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Diel vertical migration of walleye pollock (Theragra chalcogramma) larvae
and early juveniles from the acoustic survey using a quantitative
echosounder in the northern Japan Sea off Hokkaido

Kazuhiko Itaya'®, Hiroya Miyakg?, Kazuhiro Sapayasu® and Kazushi MryastiTa*

el HAMEC B WTAHIZ AT by ¥ MR OG0 2 HE AR L & v MR X DN, B TOSMm DR
2B L 72 A HESU RN IZEREE 40~80 m, MITIZAE M & 1) R R EREE20~50 m DFEPH I 7504 L, R 7 v
RV = ~OBBI L 2HFROMNMEEIZNSVEEZEZ LN FW—HUEMR CRIFEIOS RO GIHEZ BE THET 2
& BRHOFFHMEREH LD dE L o7z, ThIE, FHEMOBIMAICL 2D TEZRS, HMICEAF7 IHOFTE
POBST I =G ~MA L7 EAERBL TR EEx 6N 2% ), B 437 IOy SRS % v
ASMIC X Y ST o =R SR T & 722, KIS F 7 IS EPEBIIEH L THA L, ChbnE#E
FIBERY B DR o7z b FE 2 bz, Licds> T, AR A+ 7 IFOBE L2 HHIZHD B <
ZENTELRMPET L i S hz,

The diel vertical migration of walleye pollock Theragra chalcogramma late larvae and early juveniles (12-32 mm in
body length) was examined by the acoustic method using a quantitative echosounder and net towing on two transects
in the northern Japan Sea around Hokkaido in April. Larvae and juveniles of walleye pollock were distributed at 40—
80 m and 20-50 m depth layers during the daytime and the nighttime, respectively. They hardly migrated to the acous-
tic deadzone, such as near the surface and the seabed area, which allows examining the distribution pattern by acoustic
data logging. The total backscattering volume (NASC: m?> - NM2) of them for each transect was 1.1- or 1.4-times
higher during the nighttime than the daytime. It would be caused by diel differences in distributional concentration of
euphausiids and spatial overlap of euphausiids and pollock larvae and juveniles. During the daytime, euphausiids ag-
gregated in swarms at the middle layer; these swarms were easily distinguishable from “pollock echograms” and we re-
moved these swarms from the echo integrations. On the other hand, euphausiids were diffused and they overlapped
with the distribution of walleye pollock at night, so it was difficult to discriminate clearly between these two organ-
isms. Therefore, acoustic surveys to estimate the biomass of walleye pollock larvae and juveniles should be carried out
in daytime.

Key words: walleye pollock, vertical distribution, acoustic survey
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FC&IC
A N7 % T Theragra chalcogramma H 736 58 5 & U5
DOUWHERIZ 1992 EREITIZ 14T b Yy 2B Tz, Eh
DIBER & <AL, 20074121207 b v 2 Flals X 912
ootz (THIEA, 2013). ARFEIZIEA & FHEA O e
WIMABEH IR D KEEET 5729 (Kendall et al.,
1996; Nishimura et al., 2002; 1451 22, 2003), FE#k &
e BEHE DRI AETE NS BT 2 B RE A FE L <X
52 ENEETH Y, FHEAIOHATIRI 2 w1120
THLIELUETHL., ARETIEAT 75T OfFHESM
R E R TBY (BH - 4K, 1993a,b), fi5F
BUALIIEL A L, —EBidd F—y 7l Tk SN b
(A A, 2009). SO K9 RINBUIH5 AT HAFHEM OB
frmr e 5120%, FrEaEsEas (OUF, Shefiesk
LEET) W EEKEERENEIANTH S .
HESERE) 2 17 ) W 2 R & L7225 BUKE R I
AT, NREMOITERESBUF RIS ISR BT A 2
EDHY, ZoYh, HAREICHSLEL S 2 EVD
% (Onaand Mitson, 1996). #l 21X, HARWEDO A b ¥
T AR, NSRS BEN T A3 %A%, B
RHE AR TR R BIK Ty K — v ~BE#)T 572
DI RAMPIFMM SN L ZE BRI Twd (%
EIEA, 1999; =55, 2012). F 7z, dEEIE <X, B2 IEEE
HEMSNTVLAKE TORER L, ZINZ TES
Wk HHA— VT ETIIBEERORIEIC X FRERH
E)A RN TR L R D EET Y K=V 2d b
72% (Aglen, 1994), T EBIZERT 2 LW 05/ 1L
EMECFHECTE v, 0720, SRAEWORBAE~D
BEICOWTOMHERL TBLLENH L. T2 TARIFET
&, FHEAIERRIC X B 27 N 7 S AFHE S O B R R %
MERLDET 202, FFEfAEETHONZa—7
T DS X AP RER OSRIE A & B b7z o TR L, &
KOWTNDH AR FHRICHEETE 202 %
Hige L7,

