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Diet of Euphausia pacifica in Southeastern Hokkaido
and Joban Waters Off Northeastern Japan

Kenji TAk1, Junko TsuBo, Yoshizumi NAKAGAWA and Yoshinari ENDO

The feeding habits of adult Euphausia pacifica, widely distributed from the subarctic zone to the transition area in the
North Pacific, were examined in the two different food conditions, southeastern Hokkaido (Oyashio area; about
42°40'N) and Joban waters (transiton zone; about 36°50'N) off northeastern Japan bimonthly from April 1997 to Feb-
ruary 1998. In the southeastern Hokkaido waters, E. pacifica most abundantly consumed diatoms, but no copepods
were found in their guts in April, when the chlorophyll  concentrations peaked in the study period. On the contrary, the
mean numbers of copepods in the gut of E. pacifica in August and February, when chlorophyll @ concentrations were
lowest, were higher than other months in the same waters. In Joban waters, where chlorophyll a concentrations were
lower than those in the southeastern Hokkaido waters almost all year round, the mean copepod abundance in the gut of
an adult E. pacifica was higher. We hypothesized that E. pacifica switched the feeding behavior according to ambient
phytoplankton abundance, and the switching may have contributed the wide distribution of this species.
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ZEER (Lasker, 1966; Parsons et al., 1967; Ross, 1982; Ohman,
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, M & - 'C feeding basket # 2% L (Hamner, 1988),
feeding basket PN DR % NP O EETIEIZ & > Tl L
D 82 N &S, Nemoto (1967) 13, HOBIEA I L
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phausia BTIXY ) Fv 4 *7 3, K superba, E. mucronata
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Ohman (19840 1%, ¥V / F ¥4 F7 I e Thalas-
siosira angstii & 71 4 7 ¥ 8 Pseudocalanus sp. DK & 5 Z
FEEERATG, BEEE,rEOh 3 1AM REE
HEBIIRATHRREEDS% TH7zDITHL, #4147
DR B I 045% & D, TRV E —JERO R TIREER
HALDEETH D EHEML TS, ZHIZH L, Naka-
gawa et al. (2001) &, CEESERIC BRSBTS Y
JFUAET IOBENEMERBEL, BEEEROTUIRE
EEUE O K8 Pseudocalanus sp. DA & 0 /N THliFPkHE
HAEIHEE NPTV EEZIONE A4 TV —T )
AR ARKEL 4 FIHICHKT B L ERL, Tk
X —EEOETIINEDO K4 T VEOBIRAERETH S L
el L C\ 5. —F, Thalassiosiral®% #h & U 7= HEHH
DEEDEWVERIZIZ NG ZRER T 2 EAAML &
L HHE ML, SAEMOBEERY A ATE L TER
FHEAFWICEI DA T b & HEE LTy % (Nakagawa ef
al., 2001).

KERAEHMIZ T, AL ZEREEHOALL ST,
B B 4 < B BB BRI MO B £ 5 < 2
B BRI S RT3 Z e AR s AT E TR
3 (MEIR, 1996 ; RGBS, 2002). FRIC,
EARN TR H P IC B W THEE LR AR L, B
PEEBIINT TORELBENRICE > TS UNE,
1991), ZM& 31z, KO BRERO {EN LBH T
5 H F VICHRTIERIC D> TROVEREFRE AR L T
B, B4 SEEREICNE L TREEFRICE LT
VBT ERIDOEEATETRIZL TV AEEAD—DTH
ZrEZLNE, UL, KEORMEEHLIENL,
AR R TR =R R GEIE, 1981 ; Nakagawa ef
al, 2001) ZFReN, EAEEEEEYTS O AT, MR
DR BB TR A ERE L T 2 e HpERICE

#giT, tPNEAM, I

LEELZILENS.

720, KW, KEbERE T v o b Y HGE
Mok E < B A EBUNARE BERRRERENRE L,
R EET 5 Y T VA F T IR0 BNEY & EH
Bl IR O 2 0T T 4 L a IS U T EAEY
OFEERERTENE D K IZELT 3 rRE LI

MEEHE
AFFZEIE, 19974F 4 A /A ~19984 2 A THIOMK2 » A
H0T . FCR KRB O & KA, AL E KK R
BT D e DN AL D AR B T, R U
R TEBCHREAE Ry P (OF13m, BE
0.45mm ; JEMR . 1992) Itk EELEZELREZAVE
(Table 1), ¥ifEf R v MCXZHREFEZ, ME2/ v b
THGEL &35, WE300m LIEOHE TIRMEEL 15m A
5EME T, WIE300mLUED R TIFAKE150m A b3
HE CEFHEE Lz, LanoT, 4 AhROERIRFK
LRSS b7 B AR RHRO EA LM O HFET, 4AH
AUAOBERBBOERIGEEDOHETHRELLZEDT
55, PREEBEERIIH%OHFEEFRIL Y Y EHETE
EUTIRAF L. 5 v MRS RS, FELRUEDER
EE# 0 CTD (Seabird#t) ¥ L < iZFEMHLEHD X E Y
STD (7L w Z B4t 12 & 0 EHEIRFIHTIE300m B,
AR BIR T I3 200 m MR O KR & 55 & NIz

