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Quantitative analysis of isada krill (Euphausia pacifica) distribution
in the western North Pacific

Naoki Toso'f, Daisuke SHimizu', Hiroki YAsuma', Shigeyuki KawanARA?, Hikaru WATANABE?,
Shirou YoNEzAKI?, Hiroto MURASE® and Kazushi MryAsHITA'

Isada krill (Euphausia pacifica) is a target species of krill fishery in the North Pacific as well as an important compo-
nent as a prey organism in marine ecosystem. Objective information of their distribution has been anticipated for the
current and future ecosystem-based fisheries management. We thus aimed to quantitatively analyze the distribution
characteristics (structures and environments) of isada krill near southern Kuril Islands in the North Pacific Ocean. In
2005, acoustic data at two different frequencies (38 and 120 kHz) and specimens from MOCNESS trawls were obtained
as well as temperature and salinity at multiple sampling stations. Using the difference of backscattering at each fre-
quency, backscatterance due to krill was extracted from echograms and numbers of krill in an individual water column
over the transect was calculated. Temperature and salinity data were interpolated over transect using Kriging, and com-
pared with the calculated krill numbers at specific locations. In exploratory analyses with vertical profiles along tran-
sect, different features of krill distribution and marine environment between north and south of 4°C isotherm, located at
43.27°N, were observed. Also, temperature and salinity where krill were concentrated were significantly different be-
tween the north and south of this observed isotherm (»p<<0.05). Using semivariograms, structural differences of krill dis-
tribution between the north and south became obvious. In northern area of the 4°C isotherm, the krill distribution was
more disperse and extended to the north-south direction than it was in the southern area where aggregations with vari-
able densities were observed. Specimens in the northern area were mostly of furcilia stages. On the other hand, in the
southern area, mainly found were adults. It is likely that life stages of the krill determine their habitat in a given oceanic
structure in the area.
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KBRS A LI R s 26925 Z L8 bs6h T
)% (Brinton, 1962; Nicol and Endo, 1997). Affi%, 27 b
T & 7 (Theragra chalcogramma), ~ % 7 (Gadus macro-
cephalus), SVt - FFMHE VS FHBRICM A, BHHR
WEOFEEME LT, /2, ZThLDOEXMASH L
M7 700 b VIZK B —RAEFEE AT 5 KN B L L
T, WERARRROBEMICMNED TSN TS (BH,
1998; Frederiksen ef al., 2006). & 512, HAMTHIZI T
d, AR =Y 2w A & BRI TR E T L
(N, 1991), ¥ A4 9 ¥ (Sardinops melanostictus), ¥
2N (Scomber japonicus), AL A A J1 (Todarodes pacificus) 75
E, RHPENCI T 2 EEAKEZROH I TH S, Bk
WA RE L TLEETH S (E - AIE, 1994
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WHRAE, ARSI, G, NEES,

Taki, 2002) .

KEEGHOERN I, AR ETEHHEOATEL,
ZNERD % EREROIREE FE L 72 A 1 Z IR 23
PVETHS, L0bly, V) FrAFT7INLS 5ERER
FEFE D IAFETHIZ > 72 2 WRF22 [ 23 Al & S IS, 2 DUgrf
REEREEE S THET2 2813, ERICERETH A
9 (Bertrand et al., 2003).

V) FTFFT IONMIET S ERENNE, TV
7 b ay MECKSEERECKIDITDNTE 7 (Endo,
2000; Coyle, 2005; Batten ef al., 2006). L2 L, &FHELD
T — 2 B IRFIPHIC K S A DR A e S S 5 5
A, REEBERNZ V., 72, A% 7 IO & 512K
WEVKBE I D EWAERTIE, £ < ORI 5 PikEd %
729, FRESRAERICGFZENA U % (Barkley, 1964).

—J5, ERR O E Ul B A 17 5 FEETR,
AR IAEIIZ B L S EMOE BT e UTRHZAERT
HO, FEIZBENTY, AROGERFFERLT 4 =L F
TOZFEREHNZ DN TN D2 ORENH 5 (Miyashita
et al., 1997, = F, 2004). EEETIE, FEBMIZXS
SRR A T PSSR S 2 7 4 (GIS) Dl & A &5 2
ET, KOIRFPHOZZMIN 2 o — A B W TEM AR & g
HREOBMBREZHB T 5 AL L EhTns,

AW T, FRIADIFEY T & % T B 56 5 i
(40~45°N, 157~159°E) 126 W T, FETHEIZIDEZED
Y F U FF T IORMNS ARG ERICIEREL,
AREXS L B EBE L OBRICOVWTHNE Z L 2 HIE L
7o, AR & BRI O Z2 B AR K IZIE GIS Tk A
W, EREREIEN R FRIC KD 2 h e A Efb L. X5
12, DAHEEICEE A5 A2 2EARA =X LIZDNT,
BN, BEEER S RET ATV, ANEIC B A T
MDD ETMREE L ERUIZ DOk 5.

