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Determination of upper boundary of an acoustic blind zone produced by
the rugged bottom during a survey using a quantitative echosounder

Hideaki Tanoug!” T, Teruhisa KomaTsu? and Akira Hamano®

Natural reefs are generally good fishing grounds. To use fish resources in a sustainable manner, it is important to esti-
mate and monitor fish biomass. However, fish biomass survey using trawl is not applicable to natural reefs because the
rugged bottom breaks or tangles trawl nets. In such grounds, it is effective to use a quantitative echosounder for esti-
mating fish biomass. Nevertheless, the rugged bottom produces an acoustic blind zone above the bottom, where vol-
ume back-scatter from fish under beam is shaded by echo from the rugged bottom within the beam at a depth shallower
than the bottom on the beam axis. It must be taken into consideration to estimate fish biomass more accurately. We
conducted fish biomass survey in a natural reef, Hachirigase, southwest of the Sea of Japan by using a quantitative
echosounder in June 2000. This study aims to develop a statistical method to identify acoustic bottoms, upper bound-
ary of blind zone, with a discriminant analysis by analyzing integral layers of each ping with the minimum thickness
from volume back-scatter of echograms obtained by the survey. We examine an effect of blind zone thicknesses deter-
mined with different methods by extrapolating volume back-scatter of fish above the acoustic bottom to the blind zones
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to estimate fish biomass in the reef expressed as volume back-scatter.
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YT VT THLERARHRARIC X BEH, £7213, [
Bedr L LTS E O ERI L E 2 55 (e.g. Komatsu
etal,2002). LA L, FHEATERARICXZ2WATD, M
JEDHEIR D728, RITBRZ I X 5.

R AR E V2546, WKE IS0 FE
THABEZHNTE2VWERBN 7 I 14~ FV'— > (acoustic
blind zone) (LLF, 794 » FV'—2) 734 L % (Simmonds
etal, 1992). FHABEICBILZT IS Vv F/ =V, &
Bl L CHRE D 5 2P OV AR DN O CTA L %A% (Mitson,
1983), 750V ADSERIRICARZIE T 2 720 E A Sl 512
L72hnWiKk3 2% (Fig.1). 72, HHFEIL Tw 5 #K T,
Bl O EEN RN RER TN B BRI IR S VWY — 4
DRFDUFEFEW D SV A FIZEEL- & X225 (Fig.
2-a), MEDOEHEICE>TTIA Y FY =k L S
(Mitson, 1983; I v bV ¥, 1994).

Bazigos (1981) \3fffE 4 LT A LELTT T4V FU'—
VWL ABENEHTERVWEEZ, TIL VY =IC
WA T A4 ¥ Y —  OFEBHEBI WAL 1L
PfEEZ L Cnb I E2EL, BUBOBERTT I
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Figure 1. Schematic view showing a height of blind zone
(BHg) on the flat sea bottom and ultrasound beam sent out
from a transducer of an echosounder of the ship. Characters,
d, 8, c and t are bottom depth, beam angle of ultrasound,
sound speed in the sea and pulse length of ultrasound, re-
spectively.

(a)
Surfac

Bottom Bottom

Figure 2. (a): Schematic views showing a blind zone on the
slant sea bottom based on Mitson (1994). (b): Extrapolation
of mean volume back-scattering strength from the upper lay-
er above the acoustic bottom to the blind zone. Black and
white fish marks indicate those distributed in a layer where
an echosounder can and can not detect them, respectively.

Y FY = ORBEBOfMKREY T T4 v KV — VIhHF
I 5 HEERE L (Fig.2-b). F 72, Kloser (1996) 1,
II—7 7 AOMRESCHBESTERVEGE L %
BT BERE FT K (acoustic bottom) & X T, T O3
REBEMIED, S OIIFHESRKERTHIED
WRIE % B O (true bottom) & L7z, LT, HEIEIC
LHOMmKEDH, 2FEN T I 2 FU— I, HERIK
25 EENRIK L 10 m O E S F T O R O MFE % G
A AT A R RE L