7, EEFANT Y RO =2 F VKGN TOm,
10m, 20m, 30m, S0m& U 75mfE» & 100m/ & HAKL,
Whatmann GF/F 7’5 27 7 4 75— 7 4 Jb & — TIRBE#E L
7= VB, 2mi0T X P Y EARTEWARELEERIC
T 4R — & AFL, —20°C THNTEEE THART L, 2%
WYeYeE st (HITACHI 139%) % T Yentsch and Menzel
(1963) DAEIZ LD rav 7 4 L alREEREL 2.

Table 1. Locations of stations, times of sampling, number of samples and total length of Euphausia pacifica exam-

ined for the southeastern Hokkaido and Joban waters.

Number of Range of total ~ Mean total

Latitude Longitude Depth (m) Day Time samples length (mm) length=SD
SE Hokkaido 42°20'N 143°45'E 295 Apr. 15797 2:47 20 13.5-21.0 17.4x2.6
42°30'N 145°00'E 1790 Jun. 21,797 21:58 9 11.7-18.9 16.1x23
42°40'N 144°55'E 540 Aug. 6,797 21:29 20 13.3-19.5 16.4+1.6
42°40'N 144°55'E 540 Oct. 1,97 0:08 20 12.6-18.5 16.7x1.6
42°40'N 144°55'E 540 Dec. 9,97 18:21 10 12.0-18.4 14.6+2.0
42°40'N 144°55'E 540 Feb. 25, 98 22:04 20 14.5-20.3 16.4%1.5
Joban 37°35'N 141°36'E 219 Apr. 22,97 0:43 20 13.2-18.1 15.8+1.2
36°50'N 141°15'E 179 Jun. 24, °97 0:09 20 12.5-22.3 16.8x2.2
36°50'N 141°16'E 200 Aug. 2,°97 1:26 20 10.1-14.3 11.8x1.1
36°50'N 141°17'E 208 Oct. 5,97 20:43 20 12.0-17.0 134+13
36°50'N 141°17'E 208 Dec. 11,797 22:40 8 10.0-12.6 11.2*1.0
36°50'N 141°16'E 200 Feb. 28, '98 22:35 20 14.0-17.2 15.7*+1.0
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EHEUEERERIIBIIZY /F2 43X T I0EREY

ZMEOHEA H & BB A LRI~ 20EKIZONT,
ERFEMBET TN Tho2Rk BEAOENR? b RBHOR

WETORE) FAFEL 2%, BESERAOTHEMAL,

EISHEE A PR, HIEME L, Ponomareva (1963) DTk
e, IO A 5 T AEWZEE # 0Bk, 28 2R & e
1B 05% Al A TEYHE | 25-50% % TLEXFE , 50-75% % HTEXRE
75% L LA TVERE & L7,
EAEWEABE L%, B THAWMAL, oM
hENEIAEES L, BRv A 70X — 2 2 5ELEY
BEMSE T TR BIBO LU FTREL, #4 7 VEER
S AHEBHIZOWTIIFRAKRE LTHERLZEDDAE R
12 Wi CESEmERETER e ) OEMEROEER
025 umBRM CHET S L & B, HEMEOEE
Fof. 5iz, BRMBLEMES  LIZZTNThOEL
ik - I3EIEEMAEERE L, REICRELE, 4k,
REVERE WRSEEEE, A SRR, HEWEEEO WIS
IR T T H - 72 ARSI & D REs e R Thill
XNELDORHD, ThbiIzOVTIRERE Y 2 & [E#
I, EMROAREE TH 72728, KEORELITHE
Motz —F, HA4 TVEIIOWTIR, Befke LTHE
L7z — 7w 2gkoFsilE, HRARDORREE b
2, BB L O EEEROIRE O RIFEIE TN EH
EiTo7z.

Kz, BRNEMOELZ10ERELT, BUTO LS &
FETESEROEMREZRPFRKRAHEE L 2.
EEEORZEOWHTEIZE, RO & S IZ Strathmann
(1967) DAAE B 7z,

log C=—0.46+0.8661og V'

{HU, CIRAEMRER (pgC), VidHlgkRt (um) TH 5.
A i B RBEIZIE, Verity and Langdon (1984) DX % M
W, B HOEES S RERICIRE L .

