Tm TO0MDEMTH 5, KIEDOKE X 1AW, 73V AME, A,
EFHEBRORBEOR, ENOXEIFICLVFHBRERZFZDOT, INHDOERGEZTSTH
BB E2HEO LR L, KEZIZEI SRY TCRA LI HEKERBLEA, £
LTHKIZEENLEHEZBRETSHO_BEREE L 2 BRIE %A L1,

I) BEYRAT LB LUK

BIE Y AT 4B KOERAEEE% Fig. 9-2ICR LTz,
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i) PR

fa R L Plate 2-11ICE0 L 72(OCd 5o P50 kHz, %)V AI§0.5 msec. ZfEM L
7o COBRITEITH O TISABEABAEIEL= v b, JNEBIRSREISHV S, ERWEHICE
U BB BE 2RISR WM ABSEEICEREA N Lz, Lo TABIZEITOL=y b
EBIU T,

a) XEESHYMHYIvY -2=v b

KIS, ERZWEC L HRKEBE (E— 7 #1500 V) o AEREZ RES 5 7201
5 VU EOEEZEMT 5,

b) MUTHELI= Y b

SOV ARROSE U BORE S, BIEMITLEEED A/D a2y \—-5 -0 ) TESH
£EITD

AN

6.5 m

Fig. 9—1. Photograph and schematic diagram showing the water tank and its dimension.
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i) BTN AL S

BEEDOMVIAA, FUN, HELHIZIX [V 7 F VT F 544 SM2100A | (FIRE (S Ktk
Katt) 2HWIZ, COEBIEA/D AV NN—ITCEMINETIINT—F A AEY) —
ICFEE L, EELHE, 32709V —74 A7 D, INPEBAD T — FEESRER TS
NRBTEMITAEEE TH 5, BN 5 DRFHES AT R AT & U EEC OB ICH D A A
V-7 BEEZRE LI, WEY -7 BEME (V) $E#REC > TEN®RE (dB) ©F
RUTZe A/D 3V N—=8 DOfREEIR12 bit TH VY, KPETIEE0.1V 7V AT — )L CHl
EULTDT, BHESRIEISK50pV TH- 1,

Aspect Controller Water Tank Fish Finder Signal Analyzer

lofe e A/D

XY Plotter ransmitter Converter

'
Personal 1 Trigger Arlthn:nehc
computer 1 unit

[ e A

47" Tapget Transducer
& —«{ Limiter ’— Floppy disk

1P ((fm

Fish finder

Transducer

Personal computer Signal analyzer

Fig. 9—2. Schematic diagram and photographs showing the system and the instruments of
the observation in the water tank.
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i) A MEE] R E

B O LB X Fig. 9-3I0R U fo, RZWEREICKN T 2 ENOKBHZ L/ -V F )L -
av¥a—%— [PC-8001] (AABSGMARH) & XY 7uy s — [WX-4675] (BELH
B at) 2l ADETHIBU 2. BEENZZARDOF 4 a v ®T 7 20.25 %2 REE
W ETEHICEBRBLRV DI TRIFLUZ, RRAIEICHVTIE, =8OS 5 Pitch Plane
& Roll Plane ® Z#HIZ DWW TITW Yaw Plane IO W TIEERL P o1z THIIKERX
STEBUCEESRACBER AR T 2RABEABENO B> TV EEBICE ST, &5
HEENE B RIFEBIT OV T 5 HRT0°» 5180°% TIT» 12,

Ball Arm
bearing
Adapter
Nylon
thread
Fish
Weight
D

Incident

direction

S
Ingident _\@
— R— ——
direction = %

Roll Plane Pitch Plane

Fig. 9—3. Schematic diagrams showing the support method for the target fish.
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9. 1. 2 EMhs0OREESOMNE

1) BRRZEOLE

REES DI AH 1L, BRBZLED 12 H50E D/ A 5D REHES % L0 L
T, ZORRE—RDOT—F—&E U, F9LEEKZ n BE UK, S/N HIE n'/? EIC
WEIND, h%z dB TET & 20logn'/? (dB) &40, SEIDERTIIFELER %50
Utz S/N K317 dB AL 5,

) EREOLHE

KigiEay 7 - MATHERAIKREMPEFI A TRV, KEORIR, ¥4 Fo-—
TZOMOFRRICZL Y, ERSFELZVBRICBVTHLAEREORMMEELTHRN S, &
NERBEUI, CORBIIFERICKRELILEETHE0, AREICBVTIIERELL
THYHE -1z, :

B8h 5 ORAES 2 FHLLE L, BARBREOHELMURBRVWIIELTY, CORME
BT COBEIERINTVS, > TENRFHES Y SR BENEST S 2 &I
0, ENORFMEEDHEMOBT I EMNTEL, Th% Fig. 9-4IlR ULz, LHALIOD
IR SR RIER & B 5 ORSESAIERORBZENRL 85 L, KBELEFD
fedh, MEIDTDEBLAMBETNADBEL, RBEET2ICRET S 2 EHREES O TREIE
OREZTEBRVELTHEIIT LI,

9. 1. 3 A INTHBEKOENRE 5 —V

Fig.9-5-11C 4 7N\ % % B R OENBRERFEE R 2R U 72, Pitch Plane KBV TIZR
HHms>DORE% 0°, HE#%90°, FAE#180°& L, Roll Plane 2B W TIIARIER» 5D
REt# 0°, HE%90°, ARIE%180°EED 2, 5 HRTOENRE (dB) OXELED
|TERUE, ChZawyTy, $a9)1yY, ukfRY—ZEEROERRERE DS
ALRAKETH S,

i) Pitch Plane ,

EHE (95°) OEMRENSRLAEL —48.1dB TH -1z, BEEHAMSREG M L 0 EH
BESOTPICKESBERICH B, BREPLE L TREIHHRLEL->TNDB, 90°% AUl
EUTHER, BEROAMANENENI0ITHER/IME, 55°~60°ICHRKENA LN, XFAIT—
53.2 dB, B#T—55.0dB #RU1,

i) Roll Plane

ERIER (0°) OEBREIRLAEL, —45.2dB THolz. HE (90°) HR/ME—
48.4dB #/RL, AGRIEINHEL 12, XZDE(LIX Pitch Plane D &S I TR VWD T,
B ERIEOBEFILE L TN,

Pitch Plane, Roll Plane MAIERERIC L i, 41T Pitch Plane 2B W T, ZEHERED
BEOENERTH o1, > TEZDEERZEETH—DDEBRELT, [ INTHDOERS
LU ZDORPHEEZ S 12, Plate S-LCRIEICFERA LA INTHDBEELHTICY 7
Ty I ABEZRUIZ, 4&35m, &5 7 mn, W¢§5 mCTESKEVDOIFEHENZEE, V
77y 7 ABELY, BRIEBEISEELTHY, EE—NOEESKOAE SITHLTKE
W, XL VEHE, BEHEICH I THEEDL/2~3/4A0MTHIMRICRVENEET 5, X
RBIPERICE>TWVW D olz, TTICENEULTHEALIZA TN HEZDEESEERIL 12
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DA TNTHBEKRIZ LY, V) ay TN L s ERAEERL, REEOHEIC K% H
ExR{TolzEl A, EHREIZELALNIZEDD, %D/$% — v IF Pitch Plane, Roll
Plane & HMEIFIEAEF UCHEBATH - 17,

A

Measurement waveform

of the target

4 - B

W* wm”ﬁm " Measurement waveform

of the noise without

the target

C

Processed waveform

Fig. 9—4. Schematic diagrams showing the process of the measurement waveform.
C=A—B
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A
B
C
A
b c

Bemthosema pterotu
Maurolicus japonicus
Pollichthys maulli

Lophogaster japonicus

90y 5

Plate 9—1. Photographs and Softex photographs of the composition organism of the
ultrasonic scattering layer.

9. 1. 4 IV VHEEKOENRE Y —

Fig.9-5-2123 7 ¥V LV B{KROERRERERERZR U 12,

i ) Pitch Plane

HER (90°) DREMTRE PR KE L —48.9dB TH -1, TDI0°EFULE L TI0°~180°,
90°~ 0 I ITHRE 75 o 7o X90° & U FHHEB, EHEBFMANZ N ZE N15°~20°, 45°~50°I1CHiK
/M, 25°~30°, 60°ITHRAMEA A H i, FHER (180°) ©—57.7 dB, RE#8 (0°) T—59.5
dB #/RUTe A TNFHIE3ODMKEES - 7205, AV I VIE5 DOMKMEERU T,

i) Roll Plane

G (180°) DIEAYFRE Wb KX < —46 dB TdH » 12, f/IMEIX80°D —49.2 dB T
HVY°LVITNTNAED, KIBD/SY —iFA TNTHEBERILTOS,

Plate O-1ICHIEICFHRH LIV YT VDBEELE SOOIV 7T v 7 AEBEEZRL 2, KE
49mm, K 6 mm, {KIE3.5mmTH Y, FZDRRIEA TINTH, Fa) TV ERNIEL S,
VI Ty AERELOBERBLOAIIMLEOFEL TVWL I ENDL S, SRIEIEET-
RERRED/SY — 133 VY OFEIRB FONEGEICA S & 2 ADKTH B EHfEE S
N5,
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9. 1. 5 Fav)xVBKOENRE Y-

Fig.9-5-3iIc% 27 ) TV BERDOENEERELREZRL 12

i ) Pitch Plane

B (90°) DERRESRLAEL —49.9dB TH-o172, ZDI0° %Al E L TI0°~180°,
90°~ 0 *IXIFITMMICZ > THB Y, BB, BEOARANENZEN3I0°ITH/ME, 60°~65°12 1
KEHH SN, XFAE (180°) T—54.7 dB, B# (0°) T—56.2dB 2#/RUT, 4 TS
HDINY —VIZBELIL TS,

i) Roll Plane

fUER (0°, 180°) DEREHREMSRHKEL, EHEH—46.6dB TH o1z, HE (90°)
MPER/ME—50 dB Z/RUEB IR E L1 A TN H, 39T VDY — v B
LT3,

Plate 9-1ICHIEICFER LIt ¥ 20V T VOEBEELZ LTIV T T v 7 ABEEZRLI, &
£35mm, A= 6mm, FHIE3.5mmTH VA4 INTHicHBEINWIEE LR TH 2, VIFy
JABRELVBRBLSRBELTHY, XBERIPRICE->TWRED 12, 4 TN AR,
ZOATBECELVRBbEr o2l En s, SEBIERIT- HENBRED/Y — i1k
Fa)VZVOERIZADEIAWKTHELEEZHNS,

9. 1. 6 UFRHRY—BAOENRE/ Y-

Fig.9-5-4j]c a7k A A ¥ — B{EDEHBERELERZR L1,

i ) Pitch Plane ‘

EHE (90°) OEMBENIRHLAEL —53dB ThHho1r, ZOEMNRED/NY — v 138
D OFREICH I TH—EMBZRL, T SEBEHICH T TREBICEDI LTS, 75°~180°
DFHEIE—53.6 dB, 0°~70°DFHEIX—60dB TH Y, FDE36.4dB ICRATVS,

i) Roll Plane

BIZEOREKIC OV TIIKIEIO TR/AMEERT N — VR TH -1z, LA Loty
25 —IZBAL TIXBIER» S5BEE (0°~180°) AT TIEEAEEIEMSHONE T2,

9. 1. 7 BBEORIREDHE

BREOENREIZIZNEFNOENRE/NY — VIR U & D10, ESHEEEENDE
BEDTITHDOEANKRE LENBEICRELRIIFTIENDL o1z, 2RMEEAELT
Pitch Plane (3 fk#ic EAZAROEEH R TRAMEERL, KHTHFRT 2 H 5 ERREHS
FTHR/ME%27 T o Roll Plane I3AfIEAATRAMEEZRL, FEHAATR/MEERT,
i Plane &% CORKERERHAETH Y, B/METERXEBHARICRS>Nh5, X
Pitch Plane ICBWVWTIZZ DM, &KX - B/NMES A 5> MENBREOE(LIZEK TS 5 5,
Roll Plane iZ BV T IZEMNBREDOELIERHTH B, LOALULERETCHIU AT R Y —
& Pitch Plane KBWTREE Rz - HAZR U, XENBRERABEES/MIDOEI
ATINTH7.8dB, ¥27)LV9.8dB, VYT V10.7dB, URHZXF—9 dB TH-
A