MEELUFHE

RAEMAE

FAT1L 200544 H 18~20 H I &b H A i 1 B WV e
K Bk e O SRR AR L (RS2 P ik i s Al O 12
K3s5m) ZHOWTEBL . FHEAFEKRICEZILS Y F
L OEK60 ¥ A 7 & (HW 38 kHz B & U120 kHz) %
A7z, SRR Z W2 FEIC X ) Y AT A%
B OBE & 20 L7z, BRI R IR A %47 9 %960
W (DUF, WHEIENM LRLT) OfEiE 24K (A, B
WEL, BRENENEL TEET— ¥ 2k L 72 (Fig.
1. 3512, HEMERHZEMICBIST 272010, A7
b & FAFRESR O F B UG R DL H - 72RO 8 NM D
FHIZOWT, THICHKMA 235 L T4nlfiiE L &%
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!
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Figure 1. Location of acoustic survey transects (dotted lines)
and FMT net sampling stations (open squares) .

T—5 2GR L7z

F 72, MUEHICHBIS SN & 5 S B ROL O E i
ZRERRT 5729012, FMT A v b (#802x2m, & X8.5m,
FAT Y- ETVH2408 WMEANELTmmBI—BAE, ¥
YNV y FL Y K% A7 Ttayaetal, 2007; B A% (T 2,
2008) EH W AEWREE GERICTERTEBLA.
512, FEMTIICTD (SBE9lIplus, ¥ —/%— FiL#)
ZHOWTKRBIN 247572, Ta—2rF 4 L THEIN:
A7 N F T O E B s FIXS R FEEB LU
TS O RREEATE Sy F ARG D 53 R IE D I &
bETHISHTEOKFEREEZITo72. WTFNORMED AR
HE3ktELT, 2y bEZFY— FBHESARE) 24o
T —7RBIEC X ) MR 2 L7z, JEKEE (BEAHE
) ZMEINCHCY AF0, TR & SR A © U8R A
RO FEWIM EITBWT0% Y — )V THIE
LT, #%H, FEBREICTEWRRIBES & AR Z R~
720 AT bSO MO W TIZEEAE (1 mmH
fr, DUF, hRLET) ZMMEL, =¥ 7 — VI X 5
F(RAEIED, 2009) ZER L THRET— 2 OfiEEZ -
2o F2 WSSy b RSHIED (1999) DR
U L7225 THOEIE S L IR L 72
T — S &R

BT — ¥ OFEMTIZ 1L Echoview (Ver.5.0, Myriax £ %)
ZHWIz. A b T IR O 53T EE OHEE I3 AU
135 (1999) IZ L7220 W3S kHz DT — ¥ % v 7z
B ZFNENOFAERAE TR O N2 W38 kHZ 2B
FAHHEEINM L OEE10~100m T TOHFEGED



JeiiEE HARMEC BT 2 20 b 57 TS HIESHE 2 8)

a5 Tad 5 NASC (m>-NM2) iz )l LKL 7.
72, BB TART O OHETE S N7 &I
(F&], Hr, HE#BBLIOWH) B 5EERIOMm T
LD SVAE (LT, MVBS &itd) 2L, F¥ sy —
Py RARMLY TR (TS) %o THEEEIOM S & D8
B A D, (k- 1000m™) % (1) X2 5EHE L7
TS EHEMT L ICRES N 27 b7 ¥ IR OKE
M A>T (2) Kok (HRIEAH, 2003).

D,= 10MVBS35, =TS0 1000 (1)

(2)

FTETIBGEDOEW TS v b UhEE RSy FIRIC
AT BYAICE, HEBE8kHZIZB W TS, ThbHD
Ia—ENDOMADENRREL b EZ N, #

7S =20-log(BL) - 68.4

Table 1.

