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Seasonal Occurrence of the Calanoid Copepods from off Miho Key,
Suruga Bay, Central Honshu, Japan

Hiroshi ITOH, Takeshi MIZUSHIMA and Tadashi KUBOTA

Abstract

Seasonal occurrence of calanoid copepods was investigated on the basis of 48 samples taken from April 1979 to
June 1980 at a station off Miho Key in Suruga Bay, central Honshu, Japan. Samples were obtained by vertical hauls
from 30-m depth to the surface with the Norpac net.

A total of 109 calanoid species, including 21 species newly recorded from the bay, representing to 41 genera of
19 families were identified. The copepod assemblage was characterized by the high abundance of cold-water neritic
species from winter to spring, the occurrence of warm-water neritic species in summer, and the occurrence of many
oceanic species and high species diversity in autumn.

Among them, 40 species were sampled abundantly and frequently and were grouped into the following 4 types
on the basis of their seasonal occurrence by cluster analysis excluding an outlier, Fucalanus subtenuis:

(1) Autumn type (14 oceanic and 1 neritic species): relatively abundant from September to November and the
abundance positively correlated with water temperature. Oceanic species: Clausocalanus minor, Nannocalanus
minor, FEucalanus pileatus, E. subcrvassus, Paracalanus aculeatus, Candacia catula, Acrocalanus gracilis, Undinula
vulgaris, Calocalanus plumulosus, C. pavo, Temorva discaudata, Calanopia minor, Canthocalanus pauper and
FEuchaeta rimana. Neritic species: Temora turbinata.

(2) Autumn-Winter Type (10 oceanic species): relatively abundant not only in autumn but also in winter (from
December to February). All species are oceanic form. Acartia danae, Paracalanus denudatus, Clausocalanus
Jurcatus, C. mastigophorus, Scolecithrix danae, Cosmocalanus darwini, Pavaeuchaeta russelli, Lucicutia flavicornis,
Pleuromamma gracilis and P. piseki.

(3) Winter-Spring Type (6 oceanic and 5 neritic species): relatively abundant from December to May and the
abundance negatively correlated with water temperature in most species. Oceanic species: Calanus jashnovi,
Clausocalanus arcuicornis, C. parapergens, C. pergens, Clenocalanus vanus and Candacia bipinnata. Neritic species:
Centropages abdominalis, Paracalanus parvus s. 1., Acartia omorii, A. steueri and Calanus sinicus.

(4) Summer Type (1 oceanic and 2 neritic species): Relatively abundant from June to August and abundance
positively correlated with water temperature in all species. Oceanic species: Centropages bradyi. Neritic species:
Labidocera japonica and Centropages tenuiremis.

The differences in the seasonal occurrence among the oceanic species can be explained by the optimum
temperature and the vertical distribution of each species. On the other hand, that of the neritic species can be
explained by their resting-egg formation depending on the temperature or by the seasonal abundance of food
organisms and predators, as suggested by previous studies.
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Fig.1 Map showing the station (@) where
plankton samples were collected from April 1979
to June 1980 off Miho Key, Suruga Bay, central
Honshu, Japan.
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Fig.2 Seasonal changes of temperature (open circles) and salinity (closed circles) at 5-m depth at

the study site.
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Table 1. Monthly occurrence, maximum density (MD) and frequency of occurrence (FO) of the 109 calanoid copepods off Miho

Key.
Year 1979 1980
FAMILY SPECIES Month AMIJ] J ASONDIJFMAMI MD* FO**
No.of samples 1 5 4 3 3 3 3 4 3 4 2 3 2 4 4

ACARTIIDAE Acartia danae Giesbrecht © O O O O 0o OO0 O0 © O O 43.2  50.0
Acartia erythraea Giesbrecht O @) O 2.1 7.5