Db &b BBEDENBREOREZMEE2 >EOER 2L THEL 12,

OFER (90°) DEFYREEDIE
OB (90°) ZAILE LTHIK, AGFAENE— LM (CREEA) MY @B
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& 5 EHRE O FiE
@B (90°) 2l & U TEMHsmAICHEYS 3 2 HEIC H 2 EBHNMRE O
@FEL (90°) ZHl& UTHIRARZ W &Nk OEN AR ICHEN T 28 ICH 2 8
SR DFIME
ORH—EH—EE M (0°~180°) B &k UL REP—EE—AHE (0°~180°) DIEH
SR DS E
BEREBBEICHE T 2BERBELBOBERERE IR U - AREOB IS ERERI2, &
flifeA7. 7°CdH > 120 X Plate 7-3-210R U1z & 5 KA HBEA TG H ORD ERT BB,
ZOHEDS T EELRAVTNWA I EMHEI NI, SO &h SEH TREREENIE —+
KETZ2ENTNS ZEASHETE, LR, T Pitch Plane DABICELMS A 5N
5 LHEET B, #E¥kH Roll Plane DABEELIIOVWTOHRIZRETH 12, ThdHD
Lo, ZBREENOO~ODHE%ZKIERROBER L VRITRT, 2HBSEEM U RIE IR
5B TH-1ocd, @IEEE (90°) ZAl&E UTHIEAERLC, QIXEE (90°) %L
EUTRIBRAR5°, @13EER (90°) #Ful& U T Pitch Plane 13R{1#25°, Roll Plane i
ERICORBEICHEYT 2 ENREFSEE b > CHEAENBEDORLMESE Lz, BALIZ
dB T% %,
) ® ® ® ®

ATINTH —48.4 —48.4 —48.4 —49.5 —48.7
E Ry ) —48.9 —49.8 —49.3 —50.8 —50.4
Fav)xy —50.0 —50.2 —50.0 —51.6 —50.6
ORHAE — —53.0 —53.0 —52.9 —53.5 —53.9

AVIVIVERWVIEZBOENOQD, @, QDEIZIFEAEZLL, FDE130.2dB L
TCH-1:B3V VT VOHFIEN1IAB IKEL, LALWTIAHQDEIZO, @DFE
EIZBOTEV, @, ®RILRNIZD, @, QDEERZ - IHERERU I,

L8, TRRZET 2 EXPORBIFIRD LS I INTHUNEET BN TE
Moty ULBPULA INTHDOBEITHENTHMEICBIZY—I Y - 7R PERHRICEHEG
DOEEHHEDHMERMONTVE P2 EIZRETH 5, k- Tk 4 BOLEEILFE
BRIC BB KETH > 1L EREE B 2B8 0, XD, @, ODEIEEAEZE L, -
fredsn, EOEEFEHUTHELIZRVEEZEZSNSY, FIBICBVL CEMERAD
ZEXREALTVAS I LD 5 ZBEENOERRE SQDEAERT 5. 1215 LATINTH
KOVWTIODELBEL L, UBREROHIZERYT 5, SBEEOENRE TSe 27 h
NRD &> ICHEEST 5,

ATINTH —48.4 dB (—49.5 dB)
IavyxLy —49.3dB
o)y —50.0 dB

ORHRAEY — —52.9dB
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9. 2 HENRABEMRT 24V HEOHTE

PEEITH T 5 EBERHMELUBORELRE SV (dB) X Table 2-212, NBIHREEE%HE
R 2EHEHEE SN2 RZBEOENRE TSe (dB) IERIEICBWTHE L, £»T (7
—63) RE—RRKHDOHERTNIERD &> ITEYUE N5,

10 log n=SV—10 log TSe

=SV—TSe (9—1)
.. log n=(SV—TSe)/10
n=10"svV-Tse/ 10 (9—2)

I RRINBEEENOBEEY n SHEBEOER, 5, BAAE 1 RO BEEKE
BERT50T, BEEBELBOTFYEE N ICELV, &> TEBREE, BHhREROLZE
MBI EEHEBOREBE LV ENENOFYHEE N 2KRH 17,

9. 2. 1 BHEBEBICBIZBEEBEEBREDDOTLHEEOHTE

I) %58

B—EXav Yy, ¥avVIY, UsHTRI-EFEBLTVWAIRABTHSE &
5% Isaacs-Kidd PFE MO -4y M LZBERBELBOBREYORE| BV TH#H
E Ul &o TENBEDFYE TSe 13—50.5dB, XIW VLY, ORFRAI—_FD
FEHEIX—50.7dB L7125, BEHITH T 5 FEBEEZRIITY,

N (@& ')

Fe ereeeeeseneronannnnnane 17.378
T cecrsennnennessseniinne 12. 303
FR ceeeerererrennnennininne 22.909
D S 8.511

Z T T Isaacs-Kidd 1/ b o — V4 v P RERER & 0 REMEE (Table 6-1) DI &

D ENENROTYBE B L 12,

) = N (fEf&/ o)
THYLY eerrererens 0.087
Fa LY e 3.238
OB RS — crerrenne 14.053

i) B
T TLY s 0.265
F2HUYLY e
TARF RS — verrerenn 12.038

i) &%
T T LY eeereerennes 9.667
FaBmYLY e 1.854
TARF AL — errererne 11.388

iv) %
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F AT LY ceeeeeene 4.549
OARBT AT — coeeeenes 3.815
I) %-8

BRI INT WD EL5BREYN CHBEBESBICBVWTHELR, £>T TSe IX
—48.4dB (—49.7dB) TH 5, EEMIIB I 5 LEHBELZRIIRT,

N (fEfk/ nf)
E - ST PIPTP P PP PRPRPPRPPRPR 22.387 (30.200)
) JETITTITITRIPIPPRPRPPRPYR: 26.915 (36.308)
GRLETITTITITPIPTPPRPPPIRS: 22.909 (30.903)
D S P T PP 11. 454 (19.500)

B=EX [saacs-Kidd FB bu— Ay PERBICBOWTREREY EHE TS 24 E
WRETHILETELE Pz, U LKREEREICBNTY I TV EHTEINSRAPBRY
Intz, BEDPOSHIHBLIZ~ A4 7Y D2EIX18~20mTH 72, Lo TBEDIHLE
20emD< 4 7Y OEWBRERREL 12 & 2 HEE (90°) £rd & LR, BH, £AH5HE
ERZFNICCETD TS OFIG{E TSe 13—41.5dB TH-o12. ko TEHEDE=FIH <7
YTHBHETNIEN OEIIF3.162 (B o) &5,

9. 2. 2 WEHRBEHICHYSBERMEEEZBRT 5ENOTHEREOHE

1) &8

B—EBiEavyzy, ¥ay)xV, URTAI—ENEELTVWIREABTCHHEES
BIZBWTHEL, &> TFHE TSe 13—50.5dB, 3w IV, QT RAI—"FD
FfEIL—50.7 dB TH ot EBMICHB T 5 FYBEZRITRT

N ({8 ')
FR creceneenineiiininnie 1.549
B oo 14. 791
S QR LIIITITTTTTPTIPTIoe: 8.913
D T 26.915

Z T Isaacs-Kidd /B b O —v 4 v M BRABRER & 0 REMEEE (Table 6-2) OHAIC
FVENENDOFEEREEZBE L,

) = N (&% nt)
T Y LY ceevvennnnnn 0. 680
FAHYILY cevrennne
TARH RS — eevevenes 0. 869

i) E
T Y LY crveeeennnns 1.105
FATYLY reeeeeene
TR H A — cveereene 13. 686

i) &

YT IY ceeerennens 0.203
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E2HYLY e 0.339
ORT A Y — evernnes 8.371
iv) %
YL e 4.215
FaHUYLY e
TARF AL — ereeeeeee 22. 700
I) &£_/&

BB AINT AT AEBREYN THEEESBIZBVWTHEL, £->T TSe i
—48.4dB (—49.7dB) TH 5%, SEHICH T S FHEEZRITRT

N (f8fs/ m)
E SR TIPIPIITIPIPRTTIPRSTE 14,791 (19.953)
) JRTTITITITTT TR PRPRPYRR: 36.308 (48.978)
QLT T TP E TR RYPTPT PP 27.542 (37_ 154) )
F A 21.877 (29'512)

E-EEREYIESREBEEBREYA TV THEEHEETNIEFDREBEIIRICSRYT &
BOTH5B,

N (@& m")
E ........................ 4. 365
,/g\ ........................ 3.162

9. 2. 3 EREBHRIIBJIBEEBELELBR T 2EMONHE
AIECEEHICB I 5 EBERBEEBRENOFYEEEZHAE L., 22 TZhEND
BREDOEREEEESE (BOBEBILRL) TBI20HEB2HETS, (2. 2 &
SBICB T BER] TR LD KBLBICBVTBERBELESHER S N, KEL00m L
FEOWETE < Rohic, XNEBRESEBERIRBRICHETHBRICHVWTHLWEBROEER
BETHOBERBEBICEBII > EERR >h a1, £ 2 THEN No. 221 (ERBEE
T#ER1.,/100,000) £V 75 = %—% TAMAYA PLANIX7 (<Y 727 =7 ZkR&tt)
12 & VKEEL00 m LIEDKIBOERE ZKD 17,

TEBRYGIE covvereerrnernnannnns 169. 7 kit
ORI ceeeeereereennenns 307. 3 ket
BN &I & h 3 BEOTHEEIRICRT E B0 TH- 12,
ATINTH ceeveencennnennens 0.46 g
E Ly 22 "0y ETTITTIPITP PRSP 0.29g
X2 N) Iy ceeeeeiennnnnn 0.33g
TR AT — ceecerveecencns 0-09g

BEMIBI32ZBERBEEORBDOE 313 Table 2-1-1, Table 2-1-2IZ/R U 1205, T2
IZE N5 DKBBOFEYMEERT,
prefc heias £—E BB EB=B
-3 45 m 15m 15 m
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B 30 m 15m 10m
® 25 m 15m 10 m
% 25m 10m 15m
BhRips FE BTE B=B
& 35m 25 m 20 m
g 20 m 15m 15m
% 35m 20 m 15m
p3 22.5m 25m 20 m

oD ED LB Il —RRICAHT B ERELEEYRBRRIC L >THETE &
BTE5B,
Nx=N-L-10° (9-3)
T

Nk 1 kfDWRICEM B —RRICHH T 5 LIRE U OBk

N [ FOEmE

L I BEESEEOBORE S
1 dilFEETHAEYPOER W IIKRAICL S

W=w-N; (9—14)
212U

w:BERoER
PlEDZ &ip o BRYEE & B REBICH T REE, SBREYOBGES LCERER
B U7z, Table 9-1, Table 9-2I2ZhZhAE 1 kbicBRTET 5 LHEE S WA EEES LUE
BERUIZ, REA INT HOMOIERA OB IIRTER U 72 BAKIERTRE % —49.5dB & L
1EEDLDTHB, CNOHDEIRFELIIBIABEEBEBOY—VY - TXAMOKER L
VENZEELRE, KIEBIZBOWTHIE It BEkADENRE B LU Isaacs-Kidd A/ F
=iy MIEBHBEERDZEN/NTA—FER TSI, ZhENORENSBEE
MELULTHENTL %, CORTHRHBAXLBEDERIL Isaacs-Kidd FE I -V 2 v
N ORESIRICHES H S LR TS, ZHIETTIZ [BS5E  Isaacs-Kidd FE hu—
Ay MCEZBERHEBOBMBRENORE| TRRILEZATH B, ZII—F%2BUT
DEBREY DWE 1 ki 72 ONHEROFHELERT, BN/ 1 dTH 5,

et 3] AR
A TING Fyeeeeseens 2.5628X10? 2.3140X10?