C=444.5+0.053LV

BL, ClIAEYHRER (pgC), LViZa )  OEH (um’) T
H5,

WEFHET IO KIS b REBANOBEIZE, £2Te 7
4 7O LR LT, Kierboe et al. (1985) O F#¥0.14
pgC/um? & Fv 7z,

skl UCTHBLEIA TV, =TV 0 ZAGEDEZ
iBE R, A (1986) DREHOTHRE,»SHEL 2.

log DW=—9.07+3.26log L

HL, DWid# 4 7 S EOWGEER (ug), LA ATV
DR (um) TH S

sk LTHER LA, =) o 21 HO A4 T
EOEERE, BRElho LEIEOERS—T 5%
DRI SHELE, Gk, F&ks EEFEVIEE, 1H

IR LTHA 7V EHUEERSNICRE L2, 72, FEEYIm
DUgH» & 5 4 7 VEOTEE (prosome length) & ¥ZI/RE S
ANOBEIZIE, XD & S % Karlson and Bamstedt (1994) @
A G,

FAMIR . L=0.043-+0.0112W

HPIREEE | Y=0.00235W2208

HU, LIZEEI A4 7 VEOERE (mm), YiZESR
XN KA T UHEOGIRER (ug), WIXBHAEHE LTH
L7 LEEYIROIE (um) TH 5.

AT VEOREZERR, KEEHEE 46% (Vidal, 1980)
L LUTEM L,

—%, 2 LTRDI-FNEMDRER L KT 579
2, VI F v AFT IORKEEEZUTOLIIZERLPS
BEL7 1, 2RPOFEEEANOBEIZIRDO LS
75 Iguchi and Ikeda (1995) DBERA % Fv 72,

DW=9.954x10"4L>1%6

BL, Wity ) F oA 7 IOUBRER (mg), LIZEE
(mm) Td 5.

KIC, KREEIZ, ZOXCLTROSNEBRER
\Z Iguchi and Tkeda (1998) i< & 5 (ARPEMBORBEHE
FCTHEL L.

v FvkET I, WRICERICER STV (Pono-
mareva, 1963 ; %, 1981), AR X 2 HEYMERDHE
b SRR R L 1.08 B & e Ty % (Willason and
Cox, 1987). ZThoDHRIZETE, OBNEWEZHL
EERONEWRELEL (LB THENEDEZO
LAakd), QEARMELBR S HNE TORRLEL,
OEAREIEERMbh—EL L, O2FAEMIIONT
LA BSR4 108 FERE &2 LT, AHEO1HE D DR
FEME L XD LI ICEE L.

DI=SCXNT/1.08

HL, DN 1B %40 0RFEHRE (ugC), SCIZBA
HWHIRFEE (ugC), NTIZHE~HHOKE (h) TH5.
RBIAEIZ 5T 5 ABERE % 12, Hanawa and Mitsudera
(1987) MBSO TSE 4 75 7 L& FHLTRESL
7= K% A FO TR L 72,

" 2

RIRERIC BT A KE, ARG OO T 4 LalREOH
HWiE 4 Fig. ISR L&, ERBREETE, 4AREIcE
WTEEA 5 300mEE TRIRE2°CRBOHAKIZEDN,
100 m I3 T 13454 33.0 PSUKRTHOIREREIAR TH - 7.
Z0#%, 108 LRI, CEBEPLICKES EFL,
10 B B idEE AR 13°CEER L7, 75mBIRIZK
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Figure 1. Vertical profiles of water temperature, salinity and chlorophyll a in the southeastern Hokkaido waters (top)

and Joban waters (bottom).

BSCARMOBMARE LS BREBAKRIZEDATY
7=, BoRA TR somBIRIEAKB 1PCERF, B
33.0PSUKIDIRFEREARICEHDLDN T2, —0F, B
WBREETE, 4 APH~10A LEIZ2BIcb - TKES
LU, SHEAEU 10 A LAOEREAKRIL22°CHE &R
L. &7, 4APAE~12 A LANCiZAKE sec Ll ETH»D
1853 33.7 PSU DI _E DA R K RIZHE 4 3 2 K43 (B
HLU T, LaL, B2 A TEICIEAKEI O mEXRICEN
TR 7°C R, 485 33.7PSUKRMGOBEARBESE L T
W7,

sUaa7 4 hBEIIDONTE, EERERTIZ4AD
AICEMIZ BT ugIDEREASRL, 6 A TRICIE
IOmBICE W T42ug/ITH -7, LHL, sA LAEIZIZE
BiZhlzoToSsugll Tk -7, 10 A LAicid&mic
BT l4pgl & BML, 2 EaIZEsombliEick
WTH08ug/ I Th-7=, B2ATHIZIZERBIZhE-T
04pgllITTHh o7, —7, HiERESRTIZ4AP@IZIE
REE PO gD EERL, FEICHWT1L7ugl T
botz. 6ATAIC jamamm@ hwfo7(wuyf
o7, $RLm~12A LA 12725 T 0.3 ug/l L)

