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LEEEREBICE T S D& U Oithona BDOFERVEF L ZEEY

RAEHRT, FE ST EEEE

Seasonal Abundance of Oithona (Copepoda, Cyclopoida)
in Funka Bay, Hokkaido

Toshikuni NAKATANI', Sayaka IDE'" and Toyomi TAKAHASHI

In order to elucidate the seasonal change in abundance of Oithona (Copepoda, Cyclopoida), monthly samplings were
conducted from April 1999 to June 2000 at the center of Funka Bay, Hokkaido. After the intrusion of the Oyashio
Coastal Water, spring bloom occurred and large sized phytoplankton (=10 um) increased rapidly. In the surface layer
(15 m depth), Oithona nauplii dominated in the community of copepod nauplii in the bay throughout the year except in
August. NT of them was abundant throughout the year except in April. The population density of Oithona nauplii de-
creased from November 1999 to March 2000. Then they increased from April to June 2000 and the maximum abun-
dance was observed in May (30 m depth, 47.3 inds.-/~"). The vertical distribution of Qithona similis copepodids, which
were dominated in the Oithona community, was related to small sized phytoplankton (<10 um), naked flagerates, and
naked ciliates from October 1999 to June 2000. The results suggest that the biological production of Oithona similis
was supported by the microplankton in the microbial food web in Funka Bay.
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ACEE ST BRI T B WA A AR R AR A
DA b & T Theragra chalcogramma=° 7 71 71 v 4 Hip-
poglossoides dubius DJIKEHE L THH TN TH D (Kamba,
1977, W% - @iH, 1983; Nakatani, 1988; EA S, 1993),
Oithonal@ / — 7"V v ZEZ N6 DFEEAEN L &> T
% (5, 1996, 4ok, 2002). Z ORI, HEAIEIC
BWTHWwWdh LFE — 7Y ZAFEEY Oithona I@ 2N E 54
5 ZENWEE N E K 5> TV (Nakatani, 1995a; 2K |
1997; HiiE, 2000).

MG XT3, B IR A IR D VIR K S B 20 B FKIZ 2013 T
BEWNIZIA - W U2tk A5 REICPT TRAT S
REREEZEL, ZOKBEPELTHET S (kS
1971 &) . ZO XS BAWEREIHISL, 7700 bV
BEGzL, 877y 2 F yhizeEld 500 s LS
D T 5 RS TR 2V — T (Eucalanus bungii, Pseudo-
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calanus minutus), FHEBEFRAKZ L — 7 (Calanus pacificus
L) BRUHEZERREK GREHEIE) 7 —7 (4eartia
longiremis, Oithona similis 7 £) 1235 CEI - I
R, 1977). BHEE(1993)I3M KB IZl VT a XK & 4 Y
D Oithona similis NEFEHIR$ 5 Z & A S22 UL, Ml
(2000) i3 Oithona @ 7 — 7"V o 2D W ZF X, NID AR
2 5B B W T Oithona @A EFFEIN L T5 Z & &m
L7z,

—IZ, s LHOBERIEFICHE LN T 5
v by (BABIZBENOIEE L THEDERETIL— L)
MEMT52HICL > TERICEDEDEMESNTE .
L2 LR, AL UCHE L2220 d LEHOREINS
JIRRAE NG N5 Z &S & & > 72 (Poulet et al.,
1995; Uye, 1996; Lee et al., 1999). & 512, W AEIZHNT
HEOEZET -3 IvukkUAVvEMmT I 0 b
SIRIEEAEHH IR T AW ARG ST D (FF,
2000) .

