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Horizontal distribution of copepod nauplius community structure
around the Noto Peninsula, central Sea of Japan during May 2005
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Abstract  The central Sea of Japan around the Noto Peninsula is an important nursery ground for Japanese an-
chovy. The larvae of Japanese anchovy mainly feed on copepod nauplii. However, little information on the spatial
distribution of copepod nauplii has been available in this region. In this study, we studied the species-specific dis-
tribution of copepod nauplii in May 2005, which corresponds to the main spawning season of Japanese anchovy.
The most dominant species (>8.0 ind. L") were Oithona atlantica N2-N6, Oithona similis N2-N6 and Paracalanus
sp. N2-N6. All these species were in high abundance off Niigata. From a comparison with environmental parame-
ters, nauplii of Oithona nana showed positive correlations with temperature and salinity. Conversely, nauplii of O.
atlantica, O. similis, Paracalanus sp. and Pseudocalanus spp. had negative correlations with temperature and salinity.
Cluster analysis based on the abundance of the eight dominant species classified the 60 stations into four groups
(A-D). Occurrence of each group was separated geographically. Group D, which had the largest numbers of sta-
tions but the lowest abundance of naupliar, was distributed from Wakasa Bay to Toyama Bay. These areas were
warm, saline and low in chlorophyll g, indicating that group D was characterized as an oligotrophic naupliar com-
munity. The other three groups (A-C) were mainly concentrated within smaller areas off Niigata, where community
diversity was relatively higher. River runoft (ice-melt water from the mountains) from various large rivers in this
area may provide a nutrient input, phytoplankton bloom and induce massive reproduction of copepods. This
mechanism may maintain a high biological community diversity of copepod nauplii in this region.
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PG 2R T 2 2 € D3H1 6 41T\ 4 (Coombs et al. 2003,
Catalan et al. 2010). —J/7, BAIYZ2IREESe G « 4 E
oL T, 2 — 7Y v 20 HEEE g
<, RERER D 2RO sINEE: 2 ¥ 0 6, IKEDTR
BT 2RI K, 2 — T Y I R EREL VT
L 7oTgeRf H Z LW (I 1981).

7 =7 )Y 2R OIKCE IOV TR, KEER A
FEOfFHEF OBPRIEREE Y L COMZESFID O d 2.
24, 24 b &5 (Hillgruber et al. 1995, Nakatani et al.
2007), I 7 I & 7 (Hillgruber & Kloppmann 1999), <A1 U
T(HH1997), B & 2 F 4 T v (REH 1966, AR iBKIZ »
1983, Okazaki et al. 2002) & X5 € L 7o WHe Hhl 2 H 3.
L»L, 20 &5 2 offidfilohtd, 7 —7 Uy
2 &L~V T L 725813485 C & - 72 (Hillgruber
et al. 1995, Nakatani et al. 2007). / — 7'V %7 2 O 8355y
FHORER ZIH S 21T 3l dicis, &g - Sl
L 7ooKif - S o/kERES, SHAEYI ORI, Bdkic & 2
FESERE DL, 7 — 7V v 2045 % ¢ A RERHETH
FRRBINCERL T ZEDBRERAIRTHB. 2D
o, IhET =7V 2ROICESEICET AR L~
WETHMLIHIZETYH, ML ~voREDREME TS
FasnTwa k- hig19907% ). AARMEBHRFETO
=70 Z2RHRICEET 205 e L Cid, #APEE (R
1996) R & 11174 (CEE 522004) DS H Y, 25T
BE - BL v oatiasfrbh e 205, wIRLEE
TS 2T TH 5.

A4 T VBRI LW oR TS, AARET
DA 2 M, ShiE B § 2 JRIc
NI T, A < HAREE R ol B B
oY v ViR FC) LA CREIC LD sifEic
XKaGL, 875> 2 b YEEEAA T < 20KED
MEHHG 2L, 50 IEREE O /K504 & 5Tl L 72t
5P B DHTH S (Hirota & Hasegawa 1999). 714 7>
B — 700 20K L T, EINED (1999)
12 & BEEECER AR T 2 4 U Y FEF o SR ERES
LT =TV RCHET 2V RV Y LG FHILL
CAESTRE VAR A

AW IS TO R4 TR — T U 7 205
7318 (1 1984, Takahashi & Uchiyama 2007, AR
PHOCT, 2 2F4 0 OTEINYIT, ZOfFHEfAD
HEE1TH KRG H) iR o EPETO A 7
¥ =7V 208 - 27— VEOHEEEOKEE
PHOPICTE. =TV ZOKEDHRIREL T
200, KR OBOKESLED 2 C~DOFRETH 2 ¥
EZbNDD, N2 TZOHMIARHTH -7z, At

