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This textbook, rrAn Introduction To Hydroacoustic Echo
Traceerr, explains hydroacoustic information on the recording
charts in the fonn of echo traces, digits and f.ines.

Interpretation of echo traces is one of the most irpor-
tan! polols of fishing technology : scou|ing, deNecting and
catchi.ng fish; observation of subnerged fishing gear; annual
dlstributlon of fish ahoals; topographic features of sea-bed;
lhermaL discontinuities; waLer lqrperature from surface to
sea-bed, etc. .

This texLbook shows lypiaal diagra,ng and acbual record-
ings ag fishing grounds in the Andanan Sea, the South China Sea,
off lhe East, West aod South coast of Africa, the south Pacific
ocean, the Bering Sea, etc..

llydroacoustic infornation can help u,s reconstruct and
nodify fishing gear; iop-enbry or side-entry trap cage net;
bottd! or mj.d-waber longllne or drift giIl net; mid-water or
bottcrn trawl; purse seine, etc., where to set up statiooary trap
nets (SImHI-AMI), artificial reefs and conaervatlon or prohl-
bited fl8biog areas.

In addition since nany fishing boats in Southeasb Asia
have treen equipped with various eLectronic devices including
flshfj.nders it would sequ advisabLe lhat the llstring technology
extenslon officers lrho partlcipaLe io ihe coursee at the SEAFDEC
Training Department study f Hydroacousticsrr.

Thank you.

March 1989 M. OISHI
Training Departnent

SEAFDEC
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ln Intt odrDttdr to ltdnHrsttc &b Dc

Part 1 Baslc

Rlshfinders show the followin8 eqho traces:

l. Fish ( both fish shoal,e ard lndlvidual or. stnSle ard
large fish like tuna, shark and lrtlale);

2. Sea-bed;

3. tayer of organlsts and t€ter-nass of dlfferent
bqrperature or saUnity (zoe and phytoplankto,
acattering layers, themal discontlnulties, flont of
{ater mass) ;

q. tblse fr@ ship's engines and dlfferent flehflnder's
superaonic $und wave ;

5. Wake of shtp;

6. Alr bubbLes near transd|xerrs facei

7. The lnterval on the recolding (nj.nute narker).

Itae l, 2 and 3 are Eost ioportant to flshing actlvltl.eE.
It€n 7 ls nob an echo trace, 1t stpus lhe tlllle elapsing; each
nlnute du"ing sounding.

Hhen ghip!8 gpeed is lnom, r€ can calculate the digtance
run by cluntlng the nulber of ninuie markera ard egifiiate the
sblprs dead recl@nlng position (D.R.P.).

Figs. 1 and 2 oo pages 2 and 3 stpn tbe lyplcal arrange-
m€nt of sonar, flehfiode., net nonlbor and its supersonlq l?-
s6lvq", and brawl.
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I'lld-watsr !rav.I

I
D

F1g. 1 Diagran of hydroacoustlc braosducers, mLd-waler
trawl gear, and supersonlc sowd waves.

Up,Erd superaonlc aound mve
DorinHatd supersonic sound xave
Interval betreen transducer and surface
Interr/al betneen transdtrcer and sea-bed
Tnansitting and r€cei.vlng transducer of net lonltor
Receiving branaducer
Transoitting and rccelvlng tranaduce. of fl8hflndgr
Trans[iftj.ng and receiving tranaducer of .SorEr

Beam angte

t - -  -Bean angle

Sea-bed

r SOIiAR : Sound Navigatlon 4!d Sanglng
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Surface

Fig, 2 Diagrao of hydroacousti.c transducers, bottom tralrl gear
and supersonic sound waves.

Sea-bed

B
c

T
n
F

Upward guperaonic sormd wave
Downward supersonic aound llave
Interval betlreen transnibter of net noniior and
SUrface
Interval betreen transliLter of net r0ooibor and
sea-bed ( ;at hei.ght of transducer frqn sea-bed).
Transnittlng and receiving Nransducer of net nonitor
Receivin8 transducer
Transnittlng and receiving transducer of fishfinder
Transmitbing and receivi.ng trangducer of aonar,
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surface Surface

F18. 3 Posltl.oning of lmnsducer (tmosttttuA and rcceivtng)

Flg. 3 shor{E lhe nost g€ferable poslu.on nsoctlon Ar for
th€ lnatal.Iatlon of the fiehfinderrs trgnallting ard rcceivlng
tranadEer ql the bott@ of the shlp's hull ln order to dd-oir€
interfereoca ft'o:

1. A1r bubbles and foe c@tng fro the shlprs st€o uh6n
gbealng;

2, Nolse of maln and/on auxlllary ship engln6s;

3. l|olse fr@ tuming propeller,

Ihe posltlon wtrere lhe Inansducen ts installed on lh6
thlprs hfll ls of iEportsnce, lt sbould be free ft'@ rEter tunbF
l€nce, aeratlql, ard no1Ee fr(m. lhe engtnes and ftshhg Daddrery
durlng both shooting and hauling of the flshlng gear.
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Sea:bed

Low FrequencY
50 kltz

Flg. 4 Fishfinderrs detectlon

Fig, il shows tbe deLection area on the
flnder in the case of 1ow frequency (50 IdIz)
(200 Hlz) transnlssion.

Hlgh I'requency
20o kflz

sea-bed of a fish-
and hlgh frequency
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The detecblon area depends on the beanwidth or nain lobe
of the supersonic aound raves. A hjgh fnequency sound rave Sives
a narrcwer beaus.idth and detection area ab a distance ol '100

roetres frco the tra.nsducer (not frcm the sea surface). Itre
selecbivity of high frequency in oor€ pr€cise than that of lort
frequency,

Ref: 1) 50 Hlz 100 metres x Lan 150/2 x 2 = 25.3 netres.
2) mO nlz 100 netres x tan 7.40/2 x 2 = 12.9 netr€s.
,  n  Q6.3/2)2/n (2 .9/2)2 = \ .2

Therefore, the detectlon ar€a at a depth of 100 Eetnes
frcm the transducer of a 50 ldlz frequency is nearly four tines
tftat of a 200 Hlz fr€quency.

Flg. 5 shows a fishfinder and stationary trap net. In
this case the transdLrcei faces the netrs entrance and acougtic
energr ls transmitted borizonbalLy tonards, the nebrs enlrance,
not toiards lhe sea-bed.

tF Stat iorary trap net

Entrar'ce ---P

<-)

<-Transnit t ing acoust lc
enerSy

<-Transducer (50 kHz)

4
?

Fig. 5 Fishfinder and stationary trap oet
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The diagr4 in Fi8. 5 shows lhat fish c@1n8 into the

statioDary trap net rrolld be traced further and further aa tioe

elapses fr@ the transnission llne ( zenc line) of the fish-

finderre recordinS. tlith regard to a flsh shoal going out of the

stationa.y trap net, its echo trace on the recording would lear

the trangmission line as time Soes by. (see Fj.g. 6)

Y,",
Flsh trace (ouigoing)

Fi8. 6 Typical diagralu of fish brace : incqning and outgoing

The diagran shows the Patterns of an echo trace; a fistr

shoal is cdning into or going out of the stationary trap net.

Reproduced by kind permisslon of FURUNo ELectrlc Co'' Ltd'

Fig. ? The recordinS of fish behaviour near a stationary

lrap net, r€corded at Kishihata dlgtric! in Japan on 21 Mar'

19?6. In Fi8s. 6 and ? the trace narked by (A) neans fish shoals

are cming into Lhe net and lhe trace llarked by (B) shorc fish

shoals ar€ leaving the net.

\ /
..nt Y

\

Fish trace ( incomlng)

?osit lon of t ransducel

grho trace from ftsh

- : - .  - : - - , : : - . - :  - . -



Flg'

50 knz

8 Synoptic vlew of tran$libtlng and receivj.ng bnanaducer

and stationary trap net .

f\ rradsnlttlne

Fig. 9 Telesounding systql for a purse seiner

.- 2 frUz Aadto eave

'--n6d--4'

+ Aerlal anrenna
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By interfacing a transmitting and receivin8 transducer
with a radio antenna and purse sei.ner signal recorder, a purse
seiner can obbai.n an echogram of flgh shoals gatheri.ng uoder
PAYAWS far lrcm the purse seiner. The tranaducer detects flsh
shoals and tranafers echo gignals frqu the shoals to the purse
seiner by radio wave through its aerial aotenna, The recprder
unib mounted on the purse seinen can dlsplay echo traces of flah
ehoals on the recording chart of ibs fishfinder.

the telesounder systqn is very effective and convlnlent
for hxowing the presence of fi.sh shoals beneath PAYAI{S. Thls
network aystq! can be used by fleets of flshing boats. Three
fishing boats, for instance, send their echo traces to the fleet
co[nander, bhen the cdmander cao interprete the echo tr€ces of
fish shoals and theii' distribution in the flshing ground.

lAl at 1745 holrs

Fig. 10 Echo traces sent by
purae seiner

Decp sca tce t log  layer

tBl at 0445 hords

telesounder system to a

Courteay of zuRUNo Electric Co., Ltd.
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The echograil in Fig. 10 [A ] r.ras recorded at 1745 hours
and IBI at 0445 hours the foflowing morning. In Fi8. 1O IA]
traces from the katsLMonus can be seen below the surface noise
frcrn plankton and above the deep scatbering layer. In Fig. '10

I I ] traces fron bonito can be seen between bhe surface noise and
deep scattering layer.

The echoSrams shor.n in Fig. 10 show that the leade. of a
fishlng fleet can have informaLion about fish shoals transferred
from other fishing boaLs out scouting for shoals,

Fig. 11 Recording by inteiship

ColEresy of fURUllO

telesoutder systdl (2-boat trai,rl)

Electr ic Co. , Ltd.

rf=irri'i;- r,ara:€ riiri : r



The masferboat of a pair tra!,rL received slgnals fro{0 its
counterboatrs fj.shfinder by teleaounder systgn, The echogran A
in F18. 11 Nas detected by the co\rnterboatrg llshfioder and the
echo8ran B ras lransferred bo the masterboat fron the counter-
boat. Echogran C ls the echo trace detected by the masterboatr s
oltn fishfinder. Thig way Lhe leader of a 2-Boat trawl can obtain
double the inforoalrion on the distribution of fisb shoals girul-
taneously on hia boal and decide dragging dj.rection. This inter-
ghip telesounder sysbqd can be utilized by fleets of purse
seiners.

Scouting boats can lransfer ttleir echograma to Lhe fleet
coBnanderrs boab by radio waves.

Lr-Lr- r ! r r-!,j.1..jijiri;-.r1r ;.-'ri.r r:r r r ir i /; ; r'1 ; I i

-\; .r\-\""."d.; /i
0r le lnd l  echo8rd

Courtesy of zuRUNo Electrlc Co., Ltd.

Fig. 12 Telesounder echograns of purse seiners

Echogran B in Fig. 12 wag recorded by a scouting boat'a
fishfinder and it l,lag trangferred to a purse seiner by radj.o
laaves with a telesounder unit.
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Echogram A shows the r€ceived reiording on board tbe
purse seiner lrhich was tr€nsferr€d frql the scouting boat. The
radio t{ave frequency was 42 otlz. The dlstance between both boats
uas approx!@tely nine kil@etres and a.s shown in Fig. 12 th€
both r€cordlngs A and B are v€ry EinilaF.

-:+"- -

d  1 : - ' : - d d

Transmllter Transmitter

Courlesy of IITRIJNo El-ectric Co., Ltd.

Flg, 13 Synoptic dlagtEn of purse seinerrs net sonde;
transnitbers, receiving transducera and their
poellloning .

Transnitter

6:''-
\__,, =
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Transmit tel  z

Receivlng transducers

Fig, 1q Purse

The diagran shoNn

from transnitters to

seinerts net sonde; ToP view.

in Fig. 14 shows sound waves propaSa-

receiving transclucers'
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Courtesy of FURUNo Elecbrlc Co,, Ltd.

Fig. 15 Recording of net sonde of a purse seine.

The three lines recorded show depth readings transferred
lrorn three transruitters using different frequencies: 50 Hlz; 60
L4lz and 70 ldiz.

50 ksz
- r t

. . {

kEz

Shoot ing

I 50

Sea-bed

60 kHz

Courtesy of zuRUNo Co., Ltd,

Fi-g. 16 Recording of net sonde of a purse seine
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nE eclpgr@ in Fta. 16 sfDl|s thr€e rcootded Uoes; each

depth oarkers ft'co thttee transLtters xlth dlfferent frcquencles:

50 laHzi 50 Hlz and 70 Hlz respectlvely. The lowest depth narker

in Flg. 16 i'3 a litt1e bit dilfercnt fru thab ln F18' 15 so

pleaae see Flgs. lJl to 142.

"%;'t-
o 

oo foo
o \A.t"tlor,

Recelvlng trensducer! (3 untt6)

Fig. 1? Poeitlon of reQelving transdtEers for a F)rsE
seinerrs nel gorde

Ihe dlagran ln Fig' 17 shollg th!€e rcceivl'ng transduc€r

untts hangiog ftu bhe lop of the buliEri< or EurHale of the

purse seiner. Recelving lransducers shouLd bE 8et deep enougtl

ln the water !o avold nolse madE by aeratiqr'



r, 19. lo wnere Eo
se1ne.

Tha d i .o . rn

net-sonde should be
and the puPse line,

Transnit ter

attach a net-sonde transmitter on a purse

shords the position where the transdtter of a
aLtached; 1.e. between the ground (foot) rope
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f'18. 19 slDws a t€codlng obtained i.n the South China Sea
off llegara Brunei Darussalan on 20 Mar. 1987 by the ftshery
tralnlng shlp .M.V, PAKI'IAM of the SEN'DEC TiaininS Departurcnl.
Tte rcconlj.ng shows :

1. Draft 1lne (or Zero line), the draft of lran8ducer;

2. Flrst echo trace of sea-bed ard fish shoalg;

3. Second echo trace of sea-bed and fbh shoals;

q. Echo t€ces of pelagic fish;

5. Echo traces of deoersal speciea;

6. Acoustic noise;

7. Scattering layeri

8. rtJxite linerr control ... nechanical technlque;

9, Depth-acale or range in metres;

10. Tire-scale (or lnter"ral marker) on the r€c'ordj.ng
chart.

r trM.V.tr stands for rrMotor Veasel'!.
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Part 2 The Characterietics of echo traces and: draft of
tranaducer

1. Draft l ine (or zero l ine)l

I?le line aa shown ln Flg, 19 (at upper part ol the
recording) is called rzero linefl or nDraft llnerr. the llne slrol{s
the position of the tranaducer on the ahlprs hull bottq! or side-
boar{ to keel-vertical digtance frcm aea surface to the surface
of the trEnsducer-and lhe transduc€r transmlts auperso|ri.c sound
waves or aqouatic energy and receivea reflecled sound xaves or
energy frql euhEerged obJecls.