(3.9229X10?)  (3.1216X10?)
E/ /= SRR 1. 864810 1.0409X10
Fay)Lyee 2.5228X10 0.9789
TARA R G —eeeee 3.0906X10 2.4411X10

WML DEA2BRICHBEO100m UFEOKEEEAZR L CRABORSGREHTE T
5, BRLIZ bV TH 5B,
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¥ BR g i B R Y
A TING Fyeeeeeeees 4. 3491 X10* 7.1109X10*

(6.6572X10%)  (9.5927X10%)
ElLy AV BRI 3.1646X10° 3.1987X10°
FagY LY 4.2812X10° 3.0082X10?
ORT ARG —eeeees 5.2447%X10? 7.5015X10°

IO ENLBEREBERE (121 UBOEBERERL) KBIA2NHRERD &S ICHET
5, Bfa b v TH 5B,

BER BB

A TING Feveneereenannns 1.1460X 105
(1.6250X10%)

E Ry ) RITIITIT PRI IT 6. 3633X10°
Fa T LY ererenennns 4.5820X10?
TRH ARG —eeeeennennns 1.2746 X10¢

Lo TERBEBL2BIIB I 2BEREELEZEBN T 2ENOTHRIEBELZEA TINTHD
1.5 b (16.3AFY), AUV IV06RFbY, F2a9)VITVOSHIY, ORI RS —
L3 bV EHEEINS,

9. 3 BENHAEEZHENTIEDIHRHEEBEORE

A CREEBELB AR T 2EYMORPHROMERITo 12, THIIFELTREEIRE
FRUTERBLIIv—Y Y - TAMER KV BLZAZhOBEHEHEBOREL®RE, KiE
TEMU 1 BRAE YRR R OENRE DS & O Isaacs-Kidd FE FO— iy bk &8
EHRBEBOFET 2KELZHML, RELUEEYORGEEOLE /(T X -5 & UTHE
Ulzo COETIFISICHE LU EDHHRE [saacs-Kidd FE b — )V X v PREAIC &
VREINTEEEEOHE, RICHANZRIZKRRNE CERLIZPEYMSHEHEEIC
B> TR IRRFOHE2ER U, Lo TIOHBIZLPHEZRHET S 120, KIBIC
BOTHEREICE A 5 _RRFDOEEITBT H2KREZIT > BRI OVTEERLUI,

9. 3. 1 Isaacs-Kidd hu— Vi v hEBAER ORE

1982 4 H22B %A, EERBH2THOBETEBEEE _BOBBEM 2 HETS2ENT
Isaacs-Kidd FE bO— VA v FOBRMEERL 72, LRHPOBFEMELEOEISISARE
HEITEVEERL, ZOKEZBBTH0HIC, 5y FOFEO, AT Ly F— « )S—IZHY
fFohnfzry b - La—F—-ORIRB[ICLOMKEEZMBFEETTII[6. 1 WESH
&l cHlNtz, ZOROABREAMIC L 2BEEBEBORHEE, Ay b La—F -tk
HHKEDEHE % Fig. 9-6ICR LTz, ZDRFDHEHRIE Very smooth sea TH-o1zo X7 —
Vv TAMRTHEMELZBEBL, 8158270°, #E2.5/ v b THREU K, BIL18K420
ThHoleh, 74¥—u0—7OME2EETVEBEREFICRM LB 12013188545 b
ETHo1. FDRIMEIDICEMEZRBL, COMBE_BE2RP LI EEFEIN B[
179 Thotz, BEFOMODOFTE IR AY b LI—F—DETD»HL.6MmTHH12DT
WOmERIE3. 8’ TH -1z, TDIEDPHITHEDIFKRIZ4, 984. 8’ TH o1z, Z DERMFIC
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LAREEMRBRDES TH 12
B = EkE  FekE

RE AINEH 1,170 35mm
R s < 68 42mm

AFT 3 42 14mm
Z Dfth 7 7 7 2

LFEiEGEEFKECREE, 1ndiz 0 ORGKKT bbb EHBESEHINS, Z0O/
BAERIZRT .

ATINT A 0.2347AEK/

= Vv 0. 0136fE{&,/ nt

XT3 0. 00941&f& /

COREMAKERNv—Y Y - TAMEERL, COBFEHEEBORELRE % —33.9
dB ICRIE UTzo ERIRD &5 IT4 TN ) BRRDERGREE % —48.4 dB (—49.5 dB)
EHEFE U, - CTHEHEEIL28.184 (36.038) K,/ mE 2B, T DHUEIX Isaacs-Kidd
FErO—-VAy PORREZHTRELZS, bULHEFHEENLIVELWEE T
Isaacs-Kidd FB bI— VA v M X BEYBEEOFRERIE 1 $LUTELEL S, Zhid TN
T BERENOBOVRIETHY, 2.5/ v b (W1.3m/B) ORMEN TIIHOBERICAL
BIa)27, Yrvrl, RORLBEUPAEDTA Y- E0RELNMb->T, BOL
SOXBAZNHDLHERIND, U UREMESE LTI A EOREEN TIELED
BEEVVDSBULS B 2KEZRBT200RETH > 72, XAOH» S 5 mZPFHOBEE
D75mE KE Wz E D Skl L L TREN L HE I NS,

9. 3. 2 HEREIISXA_RRHOEE

—EEOEFBESHAL TS, ZNPERBEFE LAV ZOMBIELT L, %%
EBRLVZENEICOREBELEL, ZREVRZBIIEESELS, X, 2K, =ZKE
BERFOBIICHESEL S, ChIZB2ERT 2BEEBEBORELRE CHET 5
LOLWERT B, TuDLA INTHAREOFENBRESRETETD, BERIIBNT, £
NoBHLBEEERL, RBEEZNENSEXRT S LK VEERRICELLE L, BEL
BEILEPECSLICED, K-> TZOEBNSER LB S 12HENE LT ZHEDIRE
EEALZOMBE2ELI®, EBENEIRIT S, TR, ZRESERKRIE
DN DM S TEENH 5O KEZBVTRAE LR LT,

9. 3. 2. 1 RIEHEE

EEBKKE, RIEY AT A, D LOEND 5> ORHFES OLE IZEERDENRERIE
BLEEETH -T2,

1) =k :

BREEY) IV TN, BERmMBLITFA 0V B,A-VRT Y VT (BREI),
E#25.5mm (FEE  +0.05mmllF) 2&_@EFEAL. REORFEIFAvryBTI215
1 X 2EZERCLY 1 RTEBELR O T,

M) EREoEs

NRyavE XY Juyy—2EBxE, dohLoHTUS5 I A ERAERE T,
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XY 7ay ¥ —ick g,

i) BAHNOKE)

BEAZER20mD Y ) 3 ¥ I N—BREZHH L, EZWHBOFTE EICERE 1 @2EE (E
ERREFS ), o 1H% TR RS ICBE (BEBREMT D) 347z, 2 Bk b
U TV HIREEZ ZERIARIEEEE Ommd U, 1 nmfBIRE CHASMITE L 12,

i) fHE~OEH

BRI ERR25. 5mmDF 4 O Y EKR - VART Y v SR FH LT, RASOREIEL T,
Fig. 9-TIC/AR L2 &H1T, F9EZHB2F0OEUAAM(Y)E2ER LIz, E->T(Y) L%
BEBIROSBE T 2K, TORFEOMMBEIEDLS LV, KICEERKEZFLE U, HAIET~Ax
EREKFHEIRERE 2 R E UIMIN(X) 2 ERIU 12, (X) L2 BBIERSBE T 58, —IREMICS

Movable Ball

Fixed Ball

TRANSDUCER

Fig. 9—7. The illustration of relative positions of two balls.
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ERHOEENHHETNIEZOMBREDS LV, Z22TXNY)OXREAZRIRE LT,
(Y) DBUT ZEREEAORED 5% 1 omfER TUAE, (X)DEUEZIRED 1 o 723K
BED 5 1 nmfEIRE CO0ARDIBIE UTzo & - THIMIZ60X11+ 1 EB V661 TH -1,

9. 3. 2. 2 HRBIUEER

Fig. 9-813 B BhER % FHhiR L% ~BE# L 1285, Fig. 9-9 3B EHREZ QA ~EHH U 12K
REESE -7 BEOEILHBERLTVS, MR E S BEENIERERIEREZRL TVSY,
TERIRASEERL L TV BIRIE 2 BRIKRIEERE O & LT W B, & o TEMRDOAILREIEERE IS Fig. 9-8
DFAIX20mm %, Fig. 9-9DHAE1L25.5mm% Z N ENDEICIANIEKRDSH EMNTE B,
i) BANDEE

BB A 13 Z BRI RIEEBE HSH96. Smm, 22mm, 37.5mm, 52mmiZdH -1, Zh SERKMEH HKH
tz Z ORIED 1 1315 2mE B - 12, XEFNFNO KRG E — 7 BEBEMEIL52.5 mV, 47.3 mV,
43.5 mV, 40.0 mV T& -1z, B/MEIE ZEKARMEER 2514, Smm, 30mm, 45mmiCdH 0, /)
lr okt ZOBO 1 HKEIX15.3mE B -1, XENFNRORHGFE — 7 BEIZ8.5mV,
7.7mV, 8.3mV TH-7,

50 -

(mV)

40 -

30 -

The value of peak voltage

10 |-

0 10 20 . 30 40 50
The distance between two balls (mm)

Fig. 9—8. Acoustic back-scattering diagram of two balls when the other ball moved back
along the sound ray.
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i) fBE~OBE

Fig. 9-91C B} %2 @ HIIBEIR S FER LEFEROBRFICH B L A2RL, —HORAN
OBREBORERELD, CORBOLE EFEXZHBOMED, 51T, ZHREBTR2ICELS->TRL
BIEIED, ZUTC OB, SBBHEMANBHSE S EICE D REBEEIZRBUC
Bl ot, ZOMAMBIZLTOREICENVTAABHLULE_FBORSTHRELL, %
NIIEZFHBROMBE» 5HT, fIANY) ERISRIEELZ I ThTVS, '

ik AE (6)
BR 1A i) BE 1mm®3FHE 10, 36mm 17.5’
BRSRIEES  11lmD$BE 12.19m 20.5

rEUEEREBHRSEZERCBVTLEITAZ § £T5, RICERERKEREL6~17mT
RB/ME, ¥935mTHUBAMEZEY, Z20%BOZP°HICELT S,

A ES0 kHz OBERE OHEHKF TORRIIHI0MTH 5, BEIREZRT BB X & 1K
DY — 7 BEOE(LEIRO A BRIARIES THISmTH -2 Eh b, K- BEMEOE
(LI ZERED— RS OEMREERE DB VIC K A NBENRE KB LI LHEEIND, B
BEROMUH~OBE IOV TIE, —RIKFEOEMEEREDE VI & B AEZEDOKE % B IR
K1 OREZHEBEZFLE UMM 288312, Lo UBKKRIEERL 0 ~35mOR T ¥ —
JEREEIIRESENLL, (X)L, BERroB _REHORSICES £ TORBUEM,
BERLVBEEROEL» 5D & ICLHENOZEEBOEMIC LD bDEHEEINS, €
NLBITH T 516~ 1Tmf IO/ 5K35mDBE A% & 5 TO/MIX, “EHREMOLER
ROERITEEBLTVAELDEHEINS,

BEDz&En»s, BEREPISERT 2R SE, BEERT 5EHROENOHENE SRR
BFRgoT#HR LRt T 52548, FRAKKOERICE U ZNEER cEEE 1K
ELSENT B, XEMBLCEESRTORNMMIBICENHEHBAE, FLULT, EHD
BB ENZn I ICHFETSH, SERFNOPEIC L VENBENELT 5, TOH
DABEICBVTIEHENLICENBEICKELEZX5), LOKEHEEEZHDIE, —
RIXFDIEREEBEDENIC L AMEETHHEHETEEINE, UL UBDIIERICELIBEEIES
ERFOHELAELBBLDEHEEINS,

LI TEBOBEHRHEBIIDVWTERT 5, BERBELBABR T 24DOFTFEE
ERRKEVDIZATINTHTH D, ZDRKERREIINT 2 FHEEDOFHEIL23.023
(31.564) fE{X,/ ' THYV, —i035.2 (31.6) em M H I 1 BERFET S EITL D, NEK
E1348. 978EEK /M CTH > 120 T ORE—L27. 3en M. F I 1 BEFEST 5, &> TRKDFEH
BEZELBEETH>THMDAL INTHEDRERIZ27. 3enbl BN TWB Z &I 5,

—HKEEEBICBNTHERLIZF 40 v BER—LVRT Y v 7 OEREEIZ—49.2dB T&
DATINT S, ¥av )y, avITVOENEELHRD GEVMETH S, £ L TIRR
RORENDH - O ZERIEKOFLEEEB L Z 6mE TTH o, TN LEOERRENS
LEERROFBEIAONLEL 512, 4 INTABRLBIIHEET HBEICTBNTHEKR
fRid27eml LEEM T WA B DEHEFEI N, v— VYV - FA MIERBRE LV B S HELRE
IKEZERROZBIIERTES, £-T(9—-1)R, (9—2)RIIERBERICH IS E
ER# %7 BERHELEOFOEE 2RO ARNE LTHESERICHIT I LDLEET 5,



360 BREKFKEFFICE H6BHE25 (1987)

FI0E 8 & £ ¥

BEROBERMELE I KEEFICRECET AN SEDY, £ L TRERES, £
Y - ¥ - BEOHABAGER, TEMESRLEKPEERBSRICOIZ 253 - REH - #
HirEE g8 S22, 2OFERERPT L EICBAILEHELYLOLOTH D, BEE
BELBIC B AP I AR, ABEMKE A U TR R, HRSEICH
WTERI N, ZO4EYNREE, PWENEERII SV TELOMREB TR, L UBEK
HELBOEE T s b bk - WL ORE, BEBBREYNZ L CBEEKELREs CEE
BRI RSBEINTORY, HEBICE T 2 BEREEBICET 2 REIEELR
N5, BSEESIGENABIIBI2REEIE P20, BICEREEICBVWTIIBERHK
HEBEOGET ORRINTH ST, 20OERICETHHE - IRRAKORETCH > 12, F
CTEHIBERBBENICB Y 5BEEBELBOEREHS»ICT 5 BN TERARET- 12,