MR ETE
T — 2N
AW THW T — 2103, 58 AP AT A A

(JARPN ID) {236\ T, MOATBOE NS FEARPERTFE T T IE D
FEMEEAIC X DS N7z, AR 200547 H 31
H2»58H6H TH 5. Z O, FAUFH (40°~45°N,
157°~159°E) IZR%E L 72 ¥ 77l W, ey
PEARE (DUPEtEAE) #EH S ¥ 45285, 38kHz & 120
kHz CORRE HHGLARE (SV) 2k L 72 (Fig. 1). AHf
RiZhBWTE, 875 Y2~ v OHESERE = EZE L,
BET - 2ONEHIHE (H TR & H 3 1R
DAIAT > 7z, i L 725t & B EIE SIMRAD +£ #0 EK60
T, FAHBEAITIIEEIC W TRMERREOE % 17 5 72
TR EAET, KFRONEEME R8T 5 v
7 by ORERE, LA v b - BEGEHIS 2 7
2 (Multiple Opening/Closing Net and Environmental Sampling

A e, ORIGSRER, AFEEAN, B TAIL
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Figure 1. Study area and survey transects. Dotted rectangle in-
dicates the study area. Black thick line shows whole survey
transects. Each transect was labeled from south to north
(Lines 1 to 6).

System: MOCNESS, Biological Environmental Sampling Sys-
tem AL %) (O HERE 1m?, HA033mm, HLAHEHEE 2kt)
Ik o THRELL 72, R, EufEn i o hzKERiC
BWTokE (BHIE40, 60, 80, 100, 150, 200, 250m) P
KFEHRE L LA, REEMIHHEE, MAZLIc2R
(mm), AR (mm), K& (mm), KIE mm), JEHEE (ng) %
MELE, Y2 FoAF7 I0OERIT, BIRE S OMERA
Lo MR RN TOMBEE L7z, %72, 2 TOEMRE
RUZHWTCTD & O 72l &2 10y, RE500m % T
DK, Wy EFLER L /- (Fig. 2).

AFAAGINT, ACETIIERR ABEA B SN T H 2 23,
RN R K E B RARICE T2 Z L2356 Tn
5. F72, ZTholds50mPIETACOERMTERI NS
T FERTHTRR (Subarctic Front: SAF) IZ& DX T&E 5% (=4,
1989; Roden et al., 1982). & - TAWZETIL, SAFIZLD
A A FEACIC I L, R AT o 7.
T8 — 28
BT — & DOfEMTIZIE Echoview Ver. 3.4 (SonarDatatl) %
AWz, mONz, B TR oI -0 T 4% 2k
(Everson et al., 1993; Miyashita et al., 1997) IZH 35 Z &
T, FF7 XS MNL E R OB T F v o b
VICKBRIBEHEL 7. 2L T, R Ao i
EREALRIZ & D 38kHz & 120kHz D KRR 7 BUELRE O
i (SV) 5B Z & #MAL, WD SVIED
(AMVBS) & HWTHM & 32 B K 2 S8R0 %
9 5. AMVBSIZ &R 5 1EK D 72 0 O K 450
ETHBE =79 AbL YT A (TS) DELHELL K&
% (Everson et al., 1993). 2O Z & %[, FREEMOKRE

— 166 —



V) F XTI OO = AT

156° 159°E

47° N 1 1 1 1

- ° Line 6

4 Line 5

4 Line 4

4 ine3

|

4 Line>

i e Line 1

] 0 50 100kmy

L1

38°

Figure 2. The survey transects and sampling stations. Black
line indicates the whole transects with labels of transects.
Black circles are stations with MOCNESS trawls.