The draft llne or zero llne appears at the upper part of
the recording chart lrhen sounding, and the llne diaappears when
the depth range ls sNfted to a deeper range (see rtght hand of
Fig. 19, the zerc line disappeared).

To knot{ true depth-distance frco surface to sea-bed by
an echo sounder or fishfinder, we have to bxow the depth of bhe
transitting and receiving transducer frcm the sea surfase by
oeasuring fore and aft draft of the fishing boat or by lhe nethod
of nBar checktr (see Fig. 23) beforc leaving the port or at bhe
fishing ground, survey area of oceanograph and/or topographic
aufvey area.
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Surface line

Fore draf!

A f l  d r a f t
Draft  of  t r :ansducer (= 4m)

Depth fron transducer 50 m True depch 54m

Flg. 20 Transmitting and receiving tranaducer and draft

Fig. 20 shoets depbh fr@ surface Lo sea-bed as 54 oetres
and from the lransducer to sea-bed as 50 metres. To adjusb draft
(Zero) Iine bo the transducer's draft i9 ifiportant to oblain true
depth of sea-H and those of fish, deep scattering layerg, etc..



After neasuring For€ and Afb draft at a pier or a wharf,
the Davigator should diaw a atralght line passing through the
Fo!€ and Afb dralL on the drawing of the boatrs draft. fhe
alEiSht 1i.ne shors the rEter line at sea surface. Ttre rEvigator
then dpai€ a line perpendicular lo lhe rater U.ne passtug thfqlgh
the position of the transdlrcer.

the value of the traDaducerrs draft ls that of ttre len8th
between the intersection of the perperdicular Iine to the water
Ilne and the trarsducer on the drawing. If the value was four
centimetrea and the acale of the drawin8 of the boatrs draft was
/100, the transducerrs draft should be four metres; 4 crn. x 100 =
400(m.=4ne t res .

The naviSator must adjugl the draft Line or zero line
with the rrdraft adjusl switch of the flshfinder by four oetres
to obtaio the depth froo gea surface to sea-bed by soundijE; not
frqtr bhe transducer !o Lhe sea-bed.

Fig. 21 sbo!.s the depth frql transducer to sea-H a.s 50
netres and Fig. 22 frm surface to sea-bed as 54 Eetres, and of
course 5ll netres i.s the brue depth.

Ref: In the caae of a huge ship like a super tanker, tlre
water line cannot be drawn wilh a straiSht Line because the
shlprs huII has a berdin8 lrooent. Please r€viert
lectur€.



Zero

Sea-bed

Adjusted
draft line

Sea-bed

I t g . 2 t

F'19. 21 & 22 Depfh ecale,

FIs. 22

depth of r€ter and transducerre draft

Fig. 21 shor{8 50 oetres, depth
fru a transducer to
sea-bed.

F1g. 22 sllot{e 54 netres,
the true depth
fr@ gurface to
sea-bed.
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Fig, 23

Reprod\rced fr@| the
I SJIRO SoKURIO] "; Ibe Maritine
25 Dec. 1980, Tolryo.

Bar check

textbook rrlDPmRAPllIC SURVEYIIIG
Safety Agency of Japan, Pub., on

The rBar checktr method is oiben used for the callbratlon
ol a soall boatrs echosouodei foi hydrographic aurveying and for
lhe dralb of its transducer. A nsowdiirave reflectorn ls lowercd
ln a horizontal positlon beneath the boat to a krc,m depth by a
plece of nire rope with interval narkers; the narkers on the wife
r\ope are each two or fLve netres apart, the total length of wire
rope, frc|D the first narker to the Last marker, ts 60 to 70
metres.

After lhe echosounder starls q|lltting supersonlc souoal
uaves, the echoaounderr s recording chart can be traced by
reflected souod waves frqn the I'Sound-Eave reflectorrr and ahon
the depih of the refleclor from the transducer with the echo-
sounder's depth sca]e.

Sound  r6v?  rP r l ec to r



0o the oLher hand by reading the lnterval markers on the
rcpe, it is posaible to kpw the true depth of the rellector frco
the tranadEer (see Fig. 23), then any error is revealed by cqF
parison of the recorded depth on the echosormderrg chart and the
depth given by the interval rnarkers on the wire rppe altached Lo
the reflecto..

In Fig. 23 if bhe depth of the reflectorrs lrace on the
recording chart is shoh'n as 2.50 metres and the narker on the
wire rope shows the depth of the reflector as 2.0 metres (3-1 = 2
meLres), the revealed error would beo0.05 metre, and the draft
of the transducer would be 0.8 metre (1,0 - 0.2: 0.8 metre).

After the first neasursnent the reflector should be
loi€red lour nebres deeper than the transducer and a record of
the depth of the reflector should be stlcwn by echosoundq", then
the error $ou1d be revealed. the sane measurquent can be taken up
to any desired depth as long as there is sufficient r.ater beneath
the boatrs kee1. Fhon experieoce the rrBar check method can be
used at a maximm depth of 60 metres because of rrPythagoras

erroai .

2. First echo trace of sea-bed and fish shoals

- 2 ? . -

Surface -

\Posi t ion of  t ransducet

Lor  High

1+rn
E -n,rr-iy

Reverberar ion ( tai l )

Frequency

Long Sl)o r  t

IN
A/
q'T{,/

, .t__t-, I
F I I T
4  ^ a = -

l"^1,^"^fi
i  noct

( t a i l )

Charact€r is t lcs of

C: in

Rcverberat ion(tai1) Reverberat ion
/ f . i l \

P u l s e  l e n F t h

Ampl i f ier Gain

Frg. 2q Sea-bed echoes responding to fr\equency,
pulse length, and lhe characteristics of lhe
sea-bedr s reverberation,
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tDlr frequerEy sounding gitcws deeper reveaberation and
high frequency shallo!€r. Long pulse length shows deeper rever-
benation and short pulse length shalfower. hen tbe flGAIN"

conirol slr1tch of a fishfinder is turned clockrise, the r€ver-
beration of the sea-bed !til1 be lonqer,

If fl'equency, pulge length and anplifler nCAINtr are
stable ard constant in value, a sof't sea-bed like mud Sives a
shorter reverberation (ta11), a harder one like rock shous a
lon8er reverberation and a hard one Llke sard indicates a short
reverberation recordinS.

Fi8. 25 Recordlng of sea-bed reverberation

Courtesy of FURUNo Eleclric 0o. , Ltd. ,

F1g. 25 sho$s a hard consistency aea-bed ' lt has a longer
reverberation than an ordinary consistercy. The secord echo
trace afso shor.rs the same reverberation.
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FiA. 26 Cause of sea-bedr s reverberatlon

Flg. 26 shows the cauae of the sea-bedts r€verberatlon
(R) on lscorglrg. Length SA ard SC are lorEer or deeper than the
len8th SB. SB'is shortest and lt ls lhe true deDth of the r€ter.-.)
So S 19 recorded uppemoat on the trace ard, SA and SC ar€
recorded rndernealh bbe trace of SB.

,t-- Transducer
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ri''tiiii

neproduced by kind perrnission of FUnUN0 Electrlc Co., Ltd.

Fig. 27 Recordlng of hard sea-bed

The echogran stDnn ir Fig. 27 stDws a hafd sea-bed,
nalely, the wlder rhite part ijl the r€cording. Ihe mechanlcal
technique of rrHhlte linerrcontrol on a flahflnder call record not
only the bardness of the sea-bed but, aLso the degree of dense
ness of flsh shoa.ls (see Flgs. 34 & 35).
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oourtesy of FUnUtO Electrto 6., Ltd.

Etg. 28 Recodlng of "saiJteeth" - pattern trac€ of s6a-b€d,

Ihe trSawleethn pattem oo a
tbe shlp ls heavily pitcblng and
b€cause the tran$ittlqg dircctlqr
constant and nDoppler shiftn occLtr's.

aea-b€dr s trac6 occut5 rhen
t\olung ln stor@y Eathen

of the $ttrd narres ls rpt

I sa\.rteeth | 6ea-bed
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oouitesy of FURUNo Electrlc 00,, Ltd.

Fi8. 29 Dlal recordlng by dlfferent frequencles

F1g. 29 slows dual recordinS of echo traces on a plece of
recordlng chart. the upper trace r€9 recorded u81ng 200 ktt and
the lower uslng 50 kHz, Reverberatlon uslng 50 klt Is greater
than rften using 200 kllz beqauee the beam angle for 200 kllz 1a
Iess than that of 50 io F'i8. 29 meana rrReverberationrt
( see Fig. 26 ).
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Reproduced by klnd pennlssion of FURUNo Elestrj.c Co,, Ltd.

Flg. 30 Dral recording with mechanicaUy itagnlfted echo traces

the recording stDv|s
Ihe upper recording (sectlon
lower one (section B) is a
recording chart .

a mechanically naSolfled display.
A) is an ordinaiy dlsplay and the
magnlfied display on a plece of

In the upper recording in Fig. 30, the distance beti{een
the gea-bed and a slightly rravy line is 25 metres. thb 2tmetre
area ls nagnified and displa]€d at the tor€r part of the charL
( section B).

Echo traces fhco Alaska Follack (Therdgra Chalcog"drtna\.
l4ark€r a, b aDd c in bhe upper recorting cor.espond to a', b'
and cr r respectively, 1n the lohEr recordinS. at, br and cr are
magnified lracea.
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3, Seqond echo traces of sea-bed and flsh shoals

l0m

2On t"t

l '  " -

Recording 2 Recordine 3

Fig. 31 Typical diagrars of first, seccnd ald third edloes

I0m lst

20n

l"a 3il

Recordiog I
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The dlagra|rs ln Flg. 31 stDlr lDw th€ secord and thind
echo tracea alrnoa! resqrble bhe fLrst echo trace ( true sea-bed).
Soundlr|8 with hlgh anplificallon ln ehallow raters often atDwa
eeveral eonlinuous lines on the recordlnB all nearly para.tlel to
eaqh other.

A3 sho[r ln Ffg, 31 the pulses are rEflected a nulber
of tirDes between the sea-bed ard shlprs hutl bottqn, Recontlna
1 shoxs the flrat echo trace ( true sea-bed, depth 10 netres).
Recordlng 2, flrst and second ecbo traces (false sea-bed, appa-
rent depth 20 netres) and Recordlng 3, first, second and thLrd
traces (false sea-bed, apparent deptb 30 metres).

l s t
13

(surface)

t l t i o n

l s t

2nd echo

Fi8. 32 Fi.e! and second echo traces with noise trace.



Recotded by dlffer€nt llshflnders (t€conded by M.V,
Pl(llAM off Negara Bnmei Darussalan). Fj.g. 32 shol,s tnat the
value of loterval (A) between transducer and flrst echo trace
(true sea-bed ) and the varue of lntenval (B) between flrst eqho
trace and second echo trace are almost the saoe (A B),

If the flghfinderr 8 nDepth r€oording !€ngerr has been
adJusted ftu 15 oetres - not ftu zerp Eetr€ - no flrat eclD
tr'ace at a depth of 12 netres (9 netr€g fr@ the trusdrcer
because of 3 - netre draft) appears, only the gecond echo t!?cs
aE 21 (= 12 + 6 + 3) metres on the lEcording a fal8e depth
readlng as the second echo trace 1s taken for the true depth of
the sea-b€d i.e. the first echo trace. Therefore, the rrsunding

t?lUerr Eust start at zerc oetr€ for the purTose of elidnating
laLse depth r€adlngs and tbe rlsk of confuslon rrlth tbe flrst
echo fru the sea-bed lo avoid nrnnlng a8tr:|und.
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'  Second echo t race

Fig. 33 First and second echo traces of sea-bed

The second echo trace from a fl.at sea-bed bears a
resemblance to the first echo trace. however, the second echo
trace fron a sloping sea-bed does not resembfe the first echo.
Measurqnent of length A and Ar and, B and B' shows they resemble
each  o the r :  A  =  A '  =  3 .4  q r . ,  and  B  =  B r  =  5 .4  on . .

The breadth of the white part in section D underneath the
line that represents the surface of the sea-bed looks wider than
that, of section E. But measurdnent of the length of D and E
shows the sarne vafuer D = E = 0,E qn.. So please be caaeful
because recordings can sonetines influence our inteppretation of
echoarans,

c o .  3 o o
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Shoaf
(l-*l

B " "

! i ' , 11st  echo t race ofsf ish
; ! f i

i{ 2nd echo

'^:-{.5i
' , ! i1i ' l , tr ,

f

l race of  sea-bed

Fig. 34 First, second and third echo traces of eea-bed and
fish shoafs.

Fig. 3ll shov.s first, second and Lhird echo traces of the

sea-bed and frcol lish shoals recorded by a FlJRUNo 200 ld{z

fishfi.nder in 1973.

Jr,:,i ..1



Ttle pul.ees snitftd frcr0 the tranducer are reflected a

maber of tines not only betrcen lhe ship's hu.II bott€m and the

sea-bd but also frq! fish shoals ' In Fia. 34 the echo traces

fr"on flsh shoals A and B are so dense and corrcentraied that the

@ibted pulg€ is reflecLed ti{o bi.nes between the shlprs hull

botton and the shoals. A third one i3 lnvisible on the recording

because of the atbenuabion of supersonic energy as tine elaps6.
In thi.s recording the fl.rnction of the rrl*tile linerr tJorks r.eII' so

the echo trace of fish shoaf B looks Like a r@ky hilL ard part

of lhe sea-bed. Brt the second echo trace shoi{s a line divldlng

bhe secord echo trace of the sea-bed and the second echo of the
fish ghoal. Drring fishing operabions uaing the fishfinder, to

check the secord or third echo traces 1s ve.y lnportant.

Ref: Shoal A; barracuda, Shoal B; red snapper at a depbh of 30

oetres'

.. . --" *-*4*r1'/t\'--"i i\\t+(
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Fi8. 35 First' aecond and
shoals reco.ded by

lhird echo braces of
a 5o-ldlz fishfinder

sea-bed and fish
in  1973.



Fish schools recorded in Fig. 35 cons.ist of red snappers
and cuttlefish. The hyperbolic or "fingernatf" echo traces could
be taken for a cuLtlefish school and lhe mountainous trace -
exLrqne riSht - for red snappers (one haul : cutttefish 4.5 tons
and red snapper '13.5 tons, probably 4 to 5t of the total quantity
of the schools) .

