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Vertical distributions and life cycles of Pseudocalanus minutus
and P. newmani (Copepoda; Calanoida) off Cape Esan,
southwestern Hokkaido

ATsUSHI YAMAGUCHI AND NAONOBU SHIGA

Biological Oceanography Laboratory, Faculty of Fisheries, Hokkaido University
3-1-1 Minato-machi, Hakodate, Hokkaido 041

Abstract: The vertical distributions and life cycles of Pseudocalanus minutus and P newmani off
Cape Esan, southwestern Hokkaido, were investigated. The vertical distribution patterns were ex-
amined by using samples collected by Motoda horizontal closing nets (0.35 mm mesh) in July, Oc-
tober and December 1994 and April 1995. For the analysis of life cycle, a series of vertical hauls
with a 0.45m net (0.10mm mesh) was made at a time interval of 1-2 months from July 1981 to
September 1982 and June 1994 to July 1995.

The vertical distribution patterns of P minutus and P newmani were different in several aspects.
P minutus exhibited a marked seasonal vertical migration, residing near surface in spring and
summer, and most copepodite V stage below 200 m in autumn and winter. The copepodite V below
200 m was characterized by large deposited oil droplets, and presumed to be in “diapause”. In con-
trast, P newmani were distributed in the upper 200 m throughout the year. P newmani were more
resistant to higher temperature than P minutus, the highest tolerable temperature for the former
being estimated to be ca. 15°C.

Both P minutus and P newmani showed similar seasonal changes in numerical abundance, the
annual peak was reached in 2-3 months after the spring phytoplankton bloom. Life cycle modes
of both species were however dissimilar. The analysis of the stage composition of copepodites sug-
gests that the spawning of P minutus occured mainly in spring, whereas that of P newmani was
throughout the year. The magnitude of reproduction of P newman was small through autumn to
winter. The present results are compared with those of the both species in other geographical re-
gions.

Key words: Pseudocalanus, vertical distribution, life cycle, southwestern Hokkaido

Pseudocalanus JBISALFERDIRH 4 & BHENZ 0 UL BT 5/ UDOMES 7 X 2B A4 7 V84
T, LELiIERERoEm sy v o vEHEPTELET S (Corkett & McLaren 1978) . ¥4 Frost

V199742 H14 H32AF, 1997466 H19 HZ#



12 BATS Y2 b VERW H4% PB1-2%5 (1997)

(1989) IZABD P EER AL, HAEOWREICTEIFET LI L & WME L, AAREEIZIEPR
minutus Kroyer) & P newmani Frost D 258243  (Frost 1989). HANL#ED Pseudocalanus EDHE
REICE T BT RISEEIZE < H B H (BIAIF, Tsuda & Nemoto 1987, Saito et al. 1991 % &), [FIFTH)
IR 2 RO LR RO ZRIZB T 2 MR Z L,

Hirakawa et al. (1990) 129 A HAMEE ILEIZ B TP minutus HVEE E &, & LT300m LIS
DAL 7=Z & AWME LTS, —J, Sazhin & Vinogradov (1979) 136 A D HAMwEH IEFIZH W TR
elongatus (=P newmani) D25 mPBIZEHR L TWAZLABMEL TS, ZOZ EIFHARBIZEL
THEOSEIHENKRELS B LB L AR LTS, P minutus & P newmani D30, EER R E
FHWCREZ L9 THEH, RERHDOEH SV,

A ACHEE R VR A B B B 30 T P minutus & P newmani O $8TE 5310 & (EATEM
ROEHEAABREL, ZhoaBGaFABREOAEBZNRRAMALAICTLIIL2HNE L.
Pseudocalanus B (ZFEILM BT 2B TRAGEAELTEL L (I 1983), BNTEEICHEM
4 % PseudocalanusiBD / — TV I AR AXRKEA MEIAF b LA SOFELYIHMEMTH 3
(Kamba 1977, Nakatani 1988). D % 1), Pseudocalanus [\ L HHBO BRYESFHIC BT 2#ETH D,
FOEREHENICTHILIIERTH 5.