FTIE, AA TV =TV 2DKPEGH» S KL D
FOKE o3 2 BREL AL 2L, =7V
Y ABHEOKCEI S 2 — v R ET 2 BIK Y, @
DI DIBIRER 72 IO TEREITS .
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200545 H 13 H~21 H O FARINC SRR HEE 255 224
AR A7 & Y Fiamy» o B5E 2 Tto
IR (R 22 © 8940 km LN ICER AT 72 60 E L CHAE &
1ol EROBZIHEM ALH) 2 6 &S (mvh)
W2 TEIC St 1~St. 60 ¥ L 72, @ sl PRy o Jb s
22 6 I TR (ND), & 175 (To), AEE LA (No-n),
REXF USRI (No-w), BRI (Ka), #PE (Wa) £ TD6
ST 72 (Fig. 1), alRHREEE, HE W 63 um (NXX25)
OB ) o8y 230w Mok 2/KE50m (50 m & O %
CIBEIZHEE Lsm) 2 6 OBER I IC L V1T 1o,
TR 25 U 7CIEKET (BES L) o mERE &
FIEL L7z, 150 nuicalfhaih | o RIKIEE D 1~2% 1272
&R v ) v RRML CEREL. FEECH
HEIZA Y —STD (7 L v 2 E 14L&, AST1000-PK) %

39° N— -

37° N — -
A : Sampling station

35° N — ~: River (a-1) ~

135‘! E 137‘|’ E l 139‘|‘ E

Fig. 1. Location of sampling stations (St. 1-60) from off Niigata
to Wakasa Bay, Sea of Japan in May 2005. Ni: off Niigata (St.
1-12), To: Toyama Bay (St. 13-20), No-n: north of the Noto Pen-
insula (St. 21-32), No-w: west of the Noto Peninsula (St. 33-40),
Ka: off Kanazawa (St. 41-50), Wa: Wakasa Bay (St. 51-60), a:
Agano River, b: Shinano River, ¢: Seki River, d: Hime River, e: Ku-
robe River, f: Joganji River, g: Jintsu River, h: Shou River, i: Oyabe
River, j: Tedori River, k: Kuzuryu River, I: Yura River.
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SRR

R ESER=RIC BT, BRI O RS 5 778 i o
v 72 2RISR S - 7. 2 OISR 2 & < HE
L, IKHEXy FZHCT, A4 7 VHOMIKLE a8
KA~ OEEHEREDS 150~300 fHKIC 72 2 & 512 1/80~
1/400 1277 L 72 BlRRL 2 AERR L, B 2o plifh e a2
REA M1-5& CTRDTCEHEL.. 727 L, TBRER
12 & AT 72 Microsetella norvegica (Boeck) ® A ¥ a
NARZA POV e Trb e oz, ko s
A7 VHEO ) — 7 VY ROMEE ¥ EHIE, 2B
BlEetro e,

FPHIERE Y LT, WIRCTRZ 2 KA (11 7
HORIE, ¥ L7 2k S o 72812 20 mLIC A
L, SCEBRLIBRICImL RIS 254 F 2T 210
AL, B8 1984)I1CF 5\ T, Oithonal@ € Oncaea &,
K H 5 2 2H, P H S5 2 2 H (Pseudocalanus &) ¥ 7]
#3152 2 H (Paracalanus J& ¥ Clausocalanus)g ), Micro-
setellaJB, Z Ot/ —7 V7 2052790 —FI55EL T
L., COBIBRBEOERE3EEYEL, 20
Bl v T& 7 ov— 7 OEEEE (ind. L) ZFHE L
7.

TICH 2B LT, B2 v—THNOFKE ) —T )
2 DRI E KD 2 1212, Oithonalg ¥ Oncaea g,
Ll JNEY S5 2 2 H, Microsetella J& D 3 7 )v— 712D
wTzhzEh, =7V B0 EKEHR S T
(100 {4 ’?ﬁ%f’ 7ocu\|3”a;ti>’éﬂz) iz Lic2Ao4 K
75 2 i}, HE - EEREEICHEE - FHEL . &
- BEH Exl% Z ¥ O IER 2 1 T8 b Nl iR
G b T, M- FEERMEEOMRRE 157,
Oithona & ¥ Oncaea)® |3, Takahashi & Uchiyama (2007)
IZ D & 0. atlantica Farran, O. nana Giesbrecht, O. similis
Claus, O. plumifera Baird, % Dt Oithona &, & (1984)
WCHEED W T OncaeaJEICTRIE L 7. WL - /RS 5 2 2
H 13 B G OR 78 )\ i€ > T Paracalanus, Clausocalanus,
Pseudocalanus, % OHAEL « /NI A 5 2 2 HIZFRE L 7.
Microsetella J& 13 Hirakawa (1974) ¥ 7 (1984) (CHD & M.
norvegica ¥ % DM MicrosetellaJ@\Z[FE L1z, 728/ —F
VY206 FEEEREENI~NG, I RELA b & C1~C5,
R %E Co CIES. HERTD . —7 Y7 R (N1~N6) D
IR ¢ iAo HREE © oMHBBIR (27 <> 0
NENTAHRE T ) & Flif ook e 72,
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J =7 D REENEERR