Acartia negligens Dana © O O 06 00 OO0 O O 6.1 50.0

Acartia omorii Bradford © 00 O O0O0O0O0O0O0OO0OO0OO0OO0O O 1915.1 75.0

Acartia steueri Smirnov © O O OO 0o OO0 Oo 34.0 40.0

AETIDEIDAE Actideus acutus Farran O O O O O 0 1.7 25.0
Euchirella rostrata (Claus) © o O O @) 1.7 27.5

Undeuchaeta plumosa (Lubbock) O O 0.6 7.5

AUGAPTILIDAE Haloptilus longicornis (Claus) O o 0.4 7.5
Haloptilus ornatus (Giesbrecht) O 0.2 2.5

CALANIDAE Calanus jashnovi Hulsemann O (O CHONONGO) 16.2 25.0
Calanus sinicus Brodsky O OO0 0b0bO0b0Db06b0D0OO0OO0OO0OO0 70.3  100.0

Canthocalanus pauper (Giesbrecht) OO 0o oo 0o O0 O 54.7  50.0

Cosmocalanus darwini (Lubbock) [OCNOHNONONCNONCNCNONE) @) 12.2 60.0

Mesocalanus tenuicornis (Dana) @) O O 0O 0.6 17.5

Nannocalanus minor (Claus) OO 0000 o 00Oo 5.2 55.0

Neocalanus gracilis (Dana) O o O O O O O 0.4 22.5

Undinula vulgaris (Dana) O OO 0o o 0 0 64.8  42.5

CALOCALANIDAE Calocalanus pavo (Dana) O O O o0 0o O O O O 8.4 37.5
Calocalanus plumulosus (Claus) O O O 0o OO O O O 3.6 37.5

Calocalanus styliremis Giesbrecht O O O O © O 0.8 20.0

Calocalanus sp. O 0.2 2.5

CANDACIIDAE Candacia bipinnata (Giesbrecht) [CHONCHONONONONONONS) O 0o O O 7.3 65.0
Candacia catula (Giesbrecht) O O 0 0 O 2.7 27.5

Candacia curta (Dana) @) O 0.6 7.5

Candacia discaudata A. Scott O O 0.6 10.0

Candacia ethiopica (Dana) O 0.2 2.5

Candacia pachydactyla (Dana) O O O O 0.6 10.0

Candacia tuberculata Wolfenden O O 0.4 7.5

Paracandacia bispinosa (Claus) O 0.4 2.5

Paracandacia simplex (Giesbrecht) O O O 0.2 7.5

Paracandacia truncata (Dana) O 0 0o O 1.9 20.0

CENTROPAGIDAE Centropages abdominalis Sato © O O o O OO0 6.9 22.5
Centropages bradyi Wheeler O O O O O 2.1 25.0

Centropages calaninus (Dana) O O 0.6 7.5

Centropages elongatus Giesbrecht O 0.2 2.5

Centropages furcatus (Dana) O @) O 0.8 10.0

Centropages gracilis (Dana) OO O0OO0OO0OO0O0 0.6 25.0

Centropages orsinii Giesbrecht O @) 0.4 5.0

Centropages tenuiremis Thompson & A. Scott O O 0 0o o O 0O 29.6 42.5

Centropages sp. O 6.3 2.5

CLAUSOCALANIDAE Clausocalanus arcuicornis (Dana) © O 0O O © O OO0 0000 OO0 69.0  82.5
Clausocalanus farrani Sewell o O O O © © O O O 5.0 47.5

Clausocalanus furcatus (Brady) ©O O OO0 0b0b0b0b00 00O 54.1 97.5

Clausocalanus lividus Frost & Fleminger O © 2.9 12.5

Clausocalanus mastigophorus (Claus) (OO ONONONONONONCONONONONONG 10.1 70.0

Clausocalanus minor Sewell O O OO O 0 o0 o0 O 22.0 45.0

Clausocalanus parapergens Frost & Fleminger © © O ©O O O O 0000 OO0 62.1 67.5

Clausocalanus pergens Sewell o O O O ©O O 0O 0o o O O 28.1 50.0

Ctenocalanus vanus Giesbrecht © 0O 00000000 O0O0OO0OO0OO0O 19.0 875

EUCALANIDAE Eucalanus attenuatus (Dana) s. 1. O 0 O O 0 O 0.8 32.5
Eucalanus californiscus (Johnson) O O 0.4 2.5