2T, NASC F/ZIEMVBS # R 50, Ta—27F 4
LTI LD By FIREIEE AT b 5 IR DA D
POt & U TR RIAE 2 SR L7z, BARMIZIE, A7+
T IAFHESUARE R O F 05w ER & 0 s < KL (B
32, 1999), B 7S5 v 7 b VIEEREWEO A &
0 b aR < KET % (Kang et al., 2002; De Robertis et al., 2010)
& D T O JE I B s R ERE LT, %120 kHz
2B 2 MVBS 2 5 I F 38 kHz 12 B 1T 5 MVBS & 7% L
GIVI7ZAMVBS 0 iy 35, (BA T, AMVBS & F23) % il
FR L, AMVBS2SIEOH ClgE s 7 7% v F 1% PV
AATREG 2 S BRIV BB A 4T 5 72,

w R
FMT v M X AERERZ Table LIZ/RL72. A7 b
¥ MM O (JEKE 1000 m® & 72 ) OB AR

Abundance of pelagic organisms sampled by FMT net by sampling station. Data were expressed by density

(D; number of individuals - 1000 m™*) and biomass (B; wet weight - 1000 m>).

St. 1 St. 2 St.3
Taxon Day Night Day Night Day Night

D B D B D B D B D B D B
Thysanoessa inermis 6 0.9 — — 39 4.7 55 5.6 8,467 761.1 135 15.4
Euphausia pacifica — — — — — — — — — — — —
Other Euphausiacea 82 0.4 337 1.3 39 0.3 249 3.0 — 18 0.18
Themisto japonica 169 1.0 400 2.2 340 3.1 470 3.5 — 18 0.15
Copepoda 1,469 3.8 2,925 9.5 3,139 10.5 1,171 4.8 1.5 1,573 3.1
Sagittoidea 29 0.2 21 0.4 26 0.0 46 0.2 — 27 0.1
Theragra chalcogramma 04 — 0.5 — 04 — 0.7 — 0.6 — 04 —

(larva and juvenile)
Others 17 0.0 32 0.0 39 0.1 46 0.2 — 36 0.1
Total 6.5 13.3 18.8 17.2 762.6 19.0
St. 4 St. 5 St. 6
Taxon Day Night Day Night Day Night

D B D B D B D B D B D B
Thysanoessa inermis 329 23.7 950 125.5 109 11.8 106 6.6 — 294 51.5
Euphausia pacifica 15 0.8 67 0.7 436 29.7 530 37.8 — —
Other Euphausiacea 344 6.4 — — 3,159 26.8 4,561 320 5,044 543 2,055 17.4
Themisto japonica 404 23 — — 1,743 10.1 6,736 364 2,613 14.1 3,230 233
Copepoda 2,019 6.3 688 7.2 25383 49.7 4,508 31.2 13,267 54.2 30,681 93.2
Sagittoidea 30 0.0 — 218 0.8 — — 419 1.6 —
Theragra chalcogramma 0.7 — 0.0 — 33 — 23 — 20 — 23 —

(larva and juvenile)

Others 29 0.2 67 0.7 654 2.2 477 43 3,343 10.4 587 2.1
Total 39.6 134.1 131.0 148.2 134.6 187.5
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Figure 2. Standard length frequencies of larvae and juveniles
of walleye pollock caught by FMT net at each acoustic tran-
sect. Mean standard lengths with standard deviations were
23.0+4.1 mm (n=17) on line A and 21.7%3.6 mm (n=60)
on line B.

X, AR TR & H1204~07M1K - 1000m= &, £D
W (St.1~3) THEWETDH - 72, BHOI OB
HO(St.5,6) TIX2.0~33M4k - 1000m™=3 & FH - 72D
L, a8l (St.4) TIEEHT0.0ME4 - 1000 m™,
BT 7 A - 1000 m™ LMo 72, F /2, B THIEK
THERT MY IR ORERITEITAON 0o T2
(¥ - FA4y b=—DUKME, p=087). RESINIZAT
b ¥ IR DR EMR % Fig. 2ICR L7z, A7 b4
SHHEADOREIZ 12~32 mmOFEMHIZH 1, FHREZA
MT23.0mm, BRI TIE21.7mmZ /R L, HREMEIZHEM
LTwiz, A7 b7 ¥ IFHERUNORREW T+ F 7 3
H, WHE, 2vdLEBIOERREE V2B TS v
7 b %L o, MICHBEONESRESN,
NOLOEWMT T V7 N ORERIL, BREDICELELD
AR THIREMOETEL, WETL o7
BHEINR DS > 72 BRO R O JH 138 kHz B
XTOI20kHzD T I — 275 5 EAMVBS D Z R L7723
D% Fig. 31 L7z, A7 Mo ¥ MM oF 2R n g,
JAP B8 kHz D 525120 kHz & 1) b AT L (AMVBS
HE), B LD ICERETIES AL T —
Ui, BRI, SOXD) A Y S HREAO RO
AT, 120kHz 258 < 54 (AMVBS I IEfE) 3578y F
RS PRI L g Sz St 3BT B EMoE
WIRERO T 23— 275 A ThH, MU X9 2EEO KIS
BTE (Fig.4), FMTHR&E Tl A ¥ 7 I H Thysanoessa
inermis D AR (425 28.6=3.1 mm) 255 & % /R L7z (Table
D. LAaL, HEE IO L) 8y FRIBEA ST,
AMVBS 28 IEE OB USSR 20 m i I A bz 2 &
ML, FAFXFTIFIAT MY ITHALD SRRV E
B L, —IRIE AT b F SR L AR 2 o
Twi kgt sng.

