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

Naoki Toio!T, Daisuke SHiMIZU!, Hiroki YAasuMa', Shigeyuki KawaHARA? Hikaru WATANABE?,
Shirou Yonezak1?, Hiroto MURASE® and Kazushi MIYASHITA'

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.

Key words: Euphausia pacifica, isada krill, distribution, acoustics
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KRFFEEICIAS i LR A YME 2 A5 2 83 MbohT
V3% (Brinton, 1962; Nicol and Endo, 1997). Af&id, X7 b
Y & 5 (Theragra chalcogramma), ¥ # 5 (Gadus macro-
cephalus), V- ETHE W HRARICINA, BIED
BREOFHEEAYE LT, /2, ThoDBEXMEHE L
M7 b VICK B —REEEER TS - RHBEL L
T, WEFERRAOBMEICMES TSN TNS (BH,
1998; Frederiksen et al., 2006). & 512, HAEHEIZHBWT
&, Ad—v o@EMbE> b REEERTRE TaMmL
(N, 1991), ¥ A T (Sardinops melanostictus), < ¥
I3 (Scomber japonicus), A A A J (Todarodes pacificus) 7%
E, RPBENIBT 2 EREKERFROHHTH 51, EHHE
MEEENRE L TLEHETHS (RE - FFR, 1994
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WEHH, EARKS, RHES, NRES, I

Taki, 2002).

KEBEOFNEEBIZE, ARETEAEBOARTEL,
ZThEHD &< ERRRORES ZE L 224841 E T 4
BETHSB., Dby, YVIFUAFT7TI0OLS HEER
PEREDIRHIFIZ b 7= 2 ReZ2 MR 77 A & BB, 2 DOWH
REEHREBEEIETHEBTLZLd, IEFICHEETHA
9 (Bertrand et al., 2003).

VIFUAFRTIONMIEATIERNOMEREL, I
I3y PRI SEEREICEDITDITE 72 (Endo,
2000; Coyle, 2005; Batten et al., 2006). L2 L, &EREMD
7 — & b JRE I R B AAO R & BRI TS 535
A, AHEEERNZ W, £/, 457 IO L5 12
BEKBE NI DEVERITIE, %< OEEEO» 6 %S 5
e, RESRBEMIZEBRENEL B (Barkley, 1964).

—7FF, EHRTOmE U THEBEMICER 21T > FEFIREL,
DARHIAEHIZ B K SEYOERICFEE L TRIZEST
HD, AEIZEVWTYE, AKROFTERFFER 7 4+ —LF
TOZTEREHINDONTWL DLDORENSH S (Miyashita
etal, 1997, BT, 2004). 7R T, FEBANCKS
BG4 HIEE S Y 2 T 4 (GIS) OFf & imA 85 2
&T, KOIREHE OB 2 5 — s B W TERS G & i
HRREOBBRAZHEBT /AL A EhTna,

AW T, RRFEDIFEL T b 5 T 5555 7 vk
(40~45°N, 157~159°E) 126\ T, FEEFHRIZLDEED
V) F A F T IOEMNSAEE R ERNICHEEL, &
MRS L EFIRE L OBRICOVWTHEHNS Z e 2 HIGE L
7. AR LR O EMN PRI IZ GISF kA H
W, EEMEFENAFRICEDER L A RE L. X5
12, AHEEIIHEL S5 L 3EERA 2T LIZDONWT,
EYER), BEPNERET AT, SERIC B AT
INMDETAHELERIZDOOTHET S.

ME & Hx
TF—HINE
AETHWZF — 2%, 8 bR AR E s
(JARPN 1) {ZH5WT, My TBIENEFEKENZERTATRO
FEMRENLIZ LB LN, FEEBHMIZ 200547 A 31
H»68H6HTH B, ZDOM, FAEMEIH (40°~45°N,
157°~159°E) IZRRE L =V 7/ ¥/ @RI WT, st Al
Rantg (LITEHEAE) 28X 2 hh 5, 38kHz L 120
kHz TORMESG FIELSRE (SV) 28k L 72 (Fig. 1). AHF
BB, 87527 bV OHBESEBS - EEL,
FET - 20T HS (B 1RFR%2 6 HI% | RRRT)
DHIZIT o 7=, A L -5t B AKX SIMRAD +E 8D EK60
T, RAEHREPIIEEIC SO TEEIRRIEA T - 7.
TR EEMES, AEORRAEME 5 58MT T v
7N OEEREY, ZEMAMANRNK Y b - BEEHIY 27
2 (Multiple Opening/Closing Net and Environmental Sampling