Ona and Mitson (1996) 1%, RF&T 5 #ELREE & v 72
FHEWKBRIEO TV T) XL % RE L. ZOWERET
VT) ALTIE, 9, HJid o TEEISED RFE %8
L 0l BE & B IS O R BE & e b B 72 8 o i) I A e

(bottom discrimination level) & L CiET 5. KIZ, $hiH
FHIAN— BB I3 L 72 F& 55 g v & AR FE 1% 7 WL &
FEM R E % R0 2N 5. Zhds Lk O B O
THY, TOWEGTREDHREDFRNFIANIFEE % B UGH
N, RPN AE X0 b 55 IRRR R 5 GELBR E & R
THOE LD b 1o VEE FEREEKE L.

Lo 2onx a—%H70F5EEE, RO fRE
WANET HIEFICHEN G HETH L0, WTNOBET
bRLYE Y ISR CANLBKOTI—PELYVE) 7T
YRV =V EBEOI - EH o TR WATEEGTK
Hoza— %2 X3 5008 REER GFEHER)
DREZPOLFEMEIIRENT VRV, DD, Zhb
DR FIER 2 D B HEHRNEEOHEI D NEFNTH B
Z L RBERE MBI B F R — & OBGHE OHELC
XoT, WEOTZI—% Ml a—L LTI L, K
O AT 2\ 2 fabatk 2 HFATn 5.

DX NI, RIRMEZ BB E 2 SR AR
BIZE o THRDZBEC, ZOWKOSHERRICE > TT
TA YR =VICHTAMEIHEZ 5. ARiFFETIE, HA
R VO S O G RIR B CTd 2 NE 7 Wl & & 7 Vil
WL, GHEfBEiRmeE 2 o7z B oA i & F 0 L
7o, WURL72¥ Y 7T LI NEZORGIEDO T — 5 1245
F, IS OEOEREBRGTEELEE D@ E D &I, FH L
¥yttt ra— 2Lk a—L 754 v FV—
YR AER (FEK) A TEIC L o TRD
HHERZREL, Thi e LW WIE o0l
RO B X B RFR % T HEEL R EE O IO W TGS
HZEE L7

MR EFE
RERSEEESE
20004F 6 F 26 H 12 /VHL o ¥ B 0 938012 38\~ Tl TR AR
KRBT R OWEREMLS A LB (1191 2V, §
AR X 2 IR A £ 17 5 72 (Figs. 3and 4).
JVHL 5 WS 35 D 3 RS2 3 B TSRS LA o k3
BIRTIE, BRI, RICEKICET 28N D S aflins
LHEINTEY, ELICWEICIAR S #TL—AHY)D
BEMMTONTWAEZEND, ZORICAR 7l 0R
IREEI R O MBS T H L EZONS.
fAHEAEET 2 200G RARIEENATIE, AR
D ZWAE 5B E KT /A X3 s T
HZln, TEDLLEF ARV v—EDMETITH
VERD L. —F, PRI &R T RO RER Y 72 2054
LawEH1is, F— 7 BoRBEZHEET 50120, %
WREFIEONLHPATTE B2 EETHET LLED
HbH. WEMLSALBOYE, #2597 v MULETIEMA
BER OB RITTHE ) 4 XHKREL, #EI A XD
mirolz1/ v M OMETEMEARHRARAE 2T o 72, £
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Figure 3. Map showing Hachirigase on the continental shelf in
offshore waters southwest of the Sea of Japan.
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Figure 4. Visualization of the survey area along Hachirigase
(June 2000) . Isobaths range from 40 to 100 m in 20-m in-
crements. Black lines represent the acoustic transects. Circles
indicate locations where surface to bottom measurement by
use of conductivity temperature depth profiler (CTD) were
done.

7o, MR & DL R RT B 720, BICHRAERITV, W
FHLA 28 U CHANCHAEMES 2 & 2 fEFICHDS
B, HHC BTSSR BN B A MRS
IO BEZEFE L, TEXL20WEERSERE 2
B EHIC L7 KiE, BRI BWTEED ORI F
TOKEE 5% CTD (SBE-19, SeaBirdfL#) 12X - T
FHL 72 (Fig. 4).