BREBISINATREWICAEL, tEEE LSHEREAERNE, X bkl
HIKICB LTS, CORREBICIEEBESAUESZFREILICED, 3T IEsktEsRE
ELUTBOEKLKSE, RALBEBMECREINS, NEREBEZ DL DIEHRIBOBE S
VTT, EEHOKE (M) VT I0RRICEVERIALY, 2L TREDEBEME
ABICENEZ K DBEKUSFERINATVS, XNERBZIZES (BR) MtisiciEL,
CORNO—EIBRICHAT S LI L VKE, KBS, BEERRKZ, SHELEKER2ER
FICHRR ST EPRICK X L HER25XT05, BOREEILAROR S SEAEHEDIEIC
HERT4ED EOMEWHIETH Y, LrLREEEE L TEILZ o Icoltsh, £
NENBRZEL, KEIRFEHT200m %21 5, HEKEISERES237. Okf, BRI
563. Tki DEE TH 5, DI HBER2MFHOBKRILOD - HDEH AHKIIII0A ~140H 2 &
5%, FHEXRELRRALD L, BAEKE (5m) OBRIEKROEIICE>T
W3, BOLTEILREERS (1.0 v b), RBKEORAUMPRLM<L5~1.7/ v b, &
AR T0.1~1.0/ v b, BREHIIRH55<0.1~0.5/ v &, XBOTJEREREAR
(1.1 v b)), REKESFRL®1.5~1.6/ v b, ERRESEABYEEM0.1~0.3/ v b
DOFER, FARIOEEFSEAN TN / v bOJbiR, BHEEEI30.2~0.3/ v F&E-2TWV S,

D& ICEREBE KB U BEME S ERE 2D, »OREREIC
MBTAHIEND, THSITHESIEESHES LOBRIBEREELBZEBR T 24EMICK
S<HEBLTVEHDEEZOLND,, XEBEOBBICE VW TEERHEESPREICEERI NS
Dol DIRINFEKROTENDEL, BRREE, BREREZZORENPREIBZILICKELR
FRERMH 5D EMEI NS, EFEAXRREOBESREEITRY EFshTndy, BR
BELZOHICHLNTEFBRKOBRNDOHEA L ITERYEE 7&K, BRREH12ADOK/N
MIASBRICKNAATHE D KERILORE ZBERICE>THLEHDEHEI NS, SIHIC
B S FVRED & ICH ABHDB K OBE, KLKELED TAILEREOKE, B
BT, EESEYRICSX5HBIIREL, SHOMEE L TREShAEZ S0,

BREBOX2AECERI, H<OM (Fe), B8 (\H#E), RILE, NEES,
XA, MBS (LY baf), TOMBIVRETHY, TONRERIIKICOREICRK .
19774 H19814ED 5 FEROE 2 lE & R (5 FRTY) RO EB Y TH B,



W . BRESBOBE HHELE 361

o & s
NETFATY 1,638  ~
A H 8 215 h v
<~ T U 124 b~
UARPATE | 113+ ¥
< ¥ 4 106 k >~
r 5 8 80 kv
7 U H 7h>
¥ a 55 b v
Z OfthfsE 1,043 b >~
& B 3,451 b ¥

CNICKBEBICENE, HSOMTREINEHI 7 F4 7Y (FAEREI0~15m) OWER
BEL, FILE->TREBNBLFL2RBRDIS%ICH 125, XIBRERD G H R igs
FOBHEINBLDIWEHIIFATY, A A8, §F94, X5EHH5H, RAiCEhR
BEHOADVZEINIABEI~T Y, <47, YN8, 7Y, F54 555,
kDM, B, RELZEREULEREBBICB VTS0 kHz ARENBIC L0 E

BfE%{TH>BERBELEFPEREERE IO > TR AN, BRI\, BrhiEss
NZNOBRGCEIC NI BNEERS %75 BEHHELB 2B RBEOMK (108) »=
/B, & (48), E(7H), 2 (118) »=8, BhREFI—FE2BUCTCZEBRE I N,
U» UBREBED19814F11 A DELHFIEZBRR I Nz, X1983FEIE B U MR I s -
1o SO EDSBERBEOMICEVTREICIV ZEHHVIEBERBINIREESIH
Hohtz, BRESICBIS108» 511801 7 BOKERZBTKEDEBSFH 5 ILHE
KEDBEICAMEEIGEI > TR, FKPBERBELHY A 7 VOBLDEH
KEW, BREBRICBVWTBATHEZHII/FA 7 VRORBEIL3A, 48, 5H, 94,
10BTH 2, CONYITF 47T VROERT 2 E DT IEN, BHROBEEIETHICEDE
WEBEREELBOERICKE LEELAE5XTVALDEHERING, 2D LD St 2RV
TERBEICENEZBE U CZEBOBERBEBENTFET S L 2R LI, LAL [F2
B BERHELEORR] TR LI ICBEE—EY, 5 —FEKEIHFETIEE, —
DOBHSZODBIZDEET AEEEN A LN, TNIIE—BEREYSBEROBEE CI13x<
BEROBRICL>THBRINTVEL2BRI TS DEHERIND, DL ICEHR
AN BEHEHELEL Y S LREBICALEZSDBIE—DODBICABINIETTE S - 12,
BEFRELEGEERESA2T>FoRRIE, KERBA2RSKRITBH IS EM oD,
KEBEED OB TR BFOBEOEILEEOVEFRNH L LD LMEEIND, BHOD
FERARS > & 4 S5 OIS IC W TIERRESIC, WIS > TIIARICKELSEEBxNS, K
RIKEE < & T2 LU TO RSB EBEE ISR AR TREZ Bth, Bz hEhn—%E
IKEINEBT 5. CORBDEBOKRRELZDHFERISRLIZEBY TH - 1,

F—B 1077 Jux~10-° lux

FBE 1074 lux~10-7 lux

B=E 10° lux~10-2% lux



362 BREKFEKEZHCE F6EE 25 (1987)

COEZBOEREY I ABEOBORRROBFED L OKPRECKERP 571 7Y EHTE
¥ %, Nomura (1959) " X IUOEEEBICH T 57 4 7 VB ILH HATHTIEKERN40m
B L ABERKEE CIRLET 5, FOROKFBEIZI0'~1072 lux TH B, ZDHEK
ZE30m & VL BV KHBE10~10° lux OBEINET 5L 55, BRBBRNICBIS~
ATV EHEINSARD, BERICHEET 2 KFBESEHFICL>TEHNHEHDDEL
DHE10°~102 lux DEHEARICH - 12, SHEENBE TIIBEREHNGRL Y KPREICL K
XRENDHLEEFINEIHOD, MEORMICESH SN,

KRR L RO TRAED5DIIE—BTHY, RKEZE, F=ZBEHmi<l,
FoTBELRLBBLORE—BEZER TSIV IVIY, F2a7)IVYTHHI, ZOK
OEBERABSEE IE—E (FH2.5m /%) PHRHEL, RICEZE (F92.0m /7)),
BB (F50.8m /D) Tholo CORBBEEBHLZITo-TVAR, &BICE > TR
LB SKPBETH S D LHFEI NS BEORE 28X TINEENICHE %175 FHmIC
Hotlro NEERHEEIZOHOKRRICEFEH S bDEHERIN D, §TE8HERENRE
KBTS EHRES S VIZERIE, KPBEOREIEBO TAREL, EERPHERLRE S
BERL, BbUBTOBERKFBEOR(L LD RERBEE S/ SEZRIHE
B AH LN, 7DEIBRESE, BhREEs 5B, BEBN0.5m/ HTH-> 1,
BRI L B KBOFRBOBIYBRKFRBEOEICHHEEZE X, EEBBHREDEH
TN HDLDEHMBINGD, ABEOBOTE, > 3HRELEh o1, LALIDE
B EEE D A/NHSF DBZHEELR 2K 5 EMOKTER s #EEE & EEE U2 »
BNESITHD, BEBEBREYEHTEINEAT7VEIYITY, Fav)xTV, 47
NTHIZHRTHR, KFOBEKEE"PATHELEEINBICL DSOS, EEB
FEEHSRL/NS WVMEERUY, [saacs-Kidd FE bu—v 4 v b TEZBOHFET 5KE
EEBLEIELPPOOTIHREEMIFIEAEEL, A7V bHEINEPT,
Isaacs-Kidd P hO— Vi v FORMBERICERTMEI VI, Fa7) 1V OHRE
BEKDA TNT RS> 12DIE, FOFFHEBDPENIE, BHTITAL TN A
O BEREESEP o122 EIC kD bu—ViEOL 5 OkBITE O RE —HTH B LHERE
xh3, ICTRAEESBEE IMAICEHFINIRETFO—ETHE Ny TT— -V
F—OENIETRECEEYET S, EEBHOTYEEMVB Y, THEEE LFEE
IWAERERNH DL HIE, ZOMEIEEKRZHDEL D, BRIICBIIAEERDOH T
SR - BE - BB OFENIERBEEZRDBICEIATDITHY, SBECEHOERZ
bz szn,

BEESELESBOBREDHE L [F5F M4 v ML 2BERBELBOMBEY
DIFE|, [HE6ZE Isaacs-Kidd FE PO —V i v ML 2BERBEBOBREMDRE],
(B78 BEEBEBOKDA A FICEPBR] KBLTHRAT, DB ELERBER
DEEBE % /T BESHBEEEER T 2EYOFEITI—RICFERAIN TV 2 EERHSH
v b (HBEAERY b, OR45m) 77 v 7 b vRERTIIRETH > 72, IR
Utz &5 IR ERAEY OBGEE S E < BOD 5 BT 2RI S0, LELIIT
BT 52813, JOMNEF Y MT& o THRES W HABOBEREAKE 0 ~50mfFiic
BPOTHBEICED 12 EThH D, [B3E KBOEESHLBFTHEBEBOEERH]



W ERBEOBERHELE 363

KBWTKBOEESH L BEFRHELBORRIIOVWTERL LY, KEBBOKFEICESR
BHzTbsVWBERBEES# 5N, ULhd I OBEFRHERE IRBII00mLIRICR
Hph, BHEELICEERPHEXBBANEN o1z, XZFOHELEE IXREKN—43 dB, B
—60dB TH 12 Eh s, BITHBICBOWT/KERBICES UTHAR, EHIED LU
D77V FVEPBICBELTVWELOEHEEINS, BREBBICHRT 28757

T D WT IS - BOARSY, BOERSOMO BRIR - BAERMY, ICEEMICECEI I M T VWA, L
LENDORBELUTCEET TV 7 by OKFEDHEED LONHREEOEHEL - F81LIC
DPVTHRSNTHBY, 777 b yORBMEERS T 505 REMEBICHES BiAME, &
MEEOKELEICETIMREIA DN L1, BEREZITHO BT HHBELEELEKT 2
EYOFREICIE, COEBEMAHAY MIZEDY Isaacs-Kidd FEB bo—)v 2 v M ORHEIC
Lo THOTHEBREMEHREINIEYERET I LN TE, COKRE—BIIAED
AV, Fauv )y, BLRBBAEDA TN S, EEBIIFEKEEOECVAETH
HOLMET B, ABEABICLIEZBORREEBICH 5ABORHR/NNY — v Th-o 1,
XERBOELBOPTCROFELHLDIIE _BTH > 12, Isaacs-Kidd PE o — V% v hE
WERD LOKPEERYOERLADETERL, E_BRA TN HE—BOBTH 5
LR EBIL, BEBOBBEMHEEICH L VBRLBINRETH > - OIFBREDOT 3, +
FTITHo1, OFRARAT— (T 3) OLFEMEEILS, 624K, + X7 313912 kT
HOBEREICRIITHEBEIOAT A —DABKREVEHTEINS, ORFT R Y —REME
FHu, BREFICBVCRIEBRERISRLEL, BRRESCSOTRE—E, £
B, XBRIIBWTRE=ZBTRLEFEINT, lsaacs-Kidd B rO— 4 v M4 —
T Ay FCHAIMBERLERL CEFREHEICE VT HE—BEBR TS LD EHET 5,
Uh UE—B, EZEE2EHT2AENPERETALRIICOATRAY —, AF7 I ERES
NERTEBALHHLDOEHERT 5,