Eucalanus crassus Giesbrecht O O O O 0.4 12.5

Eucalanus hyalinus Claus O 0.2 2.5

Eucalanus mucronatus Giesbrecht © O 0.8 10.0

Eucalanus pileatus Giesbrecht O 0 0 0 o0 O @) 10.5 42.5

Eucalanus subcrassus Giesbrecht (ONONCNCNONCONO) 6.9 42,5

Eucalanus subtenuis Giesbrecht O O O O O o OO0 O0 O 20.3 50.0

Rhincalanus cornutus Giesbrecht O O O OO0 0.6 17.5

Rhincalanus nasutus Giesbrecht O O O O O 1.9 12.5

O: occurrence in the month, ©: occurrence on all sampling days in the month.
*: inds-m™®
s3%: (Number of samples in which the species present) / (total number of samples) X100, caliculated using data from April 1979 to April 1980.
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Table 1. (Continue)
Year 1979 1980
FAMILY SPECIES Month AMIJ JASONDIJFMAM]J MD* FO**
No.of samples 1 5 4 3 3 3 3 4 3 4 2 3 2 4 4

EUCHAETIDAE Euchaeta indica Wolfenden O O O 0O 1.5  20.0
Euchaeta rimana Bradford O O © © © O (@) 10.3 37.5

Paraeuchaeta concinna (Dana) O O 0.4 7.5

Paraeuchaeta longicornis (Giesbrecht) O O O 1.7 10.0

Paraeuchaeta media (Giesbrecht) O o O O 0.4 12.5

Paraeuchaeta plana (Mori) o O O O O O O 1.9 25.0

Paracuchaeta russelli (Farran) o O [ONORCNONCNONG 4.2 40.0

HETERORHABDIDAE  Heterorhabdus papilliger (Claus) O O O @) 0.8 12.5
Heterorvhabdus subspinifrons Tanaka O O 0.2 5.0

LUCICUTIIDAE Lucicutia flavicornis (Claus) © O O OO0 © © © OO0 OO0 O 5.5 65.0
Lucicutia gaussae Grice O O O 0.4 12.5

MECYNOCERIDAE Mecynocera clausi J. C. Thompson o O O O O O O OO0 O 0 0 O 1.9 60.0
METRIDINIDAE Pleuromamma abdominalis (Lubbock) © O O © O O O OO0 O O 1.5 37.5
Pleuromamma gracilis (Claus) © O O O O OO0 OO0 o0 O 2.7 45.0

Pleuromamma indica Wolfenden O O OO 1.9 12.5

Pleuromamma piseki Farran o O ONOHONONONCHONCHONGC) 5.5 40.0

PARACALANIDAE Acrocalanus gibber Giesbrecht O O O 6.1 10.0
Acrocalanus gracilis Giesbrecht OO O o o O 0o 24.1 40.0

Acrocalanus longicornis Giesbrecht O 0O 0o OO0 O 6.1 32.5

Acrocalanus monachus Giesbrecht O 1.1 2.5

Paracalanus aculeatus Giesbrecht ©O O 0O O 0000 0 O o O O O 101.1 90.0

Paracalanus denudatus Sewell O 0o 000 0O 13.0  40.0

Paracalanus parvus (Claus) s. 1. ©O O O OO O O0OO0ObO0O O OO0 O O 349.1 100.0

PONTELLIDAE Calanopia elliptica (Dana) O O O 1.5 10.0
Calanopia minor A.Scott O 0 0o O O 9.0 27.5