SERE O 2 — 7 ) 9 2BEOFLNE 2 T $ 2 72 D1
QE—F, V=7V v 2%k - BEEE O/ o B
BRI T 272 DICRE—FDZ S22 =M%kl 12
(Field et al. 1982, Matsuno et al. 2014). &5 ) — 7V 7 2
(BRIKE a_FEA P E2EFF V) OHIRERE (ind. L) I
£ -9\ T, Bray-Curtis dissimilarity (& & % JEFELIE < b
Uy 2 ZAEERE, Ty Fn s s asERL, EEOJE
HLECKY -7, 202 5 2% —H1iE Mulcel (£5)
F—zrz2)eHCTUTo/. QE—FZ I 2&2—
Wric & 0 bR & oon— FRicow, Ky 59
(7KER0, 5, 10, 20, 30, 40, 50 mED 1)), FZFE —F )
2 O B E O 72 5 % one way-ANOVA JZ U Post hoc test
(Tukey-Kramer test) CaMli L 7z.  —7 U 7 A& FRE
o B kiR, e offRiE, A7~ DlE
PiAHRE (Spearman rank correlation) tZ & O 7741 L 7z.

& g

KERERIR

20054F5 H O #2100 2> 6 /K50 m o7k i, HH]
DM (N) T bK<, 11.8~13.7°COHIFHIC H - 72
(Fig. 2). WSO T L/KERIZHERE TR, HED
BEIicon KT LTE Y, g K% mBE ok
B IZR T INT1.3~3.00CTH - 1z, KiRDOZH)IE
Db KE o 12 EILE (To) g, 61D 5 b HER D R
LA 12 o T2 72 D WL M KR ASRES JLERHE I (No-n)
Ehbmrotc. UL, 7KES~20 mfE C/KIRDZI
WARRLTHEY, /KES0 m D/KIIGHTEMICT - 72,
B IS (Wa) 2> b BEBFILER I (No-n) 10 2 18
T3 M » 6 KZE50 m & T34.3~34.6 LT —HETH
D, WK & BB INS 2o T2 (Fig. 2). — A,
IS (To) ¥ Hrikiih (Ni) TOED I, 323~342TH D,
FRcilpRm oy o 7. &7z, Wi T 0/KE50 m &
DOEEIIE, o4 & D LIS 2 Ic& o 7z,

N1 7 ERBEREREBDKER T

FBHERNDNA T I =7V T 2O HBEHEL D 80% LA
ECFY952%) % 5 ® 7z & A8 (Oithona atlantica, O.
nana, O. plumifera, O. similis, Paracalanus, Clausocalanus,
Pseudocalanus, Microsetella norvegica) % 8 Gl ¥ L7z, %
o =7V v 2 OEFEER (N1~N6) O HEH I
:«T&%F@F@@%iU&%C6@&ﬁf§%m
Z, 16 DIV % Fig. 3 ¥ Fig. 4 1IRT .

Oithona atlantica: EFEB BRFE D RifEEIC DI H HBIL



EREE D BEREREAEEIC BT 2 b A T VFE ) — 7Y U 2 OISR 63

Temperature (°C)

Depth (m)

Salinity
30 31 32 33 34 35
L | | | | |
0 —
10
—_ - Ni
\g 20 - —-©— To
5 N
% ] —&— No-n
a 30 —=— No-w
—@— Ka
] A Wa
40
50—

Fig. 2. Vertical profiles of temperature (upper panel) and salini-
ty (lower panel) at each region around the Noto Peninsula, cen-
tral Sea of Japan during May 2005. Symbols and bars indicate
means and standard deviations, respectively. For abbreviations of
regions, see Fig. 1.

fons, HMBIEE &S WESIIHEM oM H b, R
N2~N5 O & HIR B (8.0 ind. L) 2SS (Ni) 12 H -
7z (Fig. 3). ASFEI BCA O LRI 5 o HH BUEE JE (>1.5 ind.
L) HEIE (To) » L FEHN)IZH Y, ZNnbid ) —
7T ZADKFIMTE =B L T,

Oithona nana: N1, N6 D HHBNZ 1~5E M ¥ iz - 12
(Fig. 3). —73, N2~N5HHBI L 70ERIE 2 00 o 1223,
EIE D O REE AL (No-n) & TP OUEHE IR -
THMLTE Y, BN (No-w, No-n) O HIRE &
131.5~28ind. L' TH Y, ML TE» 572, 5K
iy emsic b Y HEL T, 2o HBEE IR
0.5ind. L' DL F ¥ {&»>» 7z.

Oithona plumifera: AFEAS B U 7238 511, B (Wa)
22 5 IR (Ka) OPEHNAR - 7o DB DTE R (1~67E KL)
CHOHTH(ND) D 1ERD BT, Z OHBIEEIME» - 1
(<1.0 ind. L'™")(Fig. 3).

Oithona similis: 2FEB RS RE RIS DI HBIL,
AEXF )& (No-w, No-n) & 9 & OIS THIBRZE O &
WIERDZ L, RRTHTRT (ND) T N2~N6 ¥ A D &
HIEBIEE (>8.0 ind. L) 727041 % 713 L 72 (Fig. 3).