The vertical intervaLs between lzero line" and the first
echo trace, first echo trace and second echo trace, and second
echo trace and third echo trace of the sea-bed and their shapes
are sini-Iar. Fig. 35 also shows a second echo trace from the
fish school, but it is smaller than the first one because of the
attenuation of supersonic sounding waves, the thiFd one ia
invisible,

4. Echo traces of pelagic species.

- J O -

Flg. 36 Echo traces of Iherag{a Chalcog?am1a in the Bering Sea



The echogran in Fig. 36 shows the traces of The?agla
Chalcog"anrna in mid-water recorded by a 5o-ldlz fishflnder ln the
Bering Sea in 1972. The sea-bed is very steep and the depth of
later ranges fron 160 to 270 metres,

60-ninute dragging of mj.d-waLer trawl produced an 8o-ton
@Lch of fherv.gt a. ChaLcogtwntna (see Fig, 151 the net-monitor
recording).
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FiB. 37 Echo traces of Iheragla a:haLcog?.0vna 1n the Beriog Sea

The echogram in Fig. 37 shows traces of Thet\qg"a chalco-
gl.crMa over the top of a seamount in the Bering Sea, i"ecorded by
a 5o-ldlz fishfinder.

This speciea of fj.sh spawn in mid-r,{ater at a depth of 200
to 300 metres. The sea-bed depNh here is more than 1000 metres,



See-bed

-36-
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Reprcduced by kind pernission of ntRUNo Electric Co,, Lld,

Flg. 38 Reconding of The?agrn Chalcogt@ma at a depbh of
430 oetres on and near the sea-b€d detecled by a
FoRUIO 28-tdtz flshfinder ql I Peb. '1973

the rccording slrors the dualtisplay systa on a piece of
r€cordlng chart, In Flg. 38 the traces of Pollaqk oarked A, B
and C, in tbe upper part co €spond to Ar, Br and Crr respectively,
ln the lower part of the r€cording. The echo traces frco the
Pollack oarked by At, Br and Cr ar€ nagnlfled to identlfy the
tf€ces fr'@ fish rrcre preciseLy.



The recording in Fig. 39 shows echo traces frdn
Sconbel,onor s Catunersoni gathering at under!,rater luring-1amps
recorded by a 200-ldlz FURUNo fishfinder in the East China Sea in
Apri l  1974.

Fig. 39 Bcho traces from SconbeT.ononls Cotnnersoni & underrater
luring-fanps.

Uagn l f led  t races  f ra f r  f l s

rtilrtiji!urli.;ru;#

-39 -

Fig. 40 Echo traces from "onagotr with dual recording

neproduced by kind permission of zuRUNo Electric Co., Ltd.

Reproduced by kind pernission of zuRUNo Electric Co., Ltd.

i
I

The echogram in Fig, 40 shows traces from 'rona8otl

recorded by a 50-WIz FURUNo fi.shfinder off Hokkaido lsland,
Japan. The recordlng shows the dual-dispfay sysLen on a piece of
recordin8 chart. In the recording, section A is an ordinary
recording and secLion B is a magnified one.

t lnder \ ia ter  lur ing- lanps

' ' I



Courtesy of Dr. T. Shibata, Nagasaki Univereity, Japan

Fi8. 41 Echo traces fr\om individual tuna at a depth of 50
bo 100 netres

The recording in Fig. 41 shows echo traces of individual
tuna sninling beneath the transducer aL a depth of 50 to 100
metres, r€corded by a lll-ldlz fishfinder on M,V. Nagasaki-Maru,
the trai.ning and research vessef of Nagasaki University, in 1962.

- i to -

24 k l lz  of  sh lzo r iaru,  , t l

Courtesy of Dr. T. Shibala, llagasaki University, Japan

Fig. {2 Echo traces frq0 albacore at a depth of 100 to
150 metres



-  q l  -

The loruation of lhe trace of albacor€ on the chart is

different frqn Lhat of demersal fish species. The recording nas

obtained by a 24-kHz fishfinder on M.V. No' 11 Shi'zo+lanr' a

pole-and-Iine fishing boat .

Courtesy of Dr. T' Shibata

Fig. 43 Echo traces from anchovy

The echo traces shoh'n in Fig. 43 were recorded by a

5o-id{z fishfinder, lhey are from anchovy shoals ' in the Yellow

Sea during 1963, The Scattering Layer near the surface can be

seen.
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Courtesy of Dr. T. Shibata

Fi8. 44 Echo Lraces frorn bi8-eye Tuna recorded by a BrowL

Tube

The echo traces in Fig' 44 stpw single big-eye ttrla
(narked by {Afl and rBr on the Brollr) tube acreen (CRT)' detected
by a 28+Hz fishfinder '
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By courteay of Dr. T. Shibata

Flg. 45 Echo traces frcrn individual tuna ab a depth of 250
to 300 metrea

Ihe ecbo traces ln Fi8. Il5 stpw lndividual tuna
rrtvperbolicrr tracea recorded by a l4-kllz fishfinder on
M.V. Nagasaki-Maru of Nagasakl Unlversity ar 12 July 1964. The
echogra[ $as recolded ]hile the vessel r€a adrift. Dlriog
sleanlng lt xould be difficult to reaord "hyperbollclrecho lraces
fnol lndivldrBl tuna.
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' r : - i  , '  : .
layer  of  t lankton

Courtesy of FURUNo ElecLric Co.' Ltd.

Fig. 47 Echo trace frcrn plankton layer in the Tasnan S€a '
recorded during the daylijne. After sunseb the deep
scattering layer cqneg up towards the surface ard
bet$een bhe plankton layer and the deep €catterlng
layer echo traces frcrn tuna can be seen (see Fi8'
48 ) .

6

By courtesy of D". T. Shibata

Fig, q6 Echo traces flcrn tuna at a depth of 80 to 120 r,Etres

The echograrn xas recorded by a 28+Hz fishfinder on
U.V. Asahi-Haru, a tuna longliner in the South Pacific ocean on
14 Feb. 1961, YelLowlin tuna are gathe.ing beneath the bait-fish
Iayer.
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scatter ing layerI ..[6#E,."

Courtesy of 8URUNo Electric Co., Ltd.

FlB. 48 Echo traces from plankton fayer' tuna and deep

scattering layer in the Tasnan Sea.

In Fig, 48 the deep scaLtering layer is noving upward.
In the scatbering layer the traces of tuna can be seen, these
tunas are movinS with the deep scattering layer to!.Iards the
surface. The layers in the echogram of Fig. 48 consist of
or8anisms, The right side of the traces was recorded in the
evening and indicates that it is inportanL bo krcw the depth of
the deep scatbering layer for tuna fishinS.

By courtesy of h. T. Shibaba

Fig. 49 Echo traces of tltna on the Enleror Bank

The echogra,n shows tuna shoals on the ftiperor Bank in the
North Pacific ocean, recorded by a 14 klL flshfinder on M.V.
Kosei-Maru on 30 Sept. 1963. As sbor! in Fig. 49 Tunas a.r€
swimning very cfose to the sea-bed of the tablelount at a deptt
of 4m metres.

6ur fac  e

seanount
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By Courtesy of h. Shibata

Fig. 50 l|nag over ibe rldge of the ocean floor

The recording io Fj.g. 50 stprs traces frq! tuna at a
depth of 100 to 300 !0etres over a ridge on the ocean floor ln the
South Chlna Sea, recorded by a 14-kHz fishfinder on M.V.
lbgaaakl-Maru: the trainlng and research vesseL of lbgasakl
Unlversity, on 21 July 1964,

Surfaoe

courtesy of Dr. T. Sribata

Fi8. 51 Echo traces frqr albacore at a depth of 20 lo 40 metres

the echogram of Fig. 51 shoi€ echo traces ftdl a.lbacore
recorded by a 2E+Hz fishfinder and lhe trace shape l@ka lil{e a
rrlryperbollcrr or nninverted Vn. Ihe flshing ground ls at 1000
nautical miles frcrn the FUi Islands in the South Pacific ocean.

By
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Ey courtesy of D. T. Shlbata

Fig. 52 Echo traces frcm individual tuna ( dear the
Phllippines)

Ihe echogran in Fig. 52 shol€ echo traces frqd indivldtal
turE recorded by a 14-*Hz fishflnder on I'j.V. Nagasaki-Maru at a
flsbln8 ground near the hilipplnes on J July 1967.

By cou.tesy of D. T. Shibata

Fig. 53 Echo traces fron individual bi8-eye tuna in the
Middle Pacific ocean

the echograrn in Fig. 53 sbots echo traces f.qr indlvtdraL
big-eye tuna swlo1r1ng at a depth of 150 to 2m netres, formlng an
n inverted V'r, reqorded in the ttiddle Paciftc &ean on 26 Jan,
1965.

H
t1
P

A
fil'
l$,
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Fig, 54 Echo traces f.crd a killer whale

The echogran in Fig. 54 shows inleresting echo traces
frql a slng]e killer whale over the deep scatterlng layer
(D.S.L.) and beneath the plankton layer, recorded by a 24-nlz
fishfinde. on M.V. No. 18 Chiyo-Maru a tuna Longliner ab latilude
14os, Ion8itude 91.908 on 26 oct, 1965. If kiuer whales are
found in a buna fishlng ground, the caLch will be poor,

Reproduced by kind permisslon of FURUNo Electric Co., Ltd,

Fig. 55 Echo traces frqn albacore recorded off Northeastern
Japan

The echogran in Fig. 55 ahows traces frdn albacore
r€corded by a FlrRUNo 50-Hlz on a 70-lon tuna fisbing boat in the
fi.shiog ground off Northeastern Japan.
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Reproduced by kind peroission of FURUNo Elecbric Co,, Ltd.

Fig. 56 Echo traces f.on individuat tuna recorded in the Tasnan
Sea.

?he echogran in Fig. 56 shows traces of indivi.dual tuna,
recorded by a FURUNo 60-ldlz sonar io the Tasnan Sea. Many tails
of Tuna traces can be seen over the deep scabterlng layer io the
echoSram.

neproduced by kind pemission

Fig. 57 Typical t'hyperbolic"

from individual tuna

FURUNo Electric Co,, Ltd.

trlingernail echo traces

of

Flg. 57 shows magnified echo traces from individual tuna,
These are typical lhyperbolicrr or ffinsernail'! traces. See Fig.
58 A, B and C. When recording, the boat was adrift.
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Fig. 58 shoi{8 hon a trace frq! ao individual tuna appears
rlD'p€rbolicn or like a nfingeryraiU beoeabh the flshflnder, In
FrS. 58-A the fish r€aches the extr€oe-left side of bhe sounding
be , then bhe fj-ehfinderrg firet r€cord traqe of the tuna i9 at
a deptb of 201,7 metres, Next the flsh is beneatb the ll8hflnder
(see Flg. 58-B) and, the recorded depth of the tuna ls 200
netres, shallolrer than 201.7 nelres ae shown in Fi8. 58-A.
FtnaUy the fiah wlLl reach the extrEoe-right slde of the
sounding bean (see Fig, 58-C) and the fishfinder !€cods lt as an
echo traqe at a depth of 201.7 netr$, deeper than 200 netrcs in
Ftg. 58-c.

Therefore, the echo t€ce will form a rrhyperbollcrr or
nflnge!'nalln trace on the recording chart; (^). In tblE case
the flshlng boat is adril! during soundlng and the bean angle is
'14.80.

Fls, 59
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Dlstance frqn transducer to Lndlvidua] noylng tuna
beneath the boat

D!6f! of tran.ducer - 4 r



the diagram j.s Fig. 59 shows a aingle tuna sri@ing frq
point 1 Lo 3 through point 2 benealh the transducer. The di,e-
tances between nTr and point 1, betteen 'Ti and lDint 2 and,
betlteen trTtr and point 3 are 201.7, 200 and 201.7 netr€s, respec-
tlvely. Then an echo trace of a single tuna wouLd be r€corded 1o
a rrttDerbolic" foruation ( /-\) .

Fig. 60-A rig. 60-8

Fig. 60 Dir€ctivity of echoeg of bwo Lails of tuna on
recordlng charf

Flg. 60 shows two tal1s of tuna swtumlng at a depth of 7q
Deties fr@ left to right beneath a fishing boatrs fishfinder,
the boat is adrift (speed tbrough bhe water is nil).

Draft  of  t lansducer = 4 m

Draft  of  t ransducer
Draft  1lne

104  n

70o 74  n Surface

Bean angle

15n

Sea-bed

' t ' 7 -

Echo trace of f i6h
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As meniioned in Fig. 59 the echo trace frcm the tuna on
the recording chart should be Ithyperbou-c'r in shape but in Fig.
60 the recorder of the fishfinder shows two traces (see Fig.
60-9), The inten/al betneen two tails of tuna ghou1d be greater
than 9,1 metres. If it is less than 9.1 metres, two echo tracea
frcm lwo taila of tuna become only one Lrace because bhe.tHo
tails of tuna rrould be j.n tbe same soundlnS bean ab a depth of lq
metres and, the bearn angle is 7.1.1 degrees. Therefore, selectivity
of fishfinder dependg oo bean angles.

Reproduced by kird pemission of FURUNo Electric 0o., Ltd.

Fig. 61 Echo traces frqD a school of Katsuuonus above a layer
of planliton

the recordinS shom ln Fig. 61 shoi{s echo traces ft crn
Kataunoous over a layer of planktcn, recorded by a 50 kHz fish-
flnder.
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Reproduced by kind permission of zuRUNo ELectric Co., Ltd.

Flg. 62 Echo traces frcn a school of Katsuwonus

T'tE recordinS in Pig, 62 showg echo traces frcNr
Katsuwonus recorded by a FURUNo 50 Klz fishfioder ln the South
Pacilic ocean. The paLtern of tracea are different frcrn the
lraces as shown in Fig. 61 and no scatLering layer can be seen.
Ib appears that the pattern of the Katsuwonus school links with
the pattern of Lhe scatterinS fayer.
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F i8 ' Echo traces
continental

of Megalaspi' CardALa ab\e the
slope

The echogran in Fig. 63 shows echo Lraces probably fron
MegaXaspis CaltdAla at a depth of 200 to 260 metres over the
continental sfope of the Arabian Peninsula, recorded by a FURUNO
50 ldlz fishflnder in 1973.

Reproduced by kind permission of FURUNo Electrlc Co,, Ltd,

Fig. 64 Echo traceg from herring

The recording in Fig. 64 shows traces of a herring shoal
whtch 1s forlling 'rflag post'r - like shapes, this is one oF the
features of herring schools.
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Katsunonus 1300  '

looln

Fig. 65 Echo traces frqn Katsuwonus in the Sulu Sea

The recording in Fig. 65 shoNs traces fr@ Katsuwonus
recorded by a 200 l4{z fishfinder oo M.V. PAKNM in the Sul.u Sea
on '16 Mar". 1987.