B R BB O RIFEHE 1349400 10ET 5, SH Y H1IT3EE ~ KO BRI O T Uik
BT 5REBYD>S, REEZRFIUVUCZORIERT-oHEREZRA L, ERDOABEELT
Fa7)IY, AINTHIBEBRINTHEHSIIIIVIEEN, XOKAT AT —IZEALT
BRI L, 19724 51973512 13 TRER B IBIENER (KEE100~230m ) DAL
BICoVT, EEULThY bl CMRESIE) BEDOREZERL, BREFICHEL
THREBHED T I O—F Lophogaster japonicus SERE S iz hs, ZHIZERN TIEHAL 75 <
B, BB LE s ATEREBEOFEBHMHO—HE2TRTbDE UTHRKEVWERELT
Wb, XKFEF“NE Lophogaster japonicus \EBAEN, L &b BB & OWERERBICH
BOL<HTL, BEEEIAMICBI 3T LFOFIL S RTHRLTHL VD& IEE
2T PR VEBEICELVTCERBLTVWAZEMSERINEERRTVS, ULk
AY —DEEKEMEE CEEBESZTOEORRRIR NG o fr, BENSRELLT 3
BIXEEDKER Lophogaster japonicus TdH ) BEREBBVSBBARBICH S b oBETE 12,
BREECBVTEREBEEPZVOBSHRLEVEHE I, —DOOREHMTH5Hh bA
Mo, X19854E 1 A24HEBHREFICH I 2RI LY, ABEZLEBTROS ICEE 1 mS
DEHODEEDP LA IOFRFT AT —%1,000FE%Z 2 THELL, COBEITBECR
LMY, OKRTRAY —DEFELRZ EEMPENRIMD SLOBRABEINS L 2FET S,



364 BERBRFKELICE $3655 25 (1987)

BREBICBIHPBBREDHIHEEEOHOATEER%E [F8E BIRBEELZE
R 5EHORERER] TR, BEENT 2O BEFRBEED > OBELE OB S O&
KW EAFE, KPICBT2EHE%EZ C, BHESNVAEE ¢ LTI C /2 DEHDHIC
HETS nfAOFNENREOBRIBRZBENL S DORFBEDEITTHEHLETHHD
ThHbH, LM LINITIIEZHRBELSENT TORR r YENFNRESEEZIRS 120,
FENOEZHBICESCIRERICEESEL, BEROMBEZICEI S TFEHREERL
ByhEssiz0, X n HOBENSBICHEET SR, EXEHPLOFTHRIANT %
TN [ ICK->TRHEL, EhHFIOEN jIEL, 2Ih0RXRERICHAT THFRT
ANVF-DHERRINZEVI ZREKHETERTIDENTTL B, UL UERIT—K
REDTFHRIITO2NTIE, SHEEOREFIINL, Kz Zs2 2 CTEAFETAIEICK
0, MHEZEOFYMEIZ0 LBV TFERIIERTEE LU, XRRHOEEIZONTI,
BREBOEERI #1TH>BIEBEBICEALT, Z200HEE» > —RRFOHE L ER
TEBHELT,

BBERBEBOMELEE X~ —Y Y « TAMERICEVAIESh, ZORKRIE 2. 5
HELRE | TRANEIATH D, ZNICENITHELBREOFHEIEE, =8, F—
BOWEIZKEL, BIELE-BOEIIBREETI.7dB, BHRREBHTS. 1dB IKELT,
B-BOHEREOEHELIBREES TIIK, & B, £, BhREHTEL, B, ¥
EOIFICKE <, MBEICBY 2HEREORRERVWHT I LB TELr o1z, FIEH
REHICBNTEELXDENI2.4dB Kb RUBEYKE 2EBHH SNz, BEZBOREL®R
EEHELIBRESTIIE, & & £, BRREECEE, K, £, FOREICKEL,
RBOIESWIZE > THWBPHEEBICE T 5BEGREIEVICERP S5 LHEESI NS, 5§
ZREIconTi (2. 3 BR - BhRERICBISER] R L ICZo0EE,
BHEPELDICRETHIEHEEINZEFENNI—V L, RETHIPE pHEERE S
BN —VIIDFTHENTEN, BHR, BPRBEELAIBORTZENNS — Vv HEEAL
THY, BREBEHSH LN HEZBOMEAERIEEIIMO _EICHER U TEHHK
Ehotz,

BERBILEZBR T 2O BKENRE ISBEEKS0 kHz T, INFAH, 3avyxy,
Xam)LY, ORFRAI—DABIZOVTKERTAIEL, 0O&ERE% [9. 1 BEK
HELB %K T 5 EPOBEKENRERE] T, Pitch Plane ®/38 — Vi34 INY
AEFa2YVIUNIODOBKE, 200BMEERE O ETCLE b DEL-T2H, 3
YU IVIEE DOBAE, 4 2OB/MEEZR BRI _BHEERE ST -V ERLIZ, Th
a3y IVIVoOkE, BRSO BEBRLE L, BLUABOLD &P
0 HAREL, AFBEDEBNVICEDBDEHEET S, FREOUAT Y —IZREL 3L
KBE ST —VERUE, CHIZALOHICRREEAEOHREDOEVIZE S D LHE
X N5, Roll Plane ®/%% — v i3falH, BREL LB DL L1, ERREDE
1% Pitch Plane TIIH M BEA, B DH 5 WIZERHEHIR/N, Roll Plane TIXAIERISRK,
BESRNE L5112, THITBEEOBENAORMENAREHEDO KN ERNICBEFENGH S
LOEWEEIND, DL ICHEENDORS, RS LUOASFBEDOED, 25 TICES
HEROZEHIHT HEHOEEOEIC & > TENBEN KX BT 5 ENERINT,



WE | ERBEOBE HHELE 365

FORKBEER/MEDEIEZ, TN HT7.8dB, ¥27)xV9.8dB, IV TV10.7dB,

URHAY—9 dB THo 1o AARTIIHEREZALE LU CHIRAR, FMifsmAICHEYT
ZEHEICH ZENREOFIOEEZ S > TZORFEN2RET IENREOELED 2, B
BHEHELBZ BT 2EMP A H 5 VY ARICEEBR# 21T-> TV 50, BRE—EKE
I BT AROEKEREZMAENTERL 12120, EBEADHER U, 12154 T
FHARXDVTIIKPRFEICL VI F ERROERER 2D N TERLDTEEELTE
OEZFMPNISAAINL 120 £ U TR BEEOERNRE LA 7N H—48.4 dB (—49.5 dB),

I3y YTV—49.3dB, ¥27) LTV —-50.0dB, OKRH XY ——52.9dB EED, B
B DEMSREE % 515 120 DR IIEA - BE, Love™ IK&>TRHHN TS, A
HEOERRNICENE, ZhEFNOENBREILS 715 H—67.36dB, 37TV —66.72 dB,
Fa2v)xTV—68.91dB &ixofc, XEHEDERRICINIEL TN H—-53.06dB, I
YIV—=50.97dB, ¥27 )TV —-53.06dB B>z, A - BEDERN L O RD1E
HIRE DMEIZRIEME17~19 dB b DOENH SN, —F Love DERR & 0 sk 12§ EMER
BEOMBIIEA - BMECES 5D L 0ELILIA, £EHEODOMEICIZL.7 dB~4.7dB O
MHotze UL UER - BMEOERRIGAEIC L SHIEME K OfFEIC & 0 ENRE DEIZX
E<ENT B, RIRCUNERNREIL K=1 L ULTKROETH 5, MIEME K O IZHIER
E—BTEEOPERRPOMEINEHDTH S0 5, FEHNIZK=1 L LTERRX» S
KOTMEICBKREBZREVEETNHWHEELHELDELHEFEEI NS, X Love DEERRIL
0.7<L/A<90 (L------ffkE, A---e BR) OREHE»H S, BEERBELBZHER T 54
MOEEIINZINDT, L/ADEIZ1ITEL, CORBOEFRISEN, 0k 2HEEIC
&0, MERKS 5K 1 BEHREOEITAEBE—BLLEP > bDEHTET B, £oT
FHR TR LB EWRHEE Z WK 2 £V O BREFOREDBEOBRE NI O H D EHE
T5,2DEDICLTEBHFRHEBOBERE & Z OBREY O BIKIENRE2M->Tl 9.
2 BEERBEEEZBRT 2EYMAHEROEE] KBV TEEBREHA TN T H, a3y
V, Fav)xyY, arsHTRAS-ONHBERE LU, $IE—BEE L CBSREELES
BOFERE %KDz, DFYHEEOHEMIIHEGRE B & OCBKIENRE ORIE@H KA
EHETD, BE_BRBELUTBEERELE% [saacs-Kidd B ro—L iy Mic ke
MU, FESNLEARBOLTEBOTHEE 21ES LEBREY Z L OTFHHEE 2K
72o ZODfEICIE Isaacs-Kidd FE b a— i v bR, B LOBMERBENE T 285K
HELBEZREECHEMPUILLPRVICEEST S, F—BEICBIABEICODVTIE [1-5
HELRE] [9. 1 BIEEEELEABRT 24YOEKENBERTE] c2RL, S
BB HMERIE [5-1 BEHE] °HELL. DEolt2EEBLT, SHERE
BRI TOHBEIZBOT 1HLNOBETH B EHET 5,

BEEBELBZ BT 2EYMTHH 4 INT HOLEEEICBEIL THELRE B L O BkE
KSR DRRD HRO I HEME, Isaacs-Kidd B PO — VA4 v MEZBRBIC L 2iRE
FERPORD HEEBOHBRE 21T 12 BZERATNTADHTHREIN TS0
MEDOHEBREHCIIRBETH D EEX T, FORBR, BIHIC &k 5 TYBE 1228, 184EE/ nf
T—0KI33em L 51T 1 IBFFET 5 2 &I2/2 0, H%EFIC & 5 FYHE0. 23478,/ nd T—30
162N A IS 1 ICHFEHET A LB 5, ChIZKRFETHERL - AREAED C /2 ®



366 BERBRFKEFECE HI6HHE 25 (1987)

E#OEBHICEET 2BEERICBRETSERO LD ITL 5D, T4bDB5 Fig. 8-4DHBREH
ABCD OEFE V IZAKEOm TIE (8 —45) R&VMUfEL D, COBRBEHICEET ST
NT H OFEBEIL, BELRE & BEENRED SR -HEE[Z B 5 L£2,6500C, Isaacs-
Kidd FBhO— Lty MEEERP OROIHEMBERANS L22[CE 25, BREBZOH
EAED TN, RBEERLTVELEREEXIIKL, BREOHHELIZRLDILDLHEE
XN b, Isaacs-Kidd B bO— VA vy PREFIIIEZ T A Y b - LO—FIZ K ORKERZ
ERL, HE7AY—u—7OME2TOELS S BERBEBOROKEC ba—L iy b
ML ABEIICEERI-1, NHBEREEIZODVWTIEAy b« La—F&ARENEOR
FEREEL, WKESBEUED b N1 BRI RBRRED SR LTz, IKbhhbb 3T
BEICZHLOBEENSHEELHERIZ [9. 3 BIERBEBEZHER T 2EUHHEBHET
BORE] TEBUKLEIITA INTHOMOL S ORBEHEER I H2BLV, £5TZ
CTAINTHDOBERBERHEES 5, BE_EOEEHRABIHEEDTFIGEH2.0m /5T
Hotre XA LARICHE T BKPEERFOER, S, KD LRAKII23°~27°TH -
tro EEBEZIT-> TV AEIGEKEES LOKEO LRAENE—ETH 5 LIRET LI,
19K 2 mOERERT 27201018, ERABN2 DB AFREREILI. dem,/ L2,
27 DIBEWEEE 138, lem/ W E BB, CHIZRBEKEHRI S ENTEXHENREETH
0, FETICENERAEREE (ZEERE) ICOEO3 ~4EBEE LD, ATNS
H DEEFGEE %9. dem /T E8. lem /B DFGE, 8.8em,/ BE T MISRKBERFERE B &L &
35.2em/# & 25, ROBKEKEE DA 10XB. L. en/ I L hidB & ZEREDI0fF
DERRENKEETH Y, BEINIZL INTHOFEEEIIB/mTH > 12 2 & HRABEK
BEEB&LEBm,/ HELD, COL)ICARBEABOLED LOKPEEREZEAREL
TkotfEs, BMEX» RO IEIBE—B U, £oTA INTHORKEKERE (3
BRE)SB L Z35en/ W ThHDHEWEIND —FHRMEKE2.5/ v FTH > 272 9H#9129cm
/WEBB, ko THERAREBBAREDP—BTNIHETRETH S, LU TINT A
3 [5. 3 BEEEEBEOXEITE] Tl &> ICEERE S 5> ORBITENIIKE A
HEVETHNDOBHTH 5120 &4 INGABPOOHFLREICWEET B2 5, BOAK
A D VT2 DI IZATEHAIC150emd % DI EEHAIC80emBT L 2 g 580, 20
RO ET SR B LU2.30THS, CORMBICA v MXENEN555em, 297cmAl
CETBHEDTAINTHEZOEES VBN ME CRBTHEE SISO AS I &3k
Vo b UMOA»S4.5mBIBIKED D23y Yy N, Vv, RORULHENIET LV —
EBITHDS 2R Y, HAVEIBOIIC—HKA->124 INGTHHEE (BE75m) »
SRIHIZET B2 51E, X Fig.6-LIRULZ 1 mY) ¥ ZICEY 23 EKEGORES AL
ETHH>IIEPSF—N—7u—DELEZON, Jsaacs-Kidd FE T -V Ay M E
DHLDODHE%E L EL TIEESB,