Paracalanus sp.: AR DT D RTRER & O, Aifiisl
® Paracalanus sp. € L Tld Hidaka et al. (2016) 1Z & 0 #5
3 172 Cornils & Held (2014) & 2 AKidfilfd Paracalanus sp.
(NWP) O AW fERE SNz, ARN1OHBUI 2 E D AT
Vi, ZOHBEEE LD - 72 (<10 ind. L) (Fig. 4).
HETE (Ni) T N2~ERIA O MBI DS 20 - o, Al
N3~k BT E LB (To) 2> & 15 (Wa) & T
Tdh o teh3, LI O T O AR BT 13K
B Loz,

Clausocalanus spp.: IR DFERHLOMETHER & 0, A
D Clausocalanus spp. ¥ L & Clausocalanus pergens Farran
O AR S Nz, AN O HBUIHTEI (N) 1S -
TW7ehd, N2~k A T OERTHBIL, R
FHR(NI) T2 — 7V D 2 O HBIEE A LRy i o
(>5.0 ind. L) E DL - 72 (Fig. 4). 72, BEEPGHYE
I (No-w) TH, N3~N6 ¥ AKX A b O HBIEE 5t
WHFZ LR TR (53.0ind. L) A H - 2.

Pseudocalanus spp.: IR DFERHRK O EFTHRGR £ 0, Aig
B O Pseudocalanus spp. ¥ L ~C (& Pseudocalanus newmani
Frost D A DR S Nl ARFOKCEAT I RSB LA
HIfi > TH Y, SR HIRE (Ko, Wa) TIEN2Y 2
REZA DI PICHBLL 7 (Fig. 4). FiB (Ni) T
o HBUEE (1.0~3.0ind. L) (30K L O & &2 5
7.

Microsetella norvegica: RFEN1~N2 O HIBIZHTE T (Ni)
DZENZFNIERD A TH - 72 (Fig. 4). N3~N6 DB L
12 TE RS RERR BB (No-w, No-n) & O FEl 0T %
WS, FOHBIEEIK A 5 72 (<2.0ind. L), aRF X
A bR RERICDI DML, 2 omBEE R
05~4ind. L' TH o 7c.

DS, =T VY 205EHBUEE (8.0 ind. L' LA
Y72 o 72 FE v RE M Z 0. atlantica ® N2~NS5, O. si-
milis D N2~N6, Paracalanus DN2 TH - 7z. b ) —
TV A @BEEBISR S NIERIL, B THRT
(Ni) \Z & » 72 (Figs. 3,4). %72, Clausocalanus / — 7"
2 O L o B L 50 A7 (>5.0 ind. L) 258 1 (Ni)
¥ RELH L HEE (No-w, No-n) TREe b 17z, o 37d 0.
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Oithona atlantica Oithona nana
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Oithona atlantica, O. nana, O. plumifera and O. similis. Horizontal distribution of naupliar stages (N1-N6), copepodids (C1-C5) and
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adults (C6) at each station (St. 1-60) around the Noto Peninsula, central Sea of Japan during May 2005. For abbreviations of regions, see Fig. 1.

Fig. 3.
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0275 5% JERELUE 14%, 32%, 64% 12 CIX Y] 2
B — T

J =7V RBEEDKEDT

(IR

Station

2 5 417z (Table 1).
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Fig. 4. Paracalanus sp., Clausocalanus spp., Pseudocalanus spp. and Microsetella norvegica. Horizontal distribution of naupliar stages (N1-
N6), copepodids (C1-C5) and adults (C6) at each station (St. 1-60) around the Noto Peninsula, central Sea of Japan during May 2005. Note

that copepodids and adults were combined for M. norvegica. For abbreviations of regions, see Fig. 1.
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N O Jbi € FEEc BN, ZOv— 7 BT I (N) atlantica, O. nana, O. similis, Paracalanus, Clausocalanus,
Dy, BT (To) B, REEFILES ¥ PHESHEEL (No-n, No-w) Pseudocalanus D 6 FEIZ DWW T 2 )v— T OB EZEDFRD
D3I TN, ZOv— T CIEHHE (Ni) O 5 4172 (p<0.001~0.01) (Table 2). 2 v— 7 THEAED
REHED > T iz, 2 v— 7 DIEEILE (To) 2> & A%k