TTho7-. LHrL, B2ATAEICIE30~50mIEIZH T
0.91~096ug/l L R\ -7z, ZOL3IT, 2ATHD
30~50m fE AR < & EHIRABRIZ AR THEERF R TEA
Frunm T 4 gREAMKVERNZH > 72,

VI F A FT IREOBREEIL, ERRFHTE?2
ATRIZIE VO 5D 2 HE23100% &R L, 4 Akak
USALEMZBMEIVO LY DEIEAR0% & & -7
(Fig.2). —F, 6 ATAKUC 12 A LANZIE, 0210459 3
HENEL, TRNEFNTI%R V0% & 872, HERE
BTIHAAPARV6ATRIZOE IO LD 5HAHES
FIFIN65% KT A0% & 5D 7=h, ZO—FTI10R LA
EUCRALEGZENEIVOLEDAEENEL, ThEh
90% K U'100% T - 7=,

SHIEE S NFAEDS, HEE, s
W, AESERE, EHEEON, HEENCEEE, BR
*Embz HATVELEEROHIA T VE) =T )T AY)

DEFTIMTH -7, 2035, BRENYZIZDONWT
61, FDT 4 FAY FHAMEEORE & SICHELTW
BHRENY ZEERTI8M75 v b d, %7 34
T & Nyctiphanes simplex 51 5 11T\ & A (Alldredge,
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Figure 2. Seasonal change in the stomach fullness composition

of Euphausia pacifica.

1976), Y/ F ¥ & F 7 IOV TERSE MBS TOHE
ThH5H. HHEFOHNBES Table 2IZT L7, WBHEEE
& BRI, WRIEEE, AEREREHOMEENEL
Db, BHEIBREETIIEEEI R 70% 282 THIE
L. 4 7V EPEIc>WTiE, BRINERICBIT 3 H
BMENH M2 A TA4BRW TRFEERRERE -
B 3EERL LN, AATVE —T ) g AEIZDON
Tid, 8 A LAOEERFE S 10 B LAOEFBFIRIZO
AL 7.

| MR, AR SE, MEFHEMINR O
HATVHEHIZOWTY /T UAR T I IEES-DOHER
WifE (k) B & Fig 3lombiz. kb, 74 7 VEOM
®EIE, AT VEO PO ke LTHIR L0
47V =T AGEOEEEE AR LTRL T
3. WEIREE TR, B 4 A RIS Thalassiosira &
A UM 1540l & oD FIC IR TEEEIZ S S L
7o, EWPERER, sALAMEE2ATAIT 4 /74 Y
AR EFOCELHBL, ZhEh P 24RO 14
T -7, BEERER, 88 LA Acanthostomella
B, %2 H FAIC Acanthostomella /& , Parafavella | K UF

Table 2. Frequency of occurrence (%) of identifiable food items in the gut contents of Euphausia pacifica.
Apr. ’97 Jun. *97 Aug. ’97 Oct. 97 Dec. ’97 Feb. ’98
Diatoms

SE Hokkaido 100 67 90 75 80 80
Joban 80 5 15 90 100 100

Dinoflagellates
SE Hokkaido 65 0 100 75 20 100
Joban 45 30 40 55 100 100

Foraminiferans
SE Hokkaido 0 0 9 5 10 80
Joban 5 5 0 20 13 10

Tintinnids
SE Hokkaido 45 44 100 75 70 100
Joban 10 45 30 10 50 70
Invertebrate eggs
SE Hokkaido 15 0 40 20 20 45
Joban 0 15 35 20 30 25
Copepod mandibles
SE Hokkaido 0 11 35 10 0 25
Joban 20 35 15 35 25 20
Copepod nauplii

SE Hokkaido 0 0 0 5 0 0
Joban 0 0 35 0 0 0

Silicoflagellates
SE Hokkaido 5 0 5 70 0 10
Joban 35 0 10 5 100 45

Appendicularian houses

SE Hokkaido 0 0 10 10 0 0
Joban 35 5 0 70 88 0
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Figure 3. Seasonal change in mean number of each identifiable
food item in the gut contents of Euphausia pacifica individ-
ual. Vertical bar represents *1 SE.