HLE &, 7E7K (2007) 28 DWBA E 7 )L (Stanton et al., 1998)
SRR L7247 IORE—TSRICK D, WK
2B B TS 23R, AMVBS #5158 L7z, 38kHzIZH
} B TS (TS5, 8KV 120kHZIZH1F 5 TS (TS50, P
R, AF7 I0KE (SL, mm) 2w, PITO LS
xIhs.

TS, .=26.3 In(SL)—177.2
TS 2040 =22.0 In(SL)— 150.4

AiffRiIcBOTI, Y/ FvAFR7 IPNOBMT S v
2N YOESRE LTS A 7 VHEMEE . Zh
5D TSI/ 7S ZFHMAERE 7L (Johnson, 1977) 12 & &
BU, WIS TS 2 5 8 Lz, KW CHiE L 72
*ET IO AMVBS B H A 7 LD AMVBS & HET 5 i
FHZBRINL T, A %7 I DOARIZ & B HFERIE % I o
7z EBEO SV F — 2 —EOHEE (1km 3 L < i250m)
EWE (10m) FHISXYID | TS, CHRT2Z&I1I2KkD,
FIX N F5 0 B HA PO+ 7 I O (DA%
J% :indm™?) ZHEAL 7.

METO7 74L& AV EATIREORENFER

F &7 IO MEE L REER Okl KOS &, 8
77 7 4L EERTSEZETAfLL, ZhZhokt
ARETE AT 52 LT, BN, HIIZIEL 7.
KW T 27 7 A L OMERKIE, ArcGIS Ver. 9.1 (ESRIfL)
EHWTI > 72, SAEEIC B TTE, k1 km, HE
10mDXEIFED T — 2 2L 72. £/2, KREETIZE
WU, Kriging 12 & 0 S BN B O # & 170y, o

WERAEHEDRERANEER L 72, 22T, B 10m, KF
FHI500mXx500m D7) » F T, FEHEOZ2 /#2147 -
7. MR RORE L, CIDBHIO/BREY) —TIo V7
Y N RFEME AT D T & TNz, RO R EAED Sy
HAEZSIL, PR (RMS) DFRZEAKET0.5°C
Pk, 55 T001lETh - GARKEREEAL L,
%ﬁ SHOWEWE S RE L 72, BUEDHREER, T 150~250

IBVWTINSG DOREMEAMD RMSEAZE 2572728,
2!Kﬁff TR IDHEERFIZHBWTA F 7 5040 & O Ll
BT o7z,

LR D%, Y 7 IVEIKB K (RBE, Buhmann,
2003) Ik B2HIEAEA 21T 5 T & THMmAR, FIE A W
UL U, BEROEN 217572, 72, KIFZETE L 721X
HOEEIZINT, Y ) F U FF7 IOGEMET 5 KX
®¢ﬁ,ﬁ%@%ﬁ%%%%&b,%ﬁ%ﬁwﬁﬁm@i
i o 7=, AN AR LT, SmERE L G
7 — &L“ﬁﬁ%aéh&#otmﬁmﬁa(ﬂ”ﬁ%m)
EDOWIE AT 572, & %7 I AEE OFM &S5
T, 90% Rl _E O T AEE T B KR, B &
Ooran & [t aAmtEdiisr] & LT, SAF
TEO XN L L 72§ XTS5 - JE B
By—43aragxuy - 230 TREEFHVT
a=0.05 VXU TIERMAMREL 725 AT, &M/ VT £
Vo ZffET R A 4T 5 7z,

S EE DR

YV F YA F T I OB ARG &AL T 5 7201
Y I XS T LR TOAEE DAL & & e
L7z, SO AGETE O N2 0 mE i & o 72 A
Y INYAT T LIZAGISDOTIIL T Y XL TRELTOLR
TZ&K E N5 (Johnston et al., 2001; Wackernagel, 2003).

mwﬂz(

N(h)

hiE 7 7 IS HifiEERE, Nh)di—j=h& k52T
DT — 2 DMDOEAT, NI NIDERE, z, zi3%
nENLE, jORMEE, TAabbERNKEERI Y
JF VA FT IONAMEETH D, FEOT — 406 HH,
ENFy(DMEIZ, SEINL 28GR+ I3 4 25 4 (Wack-
ernagel, 2003) AR AIEICK > THCIDH T LTk, +
Fo b, LyY, VEFHLE (Fig 3). +7 v i,
Bl IC 3B N2 R P LAY O DEEOHRI N 4 75 4
DyDETHY, 17 7&D /NI NE/TRI D 2 5
DZEAL, TabBEAMETIE, A F7 IDHMEEDOZE
EHEM RHHIEREORITH 5. L v VIMEO RN EC
MBS R SN B AT bL, YILE yh) TERENBHD
HEDKE X &#RT, B aiT> FmaZbsds2L 7T,
BHATEE XN AN EF 7y b EFZELGINES Y
N, Z2H 7L LTOMEICKS L Yy O ERHL 7.
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Figure 3. An example of experimental semivariogram and fitted
spherical semivariogram model. The x axis shows vectors be-
tween points. The y axis shows 7, an index of sample vari-
ances. The black dots are the empirical semivariograms. The
gray line is the example of selected best-fit theoretical semi-
variograms, using nonlinear least square approximation.