7 (Wa) 122213 C OFHE RS O Pa il o IRHEPRIC & - 72. [ , 1 , , 1

EREER Y L To&sIv— 72l - 2ok i
N o - 39° N — —
FOFEETCLAa V- T THEEPRD LR
(p<0.001~0.01), f& b EHKE, BT THocDOH
W—7D, R KIESTH-TcDD P IV—TALCT,
Zv—TBIFWVIT L lE OHEICH - 72 (Table 2).
J =7V 20 HBERE(RREEREO GG I, .
37° N— -
Table 1. Spearman rank correlations between nauplius abun-
dance (N1-N6) and adult abundance of eight dominant cope-
pods around the Noto Peninsula, central Sea of Japan during May
2005. Significant correlation: *0.01<p<0.05; **0.001<p<0.01; ] B
**%p<0.001.
Species n r A : Sampling station
35° N— R -
Oithona atlantica 60 0.699%** i River
Oithona nana 60 0.080 T T T T T T
Oithona plumifera 60 0.338** 185" E 187 E 139° E
l())zth(mla similis 60 0'711** Fig. 6. Horizontal distribution of four station groups (A-D)
C(llmm arllus Sp- gg 2'328 identified by cluster analysis based on the abundance of naupliar
p au;ocalanus SPP- 60 0';42 o stages of copepods around the Noto Peninsula, central Sea of Ja-
stu oca lxlmus Spp.‘ ' AL pan during May 2005 (cf. Fig. 5). For abbreviations of regions, see
icrosetella norvegica 60 0.3 Fig, 1.
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Fig. 5. Cluster diagram of sampling stations by the Bray-Curtis dissimilarity index (%) based on the abundance of naupliar stages of cope-
pods around the Noto Peninsula, central Sea of Japan during May 2005. Four station groups (A-D) were identified at 14%, 32% and 64% dis-
similarity indices (dashed lines).
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Table 2. Comparison of environmental variables (temperature and salinity) and copepod naupliar abundance at each station group (A-D)

clustered based on their abundance around the Noto Peninsula, central Sea of Japan during May 2005 (cf. Fig. 5). Values are shown as means+
standard deviations. Differences between groups were tested by one-way ANOVA with the Tukey-Kramer HSD post-hoc test. Any groups not

connected by underlines were significantly different (p<0.05). **p<0.01; ***p<0.001; NS not significant.

Station group (number of stations)

Parameters One-way ANOVA  Tukey-Kramer HSD
A(7) B(8) C4) D (41)
Environmental variables
Temperature (°C) 12.740.2 14.1£1.0 12.6+0.2 14.7£1.2 o C A B D
Salinity 33.6+0.3 34.2+0.5 33.9+0.4 34.3+0.3 ok A _C B D
Copepod abundance (ind. L")
Oithona atlantica 25.8+8.3 4.743.1 14.9+4.9 3.6£2.5 ok D B C A
Oithona nana 00 2.042.1 0.4+0.4 0.5+0.5 o A C D B
Oithona plumifera 0.2+0.5 0+0 0+0 0.1+0.4 NS
Oithona similis 22.6+14.8 19.4+6.7 12.5£3.0 6.7+3.3 ok D C B A
Paracalanus sp. 7.4+6.3 3.1+6.1 1.6+1.7 0.8+0.9 ok D C B A
Clausocalanus spp. 10.7+6.4 6.1+4.6 3.9+4.6 1.7+1.4 o D C B A
Pseudocalanus spp. 3.6+4.1 0.2+0.3 0.9+0.9 0.1£0.2 ok D B _C A
Microsetella norvegica 0.8+1.1 1.1£1.1 0.3£0.6 0.7£0.7 NS
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Fig. 7. Cluster diagram of naupliar stages of copepods by Bray-Curtis dissimilarity index (%) based on the abundance of naupliar stages of
eight dominant copepods around the Noto Peninsula, central Sea of Japan during May 2005. Five species groups (G1-G5) were recognized at
20% and 60% dissimilarity indices (dashed lines). Oa: Oithona atlantica, On: Oithona nana, Op: Oithona plumifera, Os: Oithona similis, Pa:
Paracalanus sp., Cl: Clausocalanus spp, Ps: Pseudocalanus spp., Mi: Microsetella norvegica. N1-N6: naupliar stages 1 to 6.

FH LD, TDIHO0. nana ZFEL 5, IO
FOMEBEL 2 v—7DTiRb DR, Zv—FAT
BbEDofc 2 e LTHT NS, —F, O
nana 37— 7 ATIEHILL 7255 /2.

J =7y 280 BHERE O 2 — 2 2L
PICT BIDICRE—F 2 5 22— @i %2 fro12 2 A,
JEFELLE 20% M ¥ 60% 12 T, GI~G5D5D D 7 )v—7F
IR bz (Fig 7). 205 b, QIERLEZ L Of,/

FKEREG GO0, —, o n— 7133
—HICE ORI NTEY, ZIv— T GLITIZO. similis D
N1, O. atlantica D N1 € N5~N6, G3 {Z & Clausocalanus D
N3~N5, G41Z 13 0. similis D N2~N6, G5 IZ X O. atlantica
DN2~N4BF EN Tz,

7' v—"7"Gl, G4, G5 ZHERL L T\ 72 O. atlantica, O. similis
DR OFEF BRSO MBI €Kil 72 & i € ol
W3, ENETNAEEZAOHBLERD b 417 (Table 3).
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IR 237K 72 & iy ¢ oICERE R EOHME Y
RLT2DIE, 0. nana (N1 C7KIREZ & AIcHEsy, N2 & Of
N6 €Kil ¥ O %R <), O. plumifera ® N4, M. norvegica
DN5~N6TH-7. TD& I, HIHBEIKIER S
NS e OMICEE R EOHBEE R LI DIEG2IZE
T2 - HKEBRPEDZ b - /2 (Table 3).