AT I P B 50 kHz O R AR (FQ-70, P
wEAALE) 2 w7z SAAEINICIE, Foote and MacLennan
(1984) ORMEMABFRMBEREORIIH- Ty V7 AT
Y H =34 b OREEIR TR AR O BIE 2 175 72,
F 72, CTDEIENC X Y SN2k O OHMESAD
K2 D LI WAHEKIC X o THEET 2 WIUREHR
ke (HE, 1985), Bohz7—2 2L L7z

THOLN-EETF—7 137 —% L a—% (PC208A, ¥V =—
) ZHWTDAT 7 — 7SR L, #%H, E=EicT
fEHT L 72,

DAT 7 — 71Uk L7258 T — 51k, A1 v —7x—
A (PCSCAN, vV =—f#) 24 LCPCIZAIL, T~
)N— % (Dat2hac, Sonar Datat:#) % Jfl\»C HydroACous-
tics (HAC) &3\ (Simard et al., 1997; ICES Fisheries Technol-
ogy Committee, 2003) DT —4% 7 7 A WIZEW Lz, TD
T—=F T 7 A NP OREERIH > THEONAEDOT T—
EIPIEN S ¥ Y 7 2L OFRR )7 Bl & BB (volume
back-scattering strength: SV) O T I — 275 A &NV 7 b
(EchoView, Sonar Datafh#) 12X ) 1ER L 7.

T4 R -2 BEIO—-EKETO-0OHFIA
&

Ona and Mitson (1996) “CIZ AT B 12 W ECH Jl 2 2 3 g ¥
Z05, ARWFFETIE, I O Bl Al % 2 L L B o
PO 2K % BUEER LD —D> Th 5 Y H 5k
WX DRD72. ZDJPHE, Otsu (1979) 12X - THFEE
n, ar¥a—% 2 zERLEEO—> L LTHED
BRI O 70K FHEIN TV S, KESELSET
&, VI —OMW{§ 5 A E IS % 72912 Hamano et al.
(2005) 12XV, ZohERFVWLNT.

FIPN AN & 2B R E T, SME T ORSE %
KOBIREETH B Gdc & 7V AR T U2 B X050
(ct2) W, KFEHMOBRRKDOGHETHLE ¥ 7T
IR B AL E 2 B L, AMREBRTEELEE O ¢ X
NI ARER LY. SO A NI AIBITAEREN
BAELIREE D434 %, HIBIAATC & A BAEEIRE 2 H T
B TEBINIC 2D 7 5 258U 72, B 5EED
RELLTIE 2207 7 AOFHHEDOSE (7 7 AW
B %7 9 AD5E (79 AWNGED) ot CHBIL) %
v, ZoORREARKICE D &5 ICHETH % #INT 5
(Otsu, 1979).

bk o i 2 F B 9 B AR 1 T OEL R BE D B & TH &
LT, THY. Lo HGEEEO YV E, ZRTO
LVD2DIZHT . 7T Ri(i=1,2) ODEVE%w, KR
BABELRE DT %2 M, HiEe? & BLE, 7AW
Sriike &

o= M (1)

o, tw,
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ThHZoN5. 79 ANGEIZ2DD 7 5 2D GO EM
FEATHY, 2007 5 ADOELEER, 75 AMGHEU
ERDFHN S 20D 7 G ADFHRENIZ TN TV
MERERT. S50, VoI EEURE O 5 E
oI hE,

cr=0l+o} (3)

DR oo T, KB
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% __ (4)
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w Or 0Op

L% 5.