MENUL I LDETFNIE, ZTRETIZAFT IO
%L‘E‘T&%NUﬁﬁaA&%NtMﬁﬁwtb,$
MR TIERATTIC B TIR Y T F D&KL, &E —
ﬂ%&%?W®#OT%5W¢%?ﬂ%ﬁDt(Wﬁm
nagel, 2003).

AR TIE2DDRE K ZZ22M A r — LT, KVl L &
EA D ARG 2 AT U7z, 3, ke kozer 2
F=LlBI 547 IONMEHAME L 5 4 5720, FhlE
lkm, EE10mD 7Y v FTHEHA L 72 150~250 m % @
DHAEE T — 2 &, B - §ALA 1T Z 27 =5,000
m, 77 =15 $EFATT 7 =10m, I ¥ =10&L
TEAETOF 7y b, vyy, Sy negiivsz (B
B, WSR2 r —Iv). Fiz, WHRA T - LTI A B Z &
DTEERVNZ AT =)L TOXF7 3D [FE] HE 4
N5 729, FlEsom, WE1I0mD LY v F TR L 25
MEET — 22 H0, F70O% A XE/NEL L@
fTo7e (DIFgE, A7 —). T2 7 —L@Hrc i 53
VA7 LADOREL, KEHFTT 2 =300m, 778 =
10, $REAHEITT 2 =20m, 77M—mtbt.ﬁx7—
ILORITIE, SFET a7 7 4L - T3 =255 LADOBIEET
@ﬁ@ﬁ#? @%Awﬁ%uéht1U7%ﬂ%aL
AR L 72 10km A3 D3 7%~ 7L (£ » K 2,000
i) Af U7z, s, ACE AT E i Ao sy 4+
7T bk T NT NN,

#w R

BREEYOERHER & AMVBS 5

MOCNESSIZ X3 Y />4 F7 IERDEREMBKIZ!
KMOEEK (RER12mm) /NIOEAE (KER 3 mm)
TR E 32200 - FAR 6N~ (Fig. 4). — T, B4
7V F OB 1 mm i % O INLDEK A % - 72 (Fig.
5). FBAFRRIL KT T K D HEE X 7z TSHEE KGR
&0, v FFT IO AMVBS HiPH L 14.48~27.30dB

WA, ARSI, GRS, NRES:, JE0 o6, RIESRES, MEAN, &S

O
o
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Figure 4. Histogram of body length (mm) of Euphausia pacifica
sampled with MOCNESS.
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Figure 5. Histogram of total length (mm) of copepods sampled
with MOCNESS.

Table 1. Summary of TS at 38 kHz and 120kHz and AMVBS
(TS 5041—TS55 ). The dominant species of copepods are in
the bracket in the right-hand column. Unit in dB.

Copepods
(Mesocalanus spp.
and Neocalanus spp.)

Isada krill
(Euphausia pacifica)

Average TS0, —117.13 —138.81
Average TS,,) s —102.16 —119.47
Average AMVBS 19.45 19.87
Standard deviation

of AMVBS 2.89 0.21
Minimum AMVBS 14.48 18.75
Maximum AMVBS 27.3 19.97

ZIZhbHA4 T VD AMVBS i
16.6~19.7dB & 20.1~22.3dB
D2OD AMVBSDHEPHZ A F 7 312X 55 & U TR
Eiio7. ZOH4 7 VD AMVBSHIHNTIE, £ %7
SHAD AR S B AED 2% LTI E & % 5 720 iRk
LEEhaZ LIk, VI F ot F7 IONMBHEM
RVE&S B ATREME AR 6D TR & HIlkr L 7=,

L 75 5 7z (Table 1).
(19.66~20.08dB) #[R% L |
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Figure 6. Vertical profiles of marine environment along transects from 150 to 250 m depth. (a): Temperature; (b):
salinity profile. Gray lines on the temperature and salinity profiles are 0.5°C and 0.04 intervals respectively. The
gradations of profiles indicate relative values of the each variable as the lower-left legend. The blank triangles indi-

cate the border of transects.