z 7

J =7V 20ERES MO RBTE

AW TIRIEFE ) — 7Y v 2 OFRE RIS S %
T2 28T, ZOHKVETMDIRID b E KA A~D
D a7 N— I3 T 6N, ZIUSHERR 2 X 5 ¢
b LT\ 72 (Figs. 5,6). &7z, 7 —7 Vv 2&H/K¥
BERMEZ, ZO0MEED S G1~G5 D 5 D DREHE 2 v —
TR F bR (Fig. 7). TD&I BT NV—TIHTT5
nreoid, 2 =797 2 OHBIEREE D A O H B,
KR, oMb TwkdTHiEEILND
(Tables 1~3). 7£33, AHIZE D 874> T o) N1 B H3IK
Do t2hs, T AUIERIC/N & W Oithona nana, Paracalanus,
Clausocalanus, Microsetella norvegica ® N1 DAKNEAS 50 um F%
ETh Y, FRERICHEE 63 um) 26K Tw2 2 eds
FReEZ bz, i, BN HIZ2H4 7 VHD
N1 OHFRERFH DO FEE 2 57— & b L HE (Uye 1980,
Landry 1983) ¥ 5 79, f4fio N1 HAKHEAE T
Hol-vEZLNT.

I =TV 2 EBIERE R B TER T 5121, A
1 7 VHERAEOEAE, ok, 2 —7 0w 2045
PSR I 72 8 % N3 ¥ (Mauchline 1998). 71 A 7 3 fl
FRAA D FEIE IS R RS TR N LT, Kl
(McLaren 1966, Uye 1988) < filf % & (Checkley 1980, Klein
Breteler et al. 1982) 23R L T\ 3. JR/KIE, w08k, A
FEMEE N 72 w0 B A R TR, O
DREBEOHEA, O 752 F>(Zun7 4 )va
IRED) O, @Hh A 7 FHOFEIIHZIEN, 7 OR5R
CLT@hA 7 VH — 7)Y 2EEEHEPERS T
3128, BANORERMGER DK ZRIER L
fo ) =7 VY ZBHE OIS OO HE ST 3
(k- 1k 1990). —75, AWFFE TR - 72 & 5 BRI 72
NI A « VP 72 v OB T, AR
DR, HWiie ¥ OYHRER RO Z b KI v v,
KEHEESL 700 7 4 ValBEP 2RI, F72
2N OB NS VY, SHICHRE TS —
TV ZOMBIEEIRN 2D, EARE
CHEZDHA T VE =T )Y 20 EEEREGRREY -

HO~@D & S IR T 2 e WEETH 3.
ABFZE T35 O ER v 3 RS AR, #r
e & FPEE & C O IR 2 I, KRNI E 72 60
MOEMER I ALY, ATV —T VIR
DFEMEOACED R IHS 12T 2 2 e siskrz. 2
o, /=T VYROCTHEERITI 2tk Y,
BN E = ZHL»ICT 3 2 bk, DUT,
TR DK « 0 08N o, gD ) —F
Vo ZBEORME S 2L, HABICERSh 2
J =79 ZEEESAERICOW T, ERRO~@ D
FRICBIR T 2 BN 2 ELLL 7.

ARG D UIIEA I T 2B DRIRMN

AR & VRSN 2 — 7 ) 9 2B O KES
13, WK 2 ROk 72 b TR~ OEIRE O KR
bW B, RS TH - T4 7 VRS F 6 FE R BLRE
Balsx6=48FHF R O 5> b, KFEG3HEEM) I
GQEWVIHEL Zv—TIZJg L T (Fig. 7). G2OHT
b 0. nana, O. plumifera, M. norvegica D %2 7> DFEH B P&
O HBIE KR ¢ ORICIEOMHBIAEES & ufc. R
0. nana\Z2\CId, N3~N5 O HBIEE2KIR ¢ DI
TNZNHESEDOHBLEED bz (Table 3). TD T
Y3, 0. nana O /KIS FEIN S TETEIC 72 2 O A3 Kl
20°0CLETH 2 e v Mt e & < —5F 3 (Haq 1965,
Hopcroft & Roff 1996). AL TlE, HEZIT- 72 DH
5HTH- 2700, IO bkigiz20°0Cc LR T
H o723 (Fig. 2), & Y @K L 72 0. nana D734
i3, K EORRAH o 7o ¥ F Z b3 (Table 3).
—J5, RRBERE L UK ARG, D - 1 HEIE,
O. atlantica, O. similis, Paracalanus, Clausocalanus, Pseudocalanus
T & - 7z (Table 3). H 7 ifF T O. atlantica, O. similis,
Pseudocalanus %, W/KMETH 2 ¥ S5 (PGH1997, F
H1997a). % 72, Paracalanus ¥ Clausocalanus 33 ¥ 53 4f
O BEKIER e ST 3 H3(_ER1997b), HARHET IR
PRI 72 S 0 A6 5 2 TR PR © S hvTv B (Hi-
rakawa & Ogawa 1996). 714 7 VEAD FEINEE ©— 713,
BAROFEOKIERIE L KT 2 Z e BHIL T3
(McLaren 1966). G /K PEFE T H 3 O. similis D FE YN TE &
¥'— 27 5321.5°C T % DITNT L (Nielsen et al. 2002), Par-
acalanus sp. DPEIIEE L — 213 175°C CEINTE Y
(Uye & Shibuno 1992), Z O I ¥ 1A A H ARG T LLIL
R 72 O 0 A 9 B T PR e S hTwv 6 2 ¥ (Hi
rakawa & Ogawa 1996) £ —3(§ 5.