Jo, KRIGHERL, H#SAA, BETHL

140° 145° 150° 155°, 160°, E
v
- \lines
Line 5
Llnit—: 4
Line 3 |
Ling 2
Line 1 |
km
a5 0 125 250 500 750 1,000

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-
temfL8) (O 1m®, HA033mm, HHEHE 2kt)
Ik - THRELL 72, REAIE, £P8HSR 6 hz ki
BWT6E (IEE 40, 60, 80, 100, 150, 200, 250m) @
KPR E & U, REAMEHEZE, MR LIIE&R
(mm), A (mm), K& (mm), FiE mm), HBEE (mg) %
PlELZ., Y/ Fodd7 I0hER, BIEESOMHE
CECHEMRERE COMME L, £/, 2 TOEYIRE
RUZHBWTCTD & FW 7Bl 2170y, BES00m T
DA, Eor &L 7= (Fig. 2).
AT, AW TR KB B ST H B A3,
AMIZEERKE ZORABRICB T2 Z 86T
5, £z, IhHES0mBETLCOFRBMTEREIND
B I IR (Subarctic Front: SAF) IC& DX A TE 5 (=4,
1989; Roden et al., 1982). & - TAWIZE TIX, SAFIZ&D
AW A AL AEIL, BT AT - 7.
FET - 2018
FE T — 4 ORI IZ13 Bchoview Ver. 3.4 (SonarDatatl) #%
W/, &I, B THON-TI -0 T 4% 2k
(Everson et al., 1993; Miyashita et al., 1997) IZEA$5Z &
T, IF7 X 3B E RO TS v o b
VICKBRMESEEL 2. 2L TR, MRAEMOREHE
ERRHBIZ & D 38KkHz & 120kHz DRFEETTBLELERE O
B V) »E52Zx2MAL, MEAKEDSVIED =
(AMVBS) # HHWTHN T 24WIC & 3 FERIG M
T 5. AMVBS ZERAWEEICB T 3 1 D 72 D DKok
BTHB2—7 9 b - AL VI A(TS) DELEHELL L
5% (Bverson et al., 1993). 2D Z & #Hvy, REAYOKRE
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156° 159°E

47° N i 1 i L

| e Line 6

R Line 5

- Line 4

. Line 3

- Line>

i & Line 1

i Q 50 100k

° | I - |

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.

FAC L, 17K (2007) A DWBA T 5L (Stanton ef al., 1998)
EDEHLZAFT IOKRE—TSRIZK D, MREREK
BB TS #3KD, AMVBS #5t5H L7z, 38kHzIZE
T B TS (TS;51,,) B KU 120kHZIZIF B TS (TS50, PE
B, FF7 I0OFE (SL, mm) MV, LTFO X312
#zEh3,

TS,5,=26.31In(SL)—177.2
TSIZOkHz:22'0 ln(SL)_ 1504

Atz TE, v/ F vt 7 IS0 s v
b OBEEE LTRESA 7 VEPEIRE M. Zh
5D TSIENA 7S ZFHRAEERE 7 )L (Johnson, 1977) (2 & D EF
BL, AR EYTSELSHEE L2, KR THEL 2
AFET7 IDAMVBSHH A 7 VD AMVBS & BH T 5 #
FEBN LT, T37 IDRILBEFERIGEBHIZHO
7z, MO SV T — 2k —EOME# (1km 3 L < iE50m)
k@ﬁammﬁ'Ewb TS oo CERT B Z LIZXKD,
FXBEIZBT BHEMEETOAF 7 IOEEE (DhE
& D indm™2) ZHML .