BEREBENIZE Y 5 RENEA, FRENZAZEHCRBERHONSHERFEOHRE X TV,
1 PR BB KERBRSEERE T D50 kHz EEARFENBIC K2 HERD
RHICLY, ARBE=AHOER)XAROEX (mn) & LTEENICAABRIEL CORE
CBERELTOVLS, ThiMtoEE s OB S ABEDO BRI 2T —DDAHETIES
505, BRFR (tons/ ') ZROBIENTELZVEVIRBMIIBEOLN, K> TEEVHE



W ERBEOBERAELE 367

EUNBERBELBABR T 2SI HEHTEMLE, thORBEDOHHELE OHBKRE OF L
BENDOT [8-2 BEREELBEZBRT2EMHHROME] KRINIHOHRIE—T
DADBEIIRE>TVAHHDEHEEE X B 2B,

BREBABICE T ARBEEB ML & 1IT/H3,450 v TH Y, NBEREILE%
BT 52X THBAINTH, auIVLy, ¥29)LY, a5 —DRE%
WIAF Ry EHMEL, COEDITRARBRICH UBSHBELBEZBR T 24ED0BIEZ <,
BEREEOEEMICE>TEELRYEZELTVI LD LEHEERT 5,  hid Fig.2-5,
Fig. 2-7TOMNIR Uz &S KRB P BERBELB 2B L 25 b EERB ZToTNBH 2 &,
X, Fig. 5-3 IR U2 & D Ik EEOEVKBARTERIN TV S LHEFEI NS AR
» o BERBELBSRBTEZ L >R bAONDE L0 H, BERBEBIIZEASOHE
BAYOERBEL>TVAHIENHRINDG, > TBEREELEZER T 2EMIRY
HEDO—RE L TESBROBREBOEERICKELFSTI2HDLHEET 5,

BEBOMEIRISEEITEIITEELRELL->TVLTHAID D, EHIELDOHE -
MEzBEAERSTNEZT SRV, Z0HITIE, SEBOMTHREELE LT, BEERELEZ
KT %% < OBBEOEYDORE 2 EHREDRIE S L CREDOREE BN TH 580
B R D BELRE ORIE ICE D HOBRENSH 5, NBZRBEBIC L5588k EE
BNCIBB T A MENH S, CNIIBEREELBO T H2AB» DT I3, Z0RAME
EERFILEWATREENH B 5 TH b, Cho2BATAIEICL > TEEBRRBOHES &
DREEOBVLOMPHRFTE 2, X OEBRBROEBIICE SRIEKX & B ICBEL,
SEAFBOBIEENIC, XKy TI7—-VF—, bV R KV F—BIOMNRFEE
BT HEEESD S/N HITEERESTHEATH D, 5% HICHEBEZLY, K

FEOEBEN 2ER/L, BEDLOCEYAR, 2L KFEEREONFICRILITS S
EMTENEENTH 5,

BNE & i

BEEHEEIRE, RISRE, £YHRE, KbFTEMES EICHHE SN 5 KhTERS
DBA% - &t - FHCEESXEL525, EEINHENFOYEN, £YHEKFE
BT AMEO—SE UTERBECS I IBETRMELBOEEREHA > »IZTSH L %2H
FEULTIOMEAERL 12, BREKXFEKEFZBREFMEENICS0 kHz RERAKZE
HUCR %=/ 5 & L LITKERRIE, BEMELZERLL, XBERHEEZBKT 240 %
WERI B0 777 v+ & v b, Isaacs-Kidd FE FT— )4 v FOREHB L OKFE
B AERLZANCBERHELEEROEEZR A1z, 2L TRD LD sEREZFI.

1) BREBBECBIAFAMEERBSLITOBEHBEEOTFEEZRRETH P TE I,
FhZEREESE (122 UBOEBIER<) K—F2BUCZBRREI N, LA LKE
I ZBOAHDERNH SN, FICEBREEICBOVTEKEL LT IIh i CTREBRHK S
NBBENE P17,

Z OfhHBEARICEE - 2R AANERE £ O b D DL & HEE S N 2 BT REELE ORI
WENECER NS, BhREEEBOEHOBERMETIRIN, NBRBELXFICHAONE S



368 BRERFKEFHICE H6EHE 25 (1987)

FVRZOELFH/L LMV TEL,

2) HAMEERDZTO>BIEAEVER, BHR, XBL SROBHICTRZ2BET 5
IEicE—B, E28, = L L. FBTEHEBOEER S IYENER, £MHNER
IR VIR ICEMSRBEZE U I, NBRBSE, BhREE, SEHCBVWTREZIRAPE 4
RoNtz B ZDKIE/NNE —ViZLE->THBVRISRTEBDTH - 12,

=518 EJE H=8
WK EE 50~60m 20~30m 20~30m
B BT B R~

TREBRGR 30~40% 10~20% H %159
BOEX 30~50m 10~30m 10~20m

. BLHEN F—RBE .

BROKE (BEATE) E=EOM BoEn
3T FRRT B
L5 pAtaRs Z{tk Z{tk Btk
A% A% R
LTI 30~40% 15~404% 10~20%

3) FBEFHHEBOBMICBY 2KEIE—BIRLEMEL, BEIKEETS LD
nEFbLELEArd AT, FBEE—BELE=ZRBOMIC, F=BREELERVKEICNE
Utz BWREICHB T BKERIEBOELDHHGFETE 12, FNICINIZE—BIZ50~60m, 5
ZRB, BERBIE20~30m TH o 12, FEDME T 5 KERIZBEICH > TRKBE, "EICH -
TAXITKRELSFEINI,

4) FBEEHEEOCEERHORAS L EBONME T 5 KEIR, KPEE L ZEE
FHontz, $ubEKPRENESBORBEKFBELIVREILNIETREL, Nali
NELEFRET 2, EBORBEKIREIRIRTEBD TH -1,

BT—E 1077 lux~10-*° lux
BB 1074 lux~10-7 lux
F=B 10° lux~10-2 lux

5) KEEESFICEL TR, BEREEBOZEERHOFEREBERET DL, 12h,
KEBBOHFET AKELEERES 2 ITOR VWBEEEELBOKELPE—H LI, XZ0D
REROBIIBHLIVEBMICBVCE &0, HAKE, EBWESHM TSI V0 F U oERE, K
BREBMICBETAILOEHEEEINS,

6) BBEFHEBO—F2RAUCOEERABHEREIRIIRTEBOTH 512,

BE—B 4.0 m/ 5%

BT 3.0 m/ %

B=E 2.0 m/ %
NEBDOEBRABLEEEDFHEIRIRTEBVTH > 12,

=/ 2.5 m/ %

B 2.0 m/ %

BB 0.8 m/%



RE | ERBEOBTRMELE 369

EERABSHEE IAZHICBOVTHECLIORELE LI, XEEBEEE & KFEBE
DOEILLE DEEFEB A LNz, TaLEREDHE, HBEKEOKFBEDOELRIIKE L
EEBHEEL RS ZEZRL, Bb UL IINOBE, KFBEORLL/NE K EEBHE
BEL/NSnEz2Rd@aIcd-1, ZOEIE—E, FBLELH0.5m/ HTH-1,

7) SBERBEBO—FEZBUCOBERBEBICH I 5HELBEOFOEIERIIRT & B
DNThHot,

E—E —39.1dB
BTE —34.7 dB
== —36.0dB (—43.7dB)

BEZBII2WTHZOBREYMPRETHL LETEINHELHE/ Y — DA 1E—36.0 dB,
BETHELEIPHERBE TR I — v DPESIE—43.7dB &, FDOEIL7.7dB I05%
Lt

8) EEBRHZTHOXBIERBEBEBR T 2EDRER, 7707 bV BHERTHIE
ERFAHEA v b (WEAFAL v b, OFR45em) TIE, BELBERED OEHGEE MSE T8,
ZOHBITHICEVRETH S Z EHHBAL 1,

9) Isaacs-Kidd R b — Ay ML 2BEFRRELELZER T 2EMOREL LU
BEFHEBOKPEERE S EOBRLIVEBEBR T 2ENIRD L IKHEEI LB,

I8 IvyxLy, Fay Yy, akHRAY—
BB ATNT A
E=E ATy

UL UE—BIZBELTIE, FELTURTRI—2ERBE0AOBAEER UEERBE % 1T
W, ZOBOEILHIOmICRUTEBLLAHTIHBALREIVE, XBE—EKEIH
B, IUIVIVELESFAVVIVEOCDOBICSMT A L LBEREELEBOZE LY

HEExh3,
10) ZBERABEEZHBRT 2EYORKENBREORAEL2ERL, SFHEZKRD &
HIZE1,
A TN H —48.4dB
Ry —49.3dB
o)V —50.0 dB
ORHTRAE — —52.9dB

NS BKIERRE OREICIE, KEZICBYHBEMEDS L OERRICLBESE A ELL
Tb, BNOEKER S EXEZWBITTT 2RO HRASTHD - o@E 4 RERIES, X
BFHEOENEE/SY — v IEAE S FRIE T Roll Plane I8 0 TEEELU 7255 Pitch
Plane KBV RO TRE - 2R E B, XARED AT/ 5H, ¥2%") T3 Pitch
Plane iIZBW\WT, 32DOBAEAR L OLB- /89— Vv ERLIZ, LALITIZVIESD
DlBAELZ BRI B ELIERE 1239 -V ERUEZ, THEERS L OREREEDENIC
LBHDEMEIND,

11) KPBEEREERLVE_BEABRT 2/ TN HORERE LRROKEIO LR
A2 ~2T°I BB bDEHEEIND, THIZBEEKENBEDHEICEL T— DERE



370 BERBRFKEFLPICE H6HHE 25 (1987)

55,

12) EBEBEZTOBERBEEOEM S EHETE D 72 8 ORELER R RIEE 1213 8 EN
DPHED—RRHFOAZEL, “IRRH, ZRRFZEENEOZLERFOXEIIERTED
LOLHEEINSD,

13) BHEWHEESE B Isaacs-Kidd F/E ho— 4 v b RBHER & BELRERIERS
REOKRDLTYEEE Theh, 0.2347(8fk/nf, 28. 184{B{K,/n & KRS - 1245 R
281, Thi3A 9N HOEEKEE & Isaacs-Kidd FB bO— NV 4y PO B LU
MEEEOHBILDbDEHEIND,

14) A INT HOBEREEL, BEZBOEERABEHEE L KPEEREH» 5B 1 EH#H
DLRAEDN H8. 8/ WEEEIN, COZEDSRAEKEE (Z5EEE) 1$5 &£ 35em
/SHEHFEI NS,

15) BAEENOR|EHERT 10logn=SV—10log(Tse+n-Tsm) B &L & Isaacs-Kidd #
Bho—iy NEMBICKZHEERD S EBREMOLEREZ KD, €L T DERL
HSERBEICHIIBETHEELEZBR T 2EMONHRERE D ICHE L2, B bV
THbH,

B R v BRI

ATINT A 4.3491X10* 7.1109X10¢
ayyzv 3.1646X10° 3.1987X10?
Fav)xV 4.2812X10? 3.0082X10?
OKRATRE — 5.2447X10° 7.5015X10?