i &R, @ T,

IR, AU EL AR

BU06{fTH -7, #4T7VHEIZ, sHEMERE2ATA
2 FNFNFG 04 L 2228, BIEFRBGERED
Srahrotz. 6 ATAE 12 A AL, BB ([
%) B ER AL S, RO E T
&L 7.

waEn R T, BEESEI, 2 A NS Thalassiosira &
AHOICFE 21 Mg BEEIC S S HBIL . /2, 10A
Az, FIRE A ROic s MifaE B LA, —7, 4
Ama~s A LR 2 A LEICiIRELEL &» o7z,
BRI, AP E~8 A LEIZT 1 ) T 4 v AR A
P 34~8. 5B B Lz L, 10 La~32
AT 09~ 1.6 Dl - 72, AHEGERE
&, RELBREPDEVERICS - 722, EEHESHING,
sAmE ALz AL, ThFNEY IERT
06 TH -7z, 74 TVHET, BFFL2BLTHELZM,
Bize ATARUSA LI TZhFhFE 0.8 fliky
Ehodfz, —F, EEEAZ MR L2 ATEIZIE0.25
kL oD h o7z,

Y F AR T I MEROBNEIC B U B,
EHIEEEY CICE B EREZ h T ho KRB0 FIYHE,
I HEB N DRI 0N 4 4 7 P HEDTENR O SEE &
Table 3127/ L7z, WIhOEEWTIZ T & IR U
ZHETHEHELZENBN, BEEEBELTAS L, HEHE
TIREFRFRO T A% L, EBFEEETIIREEN R
DFBKREERAASL SN2, BFEIZHEE A 7 VED
BRI, EEIBEIE T 163~1,163 um T 488 um,
BRI T 127~1,779 um T 502 um &, IR
TEHEMZIFFELL, FEAZEED O A o7

Table 3. Mean total volumes of diatoms, dinoflagellates and tintinnids, mean diameter of invertebrate eggs, and mean
prosome length of copepods in the stomach of Euphausia pacifica individual. Standard errors are shown in paren-

theses.
Apr. ’97 Jun. °97 Aug. 97 Oct. ’97 Dec. '97 Feb. *98
Diatom volume (x10° gm®)
SE Hokkaido 11.2(0.3) 3.7(1.7) 2.4(0.3) 9.9(1.0) 6.3(2.0) 3.5(0.4)
Joban 6.8(1.3) 0.3 () 5234 1.8(0.2) 6.3 (1.7 1.6 (0.1)
Dinoflagellate volume (X 10° gm®)
SE Hokkaido 37(7) 3(2) 10 (3) 2(1) 18 (3)
Joban 8(3) 51(34) 25 (10) 32(13) 319 (19D 219 (72)
Tintinnid volume (% 10° gm?)
SE Hokkaido 167 (34) 190 (32) 19(4) 208 (48) 398 (116) 131 (6)
Joban 761 18 (1) 36 (9) 66 20 (3) 203 (20)
Invertebrate egg diameter (m)
SE Hokkaido 184 (133) 114 (92) 80 (46) 76 (74) 117 (68)
Joban 160 (133) 35(18) 107 (83) 85 (54) 65 (49)
Copepod prosome length ({m)
SE Hokkido 1163 525 (109) 279 (89) 432 (117)
Joban 701 (231) 541 (90) 232 (34) 470 (130) 715 (28) 351 (82)
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ERR BRI BT 5/ F 2457 S OBASEY

(Mann-Whitney 7€ @ P>0.05). 7=, HERFHRTIEE
RO 83%, AR TIZ2IKRD 85% A HTik L 72 Ohman
(1984) DIERFEERIZ# X W7z Pseudocalanus sp. DA (T8
iR 860 um) K D/h&Eh o7z,
BNEYIRZBROMAEYHHNNREAS L, 4TV
PHBR LA CRENEMRERR S 1 7 VRO RE
BIZE-TEEAEED ST (Fig. 4). BB REE
IZB T 2AEAURERIE, FEFBEL CERIRFRELDE
WEENIZH D, FRZ6 ATEIZE N T 7.1 ug L BWEE R
Uiz, &7z, 4AP@E 10 LAITid4pg® LAl 72, —
75, BRRFHTIZ4ATE, 107 EAEO 12 A RIS

SE Hokkaido

Apr. Jun. Aug. Oct. Dec. Feb.

Joban Copepods
8 L
O Invertebrate eggs
6 r B Tintinnids
4 Dinoflagellates
2 HDiatoms

Apr. Jun. Aug. Oct. Dec. Feb.
1997 1998

Figure 4. Calculated carbon content of each identifiable food
item in the stomach contents of Fuphausia pacifica.