METO7T 741V E RO ERIBEORFRER

I F7 IOHMEE L REER OKBBLOES). X, 8
BE70 774 VEERTEZETAHNLL, 2hFho
ARG RAZHE TSI LT, HEMN, MEMICIEL 2.
BEHE ST T 7 4 LDEKIT, ArcGIS Ver. 9.1 (ESRIAL)
AFRHWTCIT»7. /EEICBWCE, Bl 1km, WE
10mOXEHEDT -2 AL, 72, KBEEDICE
W, Kriging¥12 & D FE IS O #i 4 f7v, Mo

BMAROBRANLERLA, 22T, WE10m, KT
FHS500mx500mD 7 ) v T, FHEOZREHHRE 41T -
7. WREROBEL, CIDBRAOEREY —To V7
U N REREETD Z & TR, HREFOEBED S
BEZBEL, _%$ﬁ¥ﬁma%m)®%§bﬁzfoyc
PE, #B5T001ULETH > BAEBRBERRELEL,
fEMTICHWEVWK S FREL 72, &ﬁw%% HREE 150~250

CHEWTINS DFEERIDO RMSREL [0
AW TIL 2 DEEHIC bwfﬁ#T‘“ﬁtwm&%ﬁ
EiT-o 7.

RO DK, ¥ 7 EKBEE (RBE, Buhmann,
2003) 12 L DM/ EEITO T & THIRAR, %ﬂﬁﬁ%T
UL L, RO AT -7, £/, AMETREL LK
@@%@ﬁuﬁmf,V/f91%7\®ffﬁ5§Eﬁ
®*ﬁ,mﬁ®%$%ﬁ%%mb,%ﬁ%ﬁwﬁﬁmﬁﬁ
BT -7z, , MANEEREL T, SmBE L SE
7= ﬁi%ﬁ#%ﬁéh&#oiiﬁ@%ﬁ(ﬂ“ﬁmm)
EDWRET -7, AF7 INMEBEEOHMA2H 5T
T, 90% MU EDBEE THAMSEET B KER, B&
Ufﬁm%f%ﬁ%$mm,ﬁfi$ﬁﬁj&LT,MF
TRy EN72EHEIN IR L 72, §XTOHA - FEH R
BF—A@darTEuy - AINJITHREEANT
a=0.05 LV NV CIEMM AR LS AT, S/ 37 4 b
s o MRET O A 1T o 72,

S EE DT

VT YA T IOEMB S mEEEEI T 57200,
EINYF ST LERANTAMBEDOE & it 2 e
L7z, SRIDGERIETHE S N-AHEEEE O ZER
EINYKA LTI LAFAGISOTILT ) X LATIEREUTOR
TZ& &5 (Johnston et al., 2001; Wackernagel, 2003).

mwwz(

N(h)

Wi 7 7 LM B BAERRE, N)Ii—j=hk k& T
D7 = 8 DHDEAT, |NW|ENWDEFRR, z, 73 %
NENMNE, jJORME, TabbERAMEERI WY
JFvAFTIORNHEETHS., KEOT— 2558
ENFyDEIZ, BIRUAHEEGEE IV A5 L (Wack-
ernagel, 2003) #WIKBIC K > THTEHH I LIZLD, F
Fob, Ly, YLEEHLZ (Fig. 3). 77y b&id
%%‘m%éhtaﬁbw#hn@hmﬁanﬁa7A
DyDETHD, 177XV E/NEWERTRID £ 518
DAL, ThbBARMETIE, X+ 7 IDHEEDOEL
ERENLEHIREEONTSH 5. Ly PIMMEOZERNED
SR ONBT/EANY ML, YILEyh)TREINZED
FHOKELEERT, BNETOHAEELsE5Z af,
BEETER ENEV NS F 7y b EELINCZES
&, AHT— ﬁttf@ﬁ%uiév//%%&bt
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5 100 125
Distance (km)
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.

HHRNSYA ST LDETFLE, TRETISAFT IO
BEICERETH BN AT T LEFAREFIBEND, £
HRETERATEF B TRIY T F AL, BRE—
B EFLD—DTh BEIKREF I & FH 7 (Wacker-
nagel, 2003).