Labidocera acuta (Dana) O O 2.3 7.5

Labidocera japonica Mori O O o0 o O O O O O 41.7 45.0

Pontella securifer Brady O 0.2 2.5

Pontellina morii Fleminger & Hulsemann O O O 0.2 10.0

Pontellina plumata (Dana) O O O 0.6 12.5

Pontellopsis regalis (Dana) O 0.2 2.5

Pontellopsis yamadae Mori O O O 0.4 10.0

PSEUDODIAPTOMIDAE  Pseudodiaptoms marinus Sato o O O O O 0.6 12.5
SCOLECITRICHIDAE Racovitzanus levis Tanaka O 0.2 2.5
Scaphocalanus curtus Farran © 0.4 5.0

Scaphocalanus sp. 1 O 1.7 2.5

Scaphocalanus sp. 2 O O O 1.1 10.0

Scolecithricella beata Tanaka O O O O O 1.3 15.0

Scolecithricella ctenopus (Giesbrecht) O 0.6 2.5

Scolecithricella dentata (Giesbrecht) O O O O O 0.6 12.5

Scolecithricella longispinosa Chen & Zhang O O O O 0.8 20.0

Scolecithricella vittata (Giesbrecht) O O 0.6 5.0

Scolecithrix bradyi Giesbrecht O O OO O0OOo0 O 0.6  20.0

Scolecithrix danae (Lubbock) O O O 0o o O O 0O 2.7 42.5

Scolecithrix nicobarica Sewell O 0.4 2.5

TEMORIDAE Eurytemora pacifica Sato O 0.2 2.5
Temora discaudata Giesbrecht © O 0 00 0o OO0 O O 43.4 55.0

Temora turbinata (Dana) OO0 000000 O0OO0 O 91.6  70.0

Temoropia mayumbaensis T. Scott O O O O 1.9 15.0

O: occurrence in the month, ©: occurrence on all sampling days in the month.

*: inds'm™®
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(Number of samples in which the species present)/(total number of samples) X 100, caliculated using data from April 1979 to April 1980.
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Fig.3 Seasonal changes in abundance, numerical composition of dominant species, number of

species and species diversity of calanoid copepods off Miho Key. Dominant species was
defined as species occupying more than 109§ of total abundance of adult calanoids in each
sample. Species diversity was measured by Shannon-Wiener index (H’) (Shannon and

Weaver, 1963).
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C. mastigophorus, Scolecithrix danae, Cosmocalanus
darwini, Paraeuchaeta russelli, Lucicutia flavicornis,
Pleuromamma gracilis, P. piseki) 2 OB DZEHZAL
ZRL, WTNOMESKE L LFOMCEEBEE CH
BENLhroTz (U—KE, p>0.05).

EZ~FBE (=7 Vv—7B): XFBLUVEFE (3~5
A CEWEGEEEPIED S b, S EErEE 6 fH
(Calanus jashnovi, Clausocalanus arcuicornis, C. pa-
rapergens, C. pergens, Ctenocalanus vanus, Candacia
bipinnata) & W - W EERE 5 & (Centropages  ab-
dominalis, Parvacalanus parvus s. 1., Acartia omorii, A.
steueri, Calanus sinicus) 732 OB OEFHZE 2R L
2. 2O 9 b, Candacia bipinnata B X O Acartia
omovii TIEAZFELV bEFERLCE»r>Th (U—WRE,
£<0.05), ZDIFE»OFETIEEAELEROM CHEMEEK

BECHREN o (U—KGE, p>0.05).

BH (=7 V—7C): FricEZE (6~8H) c@mw
TEBEENEO o b, HEERE 1 (Centropages
bradyi) W « WEMRE 2 8 (Labidocera  japonica,
Centropages tenuirvemis) %N Zh Z OB DOZEHiIZAL
2L, WINOMES EARBEE T E S o R DM
THERRENPEO SN (U—FIE, »<0.05).

kB, 77AY—aMOFRTHIhO I V—T1CH
J& & 7o 7z Eucalanus  subtenuis 13128128\ T D &
EWEGRBEE RO sz,

(4)

5. ZEOEFHERE KR - EDDOEFR

EEIHE OB L 21T - 7240/ I > WnW T, AR - 5
D ZEEFIFH % & OCNAREEEE R L AR - 5 & O DIERE
FIBSMR% % Table 2 127R L7z, FEARI R KR O #iFH 13
12.3~26.8°C T, KB O EHH P IZ KA O & T
15.6~26.8°C, Fk~% & T 12.3~26.8°C, &~H M T

B YN WS e
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Fig.4 Dendrogram for group classification on the basis of seasonal abundance of the 40 selected

calanoids off Miho Key.