FAE LT - LM ERORERAK EBRORBERRAKEEO2DEIRAKETH D,
ZFOEBTRESICLDBEESANEDLS ZEAHSN TS (Ohtani 1971). - Z DKBO A
MEIZ5 2 BB OWTEERT S,

e Tk

75 v o b v AL LA BT 250 m O St. P12 (41°50'N, 141°15'E) (23T 1981 4-6
H~19824F9F12, AEHEH1350m D St. E-12 (42°00'N, 141°20'E) (2% C 19946 A ~10 Az, B LU
KGRI 450m D St. E-15 (42°00'N, 141°30°E) iZ W T19944F11 A ~199%54-7 Az, wihd1~2+ A
BIZRE L (Fig 1).

BRERILHBEREHEFAENS Liizk b, #H010mm® Norpac®! % v b (I1{%45cm, il

okkaido

30° [t
Pacific
Funka Bay

42° N

307 Fig. 1. Location of Hokkaido (top) and
sampling stations off Cape Esan, south-
western Hokkaido (bottom). Bathymetric

contours (200 and 500 m) are also shown.




i - BE L Pseudocalanus DESE A EAEIHEE 1 20 13

£180cm ; JTH 1957) #HWTIT - 72, 19814:6~7H & 1994 F-6~11 1213 150mA» 5 XM £ T,
Z OO HIRITEBISE bA S Rl TOMBER EIREL T 72,

SAE AR 1994457 H L 10 HIZSE E-1212 B W T, 1994412 H & 199544 A1 St. E-1512 B0
TIHHAZBAT-* v b (MTD* v b, [1#%56cm, HIE200cm, #H 0.35 mm ; Motoda 1971) #
FWTH/ 2, £EAH 5 St E12Ti225m, St E-15TiE300m £ T, AEFH13~158 % 2MliZhit T
K920 3 IO KFNIRG L R ERE AT 7. WRHEEI VA Y-AELOHEELL. £y +OD
RSP IS A A B ARG 2 HUD fH), KGO MR A, S KB 2 HEE L 2. REIETHS
ZF o7, R BRESE B IC% ALY Y CHEE, BHFELE. BEFT—2ELT
1981-1982 412 I3 ERBIR B AT & 3648 L 72 Niskin FRK 2512 & 2 8@tk KR 270 AKiR, a2 llE L 7-.
H B IR Auto-Lab#tBIH Y 2 2 — & — 12k 572, 1994-1995 412 13 Sea Bird#EBUICTD 12 & - Tk
B, BAOHE T T s AN ER/RE, 270, CTDREHTE 50 > 2BAIREHY 2T 4
B DBT AW TAKBO A EHIE L 72, 19941995 F12130-200m Bl % &/ (10~12/8) KL, %
Kk & GFF 7 4 L & — T, 9% 7 b YIFRICE D%, BN (Parsons et al. 1984) 12
kbhraa7 4q (Chla) BEEHELL.

BTy b VOFRIFRERIZE > GE'H 1/2-1/6412 5738 L 228IEARICDOWT T 72, 8T8
IR, 1M O X 300k A2 B& L L7z, NorpacH! X v b M 0.10mm D H-A Tk Pseudocalanus I8
D=7 2B EEEEE A B 23 (Corkett & McLaren 1978, McLaren et al. 1989b) DT, i
BHDOINEL A PADAIZDOOTEE L7, 035mmDEATIEaAXEL 4 FVE (CV) LIED
ATF—COARNERBEE M EN-DT, MTD X v MRERBH D PseudocalanusBILCV B L U
BAR (CVD 1220 TOLEEL 7=,