BOWTHEIE» 7=, &k, sALAOEEBERICE
WTHA T VEHDO B S 5 - 72 (Fig. 3) I8 BH
59, REEBTIRHIKL A-72DId, Table 312/ T &5 1z,
HWEEhiehr4 7 VHOBERESFEE 232 um /N E 5
7B TH5., —F, A THDEIRNBERTIIHA T
FIZMEGEL 2B LA 50, Z0H 4 531,163 um
EBDTRENST7280, REEREL k-7,
BREZERIIHT I 1AM ) REENEOH L4243
&, BRIRFBTRBERFBICHENTESH#ERL, 28
T1% KM Td -7z (Table 4). —F, WEIBFHTIZ10H
FANZ3.6%. 12A E@IZ3a% ¢ &L, 4Bk U6AT
AZiF 1% B EFER L.

zZ &
HREO A4 7 VHETIE, B, MUtEOEZEEDE L
Eh—AHRHEEE 5 ERENTOEDEZ LBMSNT
V3% (Landry, 1981; Daan et al., 1988), Turner (1984) I&, #
4 7 V¥ Eucalanus pileatus DFER R 2 HEONB
A7 5 v 7 b VEEOROVAIETEWI L2 REL
TWa, F£7=, 4 *F7 I Euphausia lucens \IZDWT 8 |
RERPOr 007 4 LalfRENMES BB L0 4 7D
HEICHOEZ 52 L2#E &R T3 (Stuart and Pillar,
1990).
KFEICBWT, Y/ F o+ FT IR, sunTgia
BEFPREE» > 24 A AIOETIREBIC o\ TERE
ERLELEALTOHADIIRL, 44 7 VEHIEZERIZE
HBET, 72, 30~50mBICRR/NITTT 4 Jla
RENBEEINZ 2 ATAOEEAEE TR A 7V ER
D Rzl R TAhLhh - Bb0IZ, INUD Thalassiosira
BAEPLE LAHREEAIZERLTW, —TF, &8I

Table 4. Average body carbon, stomach contents carbon, and daily ration of Euphausia pacifica. Copepod contribu-
tion to the total stomach contents carbon is also tabulated.

Average body C Stomach contents C Daily ration Copepod
(mg C) (ug C krill™h) (% Body Cd™") contribution (%)
SE Hokkaido Apr.’97 3.77 0.21 0.06 0.0
Jun. °97 292 3.13 0.86 99.9
Aug. 97 3.01 1.89 0.56 93.7
Oct. ’97 3.18 0.25 0.09 74.7
Dec. '97 2.13 0.03 0.02 0.0
Feb. 98 2.99 1.93 0.78 86.5
Joban Apr. "97 2.62 4,78 1.79 99.8
Jun. °97 333 7.14 1.85 99.2
Aug. ’97 1.07 0.57 0.49 96.9
Oct. ’97 1.60 5.04 3.60 99.5
Dec. "97 0.90 2.33 3.44 98.0
Feb. "98 2.58 0.61 0.28 92.9
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Table 5. Mean stomach contents carbon estimated from stom-
ach fullness (A) and from identifiable food items (B). Cope-
pod carbons are shown in parentheses.

A B
(ugCkrill™)  (ugCkrill™)

SE Hokkaido Apr. 97 1.86 0.21 (0)
Jun. ’97 0.44 3.13(3.13)
Aug. '97 1.36 1.89 (1.78)
Oct. 97 0.57 0.25(0.18)
Dec. "97 0.31 0.03 (0)
Feb. '98 1.94 1.93 (1.67)

Joban Apr. 97 0.65 4,78 (4.77)
Jun. *97 0.98 7.14 (7.08)
Aug. 97 0.32 0.57 (0.55)
Oct. 97 0.93 5.04 (5.01)
Dec. *97 0.55 2.33(2.29)
Feb. '98 0.93 0.61 (0.56)

brosTrau7 4 NaEEME»r -8 A LBE2AT
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XD EER A A S 7 (Fig 3, Table 4), L7435, #
BRI AT T 5 v o b Y BFESKEEICSH
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BHFEEICLDS LRI NS,