AWMETE2ODR L BEEAr — LT, KEAALGH
BEHADSHREE L BT L. 3, WAekOZEm 2
FeLMIBIAFFT IOHMERNE LS A 50, FE
lkm, E10mDZ Y v FTEH L7 150~250mEE &
DHAMEET— 4 &M, B - AL ET T 2 =5,000
m, 778 =15 $EHFETT S =10m, 77¥=10&L
TRAEBATOF 7y b, Lvy, EaonsEive (B
Fe, M2 —n), 72, BEA - LTCRIASZ L
DTERVVNIEAr—LTOLXF7I0 (B #EL+H
NB72%, WHEESOm, WE10mDZ Y vy FTEAL S
MBEF -2 5B, 57094 XML L@TE
fTofz (DIBE, X —)L), BEX T —LEBNIZET 50
V477 LDRER, KEFATT S =300m, 778 =
10, $BEFETS 2 =20m, 7K =10 L7 HIr—
NOEERIL, SSETRT 74N - T2-5F LOBET,
BROF X7 I0EAUMBHREI ) 7E2AF L L,
BAEBITEFEL 72 10kmB3DH T T () v F 2,000
E53) ZHA L 7=, s, KFEHMESREH D) &
7T LkENTNHANE,

w R

REEYDOHRER & AMVBS $EE
MOCNESSIZ& B Y/ F v d %7 IEAOKEMBIZIIE,
KEIDOMEER (REHN12mm) &/DEOMEE (FREH3mm)
THRENE2DODE- FRR 6N/ (Fig. 4. —F, 74
7 VOB 1 mm BT % O/NEIOEE AL 2 72 (Fig.
5). BERABIVEFTLICEDEEEI N TSHEERR
&0, VI FTFEFT IO AMVBS HiH i 14.48~27.30dB

56 78 91011121314 151617181920
Body Length (mm)

Figure 4. Histogram of body length (mm) of Euphausia pacifica
sampled with MOCNESS.

1000
900
800
700
600
500
400
300
200
100

0

Frequency

Total Length (mm)

Figure 5. Histogram of total length (mm) of copepods sampled
with MOCNESS.

Table 1. Summary of TS at 38kHz and 120kHz and AMVBS
(TS, 50 1—TS38a2,)- The dominant species of copepods are in
the bracket in the right-hand column. Unit in dB.

Tsada krill Copepods
(Euphausia pacifica) (Mesocalanus spp.
P p and Neocalanus spp.)
Average TS;3;,4. -117.13 —138.81
Average TS, 5944 —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

Ll oz (Table 1), 225604 7 2D AMVBS #il
(19.66~20.08dB) #Br%E L, 16.6~19.7dB & 20.1~223dB
D20 AMVBSDHiH A A F 7 JI2 kB RKIb & U TN
EfT>72. ZOH A 7 VHED AMVBSHHN T, +%7
SHOMEBBEENEARD 2% U TIZE &% 5 -0@iT»
BEREINBZZIEICED, VI FUAEFT7 IONMERS
RE&T 5 [EEME T RRD TR &I L 7,
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150m
i fE 1 Line 4
Line 2
250m e 6
T “’l‘\ ;/g %%\%\K*‘\M
250m
Line 5 Line 4 Line 3
150m
\8:5\\\
M
b. 250m
150m Line 2 A Line 1
25
Line 6
150m, 33.48
e =
o 34.7 <<
W
250m
Line 5 A Line 4 A Line 3
150m
455}m4§$w:
B
250m
Line 2 A Line 1

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.

BERELAXTIMHOBETOT 7

KBEE T2 7 7 4 LIZHB VT, Line 40 1115
(43°27.0 N, 158°46.3 E) 12, 4°C DEJEH THEFRE N5 SAF
DB X Nz (Fig. 6). SAFALM (DIRE, JcfilgisR) o
Lines 4~6 Tk, KIBIZHI3°CT, $EMIZERE L Tz,

Fo, WAEBRELRL, BEL LIS LA HANR
Shi-. SAFmfl (LIWE, BEfHIVEI) O Lines 1~4 T,

KB ERAITEFEICEMEICE{L L, BE150m2 5
200m iz 2T CikEARE (5.5°CcBl ) - @iES (834) @

AKBR SN, —FHKEMICIE, FIZSAFME TEREA
WS ZIZk 7=, £7-, Line 32513, FAHHBEIZAKE -

By e IcE< & 5™ RS Lz (Fig. 6).