BERBEEAXTINHOBEOT 714V
KEBSIE T2 7 7 4 LIZFHWT, Line 4 LD 115
(43°27.0 N, 158°46.3 E) 12, 4°C DA TEFE SN 5 SAF
MBS 7z (Fig. 6). SAFALM (LIF%, Jdbfildi) o
Lines 4~6 T, AKiidf3°C T, SEMIZREL T/,
7, HmdERE R L, WEE L BICE L kA Em8
57z, SAFmM (DA%, wafl¥Esk) O Lines 1~4 Tl
AU & AT ER I S SIS 2 L, W 150m A2 5
200m IS 2 Tl E AR (5. 5°CL/U:) CERS (B34) O
KRR BNz, —HAFERIC 12 SAF fif 3t TR 2
W& 572, £72, Line 375‘ 513, MAFENZKHE -
oy & 62 < & B AR 5 7z (Fig. 6).
TETIDOHNAE, SAF #IRICHEILTEL L Tz,
M T, %< & 212 DN THIRD 73 A A I I Bl gt &
N5 &5k ->7% (Fig. 7). —F, MG TIE, KEE
BCHEP LIRS MAE S N (Fig. 7). KFEMIZiE
SAF 2 5 BRI & T2 0T, B RS E A

ANz, WROFERTIE, AF 7 ID5MmABAWDP» L
F oK B TELVAKES A5 N7 (Fig. 7). 5% %ﬁ

BT, FEE T X 4.6 (indm ™), ACMIEE T E 1.2
(indm™2) &, MZITIEAEOER RSz,
S IiRiE
ST 0 7 7 4 L OLERNETOFERETTI, A ABREEO
E R MERD LA, HAAKRIZE W TIZ4°C &5
20 E % U, G ¢RI 2 8T % 72 (Fig. 8a).
ARy OBE AT IS BT, KIROD & 5 7 2 MG
o 722y, RIS do T RO Ry D K 3B L
T 7z (Fig. 8b). V0K, ¥ & & i em
IR & MR O [ T IMET I S A R ZEN R S e (¢
BE, p<0.05).
F 7o, KU AR - 5 &, IR AR -
oy & T NIB U 728, rEMlAIC 5Tl o e
Tk & IEA A ARIRO RIS, ALK Fo Tt
4y & IE o Ak oy O [l ﬁﬁ%fﬁ&ay)aht (e,
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Figure 7. Vertical profiles of density of Euphausia pacifica along transects from 150 to 250 m depth. The thick black
line emphasized with blank triangles are the Subarctic Front (SAF). The density are classified into quartiles and
shown with different shading as the lower-left legend. The average densities from 150 to 250 m depth along the

transects are shown as the bar graph under the profiles.

p<0.05, Fig. 9). Zh o OMatFER,» S, 5 mBEkIL SAF
EEICHY ) ALK IC TR, Y F U FFT I
K OIEAOECAKIS, MARERIC W TIE, KD wmznK
25040 U 7=l 388 6 h 7z,
EINVFTILEAVETENECHBAOLREER

W 2 o — VDK 1 T O Tl BRSO F 7

N Ol ASAEAFER O 55 &R U7z, ALl 50T,
MALH IOV VY (73.3km) AHPEHHED L VD (49.2 km)
F k&L, BRI K D BV EEED 55 AR O dke ik 3
I N7z (Table 2). —HHEAREBIRTIE, L HHOL ¥
(74.9km) AFIALFHEDOL VY (39.6km) KD KX, &
AR DEGNEDSEI SN R 2> Tz, $5r v WICiEH
35 &, el cofid (1.19) &R OME (2.81) 12k
NINEL B EEOEAS D 5l L ERL TN
(Table 2).

TEZr — L OB T, JHEEO L v Dk, K-
JiI1 2854 m, $RELFA57m T, HIZEHEKOL v Y K
SEJ7 1A 858 m, S J71AI 33 m (Tables 3 and 4) & 1) & K & Z&fid
ThHotz, Smvnid, L4738 T, FEfllo 69.98 & 1k
LU T/NEBMETdH > 7 (Tables 3 and 4). F 7 v Mk
T, FRCEE TR CREMITER IS X D R E Sl g S h

7= (Tables 3 and 4).