—75, Azam et al. (1983) I2& D /N2 TV T B5MEE 51
AW A (microbial food chain) ARSI TLSE, (K
KAPERETH T 5 MR R EE O BRI EH S
5 &0k, HEAED O FRAD T 3L F —HikidE
A YIS & WA BV SO 512 &K 5 THRD > T
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RS - FR S R - EAEESE

ZAREMEAVE E Ty B (Mousseau et al., 1998), PEERALAN
SEPER SR EEIRIC BT B 7T V2 bV BUESHIZ DV
FH (2002) 13 FE4FE-Z 8 U CHAEMRYEE N HBL | BE
TN =3V IHCOREE YA S L ERE
1E® 7. vd LS Oithona @ MBS R & £ DR
BT N EHBRTAZIENRENTNS I L
77 5 (Uchima and Hirano, 1986; Sabatini and Kierboe, 1994;
Atkinson, 1996; Nakamura and Turner, 1997), Oithona J&334
HRIZ B TP L AR g & R OO B 1l 2 R
LTWAAREMA S 54, ZOZEICBT A E2xk
WV, RIS IR AIEIZ B VT b LSE Oithona l& 3 X
REA P BEO =TT ZADGAREE & S TR
WOBRMAZEWE 22T 5 & & 810, KERE, LU
OithonaB D EMEEZ 6hb~vArur 5300 bV
(W75 vy EREBNT T2 0 b ) OFAEE
R > THE L, Oithonal@d /) — 7" w7 2 ORI
TFENRE & Kl 5 B & Mat L 72,

M#Ed LUHE
A3 T AR LS T 9 B M AB N Station 30 (KB 92 m,
Fig. 1) 1230\ T, JLiE KRB AN S L
fo (128 b V) BLUREMEMBS L X A4 (1,383 F )
EROTHPICHEAT- 7.

Oithonal@ Wb LI, ~4 2075 v v EBLKU

Hokkaido

20
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Pacific Ocean

Hakodate
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Figure 1. Position of sampling station in Funka Bay.

a7 4 aREDEA AL IZT 57280, 19994
10 A2 5 20004F-6 A & T A 11EKE0, 15, 30, 50, 80m T
Tz, Oithona g7y & LIEIZ 2003 Y B ¥ FRkER 2 A
WCHFARERRKL, 40um HADNY F Xy FTABLT
L (19994F 12 AI37KEE 15, 40, 60m) , FEKBEMEE T T
=Ty 2 3 E R A IV b & OMERE B
WIASEL D BHBL7:. suua T 4 L alBEICOWTIE= 2
F VRS A O TERELL 229 7K 300 ml & 10 um H A D
Gy FEROWTIoumY EEFRFEWMORFIZX AL,
Whatman GF/F 7 4 L 4 — (H&0.7um) TABLA, %
D%, TNFhDOT 4 g —Loraar 4 I)L%&10mldD
90% 7 & b v Tl X B SR LTI E IS B R
0, FREHEB LIS Turner BOOLE RN 2 I Tor oo
T 4L B & BTE Uz (Parsons ef al., 1984), ¥4 7 a
IV b VI = A% VERKER & FV TEREL L 723 7K 500 m/
% 10% acid )b T — L ¥AE CHEIE % 20mIZIRMEL , ZTD S
B 1~4ml & IS BEMEE T T - BH L, R A Xzl
L7z, BPEBTEREE, BEREEENH, AWMEENE, sl
U, BHEEREE, ZoMIcaEL Ty, BEARK,
MkE, 8, FBHEG LT 6 OEARISERIT 5K
T % k&, Shinada e al. (2000) 35 & OVH 5 (2000) A3 F
T2 ITEEICHE > TRFERITHRE L 72 (Table 1).

PG LEINESA POBEOAZLAERL 2IZT S
728, 199944 A5 5200046 A & ¢4 A 118l (1999 49
AiExE) 52 byt b (flE180cm, H7E45cm,
HA 100 um) % FWCTHIRE L2 6 i & T 0 #iE R
(HAEHRE 1m-s™") 12X DEREL 2, WAKREITH v PO
GERICED 1 72 7 0 — A — & — D[R 63K 7z,
I (1993) 1ZMEAIEIZ 3613 C Oithona similis O H FEI$HTE.
B A FN, KEATEE L BRBE 2R S, REHEGE
FEET A EBICIERBRICOM L, BERERAME LU
ERAAERIC A A B W TEeREIC A M T 5 2
LRSI, ZZ TR TE P VWA LIEH, — 7Y
Y 2 DB, Oithonald / — 7)) o ZADEE B L UIE
B AZAL A S 22§ 5728, Oithona similis % FE4F-
b0 A L, P ORREMEESER T b 5 5 L@k
DRFEKEE U TKEISmT20035Y F VERKEEEHNT