12.3~24.3°C, EAIT 20.0~26.8°C OHFHIZH > 7=, {d
R R LROBRIE, BB BROETOMICENWT
IEOFEMNEED &, X~FB TIX Paracalanus  parvus
s.l., Clausocalanus pergens 7% £ 7 FEIZ B> TE DFHEIN
RO SNIDS, K~ZBITIRETOMICB W CHEIZZED
Shpotz, —H, W owTiE, AT OED
#iPH 1L 28.5~34.5psu T, Z & PH I3 B O & FH T 30.4
~33.9psu, Fk~% B T 30.4~34.3psu, &~HF A8 T
28.5~34.5psu, E T 30.4~33.6psu DHFFHIZ b - 7z,
% O TIIEGREEE L ESOHEBITERE TR o 72
B, KB D Temora discaudata & T. turbinata & 3B \»
TEDHED, B~ZHD  Paracalanus  denudatus x
Paraeuchaeta russelli 3 & O~FID Calanus jashnovi
& Clausocalanus pergens 2B W CIEDHENRHD 5 h
7z.
MmO
1. ZSERHPEITDNTXREBHA 7L ERHEDOEHERK
& FEE(L DR

RIFFE CEIC AL 7o 2 7 X A A 7 Y EIR19F}
418109 TH Y (Tablel), BHE XL VBELCHKEDH 5
328fE (L - AfRH, 1984) O#KI1/3 ThoTz. KWk
TRV 7290 5 7o OITBIMBB R OEFT (38m) ZX5R
L7z, HEBEHEEOMHNSES T2 LItk S

% 3&H 15 (2005)

EEZoND. —H, KWFETH 2 BRI T OB E
BENTzDIERDO2FETH - 72: Haloptilus
Calanus jashnovi, Paracandacia simplex, Centropages

ornatus,

elongatus, Clausocalanus farrani, C. lividus, C. mastigo-
phorus, C. minor, C. parvapergens, Lucicutia gaussae,
Pleuromamma indica, Acrocalanus monachus, Pontellina
morii, Scolecithricella beata, S. ctenopus, S. longispinosa,
Eurytemora  pacifica ¥ £ OREERE 4 f (Calocalanus
sp., Centropages sp., Scaphocalanus sp. 1, Scaphocalanus
sp. 2). NS D%  FEAREEE L MBIBHE MK 20
TeDWBEEDOTAEMFE IR IN LT eFEZ N
5. LU, Calanus jashnovi, Clausocalanus mastigo-
phorus, C. minor, C. parapergens D 4 FEIZ DO W TITEAK
e BeE B 10 & /m® DA b, HBEE 25% DA ke ks 2
E S, WMEOFHENFERICD BB L-RELRH 5, 2
nNo0aA 7 VETIIRIENT 25, T4bb,
Calanus jashnovi \ZELLD C. finmarchicus, C. helgolan-
dicus B X O C. sinicus 12, Clausocalanus Jg& 3 FEIZFALL
D C. arcuicornis 1% NENEIE S NI oREERH 5,
AW TR HIR U7 D%  ITAFEERE (TR - &
¥, 1997) T, Euchivella rostrata O % 5205, HEE
AT 2L ST WizhS, —JF T Pseudodiaptomus
marinus, Eurytemora pacifica & \> - 725K HFfE (Ohtsuka
et al., 1995) = Acartia erythraea, A. omovrii, A. steueri,
Calanus sinicus, Centropages abdominalis, C. tenuivemis,
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Fig.5 Seasonal change in abundance of the 40 selected calanoids off Miho Key. Maximum scale in
Y-axis indicates maximum density (inds. m™2) shown in a right parenthesis for each species.
Plottings represent the sum of male (shaded) and female.