The shoals of Katsrwonus were gatheaing under a Payan and
some lrere junping on the surface but oost of thfl wet"e swiJrming
at a depth of 20 to 50 netres,
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Fig. 66 Echo lrace f.oo synthetic flber rope of Payaw

The echogram in Fig. 66 shows part of bhe synthetic fiber
anchor rope connecLed to a Payaw in the Sutu Sea on 16 Mar, 1987,
recorded by a 200-kHz fishfinder on M.V. PMNAM. The Dianeter of
the rope llas about 50 mil LimeLres.
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Fig. 67 Echo traces probabfy fron young Luna,
(recorded by a 200 Ktz fishfinder near
Panay Island, Philippines. flInvented Vn
Lraces are obvious) .
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68 Echo braces frorn mackerel above the deep scatteririg
layer, (recorded by a zuRlrNo 50 HIz fishflnder off
South Africa)
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Fig, 69 Echo traces of nackerel 1n a south African
fishlng Sround

The recordinS io Fj.g. 69 shows the aane echo traces for
mcker€l but lhe deep scaLberi.ng layer is not lraced on the chart
and Lhe nacker€l swirmiltg deplh rqlains aimi.lar to that shorm ln
Flg. 58, r.ecorded by a runUNO 50 ldlz fishfinder in a South
lfrican fishin8 elotnd in 1973.

If mid-rater trawl fishing wer€ to be carried out, the
gear should be draAged at the depth of the fish swi!trtdng layer
showr by the fishfinder, Lherefore, lnterpretation of echo traces
glven by a flshfinder and net-monltor syslem are irEporlant.
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Fig. 70 Echo braces fnd[ Pneunatopho"ua iaponicue

The echogram 1n Fig. 70 was recorded by a zuRlrNO 15 ldlz
sonar (ttlt an81e = 8o) off Northeastern Japan.
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By courteey of zuRUNo ELectric Co,, Ltd.

Fig. 71 Echo iraces frql trout, Iayer of planklon, the Junctlon
llne between two currents

The ecbogran in Fig. 71 rlas r€corded by a 50 ldlz fish-
flndei. Tte recording st|ous hon thernaL diacontlnuiLi.es can
conEjtruct a good fi.shlng Sround for, trout.

CourLesy of FURUNo Elecbrlc Co., Ltd.
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Fig. 72 Ecno traces fron salinon -

Electric Co., Ltd.

recorded by 50 Htz fishfinder

Froe Figs, 71 and 72 it would seqd evident that the
social dlstancei'r of trout and salmon in a school is greater

than that of sardine, herrlng, dqnersal species, etc. and lesa
than that of tuna,

Courtesy of FURUNo Electric Ltd.

by a qO ldtz fish-
is closely packed

Fi.g, 73

r The termirsocial distancel ori8inated in Soclologyi

The extenl bo which individuals or Sroups are reoroved
from or excluded frcrn particlpatlnS in each obhers llfe ...
subtracted frcm rrThe Nel, Hanl]'n Encyclopedic llorld Dictlonaryrt.
The Hanlyn tublishinS Croup Lhited, 1988 London,

Echo lraces fncl|l sardind, recorded
finder off CentraL Japan, the shoaf
bogether like a rcloudr in the sky.



traces from

neproduced by kind permlssion of FURUNo Electrlc Co,, Ltd,

Fig. 74 Echo traces frq! squid near Northern Japan,
recorded by a zunUNO 200 ldlz fishfinder. In
this echogran it woufd seen obvious that bhe squid
shoals are not concentrated, but in Fig. 75 very
huge shoals of squid and its predators; rEckerel
are concenbrated.

Echo

- o J -

traces from squi';.')t.- -->'

( llPllq / T^g r "{i6, . l.
)  t luse echo tracd of mackarel  -r '  .

Reproduced by kind permission of FIJRUNo Electric Co., Ltd.

Fi8. 75 Echo traces from shoals of squid with those fron
predators; shoaLs of nackerel. (recorded by a
50 ldtz Fishfinder in 1969 off Northeastem Japan).

The echograrn in Fig. 75 sholrs the predators : nackerel,
bloaking the shoals of squld; the baitfish,

,i
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5. Echo braces of deoersal species

'* :*, : l{ ]1]'2ft0u""7""\ -*' ";
rlLjtqj,ll{i I r*s| rtc{{} rrdlyrrr$\r.r9G.*,hr rrr+.+t!+1,(.

ea-bed

Fig. 76 Echo traces frqr squid at a tablenoLrnL (guyot)
in the Indian ocean.

The r€cording in Fi.g. 76 shor€ very dense and extensive
echo traces frql a shoal of squid ranginS the sea-bed towards
r01d-waler at a tablqtount fisbj.ng ground, recorded by a 200-ldlz
fishfinder in 1981.

Ref: lfater tsnperabure at aurface by flabfinder; 27.4oC and at
sea-bed by net-monitor; 15.59C, curr€nt northerLy.

- - - - - - E -

Echo lrace of squid

Z.ro ltne (drafc !.rk.r)

trrc.! fr6 cuttl.f16h

2ad. l+?a/rr !ara.- rAna.f I r, i.. ':.4*f.,v&11l.,-'l

Fi8. 77 Echo traces frqn cubtlefish at a fi.shing Sround off
the Arabian Peninsula.

Ihe recording in F1g. 77 ghor.rs ecbo traces fr@ cutble-
flsh forning a rrhyperbolict' and/or i'inverted Vr fomation near
the sea-bed. These shoals rere very concentrated as proved by
the 12-ton catch of cuttlefish after dragging 120 mlnutes
recorded by a 20O Wlz fishfinder ln 197?.
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7 mlnutes

Flg. 78 Echo tfaces from cutilefleb in mid-water al an
Arabian Penlnsula fiehing ground.

Itle echogran in F'ig. 78 shows traces of cuttlefish
shoals migrati.ng vertically from sea-bed to mid-waler after
sunset, I?re foruatloo of each brace indicates anrrinverbed Vrr.
The locatlon of the cuttlefish i.s 26 to 38 netres frcm the sea-
bed and Lhen wilL migrate lo the sea-bed frcn mid-water aften
sunrise - recorded by a 200 ld(z fi.shfinder in 1980.

Echo trace from cutt lef lsh

sea-bed

ir,t F.r{'t\11(isffv11
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6 ndnutes

/sea-bed

cutt lef lsh

'.,Uhi.r
Fi8. 79 Echo traces fron cultlefish io nid-waber

In Fig. 79 the fishfinder recording shoHs traces frcrl
cuttlefish shoals ln oj.d-water migrating verlically from lhe
sea-bed after sunsel. The traces are foming rrtlyperbohcrr,
'rfingernail'r and/or rrinyerted Vi shapes. The shoats are located
between 38 and 56 netres froro lhe gea-bed, recorded by a 200 Wlz
flshfinder i.n 1980.
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Sea-bed echo trace of Bervt 1622

Fig. 80 Echo tEces ol Be"y, splefld.ense over a tablqn8rt

Tt€ echogra ln Fig, 80 ahows eqho lraces frul. Be"Ae
epl,endenae at a depth of 420 to 421 netrea on a tablaount in tho
Indtan Ocean r€cord€d by a 50 ldlz flshfloder 1n 1981.

these shoals {ere very deoae becauae a 44{inute dr?gglng
produced a 4O-t$ catch ot Betyx spletdetae.
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Fig. 81 Echo traces frcm ba.racuda and cutttefish, recorded by
' a FUnUNo 200 ldlz fishfinder at a depth of 68 metres 1n

1973.

Dragging 100 minutes produced a 10.7 tons catch; cuttle-
fj.sh 3,4 tons, barpacuda 6.1 tons and others 1,2 tons.
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Echo

Fi8, 82 Echo traces frcm ca?ans eeafaaciatue' Lutiarru9' eba.
recorded by a FUnUNo 200 ldlz flshflnder in 1974

Mostly ehoals of ca?an exist ln the deep scatterlng
layer and t}l.ose of Lutjdtus on the sea-bed.

Section A ehows the cqupogltlon of the sea-bed aa ve.y
bard because ltre Long reverberation can be seen Just underneath
the echo frace of the sea-bed (see Figs. 2\ alul 25).

Tqrperature at surface | 26.2q by fishfi.nder.

Tsrperature al eea-bed : 23,0oc by nel+rcnitor.
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t race of squid '  '  Sea-bed

Fig. 83 Echo traces of squrj.d on a tabl€oount

The fisbfinder recording in Fig, 83 shows echo traces of
a squid 3hoa1, debected by a 2W Wlz fishfinder in 197q,

The echogran was recorded ab niSht-ti-ne. Usually squid
shoals migrate upi{ard to mid-riater afber sunset but the squid
lraces in F1g. 8l are nhard downr on the sea-6ed because these
i.3 a steeply sloping valley on the sea-bed in the vicinity and it
plodlrces an up-relling lrith rlch nutrients. Dragging 120 minuLes
produced a t-ton catch of squid.

second echo of sea-bed
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Fic. 84 Echo braces from cuttfefish

The recording in Fi8. 8q shows echo trEces reflected frcm
cuttleflsh shoals reconded by a zuRlrNo 200 ld{z fishfinder in 1973.

The shoalg form 'rtvperbolicf or I'fingernail't traces near

the sea-bed lrhere there is a step: at a depth of 62 to 66 metres.
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Fig. 85 Echo traces from shoafs of cutblefish rhard

dori,ntr on the sea-bed.

Frod bhe darker traces on lrhe sea-bed in the echogran,
ne can telf that the traces frctl secbion A. B. C and D are fr@
cuttlefisb, recorded by a 200 ldlz fishfinder.

It requires much efforl Lo delecL denersal species of
fish rrhard downf on the sea-bed by fishfinder because to discri-
minate between the echo trace of the sea-bed and that of demersal
specles is very dlfficult.

An echo trace from a 'rhand donnrt fish shoal shows a
slightly longer reverberation than that from the sea-bed and this
ls a very inportant point and the key to interpretlng echograrna
on the recordinc chart .



In Pig. 84
the sea-bedr s steps
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shoals of cuttlefish are shown gathering near

or, do nHard or up"tard slope, as in Fi8' 85'

Surface temperatute :  28oC hY

i:L!lii',r'j

: I .1 ,.!l: :-.:
iiilo f

ji i:-!r - jii 'j.t 
:::+

TL

Fig. 86 Echo braces from cubtlefish "hard doifiii on the sea-bed

The echogram in Fig' 86 shots traces frdl cuttlefish

shoals, also nhard do!{ntr on the sea_bed. In this case the longer

reverberation of cutblefish is invisibte' The recording in Fig

86 was detecLed by a 200 kHz fishfinder.
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The echograms shoi. that the traces of cuttlefish shoals
which are very "hard downi! on the sea-bed seen to be part of the
bed, af a glance it is hard to disti.nguish the sea-bed traces
from the cuttlefish. However, if we very carefully interprete
the echogran, we can distinguish the echo trace of the sea-bed
frcttr that of the cuttlefish; on the second echo frcm lhe gea-bed,

echo traces frd0 cuLtleflsh are invisible, only tbe sea-bed can
be seen and this is one of the keys to clarify the flhard dormtr
flsh echo trace on the sea-bed. Figures 88 and 89 exptaln another
method of hosr to discrininate ihard dotrn on sea-bedr traces of
daeisal species from that of the sea-bed.

The cuttlefish shoals shown in Fig. 86 brought aboub a
4-Lon product by 20-4inute dragging.

B

5  m i n ,

,tr

6 2 m 59m

Fig. 87 Echo traces from Lethxinu, haanatapterus

The echogran shown in Fig. 87 shows traces from huge
dense shoals of Leth?Lnus haenattapte"us, recorded by a 50 ld.lz
fishfinder over a tablenount in '198'1. Dragging 45 minutes
produced a 20-ton catch of Leth?Lnus:

Mark C shows a rrveilf echo
rrplulerr echo traces in nid-lEter.
traces of the same species of fish,
ecno f,nace.

trace, marks D, E and F shoi{
Marks A and B also show ecbo
Mark C shows a rnormtainousrt
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Echo trace of denersal sDecies

,1t'\ - sea-bed
; h \^ .,,,'^./ w L_/w-<_<

-tttllF
^

I 
uhi te I  lne

ReverberatJ on of sea-bed

Fig. 88 Diagram : Reverberation of eea-H

Echo t racF of  sea-bed

(1 )

Sea-bed

White l ine

Reverberat ion of sea-bed

F1g. 89 Diagram i Reverberatioo of sea-bed (2)

The diagran in Fig. 88 shows an echo trace frotn the aea-
bed, lts r€verberation, and dstergal species nhich are '!bard-
downr! oo sea-bed. The diagran shonn 1n Flg. 89 sttows echo lraces
frco the sea-bed and its reverberati-on.

In Fig. 88 echo braces fron dqnersal specles .lrhich are
very rrhard downrr on the aea-bed are shorn, Three arpows i.ndicate
the echoea fFo.n deuersal species, they are rising upnard fron the
sea-bed like lhree peaks buN the reverberati.on of the sea-bed
undemeath the three peaks is not rising.



In Fig. 89 the reverberation of the sea-bed becones
higher and elevaLed below the bhree peaks of lrhe sea-bed, This
means these three peaks are parb of Lhe sea-bedrs traces, not
echo traces frcn fish shoals.

0n a parti-cular occasion shoafs of ddnersal species oould
be gathering around or abard do|ntr such peaks on the sea-bed. In
this case lt would be very difficult to distinguish echo traces
fron the sea-bed frqn those of fish shoals,

Deep
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l a y e r .

Echo

N SS
F ix  JoTo-  o1 l3  N
160 ,  l 9B . ' _  10 t  ?  E

' t '
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245Ir'

(specles unknown)

'  
Reverberat ion of  sea-bed

Sea-

rpm
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c o  0  7 1 '
330
1 6 0

Fig. 90 Echo Lraces of dqDersal specles over the
contioenbal slope

The echogram shown in Fig. 90 indicates traces frcm
demersal fish species on or above the contineotal slope recorded
by a 200 ldlz fishfinder on M.V. PAKNAM in the Andanan Sea on 29
Aug. 1!87.
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The echo8ram sholrs that a continenbal slope nay prove a
good fishlng ground for both demersal and pelagic species. The
deep scatteain8 layers can be seen and therflal discontinuities
and an upwelling current probably existlng there. The fishlng
ground shoern in Fig. 90 mighb be appropriate for various types of
fishinS gear : gill neb, bottcm fongfine, trap caSe net, trawL,

In the recording in Fig. 90; 1600 means 1600 hours
( !  p ,m. ) ;  "NNSS F ix  07001.3  N,  98010.?  E,  240 m and 1601"
neans bhaL fixed position by Navy Navigation Satellite
Systqn latitude 07001.3 north, longiNude 98010,7 east,
depth of water 240 netres at 1ocal mean time 1601 hours.