N GIKIROFERMEICEE T 2 HIAICH~T, A1 7
=7V 200 2 ORI 2 /A
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Table 3. Spearman’s rank correlations between temperature/salinity and abundance of naupliar stages around the Noto Peninsula, central
Sea of Japan during May 2005. From occurrence pattern, five identified species groups (G1-G5) are shown for each stage/species (cf. Fig. 7).
Significant correlation: *0.01<p<0.05; **0.001<p<0.01; ***p<0.001.

Temperature Salinity
Species Stage Group
n r n r
Oithona atlantica N1 60 -0.675%** 60 -0.5027%** Gl
N2 60 -0.657%** 60 -0.53]%** G5
N3 60 -0.524%** 60 -0.273* G5
N4 60 -0.607%** 60 -0.405™** G5
N5 60 -0.398** 60 -0.152 Gl
N6 60 -0.306™* 60 -0.086 Gl
Oithona nana N1 60 -0.199 60 -0.049 G2
N2 60 -0.228* 60 -0.277* G2
N3 60 -0.337°%* 60 -0.506** G2
N4 60 -0.327% 60 -0.629%** G2
N5 60 -0.473%%* 60 -0.5437%** G2
N6 60 -0.254 60 -0.287* G2
Oithona plumifera N1 60 -0.192 60 -0.139 G2
N2 60 -0.192 60 -0.139 G2
N3 60 -0.251 60 -0.167 G2
N4 60 -0.279* 60 -0.293* G2
N5 60 -0.106 60 -0.070 G2
N6 60 -0.198 60 -0.265™** G2
Oithona similis N1 60 -0.4347%%* 60 -0.267% Gl
N2 60 -0.513%** 60 -0.338™* G4
N3 60 -0.375%** 60 -0.134 G4
N4 60 -0.329* 60 -0.158 G4
N5 60 -0.4727%%* 60 -0.341** G4
N6 60 -0.346** 60 -0.212 G4
Paracalanus sp. N1 60 -0.005 60 -0.036 G2
N2 60 -0.180 60 -0.157 G2
N3 60 -0.037 60 -0.146 G2
N4 60 -0.308* 60 -0.326* G2
N5 60 -0.184 60 -0.156 G2
N6 60 -0.361°%** 60 -0.294%* G2
Clausocalanus spp. N1 60 -0.173 60 -0.248 G2
N2 60 -0.229 60 -0.238 G2
N3 60 -0.174 60 -0.005 G3
N4 60 -0.164 60 -0.025 G3
N5 60 -0.064 60 -0.120 G3
N6 60 -0.217 60 -0.014 G2
Pseudocalanus spp. N1 60 -0.252 60 -0.081 G2
N2 60 -0.391°** 60 -0.309%* G2
N3 60 -0.263* 60 -0.208 G2
N4 60 -0.237 60 -0.007 G2
N5 60 -0.406™** 60 -0.370%* G2
N6 60 -0.386™* 60 -0.263* G2
Microsetella norvegica N1 60 -0.147 60 -0.147 G2
N2 60 -0.124 60 -0.207 G2
N3 60 -0.056 60 -0.040 G2
N4 60 -0.110 60 -0.173 G2
N5 60 -0.367** 60 -0.281°% G2

N6 60 -0.413** 60 -0.413** G2
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Fig. 8. Horizontal distribution of current flow at 1 m depth in the Sea of Japan during the study period (13-21 May 2005). All these images
are derived from the Sea of Japan data assimilation experiment (JADE2) of the Japan Sea National Fisheries Research Institute.

3Z L. EH(2001) 13 HATGEHBENTO 1 7 U
FHEBARDIKFE D H 2 BH S 212 L, P. parvus ¥ O. similis
FFECE R S B oS ~SE I AT
DIZHF L T, 0. nana ¥ M. norvegica \3 A5 O sy
BIcoE3T 2 2 e 2HS I LTz, ARUIZE T, O.nana
D N2~N6, M. norvegica ® N5~N6 D HEEE 5 v O
ez h 2 A REZIEOHBEDEED 6 TE Y (Table 3),
CH o MO 2RSS B (2001) O ¢ e