JE 9 %538 kHz T & N7z HifE 1 NM 2 & O NASC fili % /&

A) Day 700 1NM Depth(m) MVBS

— ) AMVBS
A MVBSHO»:N«:I ‘Boltom . mdl'l'l 15%
(@)

it L

AMVBSno-aswzl ‘Bottom — :"‘106m 15
pon Larvae and juveniles of walleye pollock
Il Zooplankton

¥ Patch of Euphausiacea

Figure 3. Typical echogram charts from transect line B ob-
tained during the daytime (A) and the nighttime (B). Upper
and middle echograms indicate mean volume backscattering
strength (MVBS [dB]) of 38 kHz and 120 kHz, respective-
ly. Lower echogram indicates their difference (AMVBS,,,

38 kHz) .

BRI Fig 5IOR L7, WINOPEMRTE AT by ¥ T
AR OTECEITZRRETRHL, MAETKRLSR->TH
D, 2OL) LHMIIERTRESBELRL o7 —
75, NASCHHDAFHIKE DI ) A% &, BN TAR
TLIfE BRTIZ141E o7 (AR @385 m? - NM 2,
411 m? - NM™2, Bt 466 m? - NM 2, 7 [ :
641 m*> - NM2). —Ji, +F7 IFED/y F RS % Byt
I L7298 8038 kHz DB [ O NASC i D A 51,
BHEEIZIZFUMZZ -7 (A% 410m? - NM 2, B :
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Figure 4. Echograms (38 kHz, 120 kHz) and their difference
(AMVBS, 5 35,) obtained during net sampling at St. 3
during the daytime (15:00 p.m.). Dashed lines superimposed
onto the echograms showed the FMT-net trajectories.

608 m> - NM2).

2 N T ATRERL O SRIE Y 7 53 A B & KIS IE A
% Fig. 6IZ/R L7z, A7 by ¥ FFfifld E oM IS
WD EREAEICIIERE T, ARTIIEE 10~90m, K
Ii5.0~5.7°C O#PAIZ, B TIZEHEE 10~90 m, Kiis5.9~
6.6°C DFEEPIZ /A L7z, F72, A7 b ¥ IAFHEMR O 554
TR, AR TIZ1.4~13.5M8 48 -1000 m™3, BHR Tl1x 0.7~
28.6 1A 1000 m™> TH - 72, WA IcA S L, Rk
WIESOmMEDORRLENBICHOM L, HHIZE > Td
MREICKE BB A SN o7 BMokd EED
mﬁm~mm®\ﬁ&FiAW@y%%%TLf —7,

REB X OEEDODAEEDOE — 27138 L) H20m

1&Lﬁ®mﬁm~wmﬁﬁk&b IR L T e,
72, BEI0~20mOaAHEEIEMNLY)DEIRD,
ERD5~13% % m L7z, Tigiae & b ISHRE 30 m i
AP SR S 7228, A7 b ¥ SFHERIII RS D
ViR &l L CHRESRERB L T b 2 & 0sbho 7.

%z =

HARMEIZBWT, A7 b7 5 5 HFHEAIZEE 10~90 m D

HPHICOA L, CORBTFICBVTHIET Y K/ — U

@?ﬁi&%n&#ot HHICBOWTRERTY FV—
BT A EREE 10~20 m 8 O 53 A5 8 EEAY - I X T
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Figure 5. Comparison of NASC (m?-NM™) at 38 kHz be-
tween the daytime and the nighttime at each acoustic tran-
sect. Location of reverse triangle symbols show the longi-
tudes of sampling stations. Total NASCs in daytime and
nighttime were 385 m?> - NM 2 and 411 m*> - NM 2 on line A
and 466 m? - NM 2 and 641 m?> - NM 2 on line B, respectively.