KIBERIR

1982 F-2~4 A DG 100m BURICIZHER A (KR =3°C, ¥/ =333%0 ; Ohtani 1971) A {F{EL
7= (Fig. 2a). 19954133 A AN RBESOm LURIZHMR KD /NS BHRADB AR ENTZDATH -7
(Fig. 2b). BEZRADFAIL, 1995 G113 1982 H I HNEEHAAGE L | MBS /N & o7z, KR
B RKHEAES IR LKL (~2°0), ZO®BBAIZHBLSHICRE (~20°C) Tk o7z,
1981 F-7~12 A D 50~150 m JE 1 I3 FBEIE R K (K =6°C, $457 =336%0 ; Ohtani 1971) A{EEL
72 (Fig. 2a). 1994%6~11 ADESDF — 2 id 5w, 12 AIES 4O EE S BEH» 150mIEE T
BELTHED, »OKBSM»6HMTL T, 7THURBRIEZREHERKOBETICS 1L ALY S
(Fig. 2b). 1995 fFi2id, BEBRHRRAKIIHBMOFRAT 5HATIO2 AKE THAEL .

AU T, 1981-19824F & 19941995 - CHHIII Z DR A28 DD, WBRO KB TIIE,» 5L FIC
ITERERTERAKTA - R L, PIERICIIRERAKICE Z B D KBRS AL NI KE250m
PRI EROKEZROFEIAL N, FFE48 L TKRIZECLLT, BIMI3BSHIH TRE
LTHD (Fig 2b), FRAK (Cold lower-layer water system; Hanawa & Mitsudera 1987) A& IZ{F1E
LTt ilrdh s,

Pseudocalanus EDHRE S
19941995 4E-1Z #5 13 B Pseudocalanus minutus O CV & CVIOSHE A Ais A 5 & (Fig 3a), 7HIZIE
MBI AARASH O, BEBOKRENSOMmEIRIZAA L 72, FHAULChl e & L <HHB L 72248,
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Fig. 2. Temperature (°C; left pannels) and salinity (right pannels) profiles of the water column off Cape
Esan from July 1981 to September 1982 (upper) and from June 1994 to July 1995 (lower). Triangles in each
figure indicate sampling dates.

AFEIZEBO 12°CHL EOBARBIZIIHBR L B 572, 10 AR A KIBIZRKYD , 27/
12200m PIBIZERE &tz KREMCVT, CVIIZ250mBEIZDBHBR L ZIc 3 Eh b -7, 121
F10AIZ< 5RCV, CVIVTh & ARK ETRIEL 228, 204310 A & [EHRIZ 200m LIZRIZ
Erh L, EHEERBEORLZICVTH 5724, CVILCVOBIEEICE SICHBILA, 4F1Ck
5 ERES —-BEEL, AfEIBER, O BRAREBO00mFEE TANLEZISHELZ, L
2 U Ak R RE 1L CV 40m) & CVI (200m) TR E &% 72 (Fig 3a).

Pseudocalanus newmani (3 L38O P minutus & Bs ), BEABL TI50mLIRIZHMBRKEH L,
200mURIZIKIEEAEHBE L 5h 572 (Fig 3b). 7HIZIX30mE IS AamALH 0, HBEFEED
RENCVITH - 72, P minutus & [FRRIZ P newmani & EKBEE T 23 AET L, 15°CLLEDE
I id B L b 72, 10 BICIBEEREAKBIZHKD , KBEOEVS0mEIXIZIEZAHES, 100m
HIZHAi Ak &R U 72, & 22RO KEACVIT, CVIZI0mBEIZOT 2 ICHBRLAEZDATH -
7o LA L12R1IC4 % L KA OMEE100mEIXIZAH LTz, CVIZ100m PIZRICIZHIBR L &
ol HCVIRISOmEE TIAL L7, 4HIZIBZ 12 HICHANTCVHIZH T 5 CVOEIA B —B 4
B0, EEBEOKRES0mFRICER LA, 7H, 128, 4 HISIEAREOHE S #i1ZChl a D%
nEK<—HL T,