T, &0Hel 3B L SRR EHTH D0,
HRZ R KIST 5720121, o2 % KICT 5 THERD
I kv, CoTHZmRANEEE T2 LI28D), v
FETRBIISEREL TV T 54 ¥ K=V &k
ITa— LRI -DEREZBHIIRDLIENTE
L. HGHTEE, e A NT T AICHBERAD R WA
SHMEAEIRTEX L. 72721, A NI AIZHVH o7
ELTHHHELV2O0HBOY 7 E VEDTKRE { B
LA, BESNIBEN LA N T 20805 Th5
ZEnHBH (WA, 2002). £2T, AWETIELELVED
X DB T AR EE R T,
HIBI AT TR AR F IO T — 71, KRBT
WEEE S NS 1 ¥ ¥ ZI2 BT BARR T EGELRE AR b
K EWREE 2 JEHE (R 2E 2R D, MmO T — %
X, FifASm, EH10m#iPHE BRET 5 2 & THKISHE WY
7N TF—F DOREM L.

etk & FEoE L, Sl SEEN AT EIRRIEARE T
5. L7zsoT, HURHDMKZREL GG, 1€
FHORKOGERED D LR, RSSO
JE & D DR EELAA R W S1F, — B ETHEK O
HMEPZIHEE, 2F), BOWKOEELEEZ LT L
NCTED., 22T, AWETIE, 1V 7B 5RAE
BRI R TIRE L EOWIRIERE L XU, ZOBRE»SH
MBI & o> TRO 7 EEWIREZ R THEELT T2 T 71
YIV—roms (UF, BHy) &L7.
AR DDTIA R - DEE
TIA YR = OESFREREFNC L > TELT 5D
THBGATECFAT ¥ 7 V7 — 5 O#iPAIE, KITR
FTIvhVY (1994) 23 LIRMENHBEICL->TT I
A v F—=rorEs (UF, BH,) ZEEICHELL K
WrFE T L7 HBI B ISR 2 ¥ 7 v 7 — & O
FEHEOHMBIL, WEHENICFIAT 27— ¥ B iRT 5
72OBH,DB L Z IO & L7z £/, dfmlcy
VT THE LN BRI EREDOEELAL, ThbBIEED
ZAbA & KT & A5 70 AN 2 KD 72, BH L
FAC, EEES A ¥—AalE0, FLTEEDE L,

774 Y NV = ORMFBERE S &12 (Fig.5), BH,
B (5) oXHITh%.

BHG=q+%; (5)

CIT, a0 ThRVE XITIE, g3k (6)-(8) ZHWT
EKahs.

q= ) D (6)
D

P= tan(a) (7)

0= tan[i)D (8)

72, a0 & &, BHAIX (9) 12X VKT B (Fig. 1)
(Mitson, 1983).

BH =a+d{1—cos(ej} (9)
2 2

ZIZT, dIZROKTEENS.

d=p-" (10)
2

K 5 BIUOKX 9) »oRDZZBH I, Tl oEEh
JREEDSEFE L 72 ¥ — A ORIt TH X 72K R partial inte-
gration zone (Ona and Mitson, 1996) & X XN % T % W%
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D: bottom depth along the main lobe of ultrasound beam

P: distance between the transducer to the intersection of
extended line of slant bottom with the sea surface

Q: bottom edge of right triangle consisting of P and the
hypotenuse between intersection of outer edge of beam
with the line at the depth D parallel to the sea surface

a: slant angle of the sea bottom just below the transducer
from the horizontal plane

g: D minus bottom depth at the intersection point of outer
edge of beam with the slant bottom

Figure 5. Shematic view showing geometric relation of beam
and blind zone on a slant sea bottom.
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s 2
2000 4F 6 J] 26 H Ot i S BEIR AT E A OV T BH &
BH; % e L 72458 (Fig. 6), Hi# O F35130.72+0.16 m