Table 1. Carbon per cell volume for microplankton.
Plankton Conversion factors or formula Source
Diatoms log,, C (pg)=0.758 log,, V*—0.422 Strathmann (1967)
Naked flagellates 0.11pgC um™* Edler (1979)
Thecate flagellates 0.13pgCum™* Edler (1979)
Naked ciliates 0.19pg C um™* Putt & Stopecker (1989)
Tintinnids C (pg)=444.5+0.053(LV**) Verity & Langdon (1984)

*: cell volume in um™>-cell ™!, **: lorica volume in um - cell™".
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NGB BT B Oithona &

WARARAL, 40um HAD/NY F 3y P TH#EL TER
AEEL. FEINE20E LEIZ% T +L< Y
VIEWETCEE L, FRERICID U GEE S HI L 2 B IS5
Mgt T CEML , ESEMEE T CHIBEARD IR LA b
BV ULTHEEL, 2 — 7)o ZEFEHEBRRE IR L X
JLCRE L 7=,

Oithona J@& D L BB AT & WIFBREE & OBIRZ B & 7
1295728, WIRE A 5 E TOAREBE D IZDWT
CTD (Sea-Bird#f#1% & U8 Neil Brown fH#) % FwCHlE
L7,

w7

KIBIRIE

19994F-4 {213 F 721K - (KIE 5 O F#mE (K 3°C
DIF, $64y33.0~33.3; K& - BAEE, 1970; k&, 1971) 28
BNEHD TR, EH»6KESEFL, 575638
Iz idEs - K5 (BREOREKE23.4°C) DEFEIEX
A (55320 LT, KRB, 1971) IZEHBE L, 30mBIERT
RIEHE A FEE L 72 (Fig. 2). TA» 68 HICk 5 L&y
DEEEEERK i BEETREIR, K eec LIk, 3555 33.6 L
b kB, 1971) A330~60mEA S ENIZHA LIGD , &
ZlZRBENEREE LY. 11A» 56 12 AT TEE.
5 OHH ESTRRAIC & D ERREH» S MEAT E THELL
(12 A : /K 8.6~8.8°C; ¥4 33.73~33.79) , EBAILIKE -
B DA KIBAK (KiE3~6°C, 5 33.8 I 5 ok
A, 1971) TH® SNz, 20004F 1 AIZid & 6 I2HHIAE
A, BNO KR 6.3~64°CITIK T L=, 2 AICIZERE»
52°CLLT, 7 33.0Hi OB FBRMARAL, 3HICIE
SN E TEDOBMMBIEN -7z, ZDt%h6 A Tl
KOENZ X DIEIEERED & BITK T L7,

T TR R OBENNORAZ IR L TA S &, 1999
ETIE3APEICE D L EOERIZEL (ME, 2000), 4
H & CIZBRNPIRIZIEA 5 7288, 20004FTiz2 HIZIZ 4T
ISR EPNDE L T/ (Fig. 2).