X7 IDHMAE, SAF#HICHEILTEL L T/,
AR TIiE, E’L B3 IZ oM THIRO SR ICBIER &
N3 &I ho7 Fig 7). —F4, mBETE, KEE
FECHEM LIRS HELR S 7 Fig 7). AKERHICI
SAF % 5 BENEHRO R £ T2\ T, BOAEE 38

e

HENk, BHOBWRTIE, A7 I00mHBESL
F oL BIRTELVKRIES AL N (Fig 7). Eiii’,jé}iﬁ
FEI, FEEER T 46 (ndm™), JbElMER T 12

(indm™3) &, WHFIZII4BEOESRR LRz,

PHIRE

SHET T 7 7 A LOFERNBIOERE IS, HHBED
BEEAMERDIZEZ S, HAKRICHOTZ4CEIRIC

2hREE AR U, RIACUE CRIRRIC 58I T % /2 (Fig. 8a).
DAESOHEAITB T, KBO KD & 2EEE 1T
mh oo, MREEIC W THBREROKSPEL L
T 7z (Fig. 8b). P4 MAR, P4 miEs & & ALl
Wi & TR O B TIRRETR A A BENER S h ) (¢
W, p<0.05).
it,%@ﬁﬂ IOHMERAKE - B, EATKE -
SEZNENRL /R, EiEgch T3 ofheE
$$ﬁ&#%ﬁﬁﬁ@%t,%Mﬁﬁnﬁmfu%ﬁ$¢
B LEFMIBAOBMICEARENRALD SNz (HE,
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Figure 7. Vertical profiles of density of Fuphausia 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). ZN5DHMEFER» S, FHBRELILSAF
IRy, LRI BT, Vo FUAETIN
K DIFSOEGAKIZ, AR IZ LTI, LDHEz0K
12040 U 7=l 23388 & 7z,

EINUF TS LERVAEEZRNECHBEORERERE
WHE R r — L DAL TOBMTTIL, e -7 -

N OE SISO 55 2R U, dbfildgisic b w i,
AL AEOL v P (73.3km) BAEEHFEOL ¥ ¥ (49.2km)
FOKRELS, BALHAIC K D RO FREED 7 Ah O BT A
KNIz (Table 2). —HEMMEHKTIE, Wl AEOL V¥
(74.9km) AEALAADOL ¥ Y (39.6km) LD EKEL, &
OBEGEHENEEFEIZELS BoTnk, 5V MicER
35 &, el TOME (1.19) REEEROME 2.81) 1T
NINEL, GHEEOBENR D e o7l L ERL TS
(Table 2).

A2 — LDz T, JLlEsoLr v ok, K
F1E 2854 m, $RE A HSTm T, LICEAEROL VY, K
5 H 858 m, SN JFIA 33 m (Tables 3 and 4) & ) & K ¥ @
Thotz. B nid, L5 4738 7T, FEEID69.98 &1
BLUTN LM TH 72 (Tables 3 and 4). F+ 47w MIbWw
T, RRICSHELF I TRIMREERIZ & D R E REBBR S h

7= (Tables 3 and 4).

2 =5

Line 4 LD SAF #8i & UM RBEOHE T 7 7 4 LD
mMAEEE, FISHRERO KB & MK X h B AL EEE &
KIS - BRSO OEMRKDMADEE 45 < 210 5
IR & OWEHEEEDOHRIZER T 2 E L 515 (Roden
etal., 1982), _

BALOMIRI B 2 kg 4 k35 &, mkEST
i, 59 P TRINBNI BB TOSHEEIZKE L
o2 nR 6N ens, LANZHNRT, Lh/h&k
2 = LTOREGH N ARZNEE X b7 (Table 2). Ko
T, DAEEORHEIZ, Aol =8, mill=pill
ABZLPTESD (Fig 10). ZODMOMEEE, koK
BWRSEDENE Y ) F U T I OERERNEROMm T IC
BT EELIONS.