(mean*SD) T, A& DF30.55+0.13 m & I_AFEITK
EMolz (ttest, p<0.01). EMBITIE, WEDENEEKD
FIH017mE D b 0.10mbh B/ & %5 72 EHR L, Line 3
(0.05m), Line4 (0.02m), Line5 (0.05m) T, &Ko F
WEIFIZM U5 728 IE Line 9 (0.16m) T, FH LD
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BHy & BH;DF\ZDWT, JEHRS & O ERA & 0B
& RN TRz, ZORER, JKRO P E Mo
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A372 /- 7z Line 3 & Line 7 Tld (Steel-Dwass, p>0.05),
JEAARHA D EEROFHE LY b KE A5 72 Line 7D BHg &
BH;D7DF39130.11 m T, {EEMRHG A R0 Fig XY
BNEDo7Line3 L) b HIDEDTIHIF0.06mK Z
Motz Fiz, KIROFHPEEROTH LY B KE D>
72D D B, ROV H B #H e h > 7 Line 8 &
Line 9 Tl& (Steel-Dwass, p>0.05), HEEMEF A OF-3h 4
O EIND L RKREDPS2Line 9D A, NE Doz
Line 8 & 0 & BHy & BH, D7D F39130.02m K & %o 7.
HEJEAARH O H B R 2D 2 H - 72 Line 3 & Line 9 D
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Figure 6. Heights of blind zones along the transects obtained
from the discriminant analysis (BH,: closed circles) and
those from geometric relation of slant sea bottom based on
Mitson (1994) (BH,: rectangular) . Standard deviations are
shown as vertical bars.

I b, IKEDOFH DA EIZK & H > 72 Line 94 Line 3121k
RBHg& BH,; D7D¥3130.11 m K& 2o 72,

zZ =

BHg& BH, DB L CLL TSk 5. BH, %R 5 72
DI LR A1k, iy 2 ¥ 0 7 T8 ok
R AL 2 4 A MO E 2 vTwb. —H,
BHTlE, 1¥ ¥ 728U 5T XCORIIE O KARRE
BHEERE 2 SO GRED 7 5 A (HEX &7 54

YEV—=rvoxza—) LERDSO ST RIHRNT S 72
B, E— LD CTHRA LM 021 X 5 S5 D
HEICHEATVWEEEZOND.

BHy & BH, % RN I L 745 T, IR D 2D
WIERENIZ BT, EERA K & VER Tl A D21
BN AN H o7, T2 ki, CHRSHEE W2
e, WRERAPIKEVERTIID R R E N, &
il & B AU EE SR EE L 72— 2 ORI TR 72 O
ERORWE T EA RS BOHBE 754 v F /= Lk
LTEZMBLTwLZEnbAELLb0REEEZLN
5. WERGERICEDS R WERM T, KEOFHIKE
WIERSI I O XN T AENSH -7 T &,
JEERANR 7% B L RE IR OTRAEFPAAILASS 2 LASEE L
TwheEZOLNS.

BHy @ & & 13 0.72£0.16 m (mean+SD) T K ¥ 82.8+
16.6mIZHDLEEFF 1% KB THo72. 22T, TD7
TA Y Y=V IZE TN BB X B HBR T ELRIE &
ST 5 2 &5, NHEr RO MBEREOHEEIC EDORE
WMEEZLZSTHIPRET S, ¥, FEEEOLFEI0m
OB TRELRESY 794 ¥ V= VIhME§ 5 &
W9 Kloser (1996) DI L7225 T, AW r 4 iko
(1) TEWEOEEDSHE E10m $ TOROPIERER
FHELRE 2 KD, (2) SRR L HETHZT T4~
FY—2i2 (1) ofizsaFL, 3) HOWKOHEEH S
FZREF CORMBTHELRE KD, oL, 7514
YRV =V ERETRVWEBRKOEENORKE T TOME
R L7, ZORRE, AiEOMRRE T HELEE R E O
X0 H78%11.7% (mean=SD) K& o 7. F 7, Kloser
(1996) ASFA L 729 o ik, JE i 600-1000 m T & - 7275,
JNHL 2 W 00 - Y A 14 7 WORL R EE & S L 72 PR o0 IR 1
30-100 m 72 T, Kloser (1996) DWFZE L 7zl = D JEFEIC
FNLTEEPBLZ1050D1THS. 2T, KloserH¥ik%
ELZEEEDO LFIomETCOROLDbYIZ, £D10
GDOITHHImOBEE LT 7y b EEEL CHERE
AHELImAS2mETORLE L, ZOREOFEFEAZ
FHHEGEEEL 794 v R — v ichiiT ae, 794~
FY— V2 E5URBBETBEIRZEIEERVRELD D
184+43.6% b K& oz, Lo T, 794V FV—
AT B AR T EGELREE & LCUE, 10 m&, HRM
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