70074 lvabkU~44 07727 b2 (10-200 um)
(% ¥

TSN Station 30D 7 T 1 7 4 )L g BEIE 19994 10 A 2 5
200041 A & TEAKET0.06~1.15 ug- I " OKNET b -
7= (Fig. 3). 10 H¥& KU 11 AIEERE & KE 30 m 12 HEhY
LA LT, 12AH» S 1 AT THERAIZEK

DAFREEIZETOZERIFEAESRONEL Ko7, 2
12k B3L0-30mBEBTRML, 3HIZRAE TEHEEIC
o7z (RKMESS6ug- 17", 4A»56H % TIZHUIK
VMIE (0.05~2.80ug 17" & 572, 10um TO Y 4 X
THEET 5 &, 1999410 A2 5200041 A £ Tid, 10 um
KD AEA10um L EO B D% LAl > Tz, L L,
2HIZEZ 10 um P LORHEAZIEL, 3HICE -2 Lk
D (RKIEOLug-17"), 10um Bl _ED 5 H A _FR % IREE
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Figure 2. Seasonal changes in vertical distributions of water
temperature (A) and salinity (B) at Station 30 from April
1999 to June 2000.

T4 A ETHW A, sAICAE S EEYY, 10 um RO S E O
HAENEL B, TORZEIHAEHBEZEC RS ES
(.64ug- 17", SA» S 6 AIZ,T T30mLIIRICEP L 722,
2AIZAELCZI0umE EDy ua T 4 LB 2T,
HEHIZLS28DTHD (Fig. 4), 2000-FEZED 7L — L
2 APANZIZT T2 E > Tz, D BRI Y i,
ZBWTHET 5 v o b v T — L0 2~4H) %k
< &, 10 umKiwD /NG 7 5 o b v R EEE D
HEEDZL #HODTWBEILERLTWS,

Db LE TV 2AEBRA 0T T I Y
(10~200 um)® & FHED EFHE IS DT L D AZ % A
%L (Fig. 4), 19994F10H, 12H, XU 200051 HD
REEIEBTERLANLTH -7z, 19994 11 Ai12i30~30m
J& T 50 um Pl FOBEFRMEEE (KIS A Ceratium furca)
OBz X D EL oz, 2 AISIFEEEHEOEMIZ X
DO0~30mEBDOREZRFIEMIZE 5, 3AICEAERET
B o T\, 4 AURKRRIZER TRBUISHD L
7. SHOOMBLUPISmTIZZINE COHEHEIIED-
TEBMEBRESE S LA, 6 HIZASE5HICHRTE
plzvArurs vy b vORERIIED L, ZTOHIE
FHIERBHTHETH - 72,
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Figure 3. Vertical distributions of chlorophyll @ concentration at Station 30 Biomass (£ gC-1™")
from October 1999 to June 2000. Diatom B Naked flagellate Thecate flagellate <50 4 m
N Naked ciliate B Tintinnid <504 m B Oi{her microplankton )
EThecate flagellate =50 1 m & Tintinnid 250 ¢ m (without copepod nauplii)

Figure 4. Vertical distributions of microplankton biomass (10-200 um) at Station 30
from October 1999 to June 2000.
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Figure 5. Seasonal changes in taxonomic composition of copepod nauplii (A), population density (B) and composi-
tion of six developmental stages (C) on Oithona nauplii at Station 30 from April 1999 to June 2000. Samples were

collected at a depth of 15 m with a Van-Dorn bottle.

Oithonal&./ —7U 9 ZH LV 0. similis ANKE A D
Vil

19994 4 H 70 5 20004 6 A & T ® & A Station 30 9D 7K ¥
SmiCHWTNNY F VKSR THRE SN2 nd LIH Y —
7)Y 2D MO AZ L% 75 & (Fig. 5A), Oithonalg
J =T )Y ZTREEHIR U, Microsetella )@ »3 B (5 L T
7219994F-8 HARWT, 2w LI — 7 ) w7 2O E
D332~71.8% %158, V0 LIE ) — 7V Y AR HERT
B U Tz, Pseudocalanus I8 X35 R HY 22 FE 18 % 5
WBREENLHBIZNITTEL AL Tz, KEISm
128 F B Oithonal@d / — 7 ) 7 212199944 A» 5 6 A2
T TEMUSHIZE L WA L2z, 10~11 HiZ»ir T
30 - IO ENAMETHERE L 72 (Fig. 5B). K& 15mich
'} % Oithonal@d 7 — 7 ) o 2D 5RO HZ{LE R % & |
19994F4 A &k & | WL & B VNI Z T — DOk S

EERD20% L EE G, 199946 A2k & @muWElS THIR

L 7=(Fig. 50).