HIREFE - REEBEROZHZEL
1981198241 #5 1T B Pseudocalanus minutus D W BEEREIZ9~12 AR/, 5~6 Rlc®R A& K-
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Fig. 3. Vertical distribution of Pseudocalanus minutus (a) and P newmani (b) in July, October, December
1994 and April 1995. Chlorophyll @ and temperature data are superimposed. Note difference of scale for abun-
dance every month.
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Fig. 4. Seasonal changes in numerical abundance of Pseudocalanus minutus copepodites (upper) and rel-
ative abundances of each copepodite stage (lower) in 1981-1982 (a) and 1994-1995 (b). Note that the data of
chlorophyll @ in the upper panel was integrated from 0 to 200 m. Bottom boxes in each figure show the dom-
inant water types in the epipelagic zone off Cape Esan, and Tw means Tsugaru warm water.
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7z (Fig. 42). IR E 4 F ORERBEHRIZ9~12 HIZI3WIH 2 57 — ¥ (CI~CID 234 < T,
EREED 60% LL EACVTd - 72, 1 ARSI Z 7 — V2B L 72, 1994-19954F- 1 35 1+ B Y
BUEAEIE5~6 HIZlR K, 10~11 Hiz®/NE & -7 (Fig 4b). REBRMEHERIZ10~12BI2@35%E
CVDARTH 7=, PIIZT -V 2AICHBL, sHIEAKE LD LS, Wb Lz, REBAKH
& P minutus DIV, REBRBEAR I 2 HARE 2 3B A4 b, EEREEHRK AR B R 1L
BEUMET L, #2757 — V32 < BB, HERFORENRCVTH -7z,

Pseudocalanus newmani O WEBEREEIL, P minutus L RO EHZL 4R L7- Fig5). LaL,
ZOMBEGE GHAEBBOEY) 131981-19824F Tld P minutus DIFIT M, 1994-1995F TIIHI8
L ERIBNIC S A o 7. AREIL 1994 FEOFBERGRAM 2R, FFE# 2 7 — ¥ BEERFED
#950% FL< A O T, FHS, HERKHIZPIH A 7 — DML (199544 H1390% ; Fig. 5b),
W77 Yo b yOFEEITL - LABEHRICIAEE S SEISHEM L Trz, 1994 40 FEE TR KNI
BHIAT -2 ON® 3HAPMUDERIZHANT, HREICHEL, H20% U T Th-7.

z =

AGH AWK T & 5 BILMIL Pseudocalanus minutus & P newmani D 73 & O BERRIZ VY (Frost
1989). FEILMPORB IIFERA & EEBRFR KNS EHIZZNT 5. KO ATHE & Yl
TIHERBOEREH N K EN EIUR TR IIhEZ L TH 5. MEOHRBERBIZERIL -
ZHEHELRL, HERAKBAICZNZ L2, MEDO S MIRIIERNIITHBBIcH2L 515,
U USRI R K2 5 2 BeH0I2IE, TR 30 SRS R0, P minutus (IFREO %
KIBAZHAGT BDIK L, P newmani \$BEFRAKWIZIRE U7z, Pseudocalanus B D 53 1 3 KR IC
FFR AT 5 Z L id K <HISENTWHD (Corkett & McLaren 1978). 5 [BIEHE & W7z P newmani D53
MHIFRACR (15°C) 3 P minutus (12°C) & 0 & B, HAHRHIRAKELE N P newmani ($KEH 77
b OBELERBIIEIThAHABAE L, Bl P minutus (2 X T P newmani DETFIZ & >

Pseudocalanus newmani 1530
3000
(a) 1981-1982 (b) 1994-1995
— 2500 -
e O o-1s0m O o-150m e
S 2000 3
£ W o-bottom B o-bottom g
T 15004 (0-250m) (0-450m) ~
8 °
§ 10001 5
3
< 500 - H
0
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W ocv
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B o
~§ 80 4 Civ
o g
] s b A cm
o cu
20
O o
0

Fig. 5. Asin Fig. 4, but for Pseudocalanus newmani.
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TEMTHBEEDNS. Z0OZ LIXFHEIAM A8 L TP newmani O HBAFIRE D 2 minutus £ 0
8~ by EMTIENELS.