Fo THERBBEE (127 UVBOMREEILERL) KB 2B8FRBEVE (B8, £28)
ERRT AEMDHERIIREA INTHILSF Y, 39 VIV0.6FbY, Fau)TY
0.5Abv, BFRFTAI—1L.3F bV EHEESINS,

16) BREEBEX2SICH T 5RRERI3H3,450 Ny THY, XNBERHELE (B—8, %
ZB) AT AERAEMORBENIAT b Y EHE L, RIREERICH UBEREELE
ERRRTAEPMORLEL, BREBIIBYAEPORYEHFHO—BRE L TESKRELEEL
BEARBELALOEHEEINS,

# 23

KB EEVEEDHBIZH LY, BELHEELMBIE 2B D - AbEERFKEFHBH
2 SAEmEL, FAYsdg ERSEL, R¥EER EFIESTIORE S 5 BE &
DERET D, 7L TRIBER EHEE2B - ERBAFLEHR FRRHZELICE
ATREHOERERT 5,

X 5I2H LB S CITKERBRORITICZ KO BB & WiV EREBRFKE
FHEFMEEANE HEARRK SEHEH—FH, AREREGAHAEGREE A5
iR, BREEHEREL Y/ —BE WOREK, 2L CENBERICBRUERCHIE
EOREORERBRFKEZEREIR BARREL, R¥PDEE H)IETHEL, BRE
BKERKEE BiBEE BiEBK, DBT #8#tTantERERFETLESREBETIARBARL



WE  BERBEOBERMELE 371

R T EMBE, BA - £5 - BREEICROICHHV RO ERBRFKEFD
BE WA, B LORMAEEHRECERERN EFR S M CHPREK, RORK%
M ETBHEL OFEEER, TLRANAKEOWR - MIEICRDV IRV F¥EEH TS
HE BREBRKOERICEHILAL LTS,

BB OMEO—EBIZERSAFENEHENRBEEIC L >TLEINLLDT, LT
MEEKRT 5,

10)

11)

12)

13)

14)

15)

16)

17)
18)

19)

20)

X 73

WEDNEE— (1979) : “¥EEESREE”, pp.115-124 (BXE, HF)

FARES(E (1981) : 154  KETEHNE 20BE0Q ARFMHOLE. OCEAN AGE, 13 (1),
13-17

FREEE (1970) ( BoEO vV —F—. BEEFEFRE, 26 (6), 272-278

FHER (1952) | BRBERIC & 2 KEEYHAROES. BE, 22 (2), 22-27

OscAR SUND (1935) : Echo Sounding in Fishery Reserch. Nature, 35, 953

AMBERE (1967) : KPHFEOWEL ZOILA. BRFEFRE, 23 (6), 401-406

CARL F.EYRING, RALPH J. CHRISTENSEN and RUSSELL W. RAITT (1948) : Reverberation in the
Sea. Journal of the Acoustical Society of America, 20(4), 462-475

MARTIN W. JOHNSON (1948) : Sound as a tool in marine ecology from data on biological noises
and the deep scattering layer. Journal of Marine Reserch, 7(3), 443-458

ROBERT S. DIETZ (1948) : Deep scattering layer in the pacific and antarctic oceans. Journal of
Marine Research, 7(3), 430-442

RATHKER - REFBRF - REGF—BR - Bk#HE (1966) : HARHEO DSL £WEFICE Y 25758
—1. 19654E 7 ABsERIC & 5 HAERE, REAFBEEHPLE, 2, 179-196

$KIEH - FREERE (1967) @ JEFESATFRFEAKEICHB Y5 DSL k2w T—1 EEBEH - KPEE
BEROETIv I byBBEIIOVT, BEKEFRE, 33 (4), 325-337

R.P.CuaPMAN, 0O.Z.BLUY and R. H. ADLINGTON (1970) : Geographic variations in the acous-
tic characteristics of deep scattering layers. Proceedings of an international symposium on
biological sound scattering in the ocean March 31-April 2, 316-327

R.P.CuaPMAN, 0.Z.BLuy, R.H.ADLINGTON and A.E.RoOBISON (1974) @ Deep scattering
layer spectra in the Atlantic and Pacific Oceans and adjacent seas. Journal of the Acoustical
Society of America, 56(6), 1722-1734

WILLIAM G.PEARCY and RODERICK S.MESECAR (1970) : Scattering layers and vertical dis-
tribution of oceanic animals off oregon. Proceedings of an international symposium on biolo-
gical sound scattering in the ocean March 31-April 2, 381-394

RICHARD K. JoHNSON (1976) : Deep scattering layer spectra in the eastern North Pacific. Jour-
nal of the Acoustical Society of America, 59(2), 465-466

MEFRA (1980) : N7 4 EERAEIBICHE TS DSL 20T, BREXFKEERLCE, 29,
123-128

FERE (1958) | ISR 2 ERFAABRFOBOER. @ITIFRER, 12, 115-135
BAEH - THE (1958) : RXHEBICNY 5AER D.S. L. OFMIO>VT. BEAMBFERE
19, 31-37

RIG - BG4 - IRHEA (1969) @ ABEMBIC LARIHBOBEEBEBORRII>WVLT, K
ERERPIEES 18 (1), 12-17

WEFRA - P - AEME - 285 (1975) | ABREABICL 2R Y Tl b I 2 BERBELRBO



372

BREBXFKEFTICE H68H 25 (1987)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)
36)

37)

38)
39)

40)

41)
42)

REFBRIZOVWT—]. BREAFKEFHLE, 24, 73-77

MEFRA (1975) | RBEFEABIC K2R Y TBICB Y 2BEEHEEUEONSBEEHHTFICOVT
—1. BREXFKEFFICE, M4, 79-8

WMEBRA - GlaREE - 35) 11T (1978) | RERERBIC LW Y TBICB W 2 BEHBELB O
BRIR#EHICOVT—. BREX¥KELRICE, 27 (1), 167-171

AR - LFFT— - BT (1957) © D.S.L. OWRE, HLF+ v HEBREHACRT S
D.S.L. KT, Jt¥pBAFKEFMHARRER, 7 (4), 284-290

HIARE - EHx— - SHF (1966) : D.S.L. OFfFE—I 3V 7% DD.S.L. K21 T.
LR RFEKEFIRRRER, 16 (4), 241-250

EHE - KIREN (1967) : BERAK—V 7HBICEST2FEBEBO 77 v 7 b V. JtHEEREK
FEEFERFeREHE, 18 (1), 9-19

PauL T.McCELROY and Asa WING (1970) : Scattering returns in the Mediterranean and east-
ern atlantic-data and instrumentation. Proceedings of an international symposium on biologic-
al sound scattering in the ocean March 31 - April 2, 223-235

H.P.CoLE, G.M.BRYAN and A.L.GoORDON (1970) : The deep scattering layer : Patterns
across the gulf stream and the sargassosea. Proceedings of an international symposium on
biological sound scattering in the ocean March 31-April 2, 291-303

BRriaN P. BopeEN (1970) : Bioluminescence in sonic-scattering layers. Proceedings of an inter-
national symposium on biological sound scattering in the ocean March 31-April 2, 61-69
BERNARD J. ZAHURANEC and W.LAWRENCE PUGH (1970) : Biological results from scattering
layer investigations in the norwegian sea. Proceedings of an international symposium on biolo-
gical sound scattering in the ocean March 31 - April 2, 360-378

P. M. HARGREAVES (1976) : Echo-traces from the North-eastern Atlantic. J. Cons, int. Explor. -
Mer, 37(1), 46-59

H.F.P.HERDMAN (1953) : The deep scattering layer in the sea : Association with density
layering. NATURE, 172, 275-276

HENRY R. JoHNSON, RICHARD H.BAckus, J.B.HERSEY and DAVID M.OWEN (1956) : Sus-
pended echo-sounder and camera studies of midwater sound scatterers. Deep-Sea Reserch, 3,
266-272

JACQUES-YVES COUSTEAU (1954) : To the Depths of the Sea by Bathyscaphe. The National
Geographic Magazine, 106, 67-79

J.B.HERSEY, H.R.JoHNSON and L.C.Davis (1952) : Recent findings about the deep scatter-
ing layer. Journal of Marine Research, 11(1), 1-11

BAES (1973) : BECRG 2BFRAMAOKE. AXTEERE, 29 (12), 730-733
LEMER (1964) | RBEOBICREN EEETORA—N. D.S.L. &7 aRORYMEREICD
V(1) RBRFREFRBS, 15, 59-84

KEFF (1965) : v 7 DEMEESEILO - ORBFABOERE (BBEOEBETRORS).
KEFF, 2B - £ HEAMFBOENLARIE

BAEHR - BEEE (1956) | JLHESRIBIC B T 5 REFEANERBAMBPTFREHR. 8, 131-150
$AMER (1967) : DSL &4y, dL#icsi32 DSL £MEH Y - T R EDBFRICOVT.
KEWBHERFERW, 11, 65-72

TEAHE— - BEEFIERE - NP IEM (1980) kP EERBOFEOTH. BAFTEFRE, 36 (11),
581-585

R.J. Urick (1978) : “KAEFBOFE", (LEWRANEERE), pp 112-114, (FHUHE, ®R)
GILBERT J. WESTERVELT (1976) : Pulse Doppler Sonar Navigation System Concepts and Im-
plementation. IEEE PLANS, 53-57



W BRBEOBERHELE 373

43)

44)

56)

57)

58)

59)

60)

61)
62)

63)

64)
65)

66)

67)

68)

69)

RoBERT C.SPINDEL, ROBERT P.PORTER, WILLIAM M.MARQUET and JAMES L.DURHAM
(1976) . A High-Resolution Pulse-Doppler Underwater Acoustic Navigation System. IEEE
Journal of Oceanic Engineering, OE-1 (1), 6-13
J. A. CESTONE, R.J.CYR, G.ROESLER and E.ST.GEORGE, JR. (1977) : Latest Highlights in
Acoustic Underwater Navigation. Journal of the Institute of Navigation, 24(1), 7-39
D. BLACKWELL (1977) : Approach to an electro-acoustic system. Electronic Circuits and Sys-
tems, 1(2), 73-76
M. H.DamoN (1971) : Ships acoustic navigation system (SANS). IEEE Eng. in the Ocean
environment conf., 155-158
FERTSE (1969) : BREMFRICR I 2BEHOIGHICOWT. KEBEMESE, F5l5, 315-317
Bk (1970) - DPEBFHEROFR LK. HREFEFERE, 26 (11), 547-552
EEM— (1970) : HEBARKICH T 2 TEEM. BEAFTEERE, 26 (9), 418-428
MERE (1981) [ @ECH Y H2BEEFEROISH. BATE¥RE, 37 (10), 518-521
BRER/KESRRE (1985) . REFEERH
EEM— - BHEF - EERZE (1971) | “BEHEMEE", p 48, (BFILEHEL, =)
BAER - HESE - feARS (1953) | AFHEAICET 2R (V. AFORSER). ik
BoeEER, 4, 143-153
EEM— - FHER - BEZE (1971) | “BEHEEIREE", pp 624-629, (AR TR ML, HR)
FEM— - FHETR - BEAZE (1971) | “BEFHREIFEE", pp 616-618, (AFI TN, WR)
=)
HiLARY B. MoORE (1950) : The relation between the scattering layer and the euphausiacea.
Biol. Bull. 99(2), 181-212
EL1ZABETH M. KAMPA and BRIAN P.BODEN (1954) : Submarine illumination and the twilight
movements of a sonic scattering layer. NATURE, 174, 869-871
GEORGE L. CLARKE and Woods Hole Oceanographic Institution (1970) : Light conditions in
the sea in relation to the diuranal vertical migrations of animals. Proceeding of an interna-
tional symposium on biological sound scattering in the ocean March 31 - April 2, 41-50
KT (1970) : “¥pPEEBLRIEST”, pp.85-89, (AXKZWHR, ®R)
GorpoN H. TUCKER (1951) : Relation of fishes and other organisms to the scattering of under-
water sound. Journal of Marine Research, 10(2), 215-238
ROBERT S. DIETZ (1962) : The sea’s deep scattering layers. Scientific American, August
ABRAHAM FLEMINGER and ROBERT I. CLUTTER (1965) . Avoidance of towed nets by zooplank-
ton. Limnol. and Oceanogr. 10(1), 96-104
AREH - B AR (1964) I AFRABORRE L 2 OMBER, KFP TV 4 4 7 REZDILHA
IZ2W\WT. KEBEFIRER, 4, 67-74
AN - RIRIE (1967) 1 KfRT LY 3 v, KEBERITXM, 11, 131-134
BAES - BNE - HERE (1964) : BEREMAZHALAKPTLEY 3 v OKER (FBPIE
KREFTLVEY aY). BGPIZREER, 18 (9), 1-14
FRE (1966) : K7 L EOKALICBETAHE (B2 ) (v M 7REM, EBERBL ST
F N ZWIBIT B T EER). RARETFRGR, 20 (4), 1-18
FHIEE - EEFHE - ZBiES - WM (1969) kR 7 L EBIREZRIA L4 - < RIS
iﬁ&@ﬂ%ﬁr$0)ﬁiﬁﬂ. BAOKE¥ S, 35 (12), 1157-1166
FERE (1967) i BEEB LUK T LEK L BELRBEVMAE. KEBERERXER, 11,
85-88