—F ., BABEYHO 44 7 o E8O B SR D & h -
EBREE T, BRERBICNT 51 B Y2 RERENR
BOHIAZREE 1%KL, Lasker (1966) 28V / T ¥4 F
7 T DV TKIER 10°C DB EFEER THE L 2R E, W
W, BERRIZBie 1 HY 72 0 REEREOKRERIIHNT
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ZORE AWM T I LA TE S (keda, 1974) ZEHET SN
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WAL ASEEIER (1.08FR) % @AM —HIZS TED
itk 1AMEDOAA T VEERBREERLD
BASHE L C e EL NS, AMEEECHANETDH S
E lucensT%, 7147V - 25 ) b 5 SR 508 1 ) 0 A 6
FITHARTH2ETH B VI ES $ 5 (Stuart and Pillar,
1990y, FD—HT, W75V o b vELOMOMEY
pzoOWTIE, BPTHBEhATOESERERES LS
EARMEERELZ DL LTHEORE,» SR LA
¥, ZEOEEE X DBNHIL ThkeFEALOND. T
D%, ST ERIC X AREO _EEEOMLE R
A ML, 74 7 VEEEREHEEL QL LR
o W Y s VERBIIOVLTR, HILERERE
RET 2Lk DERILARD, AREOMAROEE
BEABDVLZENERTHD.

— 162 —



B

AFEOED £ L DIZELT, ZHEE IREAEE - 2B E
KA RS SR S REEICEL BLER L LY
3. AWROHEIZH -0, Aiks ZBE £TEW AR
KB 2L IR A R R B 0 B A BT AR 2B R kil
Sl b HMEEET, AFT IOBANEMOREIZS
e THKEDZHMITETE G (#k) KEEOHE FK
ZEEL BHLAEBRL LS. #EECEEN R I ETED
7= BAC K K BE R 2 T A AN o, ALV XK R 25 AT
ik R ORI R s AN L ORI - el B
DFi% , RASFHEBROH 41T B#HT 5.

51 A 3Lk

Alldredge, A.L. (1976) Discarded appendicularian houses as sources of
food, surface habitats, and particulate organic matter in planktonic
environments. Limnol. Oceanogr., 21, 14-23.

Brinton, E. (1962) The distribution of Pacific euphausiids. Bull. Scripps
Inst. Oceanogr., 8, 51-270.

Brinton, E. (1967) Vertical migration and avoidance capability of eu-
phausiids in the California Current. Limnol. Oceanogr., 12, 451-483,

o JL A AU EE B R - HIIOR VR IR B - (k) T =25 2
(2002) JLARRIEEBRERPLIZB T 24 %7 IO 5T, B
BRI T ORISR E, 71-82.

Daan, R., S.R. Gonzalez and W.C.M. Klein Breteler (1988) Cannibalism
in omnivorous calanoid copepods. Mar. Ecol. Prog. Ser., 47, 45-54.

Dilling, L., J. Wilson, D. Steinberg and A. Alldredge. (1998) Feeding by
the euphausiid Euphausia pacifica and the copepod Calanus pacificus
on marine snow. Mar. Ecol. Prog. Ser., 170, 189-201.

HEEIR B (1996) KRB B4 3 Y / 7 ¥ 4 £ 7 JSH T
DOREEEAATIZ DV T, RIRABHER, 34, 65-74.

EIEER (1981) ZHEMESIC BT 24+ 7 IO ERFEMHIZE.
— ARG L IR IC D W T —. HL RS, 166
pp-

Endo, Y. (1984) Daytime surface swarming of Euphausia pacifica (Crus-
tacea: Fuphausiacea) in the Sanriku coastal waters off northeastern
Japan. Mar. Biol., 79, 269-276.

Hamner, W.M. (1988) Biomechanics of filter feeding in the Antarctic krill
Euphausia superba. J. Crust. Biol., 8, 149-163.

Hanawa, K. and H. Mitsudera (1987) Variation of water system distribu-
tion in the Sanriku coastal area. J. Oceanogr. Soc. Japan, 42, 435-
446.

B TS —EG (1986) h v P T I Vo by IRRREEEY 2T
(- i), OAmEEem, HEELEER, HK,
177-191.

FEIERE (1995) HEREBIZR 34 % 7 3 Euphausia pacifica
O [ EEE. HAKUERE, 45, 59-68.

Iguchi, N. and T. Ikeda (1995) Growth, metabolism and growth efficiency
of a euphaudiid crustacean Euphausia pacifica in the southern Japan
Sea, as influenced by temperature. J. Plankton Res., 17, 1757-1769.

Iguchi, N. and T. Tkeda (1998) Elemental composition (C, H, N) of a eu-
phausiid Euphausia pacifica in Toyama Bay, southern Japan Sea.
Plankton Biol. Ecol., 45, 27-32.

Ikeda, T. (1974) Nutritional ecology of marine zooplankton. Mem. Fac.
Fish. Hokkaido Univ., 22, 1-97.

Karlson, K. and U. Bamstedt (1994) Planktivorous predation on copepods.
Evaluation of mandible remains in predator guts as a quantitative esti-
mate of predation. Mar. Ecol. Prog. Ser., 108, 79-89.