Echo

!t

r b e r a c i o n  o f  s e a - b e d

neproduced by kind per ission of FURUNo Efectric Co,, Lbd.

Fig. 91 Echo l.aces of sea-brearn and thermal discootinuities

The echograrn in Fig. 91 shows Lraces of sea-bream,
formlng rrmountainous" shapes. I'l,lhite line'r control is functioning
welf to divide echo traces and the sea-bed taace. recorded bv a
zuRlrNo a 50 IdIz fishfinder.

discont inui t ies
Surface turbulence



iSee-bed
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Sea-bed's reverberat ion
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Echo trac€

r/  . :  ' f l i , i -  .  :
precipi tous sea-bed

econd echo from sea brean

;1

Reproduced by kind permission of zuRUNo ElecLric Co., Ltd.

Fig, 92 Echo traces of sea-brean on a precipitous sea-bed

The echogram in Fig. 92 shor{s traces from sea-bream
gatherinS around a frocky h.illf on the sea-bed (because of bhe
Ionger. reverberaLion of the sea-bed), Sea-brean Lend to lnhabit
a precipitous sea-bed; peaks, hills, tops of tabLenounts (&Vot),

The echograrn shown in Fig, 92 {as recorded by a 50 ldlz
fishfinder.
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Reproduced by kind permission of FlrRUNo Electric Co., Ltd.

Fig. 93 Echo Lraces frco t ot'opPistipanxt tt i [ i*eatum

The echogram shovm in Fig. 93 lndicates traces from

Pa?ap?ietiponn ttLlineaktn (probably) on the sea-bed, recorded by
a 50 ldlz fishflnder.

The formation of traces is not |tmountainousrr , they look
like rrinverted Vrr. These species also irend to lnhabit a precipl-

tous sea-bed, the t'White Linerr tunction of the fishfinder works
welli echo traces from shoals of fish are clearly divided from
the line that r€presents bhe sea-bed.
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6. Acoustic Doige

i ' ,  o

100

l !
I t o

t 0 0

-Sea surface

,i,i.rtr"'.11,f

E' ,x ' - - i  '
I  i , '  

t :

000.

l o o ,

r8'lo.

Reproduced by kind permission of Dr. K. Shlbata

Flg. 9q Echo traces of surface noise, tuna and deep
scatLering layer

Surface noise appears beneath the rrzero line'r on the
recording chart, Lherefo.e, if the sounding depth range 1s frcrn
'10 netres, or 20 netres, or 100 metres and so on, the surface
noiae cannot be recorded on lhe chart.

The surface noi.se is caused by air bubbles, heavy surf,
rain hitting bhe sea's surface, plankLon, aeration near the
trangducer, in a word it ia caused by surface turbulence, and i.t
oflen appears on fighfinder recordings, The surface noise leads
to a loss in energy of the reburning echo fro{o the sea-bed or
suhnerged objecls.

The echogran in Fig. 94 shows su.face nolse (narked by C)
and deep scaLtering layer (marked D.S.L.) aL a depth of 300
netres during daytine and 100 metres during night-ti0te. Betrieen
the surface noise and the deep scattering layer echo traces of
tuna can be seen.
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Nolse

Reproduced by kind perrnisaion of FURUNO Eleclric Co., Ltd.

FiB. 95 Echo traces of acoustic noise

The recording in Ftg. 95 shows traces of acoustic no1ee.

FiB, 95 A sho{s a nolse trace of aeration caused by a
lurning propeller, FiS. 95 B sholrs effect of electric inducilon,
FiS, 95 C shows Lhe echo of a dlfferenL fishfinder (flshing boat
i9 operating Lwo fishfinders at the sarne line) and Fig. 95 D
Showg another fishing boatrs soundinS wave.

When the fishfinder records unfamiliar traces, careful
attenlrion should be given to the fishfinder itself;' lrorklng
norually? or not, and look out of your boat sharply because other
flshing boats may be nearing very closely to your toaL.

N o t s e
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Flg. 96 Acoustic noise from another fishfinder (1)

The oblique and dotted lines 1n Fig' 96 show acousiic

noiae caused by translitted supersonic sound ilave frsl aoother

flshfi.nder, Tno flehfinders on M.V' PAXNAM lrere slnultaneoualy

under operation : one of them received anotherr s Supergonic

soundlnj wave with a different frequency, recorded by a 200 Idlz

fiahfloder.
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Fig. 97 Acoustic nolse from anolher fishfinder 3(2)

The slightly oblique and dotbed fines in FiB. 97 are
caused by receiving signals fron anoLher fishfinder, received
onboard M.V. PAfillAM on 6 Sept. 1!87.
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Fis .98

Ttle echogran ln Fig. 98 shows an acoustic noise when the

sea becomes Yery stormy. All the echo traces including the sea-

bedrs are vague because M.V. PA(NAM was pitching' rolfing and

yawing on the Riflqnan Bank in Lhe Sou|h China Sea' recorded by

a 200 ldlz fishfj.dder during shipboard trainlng'

sea  (1 )



- o ) -

The oobion of the vessel in heayy ,reather prcduces aera_
tion or air bubbles underneath bhe vessel's huU bottq! in the
rater and lhese bubbles pass close bo the transduceris face and
nake a considerable noj.se, They r€dtrce the energy of returaf.ng
super-aonj.c sound waves fron the sea_bed and/or suboerced
objecbs,

Fig. 99 Acoustic noise fron a storrny sea (2)

The echoSram shov,m in Fig. 99 shor,rs very vague echo
traces froo the scattering layer, fish shoals and sea_bed. which
are due to aeration cloae to bhe transdrcerrs face, caused by
heavy aurf on the Riflq|an Bank during shipboard training,
r€corded by a 200 ldlz fiehfinder.
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Fig. Acouatic noise from a storury sea (3)

necorded by a 200 litrz fiahfinder

Ihe echogran in Flg. 100 shows acoustic noise, it was
dlfficult bo dlstinguish the scattering layer and fish echoes
frdn the noise because M.V. PAKNAM was cutbing through a heavy
sea : ldnd speed $as 30 lolots on the Rlfleman Bank.



?. Scatbering layer

Fig. 101 Echo braces frct! the scaltering Layer, recorded by
a 50 Htz fishfinder on M.V. No. 71 Akebono-Maru,
8 Dec. 1973

The echogran in Fig. 10'l shows the scatterlng layer in a
fishing ground off South Africa. Above or on tbe layer, the echo
lraces frq! fish shoals are visible. Sdle at€ I'hyperbolicl is
shape-and sone ane dotted. They are ahtost above the layer' noL
beneath the layer.
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Enltting

Reflect lng

Enittlng

lect lng

Refractlo0

Emt ttlng

ReflectiI1g

Refractlon

7' I- ScatterlnR layer
.tE <_1orrr.r.nt cornDositlon

I

a-Em{ttlncl Thernsl iliscontlnulry

feflectins

FRefraction

Ftg. 102 ReLalLon betlreen soulld r,|aves, scabterlng layer and
sea-bed

Fig. 102 shous a typlcal diaeta of reflection and
r6fraction of sound i{avea. l{hen gupergonic sound ravea propagabe
and croas fron one Layer to another different layer, reflectlon
and refraction are generated on the l-ayerrs surface and the sound
wave enersr is atbenuated. fhLs is the rea,gon why nshfioder
recordings trace the scatbering layer on bhe charf.

Sea-bed
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fhe layers have a different co[position (oceanlc
or8anigms, etc.) and/or themaf discontinuities . The scatUerj.ng
layer is an jmportant piece of infomation for pel"agic fishinS :
luna longline; drift gill net; mid-i{ater brawl, etc., Because
pelagic species are largely ]i-nked lo the deep scattering layer,

1301

Deep scatter ing l ayF r

"r.rt'. rrl:xii?; 1312

fi

Fj.8, 103 Echo brace of deep scaLbering Iayer (recorded by a
2@ Vtz)

'Fig. 
103 shows the deep scatLering layer Like a

fcurtalnf close to .the aea-bed. Beneath the layer echo traces
froN0 fish shoals are visible but invisible above it and dlfferent
frc|! tbe echograrn io Fig. 101. Fish shoaLs lnhablt Lhe area ne:lr
the laver.
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Deep scatter lng 1.y91

130

150

Fig. 104 Echo braces from deep scattering layers

The echogran in Fi8. 104 shows deep sea scatlering
Iayers, one is shallow in depth (Iass than 100 metres) and

another in deeper waber. Since the fishfinder r€cords such a

nulti-scaLtering layer, water turbufence occura ther€. From

fishermen's experience of tuna lonSline the mufti-scattering
Iayer brings a poor catch.

Recorded by a 200 Hlz fishfinder on M.V. PAKNAM



-  91  -

Deep s cat ter lng layer/
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The
(ther€ are
Andarnan Sea

0ne
turbulence
poor calcn,

105 Fjcho traces fron mufti-scattering layer (1)

echogran in F18. 105 shows a multi.-scattering layer

three or four layers) recorded by M'V. PAKNAM in the

on 29  AW.  1987.

fayer is very close to bhe sea-bed. The

is radlcal. Botton fine fishing wifl probably

bottom trawl fishing as weU'

echogram was recorded by a 200 kHz fishfinder.

l|ater
bring
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Fig. 106 Echo traces of mufti-scattering layer (2)

The echogran shows a very complicated multi-scabtering
layer recorded by a 200 ldtz fishfinder on M.V. PAIffAM at 2130
hours on 29 Aug. '!987 at 0702019 N, 9801416 E. sea turbufence is
very active and lrhe configuration of fishlng gear in mid-water
would lose its balance t€cause of a strong unalercurrent.

,,y:"3 +1iil"t#,L.,'1141,

, 
' 

,, 
.',
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Deep s cat ter ing laYei

''lo-269
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F18. 107 Echo braces frcmrrveil" scattering layer

The echogran in Fig. 107 shows flveiltr scattering layera
with water turbulence, small fish echoes can be seen in and
beneath the Layer traces.

In the recording in Fig. 107 the water turbulence occurs
at a depth of q0 to 65 oetres. Deeper than 65 netres the theroal
condibion would be stable.

The echogran ltas recorded by a 200 kHz fishfinder on
M.V, PAI(NAM on 29 Aug. 1987 in the Andanan Sea.
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Fi8. 108 Echo brace fron scattering layer

The echogran in Fig. 108 shows lhe deep scattering layer

ai a depth of 60 metres. Water tslperature shallower bhan 60

metreg is probably differ€nt fr@l that deeper than 60 nelr€s '

There would be thernal discontinuitles at a depth of 60 meires '

50m
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6

i 8 0

120

Fig. 109 Bathythermogram and echo traces of deep scattering
layer

The echogran in Fig. 109 shotis recordings of both a

bathybhermograrn and the multi-scattering layer' A therrocfine on

the baLhythermogram appears at the sane depth of the multi-

scattering layer on the fishfindera recording.
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By courlesy of Dr. K. Shibata

Fig. 110 Bathybhennogran and echo traces of deep scatterlng
Layer

Fj.g. 110 shov,s a thermocline on the bathytheruogram
appearing at the sale depth of bhe nulti-scabtering layers on the
fishfioder r€cording. Thus fishfinders shol,r theruocllnea and/or
thennal discootinuibies clearLy on recording charts.

200

3 4oo

3.:600

By courtesy of Dr. K. Shibata

Fig. 111 Bathythemtogran and echo traces of tuna wlth
scattering laye..

remp. oc

0 r 0
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Fig. 111 sbows a recording of tuna mj.grating vertlcally
towards the sea-bed after sunrise. The deep scattering layer can
be seen at a depth of 300 to 500 netrcs. Ihe r€cording sbows
thab tuna snim at a depth of less than l5O metr€s du.ing the
night-ttne but they may swim dor.rn to deeper rEter Nhan 2OO
ntetres.

ffi

\\ \ \ \r"n'

Fig. 1'12 Dj.agran shons notion of tuna (l)

The dlagrarn in Flg. 1'12 shows lhe typloal uotion when
tum are migrating vertlcaLly towards the sea-bed fotlowing the
deep scattering layer. this can be seen after sunrise or befor€
dcirt.

I
Deep scatter lng layer
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Fig. '114 Echo trace of turbulence

The ecbogram in Fig. 114 shows water turbufence lrtErd

downtr on the sea-bed. This turbulence yietds poor catch of

demersat species, recorded by a 200 Kiz fishfinder on M.V. PAIO,IAM

on 31 Aug. 1987 in the Andanan Sea,

,/ ,/ ,/ ,/ ,/: 

-""

Flg. 113 Diagra.n shows motion of tuna (2)

l'he diagran in Fi8. 113 shows the typicaf motion when

tuna are migrating verticatLy towards the surface synchronized

with the rnoving of the scattering layer' This pattern can be

seen altea sunset or at twiught. Please pay aLtention to Lhe

typical pattern of tuna mobion : ( ' \)  and ( , /  ).



-99  -

school r
'  " i i  T

5

0 6 - 5 8 . 9 4

0 9 8 - 5 8 , 1 6
i 7Om

Fig. 115 Echo trace of turbulence and fish shoals

The recordj-ng in Fig. 115 shows vrater turbulence near the
sea-bed and echo traces probably from bonibo, recorded indivi-
dually, in mid-water. Echo traces fron demersal specles can also
be seen at a depth of 55 metres. Between the 54 and 55 metres
depths there is oo water burbulence.

The echograri shown in Fig. 115 was recorded by a 200 HIz
fishfinder on M.V, PAKNAM.
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8. "Ihite linefi control ... nechanical technique

r- - r--rrrrrr-rrlllrrr-Lrttl ra

p t11a f
Ftsh school
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Fig. 116 rrl,{hile liner', fish school and sea-bed

the echogran in Flg. 116 sho!,rs very dense rtower-Iikerr

echo traces (marked by A, B and c) from dqrersal fish species at
a depth of 980 to 1055 metres. The sea-bed is so hard and
pr€clpi.tous that botLom longline and/or trap cage net gear ar€
preferable for fishing. the recording was obtained by a 50 Hlz
flshfinder in 1981 off East Africa.
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flllhite linetr control !s one of the rlechanlcal techniques
of a fi.Shfinden lo distLnguish signals of fi.sh 'rhard dorn'r on the
sea-bed from those of the sea-bed. If the I'whi.be linerr control
is not functioning, bhe r€cording shom in Flg. 116 would appear
like lhe oodifj.ed echograro shonn in Fig. 117.

rtl r- rrrrr- :r---!ttl-----il----

Sea-bed

sh school
Rock pl l lE

Fi

Fig. '117 Modj.fied r€cordj.ng of Flg. 116

Ihe nodified recordj.ng in Fig. 117 shons that the fish-
finder is unable to discriminate the sea-bed and the fish shoals
narked by A, B and C and the tr?ces of flah shoab look like
rrocky tor,Ers or pillars on the sea-bed.