Ry S WS e



ZRMCB T 24 7 XAEN A 7 Y HOFHIHE

Table 2. Optimum range (OR) of water temperature and salinity at 5-m depth of the study site and
Spearman’s rank correlation coefficients (SRCC) between abundance and these environ-
mental parameters for the 40 selected species.

Temperature Salinity
Type Species
OR (°C) SRCC OR (PSU) SRCC
A Clausocalanus minor 22.3-26.8 0.518** 30.4-33.7 -0.122
A Nannocalanus minor 18.4-26.8 0.467** 30.4-33.2 -0.126
A Eucalanus pileatus 17.8-26.8 0.365* 30.4-33.7 0.038
A Eucalanus subcrassus 20.3-26.8 0.492** 30.4-33.7 0.039
A Paracalanus aculeatus 15.6-26.8 0.508** 30.4-33.9 -0.175
A Temora turbinata 18.4-26.8 0.679** 30.4-33.7 -0.332*
A Candacia catula 20.3-26.8 0.664™* 30.4-32.6 -0.006
A Acrocalanus gracilis 20.3-26.8 0.639** 30.4-32.8 -0.172
A Undinula vulgaris 20.3-26.8 0.684** 30.4-33.7 -0.173
A Calocalanus plumulosus 17.8-26.8 0.559** 30.4-33.7 0.001
A Temora discaudata 25.7-26.8 0.750** 30.4-32.6 -0.342*
A Calocalanus pavo 24.3-26.8 0.595%* 30.4-33.7 -0.186
A Calanopia minor 24.3-25.2 0.551** 32.2-33.7 0.044
A Canthocalanus pauper 20.3-26.8 0.603** 30.4-32.6 -0.228
A Euchaeta rimana 18.4-25.7 0.397** 31.9-33.2 0.073
A-W Acartia danae 17.8-25.7 0.081 32.2-33.7 -0.057
A-W Paracalanus denudatus 14.8-25.7 0.199 32.6-34.3 0.335*
A-W  Clausocalanus furcatus 14.8-26.8 0.240 30.4-34.3 -0.016
A-W Clausocalanus mastigophorus 12.3-24.3 -0.228 31.9-34.3 0.173
A-W  Scolecithrix danae 13.2-25.7 0.108 32.2-33.8 0.229
A-W  Cosmocalanus darwini 15.6-26.8 0.223 30.4-33.8 0.073
A-W  Paraeuchaceta russelli 15.6-18.6 -0.175 33.8-33.9 0.339*
A-W  Lucicutia flavicornis 12.5-24.3 -0.275 31.4-33.9 -0.004
A-W  Pleuromamma gracilis 12.5-24.3 -0.266 32.2-34.1 0.243
A-W  Pleuromamma piseki 12.5-24.3 -0.121 32.2-33.7 0.224
- Eucalanus subtenuis 17.8-18.6 -0.124 33.2-33.9 0.122
W-S  Calanus jashnovi 12.3-17.8 -0.147 32.7-34.3 0.497**
W-S Centropages abdominalis 12.3-16.0 -0.162 32.7-34.5 0.188
W-S Clausocalanus arcuicornis 12.3-18.4 -0.531** 32.5-34.3 0.191
W-S Clausocalanus parapergens 12.3-18.4 -0.589** 28.5-34.3 0.262
W-S Ctenocalanus vanus 12.3-23.2 -0.493** 32.5-34.3 0.063
W-S Clausocalanus pergens 12.5-16 .4 -0.693** 32.7-34.3 0.523**
W-S Paracalanus parvus s. 1. 12.3-18.0 -0.821** 28.5-34.5 0.233
W-S Candacia bipinnata 15.6-21.2 -0.008 32.5-33.9 0.015
W-S Acartia omorii 12.3-21.6 -0.355* 28.5-33.6 -0.016
W-S Acartia steueri 12.3-20.0 -0.356* 28.5-33.5 0.115
W-S  Calanus sinicus 13.2-24.3 -0.144 28.5-33.9 -0.116
S Centropages bradyi 20.0-23.2 0.451** 31.0-33.5 0.040
S Labidocera japonica 22.0-26.0 0.642** 31.0-33.6 -0.237
S Centropages tenuiremis 22.0-26.8 0.769** 30.4-32.8 -0.283