Z =

Line 4 LD SAF #¥ & L 72 BRIEOME 70 7 7 4 LD
mAEZEE, EITBSROKEE A & R X B ALl L
AR - EE S O BEIRKOFTADRE AL = 5l
WS & OWFFERGE O MEIZHKR T2 & B A 515 (Roden
etal., 1982).

FALDWRIZ 51T 2 kG % L4 5 &, Mk <
i, 77y bTERINDNE BB TORMEEIZKNE K
Boo2ERRo6hZZens, JLMNZHART, Kh/hEk
27 =L TOMEHNKRENEEZ 57 (Table 2). -
T, AAEEEORHEIT, ALl = drEci, ] = e A0 & J
AZBZENTES (Fig. 10). ZOHMGOMEL, Bdtok
BREEOENE Y /) F VA F 7 I OEREFEREROM /12
BT EEZLNS.

SAF FEALD AN, PR & M7= (AR D i R BERE HILBR 1 2
HHT 5 &, ALBIOWFRIZ I T furcilia¥E £ TO /)
XA A92% & 5D T DIt L, Ml sk % &
TR A 23 90% % 158 T 72 (Table 5). Taki (1998) 1,
ZFE DY 2 F A F T I3 6 furciliadhE £ TOR:
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Figure 8. Histograms of temperature (a) and salinity (b) in
water columns with Euphausia pacifica. Shaded bars are en-
vironmental variables from south of the Subarctic Front
(SAF), and blank bars are them from north of the SAF. The
black arrows indicate the ranges of the variables in north and
south of SAF in the study area.

Table 2.
whole study area.

Variables of semivariogaram in the spatial scale of

Whole North South
Lag (m) 5,000 5,000 5,000
Numbers of lag 30 15 15
Range (north—south) 45,654 73,324 39,961
Range (east—west) 100,880 49,191 74,914
Nugget 0.37 0.10 0.49
Partial sill 1.93 1.09 2.32
Sill 2.30 1.19 2.81

Temperature (°C)
NWh OO N 00

North North South South
Temperature Temperature Temperature Temperature
(concentrated) (w/o E.pacifica) (concentrated) (w/o E.pacifica)

340 33.80
2 338 B B ot
£ T 33T
“n—‘ 33.6
334 oo R L
33.2 : : :
North North South South
Salinity Salinity Salinity Salinity

(concentrated) (w/o E.pacifica) (concentrated) (w/o E.pacifica)

Figure 9. Boxplots of temperature and salinity at dens water
columns (>90 percentile) with Euphausia pacifica. The me-
dians are indicated at the upper-left corners of boxes (in-
terquartile ranges).

Table 3. Variables of semivariogram in the spatial scale of an
common size of Euphausia pacifica aggregation in north of

Subarctic Front (SAF).

North (from Line 2) Horizontal Vertical
Lag (m) 300 20
Numbers of lag 10 10
Range (m) 2,854 57
Nugget 40.37 1.96
Partial sill 6.7 45.42
Sill 47.07 47.38

Table 4. Variables of semivariogram in the spatial scale of an
common size of Euphausia pacifica aggregation in north of

Subarctic Front (SAF).

South (from Line 2) Horizontal Vertical
Lag (m) 300 20
Numbers of lag 10 10
Range (m) 858 33
Nugget 64.64 21.73
Partial sill 2.13 48.25
Sill 63.77 69.98
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Table 5. A summary of life stages and sizes (body length: mm) MOCNESS samples from north and south of Subarc-

tic Front (SAF).

North

South

Life stages Individuals

no. %

Average body length

(mm)

Individuals
no.

Average body length

% (mm)

Adult
Juvenile
Furcilia
Calyptopis
All

6
161
1,819
38
2,024

0.3
8.0
89.0
1.9
100.0

15.86
11.62
593
1.79
6.33

8,674
9
105
512
9,300

933
1.1
1.1
5.5

100.0

11.54
6.46
3.28
0.95

10.86

.,
......

Figure 10. A conceptual model of the Euphausia pacifica dis-
tribution from 150 m to 250 m depth in the study area. Gray
circles: aggregations of E. pacifica, a gray rectangle: Subarc-
tic Front (SAF). Dotted arrows: the major directional trends
of the distribution.
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