-102-

In Fig. 117, extr@e right, the echo trace Ls a huge
rocky pillar, part of the aea-bed. If we refer once again to
Fig. 116,we can realize that tbe fj.sh shoals oarked by A, B and
C, the sea-bed and bhe rocky pillar are al] distingulshed frqn
each other by llJhite finet contro.I. nllbite liner contncl on a
fishfinder cao be utilized to know the degree of concentrati.on of
afish shoal both on the sea-bed and in nid-water.

F r mrnuEes - i

Echo trace of f t s hr s  a1

Line
I
l - r

t '
presents

I lalh1!e llne

253n
n',1! ;r .

Fig. 1lE I'White line'r and fish school trtErd dovrntr on sea-bed,
recorded by 50 Idlz fishfinder on 9 Dec. 1974.

The recording in Fig, 118 shows a strong trace fron
dsnersal species of fish wilh 'White linetr. The echo braces are
probably fron Bet\lt splendense on a continental slope ofl the
East Coast of Africa. The sLope is precipitous and rocky.
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The nodif ied echogram ir Fig. '19 snows lhat iL is
difficult to distlnguish the echo Lrace of the sea-bed from lhat

of fish shoals when ithrhite line'r control is not functionina.

Fig, 119 Modif ied echogra,n of Fi8. 1'18



-104-

The 11nes that represent sea-bed

t lh i te  l ines

F

Fig. 120 I'Whibe finei and bhe Iine that represents sea-bed

The echogram shown in Fi8. 120 thors a very sleep

continenta.L slope and a depLh of waler ranSlng from 240 Lo 450

metres. Using the !'!lhite Li.nerr the lines that represenb the

sea-bed appear very clearly, recorded by a 50 ldlz fishfinder in

19?4 off East Africa.

To deLect f lsh shoals by f ishfinder is very necessary in

deep-sea fishing groundg' especially in areas deeper than 300

metres. If the fishfinder detecLs no fish echoea, the flshin8

gear set on the sea-bed cannoL have a good catch of any denersaf

fish species excepl, perhaps deep-sea shrirps.
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---alr--

L ine represents sea-bed

180m

200m lwhtte line

-- t -rr l - -r- i -
7 mlnutes

) trace, probably Beryx splendense

t
\  one naut ical  ur i le

Fj.g, 121 'rllhlte linerr, sea-bed and flsh shoals,
recorded by 50 ldlz flsbflnder.

The recording aho!,n ln Flg. 121 shows extensive shoals of
Bery apl.efidense a ddlersal apecies on the continental slope off
East -African Coaet. Tbe whlte line control is norklng effec-
tively to divide fish shoals fr@ the line that represeDts the
sea-bed's aurface.
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9. Depth scale or range in metres.

lihl te

20

,. $i'
line ll,i

' 30

0n

1320

ls t  echo

Fig, 122 Depth scale and its shift

Flg, 122 etors a fishfioderrs recordj.ng lri.th di.fferent
rrDepth scales"; 0 to 60 metres in gecbion A', 60 bo 110 metres 1n
section Br and 90 to 140 metres in section Cr.

To sound the depth on bhe sloplng sea-bed the fishfinder
or echosounder should be adJusbed Lo the appropriate rrDepth

scalel otheruise no echo trace of bhe sea-bed is available on the
r€coading chart even if lrhe machine is under nonnal operation.

The echogran shoxn in Fig. 122 rias r€corded by a nO Wlz
fishfinder on M.V. PAKNAM.
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Depth range 0 co 140 n.  -+

100

1 1 0

r20

130

140

Fig. 123 Modified diagrao of Fi8. '122

The diagran shown in Fig. '123 shows a modlfied picture of
Fig. 122 with Depth scale : ranging froin 0 to 140 mebres. Sec-
tlons A, B and C in Flg. 123 correspond to sections Ar' Br and Cl
in Fig. '122.

I
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20 Sea-bed

350

i
L
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I
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I
- 2100

r20

1601++z

300

STG =

,\

- l-3 40

l t ne : \

240

Flg. 124 Echo trace of seascarp, recorded by a 200 ldlz
fishfinder on M.V. PAXNAM on the Rifl@an Bank
in the South china Sea on 1 Mar. 1987,

The recording shoMl in Fi8. 124 indlcates a seascarp wlth
dlfferent Depth scales i O to 120 metres; 120 to 240 oetres; 240

to 300 metres (ref.r in F18. 124 nSTGtr stands for speed throuSh

the groundr).
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00m
I

140n
I

150m

80n

200m

220Il.

Fi8. 125 Modified echogran of Fig. 124

The modifled echogran of Fi8. 124 shoun ln P18. '125 shors

the sane trace of the seascarps. The modlfied echogralr shows the

feature of the seascarp very clearly.

260m

280m

300m

320m
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Fi8. 126 Elcho trace of the VanSuard Bank, recorded
by a 2OO ldlz fishflnder on M.V. PAKNAM in
the South China s€a on 22 Mar. 1987.

The echogran shotn in Fi8. 127 shows a npillal"-likerr

fomaiion on a rocky sea-bed on the vanguard Bank with differ€nt

Depth sqales : O to 60 metres; 60 to 120 netres. Zero llne
(draft of transducerrs surface), D.S.L" sea-bed and echo tracea

frcrn fish shoal.s can be seen in the recording'



Brt lt j.8 a l.lttle blt difflcult lo iragirE rrplllar-Iilen

fomaflons dr the s€-bed. If Depttr sca1e, 0 to 120 Detrcs, ts
us€d, lt uould clearly slDr the shape of nplllar-lil(er fomations
on tho gea-bed, thenefor€, 1t would be better for the lnlenpreter
of fisbflnderrs echo tracee to dnaw another dl-agran, nodlfled
ft@ the rccordlng, :ur ahom j.o Flg, 127, to know the featu€ of
th€ sea-bed prccl8ely,

Echo trrcc of fl.h

\

\l """_".,
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100

1 1 0

Flg, lzf Hodified diagrar of Fig. 126



the diagran shown ln Fig. 1z| indiqates bhe feature of a
'rplllaFlikert sea-bed rcre clearly than Fig. 126. It !rculd be
vety signlflcant to produce dtagras of baoks, searnDts, gr4'ots,
vaLleya, etc, on the sea-bed frco the data of ecbo traces giyen
by flsbfindera to have a better kpwledge ol a fishLng groundrs
topographical aharacterletics and to nake ones ofltr fiehlng ground
charts,

10. TiI[e scale ( inbelTal narker) on the recording chart.

FF
r-.^ - ..rF

FJF r "in +
It+ I

I

Fig. 128 Diagran of ntlroe scalen

ltte dlagre in Flg. 128 shows an exarnple of nTlne scalen
orrrlnter./al Earkern on a fishflnder chart recorded by pul.ses
glven to the stylur at lntervals of one mtulute and the speed of
the chart-transport when tioe elapoea during sounding.

By counting the ti-De scafes or Interval narkera ard
Ioxowing the ghiprs speed r€ can calculate the dlstance run in
netres during sounding. Ihen a shi.pra locatlon 1s at lalltude
zerp degree, the length of latitude of one nautical mlnule is
1843 metres (see nNavigatloo Tables" TD/IL/52, therefore, if a
shlp runs for foui nlnubeE (4 markers tn Flg. 128) aN a speed of
1q.2 nautlc€I !d1es Der hour:

Distance nm = 4.0/5.0 x 14.2 x 1843 = 17q4.7 netres,

Shlpre location 1s at Latltude 40 degrees, the lengbh of
latltude of one nautlcal nloute la 1851 netres (see bhe sa!0e
trllavigation Tablen), if a surrrey boat nJns fo. three oiDutes (3
narkers in Fig. 128) at a speed of 3.2 lslots:

Distance run = 3.0/60 x 3.2 x 1851 = 296.2 @etres,
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Fighflnderrs recording chart shows longitudinall.y bhe
depth of sea-bed and distance frcrn suhnerged objects ln netres,
fatbcns and feet but lt shows disbance run with tire scales or
InteryaL markers latitudinallv.

In other words the recordiog chart indicates two units :
Scale lo metres for depth and scale in minules for distance run.
Both scales are not based on bhe sane unit. one is radius val.ue
another ia chronogramatic. l{hen lnterpretin8 echo traces on bhe
chart, it is be necesaary to convert lrhe chronograrraatic value
shoin by time scale into radj.ug value in metres.

l icho

2 5 0  n  ' t

F18. 129 Elapsed tine and distance run

The echogran in Fig, 129 shows a trace of fish shoals and
its value of elapsed time as 2.5 idnutes (see the recordinS in
Fig. 129) at. a latitude 10 deSrees in a fishlng Sround off the
East Afrlcan Coast, recorded by a 50 ldlz fishfinder on M.V. No.
71 Akebono-Maru.

f i s \



-  114  -

If a swvey boatrs speed is 3.0 l,oots, the horizontal
Iength of fiah shoals recorded on the chart would approxlEtely
be:

Distance run = 2,5/60 x 3.0 x 1843 : 230.4 oetres.

But if tbe boatrs speed is 12 loots, it noutd be 921,5
metr€s. For lhe aforeoentioned calculation it ls ifiporlant to
take inbo consideration three bagic elqnenls : ghiprs speed;
elapsed time; and Latitude in order to interprete echograns on
charta.

Part 3 Hydroacoustj.c observation of fishing gear

Fisbfinders are utilized not only for detectLng fish
shoaLs or sounding the sea-bed bub also Lo trace various lypes ol
suhrcrged flghlng gear. Echo traces of various suhnerged flshlng
Seare formationg are introduced here.

'L Tuna longline

Fig. 130 Echogran of suhnerged tuna longune (1)

The echogram in Flg. '130 ahoi{s the foroali.on of tuna
lon8line in tlte water, recorded by a 200 ldlz echosounder on M.V.
Nagasaki-l'laru; the fishery training and research vessel. of
Nagasaki Unlversity, Japan, on 1 May 1961 off Kyushu Island.

By courtesy of Dr. K. Shibata
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In Fig. '130 ttre naln-Iine (trunk llne)
rEre recorded ab a depth of '100 to 150 metres.
the main-line is 5.6 miltjitetres.

nain-1ine tangled

and branch-lines
The diaroeter of

A
L)

riilir
\ *

tr' It, ::1
By courtesy of Dr. K. Shibata

Fj.g. 131 Echogran of subrerSed tuna longline (2)

The echograrn 8hom ln Fig, 131 sho!,s the foruatlon of a
tuna longline undervater ; naxi-EtD depth of Lbe vertex of the
nain-Iiner s catenary is 100 metres and branch Li.nes tangled tribh
the naln-Iine and other branch-linea can be seen ln the echogra!0.

ltre echogran t{as recorded by a 200 idiz echosounder on
U.V. Nagasaki-l,taru. A 10r, frequency guch as a 50 ldlz echosotrnder
could not clearly record the linea as shoern in Fi8. 131.

After finlsh shooting a buna lon8line ib is useful and
interegting to obsen/e the fondation of the suhrcrged longline
xi.th a fisbfinder to have lnforoation of the actual depth of the
hooks and the gearrs balance and configuration in the strean. In
partlcular the relabive positioning betlreen bhe deep scatterlng
layer and the hooks shoufd be considered in order to carry out
fishing mosb effecti.vely.
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Tuna longllner

Naln-lLne

Brench-1ine

soundtng bean

Fig, 1? Tuna ldgliner checkinS loogline rith flshflnder

The diag'fl ln Flg, l? aholrs a luna longllner cheqklng
lts flshing ge€r after shootirg. The boat ls pttoceedlng at
slorBpe€d over the suh.rged fishing gear xhlle somdlng atd tbe
r€cordlng chatt tt?ces the gearrs fgmatifi,



2. Squid jigs

f,r i i

shoa ls

Reproduced by kind permlssion of FURUNo Electric Co., Ltd.

Fi8. 133 Echo Lraces of squid j ig

The echogran in Fig. 133 shons a 200 IdIz fishfinder
detectinS lhe autdnaLic squid jig lishing gear and shoals ol
squld. The upperrrost trcurtainn brace ln the recording is frq0
the plankton layer. The squid fishlng boabrs speed throu8h the
waber is nif during soundinS and fishlng,

It is very cl,ear that the squid shoals ar€ gathering
under the li8ht of bhe luring lanpo and nearing bhe gear. Sqrc
squids' traces are resolved into a sj.ngle recording. Durtng
flshing it is recomendable to search for fish even if the
shoalrs nearing the gear, not only by eye but by fishfinder too.

Continuously waLching bhe fishfinderrs recordln8 wilI
provide information and lalowledge of whether bhe ghoals are
nlgrating deeper or tor^rardg the boat.
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Autonatlc Squtd-jie Fishlns

Sourding bean

N
l q

Fig. 134 Squid jlg fj.shlng boai while sounding

the dlagran in Fig. 134 sholF a typlcal vlew of a squid
J1g fl8hlng boat aounding squi.d shoaLa and 1t8 Sear with a 200
ldlz flshfloder.

(Subxnerged Parachute)
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3, Puree selne

.{+}iit

I

t r l
' ,  

|  |

I

t,I

u l i nHb

D e D t h
Shoot i

L  N o l s e
. Y*'/7',1 f ishf inder

No echo t race because of  Aerat ion

Reproduced by kind peruission of zunuNo Electric Co., Ltd.

Fig. 135 Echo trace of purse seine sinSLe net sonde

The echo8ran shous the recording of a purse seinerg net
sonde Fith a single rdepth-narkerrr detected by a single
transmibter. The echo trace of noise from a different fisbfioder
and the effect of areaLion can be aeen (echo trace frctn aea-bed
is only partially recorded).
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.v
Shootlng

Reproduced by klod peroission of FIJRUNo Electric Co., Lld.

Fig. 136 Echo brace of purse selne rrbrlple net sonderl

Fig. 136 shor{s the recording recelved fr@ the lhr€e
transej.bters of a purse seiners net sorde with rrtri.ple deptlt
narker'r : 50 ldtz; 50 ldlz; ?0 Elz. Depbh nErken lndicated by a
broken 1lne ( -- ) ts frcru 70 ldlz tr€nsi.tter , dotted tine ( -- )
frce 60 ldlz and sol,id Lloe (-) frq! 50 ldtz ( see Flgs . I 3 &
1q). The echogran shous that tlte foo! rope of the purse seirE
does not touch the sea-bed.

-a
\

nP



Sawtoothed

Sea-bed

R€prcduced by kind pendesion of ruRIJNo Electric Co., Ltd.