VB Station 30128 WT T IV 7 bV F oy b DBEDS
W E TOHMERIZ LD IRE ST XKL A D 0
HLIHIZDWT A S L, Oithona |BIZEFHRE S, 2
b USHAIRD 23.6~54.8% % ¥ 7= (Fig. 6). Oithona g3 -
REA MZEHD B 0. similis DEIEZIEFIZE L, Z Ok
BIHIEEATR03% U ETH -7, O similis A~K L4 b
OSSR, 5H (19994F) 2@l (13,3001
K -m™) #RL (Fig. 6), SHETEEETH >4, 10
H7r634E4H £ T2 1,400~2,800 K -m—> DK MVE T
b o7, FOBRMEEREEELS AICHOEML 224, §if
[FEHD 1/4T8ETdH - 7=.

1999410 A 7> 5 200046 A £ TO IR, /¥ F v ERK
TR X N7z Oithona &/ — 7°1) ™7 2 O R EBNIE K%
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Figure 6. Seasonal changes in taxonomic composition of copepodids by number (upper) and population density
(lower) of Oithona similis at Station 30 from April 1999 to June 2000. Samples were collected by vertical hauls
from the sea bottom to the surface with a plankton net (100 um mesh size). Calanoida except for Pseudocalanus
spp. were divided into two size groups; larger and smaller species than Pseudocalanus newmani.

JEDEEZEALE A D & (Fig. 7), 10 AIZIZEERER IR KA 25
9 % 30~50mfE (Fig. 2) THMHEE MK, 15mlliEE
KU 80m TH &2 30k I HIHROEEE R L 2. 11
HIZ 7% % & AR K 2SS AHAIC £ TEL (Fig. 2), 10
HIZA L NEMEOSEERIZEK L 72, 2A2»51
H £ T3 ek & BRIER KD 588 L - A= GEK (K
&, 1971) 59 (Fig 2), WIEME,» 6 E Tl &2
10M K T ORNE & 7 5 Tz, 2O, BB
B, OWAL (Fig. 2), 2 AH» 63 A2 T50m X T
B LIEYD , 4 AIIE30m TR A A 6, MBIEAHEIZ
BWTE10ME -~ DL EIZ A 572, 5 AICIZmREE K
PE30m RIS (4738 17, 6 A TEEE TR
L7z, /N F VARRES TEREE & N7z Oithona g 2 ~5R & 4

b (CRZEIZL 0. similis) DSESMIE, /=T V7 2D
B & IEDMBI A A S 7z (Fig. 7; n=43, r=0.68,
p<<0.001). Oithona | = K & 4 MIFREIRAHELC TV
721999 4F- 12 A 35 & 02000 4F 1 A 12 1B A0 1 0 SRR
ENNE L T, 2SO HIZ15~30mTEL,
BTV Em A A S Nz, ERE15mizknwT/ —7Y
Y 2 O AREHNRL T3 Z e Em Lz, Wik
IZOWT LA R ICIRE S h, SAICR S OTMEH
NEL koTnz, £, 12D 60mfEZE R THIERD
3 HHI60 7 5 100% 23l T H - 7=

FkZh 6 HFE £ TD Oithonald & = DA O §5E 75 A
BERICDWT, YUHE T O, similis '3 H FESRERE) 217 5
WINHETH B Z &6 (GHE, 1993), HESREFE) =
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Figure 7. Vertical distributions of Oithona naupulii (right) and copepodids (left) at Station 30 from October 1999 to
June 2000. Samples were collected with Van-Dorn bottles at three depths (15, 40, 60 m) in December 1999 and at

five depths (0, 15, 30, 50, 80 m) in other months.