Kierboe, T,, E. Mohlenberg and K. Hamburger (1985) Bioenergetics of the
planktonic copepod Acartia tonsa: relation between feeding, egg pro-

IR U H IR BT Y / F U427 I0BREY

duction and respiration, and composition of specific dynamic action.
Mar. Ecol. Prog. Ser., 26, 85-97.

Komaki, Y. (1967) On the surface swarming of euphausiid crustaceans.
Pacif. Sci., 21, 433-448.

Landry, M.R. (1981) Switching between herbivory and carnivory by the
planktonic marine copepod Calanus pacificus. Mar. Biol., 65, 77-82.

Lasker, R. (1966) Feeding, growth, respiration, and carbon utilization of
euphausiid crustacean. J. Fish. Res. Bd. Can., 23, 1291-1317.

Nemoto, T. (1967) Feeding pattern of euphausiids and differentiations in
their body characters. Inf. Bull. Planktol. Japan, Y. Matsue’s 61st
Ann., No., 61, 157-174.

Nakagawa, Y., Y. Endo and K. Taki (2001) Diet of Euphausia pacifica
Hansen in Sanriku waters off northeastern Japan. Plankton Biol.
Ecol., 48, 68-77.

ANERIF (1991) ZFE - WIBWREOY /T oA 27 I L Z0HE.
KEEMFZEREE, 40, HAKERRFELN S, 3, 100 pp.
ANEFIT (1994) BULIESRIC BT W T 7 v o + Y DEEE Bl

OB W5, SULAKIHE, S6, 115-173.

Ohman, M. D. (1984) Omnivory by Euphausia pacifica: the role of cope-
pod prey. Mar. Ecol. Prog. Ser,, 19, 125-131.

Parsons, T.R., R.J. LeBrasseur and J.D. Fulton (1967) Some observations
on the dependence of zooplankton grazing on the cell size and con-
centration of phytoplankton blooms. J. Oceanogr. Soc. Japan, 23, 10—
17.

Ponomareva, L.A. (1963) Euphausiids of the North Pacific, their distribu-
tion and ecology. Dokl. Akad. Nauk. SSSR, 1-142.

Price, H.I,, K.R. Boyd and C.M. Boyd (1988) Omnivorous feeding behav-
jor of the Antarctic krill Euphausia superba. Mar. Biol., 97, 67-77.

Ross, R.M. (1982) Energetics of Euphausia pacifica 1. Effects of body car-
bon and nitrogen and temperature on measured and predicted produc-
tion. Mar. Biol., 68, 1-13.

Stuart, V. and S.C. Pillar (1990) Diel grazing patterns of all ontogenetic
stages of Euphausia lucens and in situ predation rates on copepods in
the southern Benguela upwelling region. Mar. Ecol. Prog. Ser., 64,
227-241.

Strathmann, R. R. (1967) Estimating the organic carbon content of phyto-
plankton from cell volume or plasma volume. Limmol. Oceanogr,, 12,
411-418.

Taki, K. (1998) Horizontal distribution and diel vertical migration of Eu-
phausia pacifica Hansen in summer in and around a warm-core ring
off Sanriku, northwestern Pacific. Bull. Tohoku Natl. Fish. Res. Inst.,
60, 49-61.

Terazaki, M. (1980) Surface swarms of a euphausiid Euphausia pacifica in
Otsuchi Bay, northern Japan. Bull. Plankton Soc. Japan, 27, 19-25.

Turner, 1.T. (1984) Zooplankton feeding ecology: contents of faecal pellets
of the copepods Eucalanus pileatus and Paracalanus quasimodo from
continental shelf waters of the Gulf of Mexico. Mar. Ecol. Prog. Ser.,
15, 27-46.

Verity, PG. and C. Landgdon (1984) Relationships between lorica volume,
carbon, nitrogen and ATP content of tintinnids in Narragansett Bay. I.
Plankton Res., 6, 859-868.

Vidal, J. (1980) Physioecology of zooplankton. 1. Effects of phytoplankton
concentration, temperature and body size on the growth rate of
Calanus pacificus and Pseudocalanus sp. Mar. Biol., 56, 111134,

VEB A (1992) EIBHELE % o b O FRET — & LENE, FR
HON - REFIRERE Y= 2 7, RIORETIZAT, WA,
15-22.

Willason, S.W. and J.L. Cox (1987) Diel feeding, laminarinase activity,
and phytoplankton consumption by euphausiids. Biol. Oceanogr, 4,
1-24.

Yentsch, C.S. and D.W. Menzel (1963) A method for the determination of
phytoplankton chlorophyll and phaeophytin by fluorescence. Deep-
Sea Res., 10, 221-231.

— 163 —