2005/05/03

100
—EL .
30

/=70 RAEEDKESH

AWFEDA60EMD 5 b 4 E U2V —T DX\ 5 B 10
FAITE Z T (Fig. 5).  Zv— 7 DIdEi/KiRs o i s
DT, WTROBEO /=7 ) Y 2 IMBEE b 2 i : ¢
X O RO & AL (Table 2), BEEF LS LIPHICNIE L 7z 136E 138E 1
(Fig. 6). XEREIR OB L O3 EIE50 cm s € &
AU 1991), BRI 1 HARHE S 1 C 1 U 725 00 EOURAGR 1 s
725 72 (Fig. 8: fk & 721377 TR S /i, JADE2 HAE
BT, http://jade2.dc.affrc.go.jp/jade2/). % LN L 38N 0.1
T, RAEWEFHTIE0~10cm s 2 LIZ10~25cm s
DFETH Y (Fig. 8: 1% 1213 H /RS Nrciih), i 00
DRSS 0o 1z, 2O ZIv— 7D DL 3 i o1
&, WRICESC Z7an 7 1 valBEoRuiER e &< Shl.a,
—EL T\ 72 (Fig. 9) (THIMTZEHIZT R FERME BRI e
7%+ > & —, http://kuroshio.eorc.jaxa.jp/ ADEOS/mod_nrt_
new/). DI ¥IE, Zv— T DHEEENELIIEDOER 136E 138E
IS 2 N ) — T ) 2RI o fo 2 Fig. 9. Horizontal distribution of Chl-a concentration (mg m™)
PRLTWA. of the study area on 3 and 14 May 2005. All these images are derived

5 lanti imilis ¥ Cl I "y, "y from MODIS Near Realtime Data distributed by JAXA/Tokai
» O. atlantica, O. similis & Clausocalanus 7 University. data. Horizontal distribution of four station groups

2 ¥ RO HIREREIZ 7 v— 7 A CETiEM) 23t (B, C, D) (Fig. 5) is also shown for each panel.
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& D & EAh o 7z (Table 2, Figs. 3, 4). &7z, 2056350
5 b, /KM Oithona B 2FH D — 7'V v 2 LR E RS
A O HBIEE ORI IE 2 2 NEE 2 1IEOFHBE AR
® 5Tz (Table 1) 2 ¥ 22 6, FriEM©Id 2 1o mkE
Oithona B2 O FHEEDNBEAIITON TV e BELLS
nre.

FrSh OB v L TEUKiR (K038 9 6
RGO A & 2RO EYEZ bR
% (Figs. 1,2). ZOZ €3, FRImMIm)IKic & 2 5220
D2 e ZEKL TV B (BEH 1997, FINE
72004). EE, #HEF—2»0biERR IO 7 4 v
alBEE, KA OFA L T 2 FiBieE1iE o
FlTE <, BEEEELI TRV 2 ¥ 2395 % (Fig. 9).
R, RIFFED 2 — 7V U 2 BEEDS RO 2 v — 7
A~CTRMBEEZDICH L, RELELIED 7 v —
TDTREREETH -7 Z CICHERL TR I vhs
FERLN. SOICHE LT o 1AM 20054E5 H 14 H)
& D H10HATQ005FESHIH)D 70w 7 4 )valBED
O (Fig. 9: Chl. a>3 mg m™” O A L ¥ Y {aDgE) »3
MR Y L T2 v— T A~COMHBICE 2 > T,

FRBRLE 2> (1983) 31T - 7 BETITE 2> & REEFIEIC 13 T D
HEIZFATVEEEYIE LTO ) =TV Y 2RIKCERHED
PETE, A OACES R 2 RN~ 7o 2 v
£, B S DWKOTADZNIHKIZ » —F ) 7 2
PEBEENEPIERT A CPHL IR, &1z,
HIBEHTI T 0 Okazaki et al. (2002) DHFZETIE, BXTE
72 BRI G TR A S 0 3 TR i kiR ¢ iy o B
7B IKEIDFEEL, % 2 CHREEODT RN
D, ZRUC L2700 7 4 valBEOEINMcE > T/ —
TV ZADOEEDEEY, Ny FIRGAPEL DL VI,
YA A ERNC R T 2 2 — 7Y 0 2 O g A
PREIN TS, fE R 7 4 vallithdr o, Fid
Lick ) ICERIT-o 7 10HATO 2 0 7 4 valtED
ORISR 0 ) — 7 ) 9 2 BEHED S - T2
(FRCZ V=T A O ICEL 522 e h b, FJIIKHR
OEEREMA R 2T e TS v 2 b v o
HNCRZEL, YT —7 ) o R@EEM L b1
CTHEKD—DE Rzl EARBEING. BB, 0
I =7 ZADEEESM B L T2 0, N
7> (2004) DERE € ERIZIRIKME: Oithona J& 2FET & - 7c.
Oithona g ® T % 75 fH I3 M E B H T H Y (Eaton 1971,
Uchima 1979, 1988, Lonsdale 1981, Nishibe et al. 2010), 5 H
DOAYFHH T BRI & Y LB ESE (Prorocentrum J&78
OIS 2 TR Y 2 R ST 2 2 ¥
HE3NTVD (BINEH 1997, FEINEA2004). HA T

T3, PESEIEASEHAY) R IMKAE T % (Checkley 1980,
Klein Breteler et al. 1982) & ¥ 7° &, Wi & 58 %8 o 8 i 3
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2 DEBESEERL LI b DO EZ LN,
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S 70 BERR A BT 5 MBI © o0 MBS 1 0 A3,
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D@D =TV 2OEEENHE L6 LIGERTH 2
ZYDHEESNI:. 2O & DI, ARIFZETIERRIN IR
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