EREL BTN U7z, O similis 1310 um B_1 0 5 % Fif
MiZHiad % L&%E 425N Tk D Nakamura and Turner,
1997), 10umbPlED~4 2075 v o by &EEEY L B
U, Oithonal§ 3K &4 DEFEEE L EH L~ A 70
TT v bV (10~200 um) DEF RS S O 10 um A
KT10umbl ED 7 a a7 4 BEOFE SAIZ DN T
THBA MY % 47 5 7z (Table 2). Oithonal@ 3 ~K 44 + D
HAAMS N 75 Y 2 by (10 pm &) O v
7 4 b alREDOFE AR & OMBIAHR <, K TGRS
S B REE OBIC EOEBE R A S . — T,
HEER KO 75 v 2 v (loumBLE) oo n
07 4 )L aiEfE & Oithonal® IR L A4~ ORKEEE &
DENZHHBIEA S s - 7=,

zZ =

AWFEIZ I T, Oithona B DB STE O. similis 3K X A
M JBNEBIZFEES A U, BRI EE» S H
2% <, ME»SXFITD A WEAINA L N/ZD (Fig. 6),

Table 2. Correlation of the density of Oithona spp. copepodites
on the biomass of the main microplankton components and
chlorophyll a concentration at five depths (0, 15, 30, 50,
80m) from October 1999 to June 2000. Data of December
1999 are excluded because of an insufficient sample.

Copepodides
n r P
Total microplankton 40 0.22 0.166
Diatom (10-199 um) 40 0.06 0.727
Naked ciliate (10-141 um) 40 0.33 0.037
Naked flagellate (1058 pm) 40 0.37 0.020
Chl. a (<10 ym) 40 0.66  3.09x107°¢
Chl. @ (=10 um) { 40 0.11 0.507

n=sample size; r=regression.
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RAREID - IR S - mAf S

Z A (1993) ¥ &K OHEIR (2000) & [RBEDFERTH -
7=, 2000FHEZORNMNIBFEREIRAD L L 723 r AR
RAE 0 1999 4EFKZE DA T HFIRIE KR A RIS Z -
T\ 7= (Fig. 2, Fig. 6). I (1993) i3 Oithona similis 2 XK
741%¢Fﬁ®ﬁ%#mm¢fm&<,i%kﬁ%c;

LIZEME LTS A, AW R I EREE K
L‘é@@SOm}: 2B\ TE Oithona similis AXK & A4 b2
RE SN Fig 7). P EO#E» 6 HEERAH O
Oithonald 2 B &4 b DHAREE I FE R BN R TEK
BETHD , MEOERBD WA Oithona D B s it
BREERAIZEAZ A RL TS, 11HMURE, 2EinZ
DABZ K 5> ThHD SN T En b, ZHAMOME KB HE
REHTHERIERAKIC Z > TR I NTELZEDTHAS &
fEgEh s,

Oithonal@ a2 XAE %4 » OEEZEEORSMEMAEL S
BEHCIZEE B A AL Nz, ThDDH, 1998FD K — 2
126 A T# 14,000k m>TdH - 722 (ME, 2000),
1999 4F T3 5 A i AAE 13,3008 {8 -m > 2 EHl & 7z,
20004F & 5 AMRESIETD - 724, FER A2 Th
DIEVETH - 72 (3,600 -m™, Fig. 6). ZD &S %58
IR AR S By AORERZELR H 5 2 &n 5,
WEBREIZL2BEANDOERIZESEDEEIELONG
VY, 2000 EEAZTEIZONWTAD L 2 HIZIRFBREIAENIC
WAL, 225 SH TR oW T T v o b v
(1oumBl k) oEwr a7 4 Lai#fE#m L7z (Fig 3).
Maita and Odate (1988) (ZME KB Fo1 T D — KL PE
@%%#%%7»—A%'i?éhfué’t&ﬁmbf
B0, INFEERAORIE THV S LSEHO SRR I3
L<7rﬂﬁb’(“é EEZo6NB. KWFEIZEB T Oithona
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