Pseudocalanus minutus \33 ~EBIITEBIZHA L7208, ko & 5 12 BREEFR A K Ok ~ 4
FITIE200m BIRIZ A U7z, ZAUSAREA NG LD 52 CEAN AFHEBB 27> T L%
RTEDTH S, h~LABOXRFEMAEFIICVAHEBL, 2T —DFHBHELE» 2. Fi2,
KD CVLIED 2 7 — VIZERICH eh kA L Y VEOMERE KBISEZ TW\W5H T LB X
Nz (Fig 6). ZThbHDZ & &Y EILMIZIH T P minutus 1385 ~HBICEKBCHRICHEE L, &
IS KBOMERZEM L 725, A~ZFITEREECVTIE®, %ETKIR (diapause) LT3
D LIRITE B, McLaren et al. (1989b) (ZHFERICNE T 5 F F & KPEERE D Bedford M7 12 F6 1
T, AFEOWEREZ L -KIRBOCY RWERBIZAMm L, MAICENTLZL2MELTWS, /L
% x —JLE D R IZAH X 9 B Balsfjorden 12 36 W) T & AFHIZED K A4 RIRIRRED CV T L,
FAEFEORHIIZ1I~8ATH % LMitE XT3 (Norrbin 1994). & 7= Richter (1994) (= kAug, Atk
BoDs) =Y 7y FEICE TR, £FICIEA¥EHCV T500-1000m 245 fi LIRIK %170,
FE~WEICKBTHE—MAOENOY -2 255, HritfIIEBTCVETHREL, BO&b Iz
WA BE TS, 20O &5 12P minutus 13 E D K BB BT BN 2B B %170,
HRBIZHEWTCVTRIE 2> L5 Th 5. ZHFHEHEOBIINE T 5 HAMWE LB IZH W
T, Y IZAFEAFEH 300m ABEIZ /34 L T2 Z & (Hirakawa et al, 1990) 7 6 & EfiF 5 &
D

Pseudocalanus newmani D $SHE. 73 A 1EFEAMNZ ChL e DA & K< KB L T2 A8, 1994410 A D
KO ITRBOAKIEA15°CLL EIC % % & 100mETIC Mk ZRL, ChLa & WIBL s 72, ZTD
ZEnG, BERBBRHRKNIZOAM TE S P newmani T, KRS AHIRAR (15°C) L EiZk 3
H~MEBICEEBANOTMEWT O, HHIRAZT 28D LHEEINDE. 2D ZOKMO
HAEEDORBEAINE L, MIZT —VDHY 3EAEME» 7D THH5 (19944FH ~%4%F | Fig
5b). McLaren et al. (1989b) (& #fi #E4 kD 7 F & KP4+ D Nova Scotia 1= %W T P newmani 13 5~11

Fig. 6. Adult females of Pseudocalanus minutus (upper) and Pseudocalanus newmani (lower) in lateral
view. Arrow denotes massive lipid store in the prosome of P minutus.
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A A L &8 3R EHS, £ o HFOBICIZHHIIRIC X 2 REBIED -0, KIED LS 1S
HZ BAREEIZH B LB RT B, LMD P newmani & H ~ I iﬁﬁfﬁ'ﬂ‘ﬁ FOREEIEHN S D
tDERbIDS, £/, BWIZ200mBURIZHA LT3 P newmani i3, WIROEZEMLPETHD
(Fig. 6), fRIREHIZIELEE X 515,