SAF mAbD AN, $RE X -k R EERHR I
FHT 5L, ADWERIZ BV T furcilia$h £ & TO/ND
MR H 2% & 5D TV DI L, MElTIEEREEE
TR BB AT 90% % 56D TV 7z (Table 5). Taki (1998) I,
ZEMOY I F AR T IEIM S furcilia$iE £ TR

— 170 —



V) F AT I OO 2 RET

a. 1000 6 8
900 | - E 7
800 3 6
& 70l T ®
< 5 O
® 600 | 8 4
=]
& 500 | g 3 L R e
£ 400t - 2 , ‘
L 500 | North North South South
200 | Temperature Temperature Temperature Temperature
00 | (concentrated) (w/o E.pacifica) (concentrated) (wlo E.pacifica)
0 I
25 3 35 4 45 5 55 6 65 7 75 34.0
2.5 4.7 33.77 33.80
< y 07 7 31 <R e B i —— B
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1000 (concentrated) (w/o E.pacifica) (concentrated) (w/o E.pacifica)
3 800 | Figure 9. Boxplots of temperature and salinity at dens water
5 columns (>90 percentile) with Euphausia pacifica. The me-
g. 600 | dians are indicated at the upper-left corners of boxes (in-
o terquartile ranges).
L 400 T 4 8es)
200 I
o L l I Table 3. Variables of semivariogram in the spatial scale of an
33.40 33.50 33.60 33.70 33.80 33.90 common size of Euphausia pacifica aggregation in north of
33 42 33 81 Subarctic Front (SAF).
North North (from Line 2) Horizontal Vertical
33. §8 33.90
- " Lag (m) 300 20
L. South Numbers of lag 10 10
Salmlty Range (m) 2,854 57
Figure 8. Histograms of temperature (a) and salinity (b) in Nug.get‘ 40.37 1.96
water columns with Euphausia pacifica. Shaded bars are en- Pgrnal sill 6.7 - 4542
Sill 47.07 47.38

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 4. Variables of semivariogram in the spatial scale of an

Table 2. Variables of semivariogaram in the spatial scale of
whole study area.

common size of Euphausia pacifica aggregation in north of
Subarctic Front (SAF).

Whole North South South (from Line 2) Horizontal Vertical

Lag (m) 5,000 5,000 5,000 Lag (m) 300 20
Numbers of lag 30 15 15 Numbers of lag 10 10
Range (north—south) 45,654 73,324 39,961 Range (m) 858 33
Range (east-west) 100,880 49,191 74,914 Nugget 64.64 21.73
Nugget 0.37 0.10 0.49 Partial sill 2.13 48.25
Partial sill 1.93 1.09 2.32 Sill 63.77 69.98
Sill 230 1.19 2.81

— 171 —



WAFE, BAKA, RN, NRES, ED b, KERSEES, #EAA, ETHL

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 Average body length Individuals Average body length
no. % (mm) no. % (mm)
Adult 6 0.3 15.86 8,674 933 11.54
Juvenile 161 8.0 11.62 9 1.1 6.46
Furcilia 1,819 89.0 5.93 105 1.1 3.28
Calyptopis 38 1.9 1.79 512 5.5 0.95
All 2,024 100.0 6.33 9,300 100.0 10.86
v ACEFT T - SRE WIS Z A6 U, SAF DOIFESim 12
N Wo THBEIELS &I A HAFLALZELGH S
& (Shimizu ef al., 2001).
» 7o, AFT IEE, EIEICEENOB TR
DEVISy FROEA R DL BZERBEIR TS
S (Murphy et al., 2004; Dalphadago, 2006). FZATHED Y /
VAR T IDELEINIEILBE L N TWE A (INE,
‘ 1991; FHLUEH, 1993), ARITEINCHL =EETFTH
- ¢8° 0% NTEETEINGTSZ & 45T 3 (Brinton, 1976;

.....

" : SAF

Figure 10. A conceptual model of the Fuphausia pacifica dis-
tribution from 150m 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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(Ward, 2002).
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