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In and around Funka Bay in southwest Hokkaido, Japan, krill and
copepods are the dominant species of zooplankton. In this area, they are
important prey for walleye pollock Gadus chalcogrammus and other marine
animals. In this study, we examined the possibility of identifying krill and
copepods based on differences in volume backscattering strengths at
different frequencies. Acoustic surveys were conducted in and around
Funka Bay in March 2012 aboard the T/S Ushio-maru using a Simrad EK60
guantitative echo sounder. The acoustic data were collected at 38, 120 and
200 kHz. Biological samples were collected by the ring net with vertical
towing. To identify the krill and copepods, differences in volume
backscattering strengths at the three frequencies were examined. Krill and
copepods showed stronger response at 120 and 200 kHz than at 38 kHz. The
results showed that the differences in volume backscattering strengths
between 120 and 200 kHz (ASV 200-120kHz) Were -1.5 - 1.3 dB for krill and
2.2 - 3.7 dB for copepods. Based on these differences between frequencies,

we were able to identify krill and copepods.
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BONBLERBTIEEAEB KRBT T R THY, AT
JE, Ax7 I, wmE, YA, HA, Tofo 6 MEICEL
o, MEICEEREEF B U, 72, b4 7 T HE M F E (Prosome
Length) (LA, PLET%,) %, A7 I T2 FE (Total Length)
(LLF, TLET%,) #%EF /X 2 (Mitutoyo, Absolute 500) %
TOo1lmmoOtfrE THE Lz, U, TAT7YHOPLELUAFT
HOTLIZEDL S L{EE (Body Length) (BLF, BL &4 5%,) SRS
5, bz, EFF (METTLER, AE200) %% L T 0.01 mg D#r £
TEERZMELL, ZThOo0lEE, BEEL 70— A —Z OEHER
BOOROIEEARKETHRTZEICEY, AT IHEIAT VEOM
REERE, WMEREELZ RO,

it 5
FEEMIABOIa—4SS5L BB, ESRENDL L ~OBE I
LE3EE o= a— 275 A% Fig. 21277, L2 5 JIEC)E 3 % 38 kHz,

120 kHz, 200 kHz ThH D, T a =7 T L DOEWNE R E, 12 E
RLTHY,CTDICKD2MERICBITLHKIET LS SOHMET 1T
7ANVBRLTE, BIEA A=Y 7 WAEKEH LT 2 HEL GBI

A LD, 3H, 4 AIZIEEKBREHRICKE W TKE (T=3°C), K
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Hi4y (32.0 psu<S<33.3psu) DEMAKNEET D, 190 KA T
2012 FE 3 A DIATOATEY, ZORKOREOKIEIEICUT, i
531 33.5psu L FToh D EMIRAKBEKEEDIZHMLT WD Z &n
RENTe, =a—r T xR 5L, 3 FEORFMA 2 & 2R E D i
WTE 2, T7bb, A 38kHz (Fig. 2a) THICH <, EMRE 2
OIERER) 10 km (2P KO E 50 m IZ R 6 2 wELE, 8
120 kHz (Fig. 2b) & 200 kHz (Fig.2c) T <, % 100—200m I A,
GNDESHKE0OmMOEWHFIROBESE, €T L TER LIAEDORENNS
EES0mIZ/HIT TR LD, SV I/ E WA JE £ 200 kHz (Fig. 2¢)
PHICRHRENICALNLSBEED 3EBFETH 5,

REEH VT brxy MRV, XTI, AT VH,
WD T 7, A~ RYE, AHEON, BT FUREY L FHEA
WERE SN, DAT VEHITEKRKEBEN - BARMTRSRESRTZD
IR LT, AFT7 IHFBHATEIIRESN, A7 MU X T OHMAIT
BANTEEBRE ST, 4% 7 I CTIiX Euphausia pacifica 72 5 OVZ
Thysanoessa inermis, % A 77 2 %5 Tl Neocalanus cristatus 72 5 VIZ
Eucalanus bungii 22 5 L TEB Y, AKETE I b2 E O TAFT
SEBIOCAMATVEHE L,

FTHMEER CHRBINCEBRILEORE Xy PRAMERERL LV
FTHRHHECTHRESNTEEERAME ZOVEHKRE, BAKREEE, BES
B, HEEH S, REEHA A Table2 2R L7, b6, AT
HMTHRESNTEAXITIHEHEIA T VHEOKRE S % Fig. 312~ LT,
X7 IFOREFMIZ 2—22 mm T, EHEE ELEERFEREZITIEZNE
M 13.4mm,3.8mm Thotz, — 5, WA T YHOKRHHMIT 1—-7 mm