MIFEDEEF D K & BB VVSKRIROF T dH 5. Frost (1989) 12 K AUSHE W BR2EAT I Pseudo-
calanus minutus \ZIERENZFEWIETH D | P newmani ZIRIED T & IREMEOMWE A, P minu-
tus IZBIER 72 CV TORIBHNII —RAEE ICEHMO & 2 EREBHOKRENEE L 4 7 VHIZES A
5N BENEHEEE Tdh 5 (Conover 1988). FEHPED I\ P minutus i$T0K, KM AF5, £B8H
FIRBENE D > T AEMRAEEA LWL TE S, 7, P newmani \$HRIZEKENT, A
EHEEZTOY N, FEGHEMNIEBREOLICIBLTEDLD, AIEMNEE VA S, KEY
vV b VN Dabob Bay i2 &\ T, P newmani (IR EDEE R, ZOEEIIG U CHR#EEE) S
B—VEEAZDZENMENTEHY (Ohman et al 1983, Ohman 1990) , Z D ZE{Li3 1 AR ¥ AL THE
Z % (Frost & Bollens 1992). Z uid P newmani D BIRDEALISERL IR L 5 3 2 £ DO—fFITH
6 EVWZA A, ARBEOBEITER2IZXIE L D % P newmani i3, RAKBOE LMz THO

WARBICHICEED, P mnutus K0 S AMICERTE AR L 0B LWL D,

F1g TIIFEILMZ 354 B Pseudocalanus BOEEROBARITH 5. LHHEIZ BT P minutus DFH
HPERADLERIINPT TR IHD, YA TF—VOHBRE, KiBLREHBEOBEFK (McLaren
etal 198%a) 2 5¥IMi§ 5L, 4FICKEABEEOY - 3b 5, FIEENAHAERIIEBIC
AL, BELWW TS o by BEL, FIZECVETRET S, B, BRICKEDOMEKAE
B o72CVIZ200mIENES. WAL &9 EHEBEERAKSBRAL TS SEHE —FHLT
W5, BEAES ARICVORETHA L, CVINOBE , REEERB KRB HRAT
DEFICB IS, BLUMIZBNTP minutus (3 F1HIKTHZ & Bbhb. —F, P newmani i3I
FERBIZHML, BEEAITS. AREETEILH F 4 KEERE Nova Scotia tZ 354 T 5~11 H OBz 4
< g3 M AF 5> Tivd (McLaren et al. 1989b) . RT3 Nova Scotia & U & A BRI A &

Tw Oyashio Tsugaru warm water

0 ‘-J—/Liierwocalanus newmani — PP
t
] piei3-4 generahons : yarm stratum

50

100

150

Depth (m)

200

250

300 1 - B 1 1 1 | 1 1 ] 1 1

J F M A M J J A S O N D

Fig. 7. Schematic diagram of life cycles of Pseudocalanus minutus and P newmani off Cape Esan. Domi-
nant developmental stages of P minutus and estimated generation number of P newmani are written in the
panel. Graduation of shade indicates the relative abundance of each population. Top bars and broken lines
in the panel show the magnitude of water masses in the epipelagic zone.
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DT, 4R AERTE 2D LM E 320, AR T IERE A HRBIIRE TE Ar -7z, AL
MERESPRETIE~MEIDEHOZOERBANO ST o h, BAEEOHBILN XL, H
BARE L R/NE > Tivz, 285613 Nova Scotia & A2, BLHIZ W T & P newmani WIAEE
IZEHBIRR A H 5 2 L ARIE L T 5,

%

2

ABFFECER U C RS & 5 o 7= Uil KoK RE e S 807, b K ORBE 2 EBIRIZ#HA
THEHEL T, FEERCOVTEADOERA TS &2V 722072 ZAORFH TR < EH#HE
LET. RBIZELTIMAs w20/, B8 RFHRAEMRS LBAOME, BHBL5
CIC[ABROFFRE SO SEHHEI L 5. s ua T (b o DREIGRIRER] I & mH R R KO
BIZL2E0TY. WL THEEELET.
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