SEHEE] (1965)  ABERAMBICHRN RO —V, EPF|AEOIEHIZO N T, REFAZEK
PEEEHREHE, 19, 37-46



374

BREKFKEERPICE £365FE 25 (1987)

70)
71)
72)
73)
74)
75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

86)

87)

88)

89)

90)

91)
92)

93)

KHER] (1967) | RISAORBHENRIC & 5 RIBHE. KEBETRSE, 11, 79-84

SCHER] (1969) | RIFIC L2 BERHE. KEBRETHESR, BA5, 319-322

EHFHE (1968) : F 4 - v ARBEEMOETOMBERIC>VWT—I, +¥7 - v 2AAESARED
HA. BAKEFERES, 34 (8), 670-680

e HGE (1971) @ 44 - vzﬁ%ﬁm®%$®ﬁﬁﬁuowf—m,#7-7xmﬁﬁm@ﬁ®
KRLER. BAKEFRE, 37 (1), 1-7

PEEFEE - RRTT (1976) | RFHBICL 57 - v ARBREROKEICD VL. BEBRERED
HWEICBT DY AT 4 - 7N, JCBERFKEZTHRRR, 27 (2), 78-90

TR - EFHGE (1977) [ REBIC K517 - v ARBREBOHEEIC >V . PESHAA
BEOREE - HA. tEEAFEKERTIMIERE, 28 (2), 74-82

SREE - $aKIEHE (1981) | REHEME A AV ItHERSEMICB I AL X T ADERB LU
ERRICE T PR, JLEBERFKERIFIERES, 32 (3), 272-280

Nobuo HIRAYAMA Sakutaro YAMADA, Hidemitsu SAKURAI and Kazumi SAKURAMOTO (1979) :
Stock assessement of antarctic krill by records of a fish finder. Transactions of the Tokyo Uni-
versity of Fisheries, 3, 71-81

DMK (1962) : L CTEBBORBRAZHET 5EBICOVT. HEBXKEFRERS, Al63,
141-147

KEM— - PRE (1952) : BELS>ORBRERRHNBEREER. AEXZTEFRE, 8 (3),
123-127

FHALEE - 8$AKER - £FHE (1955) | FEAIEBIC X 2 RARBORLHIFEIC >V T, JLEE
RFKEFERPIRER, 5 (4), 362-367

STEFAN MACHLUP and J.B.HERSEY (1955) : Analysis of sound-scattering obsevations from
non-uniform distributions of scatterers in the ocean. Deep-Sea Research, 3, 1-22
R.P.CHAPMAN and J.R. MARSHELL (1966) : Reverberation from Deep Scattering Layers in the
Western North Atlantic. The Journal of the Acoustical Society of America, 40(2), 405-411
JorN E. EHRENBERG (1974) : Recursive algorithm for estimating the spatial density of acoustic
point scatterers. Jouranl of the Acoustical Society of America, 56(2), 542-547

RicHARD H.LoVE (1975) : Predictions of volume scattering strengths from biological trawl
data. Journal of the Acoustical Society of America, 57(2), 300-305

MILES L. PETERSON, CLARENCE S.CLAY and STEPHEN B. BRANDT (1976) : Acoustic estimates
of fish density and scattering function. Journal of the Acoustical Society of America, 60(3),
618-622

RICHARD K. JOHNSON (1977) : Acoustic estimation of scattering-layer composition. Journal of
the Acoustical Society of America, 61(6), 1636-1639

PAuL GREEBLATT (1982) : Distributions of volume scattering observed with an 87.5 kHz
sonar. Journal of the Acoustical Society of America, 71(4), 879-885

thep— « THRE - ZREZRR (1974) | BERARMBBOERER >V T, BRAIEHESR
B, BRFS

FEFFHGE - R RS - REESE - TR (1981) @ Bt ic L3 24 7 O MEBORE - &
RICBIT 505, Jb¥RERFREZIRMFEHER, 32 (4), 388-399

RE— - FIER (1978) : BERARNEEEC L HAEOERILICEET 5 £ S BIREER
oW T. BEEXOKERFAT#RE, 51, 159-166

HEEE (1979) | BFHIC L 5RBBRCETAHEIC>VT. #h, 222, 276-281

HEEE - GHE (1980) . BEHABHICL2RBEEOREER. KELEMERS, 1,
143-156

HEEE - AHE - MESE (1980) | BFKAROMRE. BT BEESHMTFREE, 80 (114),



W | ERBEOBERHELE 375

94)

95)

96)

97)

98)

99)

100)

101)

102)

103)

104)

105)

106)

107)

108)

109)

110)

111)

112)

113)

114)

115)

1-8
EEE - B PR - REF—Z - KIS - RHIT (1985) 1Y - T ROERABHER Y AT A
OR%ICBT 5%, BHSYEERYARRRDS (RBRPIREC), HRABRREH
H. BobHOLT (1977) : Variance error in echo integrator output. Rapp.P.-v.Reun. Cons.int.
Explor. Mer, 170, 196-204
EBERHARD GOTZE (1977) : Hydroakustische bestandsbestimmung an dichten fischkonzentra-
tionen. Seewirtschaft, 9(5), 290-292 '
JouN E.EHRENBERG, JIMMIE J. TRAYNOR and NEAL J. WILLIAMSON (1980) : An evaluation of
methods for indirectly measuring the mean acoustic scattering cross section of fish. IEEE,
371-375
THEZ (1980) : [BEmE] MY 2MRERS, R¥AEORRBEAM. KEBERRERR,
36, 90-93
BAKE - NI ERE (1981) @ [RIFAE] KB 2TRERRFE_ME, HERE] Ohrs.
KEBEHRIE, 40
J.BURCzyNsKI (1982) : Introduction to the use of SONAR systems for estimating fish
biomass. Food and agriculture organization of the united nations
BAEE - BERE (195) | ARKOBETHRFELE RFBEOEHE. BMFTIARR 6,
113-139
BAEH - BESE (1956) | BESmOBEL L - ZHE0REICRG 2 REHERICET 50
F(2). AMPIFREER, 9, 165-173
BAES - BEEE (1958) | AKOBTHRHABRROMRE (BHOREII OV T). BRIRPIFRR,
11, 143-155
PIREE(E (1959) : AEOBETRRHBLROMR (REOTE LEROKET). RMTFRER, 13,
81-88
BFHE (1974) 1 FR (BEYv4) OBFERSFICO VT, BRKEFZRE, 40 (12),
1203-1211
MEFRA - ILFpE— (1982) : WERMEEDOR S 2 BERIKRE O =875 mICR T 5 BRMEIC O\ T.
BREKXFEKEFBICE, 31, 9-21
R.W.G.HASLETT (1962) : Determination of acoustic back-scattering patterns and cross sec-
tions of fish. BRIT. J. APPL. PHYS, 13, 349-357
RicHARD H.LoVE (1969) : Maximum Side-Aspect Target Strength of an Individual Fish. The
Journal of the Acoustical Society of America, 46(3) Part 2, 746-752
RicHARD H. LovE (1971) : Dorsal-Aspect Target Strength of an Individual Fish. The Journal
of the Acoustical Society of America, 49(3) Part 2, 816-823
RicHARD H. LoVE (1977) : Target strength of an individual fish at any aspect. The Journal of
the Acoustical Society of America, 62(6), 1397-1403
R.W. G. HasLETT, W. H. BURGESS and K. FrosT (1973) . Equipment for plotting the polar di-
agrams of target strength of fish at five frequencies. Ultrasonic International 1973 Conference
Proceedings, 135-141
KENNETH G. FOOTE (1980) : Averaging of fish target strength functions. Journal of the Acous-
tical Society of America, 67(2), 504-515
JouN E.EHRENBERG (1979) : A Comparative Analysis of In Situ Methods for Directly
Measuring the Acoustic Target Strength of Individual Fish. IEEE, 141-152
ALBERT W.DREW (1980) : Initial results from a portable dual beam sounder for in situ
measurements of target strength of fish. IEEE, 376-380
E. MARCHAL (1981) : Target-strength measurements in situ Subject group E. Rapp.P.-v.



376

BREKFEKEZFICE F6%E 22 (1987)

116)

117)

118)

119)

120)

121)

122)

123)

124)

125)

126)

127)

128)
129)

130)
131)

132)
133)
134)
135)
136)

137)
138)

139)

140)

141)

Reun. Cons. int. Explor. Mer, 184, 73-80

J. DALEN (1984) : Target-strength experimental studies Subject group D. Rapp. P. -v. Reun.
Cons. int. Explor. Mer, 184, 68-72

K. G.FooTE (1984) : School and multiple echoes Subject Group G. Rapp. P. -v. Reun. Cons,
int. Explor. Mer, 184, 84-94

K.OLSEN (1984) : Special aspects of target strength (TS) Subject group F. Rapp. P. -v.
Reun. Cons. int. Explor. Mer, 184, 81-83

LARS MIDTTUN (1984) : Fish and other organisms as acoustic targets. Rapp.P.-v. Reun.
Cons. int. Explor. mer, 184, 25-33

BAEHR - MEEE (1954) | DSL OBHFREHBFECRIETHEICHT 255, RNFIER,
5, 167-185

FHIEE - EFHE (1961) @ BHRRER, SOBTRRHIS>VT H1§ BRIARRYE
5 DBERRHOELEIEIR VI OWT, LB KESSPIRR, 12 (4), 279-292
AHIEE - £HHGE (1962) © BH/NREE D > OB FRRHE OELHEHR D & ETOEER.
BAEEFXE, 18 (2), 65-75 )

PETER C.BEAMISH (1970) : Acoustic scattering from zooplanktonic organisms. Proceedings
of an international symposium on biological sound scattering in the ocean March 31-April 2,
474-475

PETER BEaMISH (1971) ! Quantitaivemeasurements of acoustic scattering from zooplanktonic
organisms. Deep-Sea Research, 18, 811-822

CHARLES F.GREENLAW (1977) © Backscattering spectra of preserved zooplankton. Journal of
the Acoustical Society of America, 62(1), 44-52

JouN D.PENROSE and G.THOMAS KAYE (1979) : Acoustic target strengths of marine orga-
nisms. Journal of the Acoustical Society of America, 65(2), 374-380

Oscar GuzmaN F., SERGIO LiLLo V. and BERNARDO MARIN I. (1982) : Calibration of the
echointegration constant of Krill (Euphausia superba). INACH, Scientific Series, 28, 47-71
BEAES - HERE (1956) | EEFHKICHKS DSL OBFE(2). RMHFEHEE, 9, 209-216
$AREE (1969) © JLFEERATF KK D DSL—I, DSL 0@ 75 v 7 b v BEOREHERKIC
2VT. KEBEFEHARE, #55, 309-314

BEREOHE (1985) | ERBESFEMERRR

BABEZSNEBERRRXE (1985) | “BALEREEES", pp.780-793, (REBAFHIR
£, W)

FEHEXEE LREARI (1974) | ERBBOER

BRBRKERRS (1974) | EREBHORERBOBE

BERBERAELERERAEIEN (1983)

BREKEXNRE R, ERSEKEXIRGHES (198])  BREBOWEE (BMAHKET»5)
Masatsume NOMURA (1959) : On the behaviour of fish schools in relation to gillnets,
“Modern fishing gear of the world”, No.1, pp.550-552

FEE (1978) : “ROITEH & WL, pp.152-160, (EEHEER, FHH)

BEFHIE X - BLATRER (1973) ( BERBBICBI 38977V 7 b v & ITRAED L OEHE
K2oWT. BREXFKEFFICE, 22 (1), 113-125

BIFRRER (1976) : BERBBICBW 577 v 7 v OMR. BRSEE EREEREARFAR
WEE, 239-289, ERBEGLLEER

BIFTRER (1983) : ERREBICHB I 2BEBLCHINET T V7 by ODH. REEERE — b,
21 (1), 29-35

FRRIGIA - BIATIRER (1980) : BREBED 77 v 7 by, WENE, 12 (9), 654-672



W | ERBEOBE HHELE 377

142)
143)
144)
145)

146)
147)

SHEE (1974) | BEORITEBEAERIC VT, BEREBEKEREATRES, 136-139, BR
=1=)

BFTRER (1974) I ERBBOREHY (FRE) B LOBEEHICO VT, BERBEKERE
AEWSE, 140-153, BRBE

HNEFIERR (1970) . HAIL#ED Lophogaster B (RS, 7 3I8) 3o\ T. BYHE¥S
El_;kl‘a\, ] 1-5

BERBEKESRERS (1978) | BMSIEERRBRKEARRSEERETRESR
BERBRKERERS (1980) : BMS3EEEREBEKERRSEERESRESR
BRBEKESERE (1981) | BM4EERRBEKERRPELEREBRETE