T 25mm, E¥ERFE 1.1mm Tho7z, DI H 1—3mm O/
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DL 8FILL Ea 5, (KK 3mml EofEKITAD RN T2,

WIZ, ARATEICHEBE T 2 5 BEELE O KEEERHEEDO T =
— T AEREAMONRE Fig. 4R Lz, =Ta—27F K%, 7
Zryr braxy ORMEEE SR L7, BEBCGELE LA B 120 kHz
& 200 kHZ IZB W THFICEEFZ TRk S 4, RAIEATRICIZIRER 70 m
b#FEETLERLE (Fig. 4a), ZOBOHRELEMWDNR% Fig. 4b T
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FHRT7TIFEFEERILESRMEECAZUOREABICENLEZ, 20
Zln, A EK 120 kHz & 200 kHz ICBHE ICHE N, ShEBEIT 5 F
BEIELBEO EREBRAEWIIAXFT IHTHY, AT HEIREND
RE100m ET—HRIZHMT 2D EEZR LN,

BRETNVICEDAXTIEEDATOED TSHE A7 I8
EHAT VHEIZOWT, DWBA ZER & E 7 /L CHEE LilE vk K8 T
B L& —4% > hA ML 7 R TSayg % Fig. 51278 T, H#IZIKE,
fEdhL 3 A D TSagZ r L, X7 JMD TS (Fig. 5a) (X, 3 JA
B bERELEEHITHEML, BE 10mm B FTIEZEOE(LR KX L,
RKENRELS RDIFZETSOWMEBITET L, £/, KK 13—16 mm
T A P 120 kHz & 200 kHz @ TS 231EI1E — %% L, 16 —25 mm O #i [
TIX AP E 120 kHz @ TS 23 200 kHz @ TS LW K& o=, — 7,
AT v (Fig.5b) &, 3AMEBICTEWVWTHKREDOHIME & HIT TS M
RE&EL ooz, BATVEHO TSIEAF T IEHO TS I /s, KE
A 1=5 mmIZE VW TIEIEEEVWTLbREOEINE &L HIZ TS A
Wiz mL =,

IO WD EEEFEEEZHWT (2) XKITED TS OF K A% H
_X7=H D% Fig. 6 1Z/R-7, (a) BAFT7 I, (b)) XA 7 VHET,
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W& S AT R, Mt 2 BMERICB TS TSOEEZRT, %7
SHEEDATUEELIZTS O ZIXATS200-38kH: (BER) i dH K& <,
ATS200-100kHz (ERR) DI b/NEhol=z, £/, 7 IHITB W TIX
ATS O, ATSi120-38kn; (EAR) TIEAEEOHEME & HICHMITHD
L7223, ATS200-38kHz (ARAR) & ATS200-120kmz (FEAR) TIX, KK 20 mm
3 T 2> B MICER T,
TXT7IHEHDATOEOBTEREATE Y77 o xy P TR
LLTAXFTIRHENAT VEHOKE DA (Fig. 3) W T DWBA
EEMEET LV TENENOT A XD TS ZHE L, KFEEHIZE T S
WD TS fMEzRKRDIZb D% Fig. 7D EBa—claRt, %7 I8
» TS @ — R 38 kHz T-95—-90 dB, 120 kHz T-85—-80 dB, 200 kHz
T-80—-75dB TH YV, 38kHz ik b/hNE M oTe, —J7, IAT VHEHD
TS ® % — K%, 38 kHz T-145—-140 dB, 120 kHz T-125—-120 dB, 200
kHz T-120—-115 dB TH Y, LV 38 kHz B b/NE oz, WH
EHRDZ L, AXFTIHOTSIFETORKEHRICBWTIA T VELDY
bREL, TOHAMDOEITHEI T,

wIZ, ERBICEBWT, =a—27 7 AL CliREoE 2HELE 2
EICHABITE, o, Xy NRETAHIFTIHE DA T VENRE
(Table2) Sn7ebDIZHOWT, WO 3 E KD SV D446 % Fig. 7
DFEd—FfIZ, T bOFBHE & IEHERZE%Z Table 312777, &
FTIEPREINTEEROEEBEIEO 3 ARk T2 SV 0E
— K% 38 kHz T -90—-85dB, 120 kHz & 200 kHz T/% -80—-75dB &
720, 38kHz i b /NS o le, —F, AT VEHOBEERILE D SV
?E— Fi%, 38 kHz T-100—-95 dB, 120 kHz T-95—-90 dB, 200 kHz

T-90—-85dB &7V, A X7 I L FFEICHE S 38 kHz i b/ &

Fig. 7
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Mmole, TNHDOI LMD, A% 38 kHz TII M O ICAH TH
D, FSVORNET TIEMEDOMNIZEH LN LD 0o Tz,