Fig. 137 Dj.agran of depth mrker (1)

The deplh narker ln Fig. 137 shows a sawloothed pattem,
wlrich occurs flhen a recelvlng transducer is pushed torards the
aurface by a strong undersurr€nt or lf there 18 a btg quanbtty of
ftsh tn a ahoal betrFen tlrc t€osnitter and r€aelving trahgducer.

Sea-bed

By courtesy of n KNo Electric Co., Ltd.

Fig. 138 Dlagran of depbh lBrker (2)

The depth narker in Flg. 138 slplrs the lrarEoilter ooving
up ard do!|n (indlcated by an arrpw 1n the diag!.an). thls occurs
lrtren the translbter lands on the.sea-bed during the shooting of
ttle Aean. The tr€nsnitber faces the opposlte side to the
r€ceivlog trasducer because gf the shock at the ment lfien the
transdtter landed on the sea-bed,



By courtesy of zuRUNo Electric Co.' Ltd.

Fig. 139 Diagran of depth marker (3)

A depth narker ie underneath the sea-bed and another ls
above the surface of the sea-bed in Fi8. 139.

Itre depth of {ater beneath the bransDitter is grneater

than that beneath the fishing boat, and the solid Line pattern
appears. llhen the depth beneath bhe transmitler is less than ihe
depbh beneabh the fishlng boat, the dotted llne pattern appearg
on the recordj.ng chart.
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Sa\r toothed pat tern

By courtesy of zunuNo ELectric Co., Ltd.

Fi8. 140 Diagram of depth uarker (4)

lihen a fishinS boat is pitching and rouinS, the pulse
nepetitlon received ts not stable and I'Doppler-sh!.fbr! iE
genelEted, therefore, a sawtoothed patbern appears both fo. the
depth oarker and the t€ce of the sea-bed, as shor|n in Fig' 140.

Sea-bed
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Sea-bed

By courtesy of FURUNo Electric Co,, Ltd.

Flg, 141 Diagram of depth marker (5)

The diagran in Fig. 141 shows thal when no transnitNer or
recej.ving transducer are sutnnerged, bhe pabtern shoh'n in Fig. l4.l
appears.

I
i l l r1

,t
Sea-bed

By courtesy of FURl.lNo Electric Co., Ltd.

Fig. 142 Dlagrar0 of depth marker (6)

The diagran in Fig. 142 shons the depth marker produciog
a partial sai{boothed pattern and the echo trace of the sea-bed is
oily partially recorded. Afso the transmigsion liners reverber?-
Lion is slighlly thin and unstable.

This happens $rhen aeration is generated near the
recelving transducer. When a sinllar echogran appearg as that
sholin ln Fig, 142 it is best .to lower the receivlnc transducer
deeDer.
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Fi8. 143 Recordin8 of trawl net rnonitor (1)

Flg. 143 Recordin8 of trawlrs net monitor, obtained by a
75 ldlz transmitting and receiving transducer in 19?1 off Easb
Africa.

The recordin8 shows that the trawl is beinS shob, the
nu[bers in metres writLen on the recordiog, i.e., 160, 125, 1O5,
69 and 52 are distances beLween the sea-bed and the Lnansducer of
the net noniLor oounted on the trawlrs head rope as time el-apaes
and it sinks dorn onto the sea-bed, From the recording Lhe
sinking speed of the trawl is; 60 min x ( 160m - 52 m) = 1459.5

11-1 6i /2.5 dt

mebres pea hor-r = 24.3 metres per minute.

, i l '
[l', ,lll
t l l
I ine
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Echo traces detect€d by
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lPoint B

l rater lenperature narker

Fig. 144 Recording of trawl net nonttor (2)

Fi8, 'lAq Echo traces of a trawl net roonibor recorded by a
zuRUNo 75 ldlz transmitting and receiving traosducer; the brace
froo the sea-bed, lrater lenperature 0Erker and fiah shoals are
recorded.

i; 11ltri
itil,

I

ll
I#

t r lTrairsnission Line



At secti-on A bhe raaLer lanperaLure rdarker showa the
lherTocline, fron 14 to 19oC. The tra l ground rope landed at
point B and the gcad shoal can be seen entering the net, uprrard
transmilting pulses record fish shoats. Recorded in 1974 off
Easb Africa.

19oc, l?oc, l5oc, 14oC and 16oc, show tenp€raLure ab
depttF of 160, 125, 105, 69 and 52 netres from the sea-bed
respectively.
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8€re the eerr landed on sea-bed

irrerrns 3e..d r:5 - rr.6

T1re nrrkeL-

' .  J  ' t t t r  ,  l N n T  F E C o R D E R  I M O N I I O I )
|  |  ' . ' l  r l l  {  $ F c o R D l N c' r l . l  
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D

l

t
lenperarure narker

Fi8, 145 Recording of tra!.l neb monitor (3)

The echogran of bhe net monitor in Fig. 145 shows the
brawl gear on lhe sea-bed at a depth of 260 [etres. It has
already started bo catch the shoals of scad, The exteni of the
netrs mouLh opening is shown as 4.5 Bebres and a 'rveil.'r echo
trace froo the scad shoal inside the net is indicated,
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slpws the themal disconbinuilies ranging frco
temDerature narker.

Section C
18 to 2ooc on the

Section D
sounding supersonic

shows tbe trace of scad detected by up{ard
!,rave, recorded in 1974 off East Africa.

1 l
l .  I

t . l

- - 
r:- Time

{rr , l  ' .1  t  ; '
r l l  :  r i  .  .  I
t r l l l

146

net
net,

T
F

tDor,.nward transmission fine or

l . later temperature marker

Echo trace of fish shoals by net monitor

moniLor recording in Fig. '146 shows fish (scad)

and monitored water tqlperaNure near the sea-bed

!!!tl,n'"u 
r:r'je or ne: 

-

lcho

Fis .

The
lnside the
as 20oC,

Point E (extrqne riBht hand) in the echograrn indicates
the gear has been hauled up, recorded in 1974 off East Africa.

il t]r''tr' I
Echo
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Sectlon F shows the traces frqr scad detecled by upward
SUpersonic sounding wave .

S tarted

point Surface

150
g

t';Luoa,"a oo

0 min.

Fig. 147

The dlagram
tbe sea-bed in Fi8.
14{ .

5 nin. 10 min

Transducer ainking on|o aea-bed

of the net monitorr s transducer sinkinS onto
147 is an interpretation of Figs. 143 and

Transducer

Aelght of
Net 4-5
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pth 222 n)

(Depth 191 n)

260
69_

:o"c rnoclineThe

I
(19 )

(  l 4 )

2s" c

rsoi

rooc

260
38 -

l0 rlin.

Fig. 148 l,later telperature and elapsed tine

The dlagra! in Fig. 148 ahoHs !,Eter bqnperature Ln
relation to ti-oe elapsing while shooting trawl gear, interpreted
frm the net monitor recordings of FigB. 1il3 and 144,
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Ihe thermocline sholrn in the diagran is very consplcuous
ranging frcrn 14oC to 19oC at a depth of 19'l to 222 oetres and the
tqlperatw€ near btre sea-bed ls very stabl.e; 20oc.

Fig. 149 Echo traces of Berlo splendense by flshflnder

The recording j.n Fig, 'lq9 shows bhe lrace of a massive
school of Be"lt eplendenae at a depth of ?8 bo 360 nebreg off
the East African Coast .

A 30-Lon catch for 20 to 4o-ilinubes dragginS uas
produced. llater tslperature at surface {as 28.4oC neaeured by
the fishfinder and at the sea-bed 9,0oC oeasured by the net
monltor, recorded by a 50 ldlz fishfinder.

iir'iri



The vessel dragged its Sear
1q9 and Lhe echogran recorded by
150 .

on the sea-bed
Lhe net monltor

as shorm in
is shovn inFig.

Fig'

rli.:,-=

-I

'''-lllt'll
t .ho t race oI  Beryx splendense

Fig. 'l5o Echo traces of Ber"ga splendense by net ntcnitor

The net noniLor r.cording in Fi8, 150 shows echo Lraces

of Be"Ur spLendenee inside the net. The extent of the netrs

rlouth ( from sea-bed Lo bransducer) as 4.5 mebres and water

tquperature at height of transducer - 4.5 metres from eea-bed -

a.s goc. A qo-{inute dra8ginS period brought a 30-Non calch of

BelVt spLerLCenae.
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Head rope
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cround
E c h o  t r a c e  o f  f i s h

Flg. 151 Echo lraces of met"agara elnleog:atrna by neb monitor

The oet nonitor recordlng in Fi8. 151 shows the echo
traces lron Thervgarq. eha1.cogonna inside a mid-water tralr1 net.

The opening of Lhe netrs mouth during draggin8 at a speed of four
Ioots ranged from 18 to 20 metnes, recorded by a 70 ldiz net
monitor (see Fig. 36 ),

The net's nouth opening i5 very stable and the echogran
shows the gear is functioning l{ell.
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Fig. 152 Echo traces of !?ichiurus lepturus by net nonitor

The recording shoMr in Fig. 152 showa Nhe echo lraces

tr(,t IrLehiut'us Leptu.lus in9ide the net. 108 minubes of dragging

brought a 6.1-ton catch, recorded by a IURUNo 70 ldlz net nooi.tor
off the llest African Coast on 3 Aug. 1970.

The echogram shons the opening of the netrs mouth is 5
metres and very stable during dragglng on the sea-bed.

If the echogran showed bhe extent of opening suddenly as

zero netre or 2 metres or 10 metres and ao on, there woufd have

been sque serious damage to the trawl.

Temperarure marker



Fig. 153 Bcho traces of cuttlefish by fishfinden

Ihe echogram in Fig. 153 sholrs braces frql shoals of
cuttlefish, grouper and barracuda at a depth of 102 oetres.
60 minuLes dragging browht 6,6 Lons of cubbLefish, 1.6 tons
of Srouper, recorded by a 200 kHz fishfinden off the Arabian
PeninsuLa.
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Echo t race f rom CLrt t l  e f isb
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Fi8. 154 Echo traces of cutLlefish by neL monitor



-135-

Fig. 154 shows a net mooitor recordlng, the echo trace
r0arked by A in Fig. 15q corresponds to lrhe echo brace marked by
Ar in Fi8. i53, B to Br, C Lo C' and D to Dr duiing dragglng of
the trawl. Height of opening of netrs mouth was 3.7 netres.

""',' ilir

Fig. 155 Echo traces of Neniptenls ,i?gatue by fishfinder

The recording in Fig, 155 shows the echo traces of

Nemipteras oi"gqtus ' recorded by a FURUNo 200 ldlz fishfinder
during scouting for fish shoals. To detecL llenipten$ ,irgatus
niLh a 50 ldlz f ishfinder is quite diff iculL, Lherefore, i t  is
j.inporlant to select the appropriate vaLue of flshflnder
Frequency; folJ or high frequency depending on species of fiah.

The recordinS sho!.rs thin and rrpin-liker! traces from a
very dense and concentrated shoal, because 20 minubes of draS8ing
produced a l5-ton catch. As shown in Fig, '155 the echo braces
from threadfin brean are quite different from those of cuttle-
f ish, equid, scad, etc. .
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Ae|er deLect ing the Presence
NemLpterus with the fishfinder. The boat

net moniborlng system recorded echo traces

of dense shoals of
shot the gear and the
as shown in Fi8. 156.

Echo f ish

t i ,

FiB. 156 Echo Laces of Naniptena Di"gatus by net monitor'

recorded by a 75 I41z neL nonitor transnitLer'

Extent of net nouth opening was 3.4 metres and

stable while dragginS

The sea-bed of the fishing ground is over the continental

shelf of the Arabian Peoinsula, therefore, it ia very flat as

shown !n Fi8. 155. But the sea-bed on Suyots or seamounts l9

hiuy ar precipibous and the echogran of the net moniltor would be

different, as shom in Fj.g. 157.



Line A

Finisb
ShootiDg
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//Li'ne B

S t a r t  h a u l  i n g

Under hauling

,l ,lrlllt
Sea-b

tenperatLrre at  a d e D t h  o f  4 1 0  n .  ( l l o c )

Dragging

Marker of vater

--s

Sea-bed

Fig. 157 Echo traces of Ee4J:r spLe^dense by neb monitor

The neb monltor recording in Fig. 15? shows the neb
pattern motion, tdnperabure at height of netrs head rope (or at
Nhe transducerts positioo), the sea-bed and echo traces from
dq[ersal fish species : Der.lr splqndenae, recorded by a 75 Klz
transoucer.
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Section A : The net-moni.tor transducer noviog
surface to sea-bed.

Scetion C : Ihe lrawler sfarls hauu.ng the
Iine, C ahowa the tine the net
eea-bed and ooved to the surface.

fr@

Sectlon B : The net on the bgttcNn for three mi.nuteE
between line A and llne B.

and
tne

gear
IEII

A 3-ninute dragging of the gear produced a 30-to[ cabch
ot BerVs spl,endense at bhls tabl€oount flshlng ground.

The echogran of the net Eonitgr in Flg. 157 shoi{s nob
only traces of flsh shoals but also the motlon of the net and
rater temperatur€ wheng flah shoals lnhabit, ther€for€, the
interpretatioo of a net-nonitorrs r€cording ia one of the noat
i$!,orlant aspecta of fiehing tecbnology.
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Sea-bed

Sea-bed

Fig, 158 Echo traces of Be"!/E spXendense, waLer bqnperature
and sea-bed by net nonitor (1)

The neb monitor recording in Fig. 1!8 sho!,rs an operation
trace which resufted in a 12-ton catch of Betllx: splendel.,se after
dragging for 7 ninutes at a tabldnount in 198'1, recorded by a Z5
kHz transducer.

Section A :

Section

Section

B:

c:

During the shootinS of the gear and as it is
approaching bhe sea-bed.

Neb landing on the sea-bed and dragging

Startlng hauling the gear up.



A net monitoring systen shows when bhe gear lands and/or
leaves the sea-bed, also water temperabure and netts configura-
tion io a strean, The sea-bed shown in Fig. 158 is bhe top of a
lrablenount ab a depth of 410 metres.
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6  m i n u  t e s  d r a g g i n g Haul in

Transnission 1in

Uarker of \ rater tenperat i ;E

Pig. 159 Echo traces of Be!.Ux. splendensq water tqnperature
and sea-bed by neL monitor (2)

Nel nonlbor recording in Fig. 159 shows an echo trace of
a 12-ton catch of Berljs lpXendehse taken aL tablenounL fistriog
ground, recorded by 75 ldlz transducer.

Shoot ing



The echogran in Fig. 159 clearly shows the motion pattern

of the fishing gear under shnoting'. dragglng and haufing condi-
Nions. The net nonitoring system sends signals not only of echo
traces of fish inside the net and fonnation of net but algo the
dlstance from the sea-bed 1ro the neL.
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20 ninutes

UDward transnission ]1ne

Downvard t ransmlss ion l ine

Sea b

Fig. 160 Echo Lraces of searbed and water Lqr0perature by
net monitor of deep-sea lobster trawl by net
nonltor.