Bl otz b hn, HESEREBCLZEKET Y NV —
UNOBEINE Z b f:ffL BAD Y — 7 PR
10~20mE & D & FTHICH D, HE10~20 mJEg D55 4i &
u$¢®5~m%kﬁwpk#6,%ET/LJ—/«@
BN L 2BfrROBDEERIINEVEZZIONS.
—J T, BETIIKMONASCOAFHMENIEM LY b4
ﬂﬂ§%<&ot Zhug, A7 b YISO A
WE23b0TE%EL, 37 IHOFELH T I —FES
NIMALZZZENERELTCnwEEEZLNSL. DF D, &
MOTLa—r75 4TI, AFT7IFHEEZONL /Y FIR
POt % PV ARSI & 0 IS = o =R BRI T &
75, NSRS F 7 IFAERPREIIIE L T LT
W7z ®iZ, INHOFESE T 350 50 B
CENARTRETH o7z, X7 I Thysanoessa inermis 13,
LB DI O AR ICBWT, FEITH 54 A
B, BRI EREBICERTHEErMSNTBY), 20
Fzxtg e LN EZ B LR T WERIITbIT
W% (Hanamuraetal, 1989). %8B, T F7 IHD/ Sy F
IRBOG % BrAhg371 ) L 72 3 £ 38 kHz DB D NASC
HOGFHIKB L IZIZFRCMETH -7z, ol &hb
HHOTa—r7F A LTI, X7 IHHZIILDELIEH)
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Figure 6. Diel vertical distributions of larvae and juveniles of walleye pollock at several times during the day (sun-
rise, 4:40 a.m., sunset, 18:20 p.m.) and vertical profiles of water temperature. Density of walleye pollock was

calculated from MVBS and target strength at 38 kHz.

W75y 7 s OFBRIGE AT b Y IR OFEK
BEBEHZRFTT NN LR S, BEICREL FEiET
Bl HIEREC A b ¥ IR OBFREHEETE S &
Wamshad, —7, #MoF—% 2 HG0AHT 572012108,
AMVBS 2 flio CAF by &S 875 > 7 b v &
%7571 (Miyashita et al., 2004) %, XG4 528 K
HOBAFHMAE & 2 WHIPI TMVBS O Bl % &%) % &
ETEWMT T V7 b v OWES TR & B B Tx g
AV OGBS % IS % 78 (%0, 2004) %
HAsarzeihEzoh, 5%, INOLOFHEIZEEA
N 7 G AFRESR OF B O O AR F MG 5 2
b b,
AHOHARBIZBOTHRE20mmIZED AT b ¥ 514f
CHREEAE20mBETIEH LA KIMEEE B2 CTHE
SREREIT 5 2 LIS SN MHEERTIE, FHROB
B CHELC B R 3 2 B ATAT B 2SR S TB Y (Ollaand
Davis, 1990; Olla et al., 1996), FEfLTIZ7 7 A A B THJ
RIIZSRERBEI§ 5 2 L5 TW A (Bailey, 1989; Kendall
et al., 1994; Brodeur and Wilson, 1996).
SREBEIOERNZME L LT, KEEORKE TIA

F30 mm AT OMMAIZB VT, WEICHED fEYORET
WX BEMEBHPMHERAINTYS (hE - HiH, 1987;
Kawauchi et al., 2011). HAR#EIZBWTD, FEkZ%EREE
KRIFBETE 2%, SHOMFMAETIE, FEMNAREMEE
BT 5720 0EARRIESNTES YT, SBOGHNAET
BEPREEERT A E L THLDICT A LERD 5.
AHWFFETHE S NSV E DA OFE RS, REHHII BT 5
4HDAr b ¥ IO HRASERB O#MPHICIE, &
BOKEGRMAAECTHEE SNDLRETFT Y FV— U BLOW
KTy R —=UBMFEAEEEFR TRV EHF S L7,
—77, ENIEA 57 IFEOFEGN L ) BifFEsEm A
FHIi S G 2 b, AR 37 IFOEE
EEHICI) RS S ERNTEL2BMPET L. LaL,
AR A TR R BRI ATZ < RN 2 TSN T &
b, T, AT MY IHANL L G4 L, BT
57 b YRS AN TIRERICHEL, AT Y
IR EW 7T 7 b v DA i S IR AT
ETALEL TS E IR WAL 252 LT, X
DILHIPR R A g CE A LEZONS,
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