TSORBEBESICEHERA RIZ, 777 oy PTHREL
X7 IFENATVHOY A XEZHNTEEAE LA E KRBT
LB TS (Fig. 7a-c) 6 &2, TN ENDOHEBDOMAEGHLETTS
DJE WA, ZF R LHE DML RO D% Fig. 81T~ 7, A
Za0%, (2) Rk vkw 3 oFEKoMAAEDLETH D
ATS120-38kHz, ATS200-38kHz> ATS200-120kHz T Do BiHIL 2 A H D TS
DENME, MEEIXTOMEZRL, EBIEIAFTT IE, TEREIIAT
VHEESRT, TSOESEIX, %7 IFHETIX, 6dB=ATS120-38kn; = 20
dB, 6 dB= ATSj00-38kH: =29 dB, 35 K U8-4 dB= ATS200-120kH: =9 dB T &
Sz, —J, AT FETIX, 17 dB= ATS120-38knz; =20 dB, 22 dB=
ATS 200-38kHz =29 dB, 5 dB= ATS200-120kH: =9 dB TH o 7=, B4 7 V¥
DATS O#EPHIZAFT IHOLDO LV, £/, AT VFHDATS
DE—FNI3FAFEHOMAEDLET XTICEBNTAFT IFDATS O
EF—RFREV 6—-13dBRKEnolc, 2T, ZOFXTIFHEIAT v
FIOATS OEWD, BEERIZES TS O BEEFFMEOEWICER
LTWbEE X, MMDATS O44m OB I/ & 70 5 H 2 5 7HE
LT ZR AT, KB IEL ATS 120-38k; T 18 dB,
ATS 200-38knz T 23 dB, ATS200-120k4: T 5 dB & 722 5 72,

WIZ, ATS ODEREIC K D2AXT IFE VAT HOMM L% G
M3 5720, 2 AEEOATS ZHWTHELZHBI LIz 2, & B A
OSVEHBTSEAHWTERENICHE L BEEEEL, 777 b
V3w ML ABREERENODHELEZBEREEZ 18 TRICOWVWTH

B L7-b D% Fig. 917, (a) 4%7 I, (b)) XA T VHET,

Fig.8
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BB DOHEKEBMOMABT LTI OEREENDL OEUFEMR Z R LT,
INOLEBME L CREERELRERNOHE LR ERSEOM
BlO A A ANOVAIC X WV FEfliL 7= & 2 A (Tabled), & CoE B
WMAGDLEICBWT p-fEIZ0.05 L EERY, 26 W& O EERE
DEICIZAERHEERRD bR d oz,

SVORBBRESICEAERA KiIC, B THOLATEERILED
SV @ J& e F Rk & R FE O B3R IZ DWW T~ 7=, Table 3 128\ T,
AT IHEOFTEEILE YY) SV X, A%k 38 kHz T-87.0 dB
(SD=6.1 dB), 120 kHz T-77.9 dB (SD=5.4 dB), 200 kHz T-78.1 dB
(SD=6.2dB) & 72V ,38 kHz 23l D A L E T L X THI 9 dB/h S o 72,
Flo, AT VEONY SV X, JE K 38 kHz £3-91.6 dB(SD=5.7 dB),
120 kHz 73-89.7 dB (SD=3.5dB), 200 kHz 73-87.3 dB (SD=2.6 dB) & 72
D, 1LY 38kHz ik b /M oTo, WIZ, ASVICEHT S &, 4%
7 M TIXASV120.38km; 2% 9.0 dB (SD=5.9 dB), ASV200.38kH: 7° 8.9 dB
(SD=7.1dB) TH % D% L, ASVa00.120kn; (£-0.1dB (SD=1.9dB) T
HY, BAT HEITOWTIE, ASVisssn: 2% 1.9 dB (SD=5.5 dB),
ASV 200-38knz 75 4.3 dB (SD=6.1 dB), ASV 200-120kH: 1% 2.4 dB (SD=2.5 dB)
Thole, TXRTIHEEIAT VHEDASV D434 % Fig. 10 IR 23,
M fE & 4 ASV120.38kHz (Fig. 10a) & ASVogo.3sknz (Fig. 10b) TiX oA @
EAIES, EWICEBELTWDZ N0 5D, L L, ASVao120kh:
(Fig. 10c) TIX DA DML, HOF X T IFHED A T VHEHDO T —
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Fig. 1 Study area around Funka Bay, Hokkaido. Lines indicate cruise
tracts for hydroacoustic sampling of zooplankton abundance. Circles

indicate both hydrographic (CTD) and net sampling stations in March 2012.