The net monitor recording in Fig' 160 sho{s that the
net 0routh opening ls 1.7 netres. If bhe height of net is less
than 1.7 metres, this net monitor could rlot show it on the
recording chart but only by cathode ray tube. Ttre lenperature
marker shoEs 1o.3oc to l1.ooc nea.r the sea-bed (1.7 metres from

Lhe sea-bed) at a depth of 360 metres off East Africa'

1o .30c 11 .ooc
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2  m in .  I

S e a  b e d

r  Traces of squl

Echo traces of
squid

Fig. 161 Echo braces of

The fishfinder recording

concentrated shoals of squid ab

recorded by a 2OO 1412 fishfinder,

squid by flshflnder

in Fig. 161 tho!,ts traces of

a tablsnount fishing ground '

I i l l ; ,, l l l
i , , ! r1 , i ' r

r-1,3, 'J1: i  i r r , i . . ' r

tf(ii r 1ir



Tsnperature ab surface was 27.4oC detected by the flsh-
flnder, at sea-bed 15.5 to 1B.ooc detected by net monitorrs
sensor wibh current direction northerly. The echo traces from
lhe shoals of squid are shornn as a 'rveif'r formation.

Alter detecl ing rhe sqdid shoals, the Lrawler shoL her
gear onto the sea-bed and monitored the extent of lhe netrs
mouth opening, water tqrperature and whebher the gear was
catching squid shoafs or not as shown in Fig. 162.
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lWatcr  t . 'nperature narker

Fig. 162 Echo traces of squid and lrater tqnperature by net

monllor

The echogran in Fig. 162 shows lraces of squid entering
the lrawl neL aL a depln of 63 metres and water Lemperature
15.5oC bo 1B.0oC by tdnperature marker, recorded by a 75 W12
lransoucer.

The !.rater tqnperature marker is r.Iavy, noL slable, this

shows thal, the water-mass near the sea-bed consits of therinafly
different masses because of an up lrelling current. The fishing
ground is a seamount. A 35-roinube dragging period produced a
12-ton catch of squid.



Upward transnission l i

Doirnirard transmission
1Ine

sea-bed
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I;il{lril{Tltflt

in  contac l  v i th  the sea-bed

;liilidllilr

iflfl'*tlfl

;iri
t l

rlliilrt

I
l ,  l'rf l
rt/'il
11  , . r .

t|+

pig, 163 Echo traces of danaged net recorded by net monicor

The echograrn of the net nonibor in Fig. 163 shows
the net has col[e stick fast on an obstacle on the sea-bed (

rock, reef, sunken ship, etc.).

(1 )

Lhat



The trawl net was desi8ned to mainbain the net's mouth

opening during dragging on t-he sea-bed at 4.0 metres. But as
shol,m in Fig. 163 the exLenl of the netts mouth was sor0etiies
over 4.0 melres and sonetimes zero metre. The right of the

recording shows much nolse above and under Lhe transmission

1ines, In this case the net has been seriously danaged and.has
Iost its calrching funclion, recorded by a 75 kHz fishfinder.
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Upw.rd t ransmlss ion l ine

1^latcr  tenPe r .  t t l re  narkcr

Fig. 164 Echo traces of darnaged net

J

\2 )

The echogram of the net monibor shottTl in Fig. 16q shows

that the nel has cone stick fast on an obsLacle on the sea-bed

during dragging and is slightly da.'naged, recorded by a 70 Klz

f,ransoucer,



-146-

F l -

l1llili " l t
l rnded on sea-bed h€re ;ti

line 
il , 

l,

rrllit
rrlllll

Fig. 165 Echo traces of danaged neL recorded by net nonilor (3)

The neb monitor recording in Ei8' 165 shows that the net

slick fasl on an obstruction (probably precipitous rocky bed) at

the tnoment when the neL landed on the bed' A 6-ton catch of

Beqtr splendens was Produced.

t,
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If lhe oet
have to baul ihe net
catching function.

monitor recording displays
up irultedlately because the

sucn Eraces, l{e
Sear has logt its

Draeqlng

(
D transmis6lon l lne Point A

Net

departed
from

. i n t  B

r -.. I
\Water tenperature narker

Fig. 166 Echo traces of damaged net r€corded by net monj.tor (4)

The net monltor recording in Fig. 166 shorE that the net
has etick fast during dragging on an obstacLe on the sea_bed at
point A.

The tranLer started hauling the Sear up at point A and at
poi.nt B Lhe oet was released fron the obstacle on the sea_bed.

Upward transmisslon t ine
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- l
6  r i n u ' e s

I

1 . 9  r n i n u t €

Upl tard r ransniss ion l ine

Doi,Trr/aid transnisslon
l ine

rSea-bed
I jater  tenpelaLure

l t l !
rl, ['

Fig. 167 Echo traces of damaged net recorded

The net monitor recording in Fi8, 167
has coine fast upon the precipitous sea-bed on
after 1.9 oinuLes of dra88io8. Tbe Sear is
recorded by a 75 kHz transducer in '1981.

by neL nonltor (5)

shok€ thab Lhe neL
top of a tablq@unL
seriously danaged,



In Fig. '167 aL polnt A, the net landed on the sea-bed and
the boaL started dragged Lhe gear for 1,9 minutes, at point B the
oet had a sbrong shock and was seriously danaged. At point C the
gear oas refeased frofl Lhe precipitous sea-bed because the
distance beLween the transducer (transmission line) and the sea-
bed is more than 10 mebres and the transducer is novins torards
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3 minutes

ard transmission l tne

Fig. 16E Echo traces of damaged neb recorded by net nonitor (6)

The net monitor recording in Flg, 168 6hows thab the neL
is seriously darnaged afLer it landed on the sea-bed at point A in
Fig. 168, The rlght hand of the recording shows the height of
net mouth as less Lhan 2 n€tres, recorded by a Z0 Klz transducer.

Lhe surface.

P o i n t

Sea-b

ater tenperature narker

Under shoot iLrg
or transducer is
v e r v  c 1 o s e  t o  s e a -

! i  l l l l l l l  : ' t

Net
having

Upward transnission 1i

it;:il/,,i |;'I
r ' . 1

ti,, i,t
ii . lit
JL ll
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H'' ".-+-l'r o :F'i ",.-:*-''i ", *Fi^, ".-l', "---

l l
l i !

o f  n e t  =  7 . 0  n

Fig. 169 Echo traces of daftaged net recorded by neb nooitor (7)

The net oonitor recordinS in Fig. 169 shows that the
extenb of the nelrs mouth opening suddenly increased frorn 4 !o 7
r0etres and the shlprg speed reduced because Lhe gear was
seriously darna8ed, recorded by a 75 wlz lransducer.

Net has been darnaged here

Height of net = 4.0 n
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The echograr0 shows a trace pattern when the gear is
danaged during dragging different frct0 the patberns shown ln
FiSures 163, 16\, 165, 166, 167 and 168.

Part 4 Fj.na1 part

The trainees and/or pariicipanbs of the Coursea should
understand tha! hydroacoustic devices are utilized not only for
detecting and scouting sboals of fish and sounding Lhe depth of
water but also for observing fish behaviour, and the forTBtioo
and moli.on of suhlerged fishing gear : longline, squid jlg, purse
seine, mid-$ater and bottom travJl.

These devices record layers of oceanic organlgns, thermal
discontinuilies i thermoclines; junction line between Lwo ocean
cufi€nls, eddy curr€nts; waber tqDeralure at aurface, mid-{ater,
tater near sea-bed, etc. .

If the readers become familiar with echo lraces and
devices ard have both the theoretical lglolrledge and experience,
ttrey can dj.scrjrinabe a hard sea-bed fron a soft one, seaweeds
and a nud-sand sea-bed also echo traces of cutLlefish fron bhose
of squid, threadfin brearn fron starry qlperor snapper, tuna from
katsu*onug, I'hyperbolic'r traces, etc..

In addition Lhey could acoustically analyze the fishing

Srounds under Lheir management. In bhe field of lDarine fishing
it could be top priority to have sufficienL knorledge of fishing
grounds acientific methods and have experience. It is desirable
to distribute fhe lalowfedge obtained to local flsherrnen.

After obLaj"ning topographic data rie could desiSn fishing
gear, select a certain ground where lo set up stationary trap
nets (otosi-ani), artlfi-ci.al reefs, Payaw and so on.



-152-

Next, applicatlorc of hydroacoustic devlces are
lntroduced, bhe net nonitorrs. tranamllter, for lnetance, could be
applied to neasure bhe space betHeen otterboards during draggirg
(see Fis. 170).

\
Otte! board

FlE. l?0 Acoustlc neasurement of distance betlreen obler-boardE
by oet rrcnltor.

Also the net monitor's lransditer could detect ltuh
shoals uoder Payaw and transfer slgnale of the shoals to the net
oonibor recorder (see FiE. 171).
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Recelwing

Radar ref lector

z/. 
P Av A1!

1- Upirard !ranarnlssion

T r a n s m i t  E e r

(-Dounltard transrnission

sea-bed

Fig. 171 Net moniiorrs transditter beneath the Payaw
sending sisnaLs of fish shoals.

In the past for topographic surveys of the sea-bed' i're

u,sed only one echosounder for a long time' but no{adays three or

four unita are being utilized simultaneously for soundinS. thls

sounding nethod is more effective and convinient when analyzing
fj.shlng Srounds bopographically' in parbiclllar, in the vicinity
of bbe coast (see Fig, 172),

Sea-bed
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Flg. 172 Four ectrosounder units si-orltaneougry €ottttng
superaonic sound taves for a lopograpNc aurvey of
the sea-b€d.

0n the oLher bard, 31nce irl' a mle the velocity of aoud
$ave.s (V9) in salt rrater is calibrated at 1500 metres per sesond
(1500 ns-l) and if presiae depth o€asurqDent is r€quj,red bhe
d€pgh of xater obtained by the echosounder sbould be callbrated
by Eeans of a 'rBar checkrr or accordlng to sallnity; t€operature;
and depth of rEter because the veLoclly of a sound wave h saJ't
$ate!. is largely linked nLtb saUnity, tsDer?lure atd d,eplh.

Surface

Bea& of sound wave
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If bhe veloci,ty of a sowrd ldave ln salt llater j.a not 1500
ns-] i.n the surveyed area, re should qalculate tnre velociby to
klow the true depth of l{ater. The veloclly could be calculated
by the fouoidng fomul.a:

u" = 
*{r4u:1, 

0, d dD + f,Dk. dD + .rB (ca + cg + cas6) dD}

where : V35, 0, d,--t velocity when t€lDerature 0oC' salintty 351
at a deplh;

Cg -) Correction for Sravily;

Cs -+ Correqtion for salinlty;

Cg --+ Correclion fon tsnperature;

Catd ---+ Correction for salinity & lqDper?tul€ at a
depth;

D J Depbh; D = lvn T

Vm = Mean velocity'

T = the neasur€d lllne intewal betfleen
transnlssion and receptlon.

llere j.s another ernpirical formula to compute bhe veloclty
as follows:

vs = (1410 + 4.211 - 0.03?t2 + 1'14s + 0.0182d) m sec-l

where : vs = pFoFagaclng velocily of aound wave in salt Fater
t = t€opel?tw€ (oC);

S = salinity (l)
d = deplh of nater (o).
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Please recall following equations:

1) t = 1/'t where; T = [Eriod of a wave,
I = frequency of the i{ave,

2) v = \/'t ,,rhere; ). = the wavelength
v = the velocity of the !,,ave

Ref: l the Greek letter lanbda,

By applying Equations 1) and 2)

!  = l  :  f I  o r t r= !

When the propagating vefocity of sound ln salt rrater is
1500 rns-l, the wave length ( ) could be:

I : 1500 x 100 cn. (centimetres)
f

Therefore if a fishfinderrs frequency is 10 khz (Kile.

Herz), the wavelength l = 1500 x 100 : 15 cru.
10 ,000

30 ld]z : tr = 1500 x 100 = 5 qn.

30 
"0OO

40 K]z : tr = 1500 x 100 : 3.75 or.
40,000

2O0 14 lz  ;  I  =  1500x100 :  0 .75c 'd .
,00p00

The aforqnentioned calculations explain lhat a higtl
frequency such as 200 l4lz giyes belter I'selectivityrr of echo
braces from submerged objects than a low frequency.

1
I
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aPenetrationr of gound rBve in water i.s shown bv the
equatlon;

P = l l,2 1013 roebres,
fz

therefor€, if the frequencies ar€ respectively; f1 = 102, f2 =
103, f3 - 10q and f4 = 105, the "peneLralion', !rculd be
nespectlvely; Pl : 4,200,000 Kilooetres, P2 = \2,ffiO Kilqoetres
P3 - q20 Ki.lonetres and P4 : 4.2 Kilometres,

Ref: In case of f2 = 103, P = 4.2 x 1013 = 42,000,000 oetres
( 103)2

: 42,000 Kitonetres.

Thj.s explaoabi.on shows that it is appropriate to sound a
deep sea-bed with a Iow frequency.

Needles to say the basic knowledge of acoustics :
attenuation, declbels, propagation of acoustic eners/ and
resistance; salinity, tslperabure and depLh of water; relfection
of aea-bedr s surface or sub0erged objects and reverberation;
reflecLion and refraction; bean angle and directivity; wave
lenglh, pulselenglh and aelectivity; frequency, period ard rave-
length; transmission and reception; aeration and cavitation;
transitting and receiving traosducer and ibs position; digital
digplay, anaLogue displ-ay, chart display or visual display, etc.,
is essentical. Would you please study further the afonqrcntioned
itqrc lriLh other reference books or textbooks.

Ref: The position of the flshfinder's transducer on the ghipis
hulL bolboo should be narked by a nameplate on lhe hull side near
the bul.dark or Stmwale in order to avoid being cruahed by keel
blocks on Lhe dry-dock floor when the ship is seL on such blocks.
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Also it is recomnendable to study lechnical Lerms regard-
in8 Lhe sea-bed such as : Province; Continental borderland and
shelf; CootinenLal slope and rise; Archipelagic apron; Fan;
t€ave; Bank, shoal and reef; PIaLeau, aeanount r tablqnount
(guyot) and knoll; Seamount range, searnounb chaln and seanount
group; Cordillera, rise and ridge; Spur and sifl; Gap and gaddle;

Escargnenb (seascarp) and fracLure zone; Plain and basin; brench
and trough; Channel, eanyoil and valley; Strath, moaL and 8u11y.

Thank you.

19E9 April,