Fig. 2 Echograms recorded at 38 kHz (a), 120 kHz (b) and 200 kHz (c) on
8 March 2012 from station E to L. Echograms were recorded at a ship speed
of 10 knots. Transect distance is indicated by 2-km bars along the horizontal
axis. Vertical profiles of temperature (black solid line) and salinity (red

solid line) at Station E and L are also shown in (a).

Fig. 3 Distribution of copepods and krill body lengths collected with ring
net sampling at 18 locations in March 2012. Upper panel and lower panel

indicate krill and copepods, respectively.

Fig. 4 Echograms of sound scattering layer during diel vertical migration
(DVM) around sunset (a). Acoustic data were collected at station K during
the ship has stopped. Zooplankton sampling are shown on the echograms by
white solid lines. The density of wet weight of zooplankton collected using

the ring-net are shown in (b).

Fig. 5 Averaged target strength versus body length of krill (a) and
copepods (b) estimated by the DWBA model. Broken line, dotted line and
solid line indicate 38, 120 and 200 kHz frequencies, respectively. The body
length indicate total length (TL) of krill and prosome length (PL) of

copepods, respectively.



Fig. 6 Relationship between body length and frequency difference of TS
calculated from the DWBA model. Broken line, dotted line and solid line
indicate the frequency difference of ATS120-38 kHz, ATS200-38 kHz and
ATS200-120 kHz, respectively: (a) krill, (b) copepods. The body length

indicate TL of krill and PL of copepods, respectively.

Fig. 7 Target strength distribution estimated from body length distribution
using the DWBA model: (a), (b), (c). Body lengths collected with the ring
net are shown in Fig. 3. The SV distribution was measured in and around
Funka Bay using 38 (d), 120 (e) and 200 (f) kHz of krill and copepods. SV
from 2m by 10 ping bins corresponding to Table 3 for the net sampling
depth layer. The white bars and black bars indicate krill and copepods,

respectively.

Fig. 8 The ATS ranges estimated from the DWBA model in Fig. 6 for a
selection of length ranges and frequency pairs : (a) ATS120-38 kHz; (D)
ATS200-38 kHz; (C) ATS200-120 kHz- The upper panels and lower panels

indicate krill and copepods, respectively.

Fig. 9 Comparison of density of wet weight estimated by acoustical
method based on frequency differences of TS with density of wet weight
collected in the ring net: (a) krill; (b) copepods. Triangles, crosses and
circles indicate the estimated density of wet weight by frequency pairs

ATS120-38 kHz, ATS200-38 kHz and ATS200-120 kHz, respectively.



Fig. 10 Histogram of average aASV for 2m by 10 ping analysis bins
identified as krill (upper panels) and copepods (lower panels) based on
Table 3 by ring net catches: (a) ASVi120-38 kHz; (D) ASV200-38 kuz; (C)

ASV 200-120 kHz -

Fig. 11 Comparison of density of wet weight estimated by acoustical
method based on frequency differences of SV with density of wet weight
identified in the ring net: (a) krill (b) copepods. Triangles, crosses and
circles indicate the estimated density of wet weight by frequency pairs

ASV 120-38 kHz» ASV 200-38 kHz @Nd ASV 200.120 kHz, FeSpectively.

Fig. 12 The relationship between SV and ASV. SV shown that the high
frequency of the two frequencies. The red circles and black crosses indicate

krill and copepods, respectively.



Table 1 Operating parameters for EK60 on T/S Ushio - maru during March

2012

Table 2 Catch composition used to identify instances where a species at
the sampling site

Note : na, not appliated ; ni, not identified

The body length indicate total length of krill and prosome length of

copepods, respectively.

Table 3 Summary of volume backscattering strength and ASV statistics

measured by species

Table 4 Summary of regression relationship between density of wet weight
by the ring net and density of wet weight estimated by acoustical method

based on frequency differences within ATS (Fig. 9) and ASV (Fig. 11)
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Fig. 5

Averaged target strength TS, (dB)
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Fig. 6

Frequency difference of target strength ATS (dB)
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Fig. 7
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Fig. 8

21021002 | 7
0 S 0 ST 07 S

00T

0e G¢ 0c¢

2HA88:002g | 7
0T

1

ap s

©®

40¢

apec

(@)

08

()

0¢

2HI8E02Tg | 7
0 G 0 ST 01T

S Y B I Y Y

g 0 S-

spodado)

T T B

ap 81

(e) ]

0¢
ov
09
08
00

0T

0¢

(3

(%) uoniodoid



Fig. 9

Density of wet weight by ATS (log mg / m3)
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Fig. 10

ZHA ow«.oom>m \V4 ZHY wmyoom>w< ZHA mm.owﬁ\/mﬂ

0€ 114 0T 0 0T- 0¢ 0¢ 0T 0 0T- 0€ 0¢ 0T 0 0T-
0 0
spodado) spodado) spodado)
1 0T 1 0T
T _ % N o N
1 0T
. OH -
I 1 0¢
| i .
s 0] g @J g OF

(%) uoruodoud



Fig. 11

Density of wet weight by ASV (log mg / m?3)
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Table 1

Category Parameters
Frequency (kHz) 38 120 200
Beam type Split
Power (w) 2000 400 120
Beam Angle (deg)

Athw. 77 6.8 6.8

Along. 7.4 6.9 6.6
Pulse duration (ms) 1.024 1.024 1.024
Absorption Coeff. (dB/km) 9.6 29.7 42.7
Sa Correction (dB) -0.52 -0.29 -0.35
Transducer gain (dB) 25.7 26.2 26.3




Table 2

Stations SSL Number  Tow depth Species Bot?/nlr(:]r)lgth Cateh b|0v0Iun-1e Catch composition (%)
(m) of haul (m) Number  Weight
Avg = SD (n/m’)  (mg/m’)  Number Weight
E ni 4 120 Copepods 24 £ 0.9 32.6 28.8 88 90
L 10-50 7 70 Copepods 31 £ 03 313 44.0 97 91
100 - 200 8 200 Copepods 31 £ 09 36.6 58.4 92 57
Krill 143 + 2.6 2.2 43.0 6 42
M 50 - 120 12 200 Copepods 24 £ 0.9 63.1 52.5 97 76
Krill 136 + 3.9 0.7 13.9 1 20
K 10 - 45 13 80 Copepods 27 = 11 96.5 93.3 90 95
50 - 80 14 220 Copepods 25 + 1.0 54.1 50.9 92 93
15 80 Copepods 23 = 09 155.0 111.2 92 55
Krill 119 = 27 47 80.0 3 40
16 220 Copepods 26 = 1.2 48.9 50.8 90 61
Krill 121 = 27 15 28.0 3 34
N 10-40 17 40 Copepods 23 = 1.0 99.1 76.6 95 70
45-80 Krill 16.0 = 1.9 11 30.9 1 28
18 150 Copepods 23 = 0.8 103.7 108.9 96 83
19 40 Krill 168 = 1.7 5.7 170.3 4 37
20 150 Copepods 22 = 0.8 106.5 116.1 95 66
Krill 153 = 2.7 1.9 52.8 2 31
0 10-80 22 90 Copepods 25 = 10 163.6 172.8 98 95
50 - 80 24 90 Copepods 23 = 09 132.2 178.1 94 57
Krill 142 + 22 6.5 135.1 5 43
P ni 27 90 Copepods 27 = 0.6 59.1 73.4 92 85
| 10-60 32 180 Copepods 22 = 08 79.4 75.2 97 84
H 10 - 50 36 60 Copepods 28 = 038 333 45.0 88 99
9 ni 38 50 Copepods 22 + 0.6 84.3 81.9 94 99
26 10 - 40 39 50 Copepods 21 = 06 6.9 5.6 50 80
Walleye pollock

(Juver?ileg) na 3.3 na 28 na
40 50 Copepods 21 = 0.6 9.1 7.9 47 91
WaIIey_e pollock na 6.4 na 36 na

(Juveniles)
28 10-48 44 80 Copepods 25 * 038 15.5 18.5 61 61
WaIIey_e pollock na 42 na 17 na

(Juveniles)
16 ni 46 70 Copepods 25 = 04 20.1 27.7 73 92
48 70 Copepods 25 += 05 17.2 20.3 70 93
11 ni 50 60 Copepods 25 = 1.0 45.8 45.8 89 99
G ni 52 110 Copepods 24 = 0.7 49.7 50.0 96 99
54 110 Copepods 24 = 0.6 2.6 54.2 92 68
Krill 125 + 15 50.9 25.8 5 32
J 30-90 55 30 Copepods 42 £ 19 6.3 17.0 36 97
56 130 Copepods 25 £ 11 142.8 166.8 94 94
57 30 Copepods 49 * 21 5.1 18.6 39 99
58 130 Copepods 26 * 0.9 152.9 2135 94 81
F ni 62 125 Copepods 23 £ 07 233 20.1 78 58
Krill 120 = 2.7 2.2 10.4 7 30
2 ni 64 80 Copepods 23 * 0.6 26.0 19.4 85 94
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