Abbreviation of occurrence type: A, Autumn; A-W, Autumn-Winter; W-S, Winter-Spring; S, Summer, —: Other.
Optimum range: ranges of T and S at the sampling days when adult population density of each species was greater

than the average. *: P <0.05 *3*: P<0.01

Paracalanus parvus s. 1., Labidocera japonica, Temora
turbinata &\ 7: N - WM (ORI - 1H, 1999)

bEghTwi, FHIE» (1967) B8 X CXALRH - 11IH
(1970) 1%, HEARERNI, FEERISOFFETERTHY
A7 VEOREHER R D, KPS Thb iz i KE T
ITiE, WEHES SO N EN, AEEE? S WA ON

% 3&H 15 (2005)

FiDERZTH I ERHETED, KRBT 5 MM
Bb CNEEMT TV, 7z, BAKETIA TS~y
Mytilopsis sallei (Récluz) 7 XV 4 7YY K Balanus
cburneus Gould & > TefFFEM D IRIENTHRE S 1L T
WA (N, 1996), RS THE & L1z Centropages
sp. bIUTHE DD /RO IR ER S LT w2
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(Ohtsuka et al., 2005),

SR A T X A8 A A T VR, E~BFE3OH
DOWE « MO & 0 AFEEEE M ER TR D
{725, HFECE ISR IT 2 L bic, ZORZER
BOWE - S HIR U ORIN % 5. F
T S S AR ML, A7 X AE2ECT 3
HEN50% k2, B, ZRERED L L ICERORK
Ek#e L e 2 (Fig.3)., 29 L7eZTHE(bE, IhET
WA ORIZ - K, 1971), HEE (B - K5,
1992), BB & (KK, 1990), & % ¥ B4 v (W18,
1984), ft# - =¥ ORI - 1A, 1977), FE W ¥E
(Hirota, 1961), &EI#% (Hirakawa et al., 1992), HZA
¥ (Chiba and Saino, 2003), &% (LH, 1982), R
REE (B - BiFT, 1973) 7% & Q¥R THAS iR
RS 2 3% <, FHCKERIC BT 2 4N RE O B
HHT HBRTH -7z,

2. NEHEOFHHIBEREEDAHZX L

AW BV, MEREEE & HBEE > S#EIRI 1Lz
400D 5 BANEMERE (TR - ANEFRE, 1997) 13328 T, C
nNo0L L FEFME-3ZOAMK T —HAE (&
&, 1961; R3Z - F3E, 1979) Tholz. Zh o DOFHIM
HERE, 4EIKE, 10NK~LA, 6 FENE~FA,
1ENER U CEB S 1, I &0 MERERICHEIT
oz, ZOEEHIZOWTE, TR X b A
B A 7 YHEHOFHIE R 2324 L 7z Itoh and Mizushima
(1999) 34EHE L 72, SRESAR LR AKR & ORFER & HEZ
IND, KWHROSRMETIE, B & S iz Acrocalanus

1979

gracilis EIZIZ DTz ) 0~25m JBl2, Pk~ZB & 3 ni:
Acartia danae BRI b Tz D 25~100m &1z, [ U <
Pleuromamma gracilis 5>HH 200m DIROFEIZ, & 51
KHA AU R U 72 Scolecithricella dentata & Temoropia
mayumbaensis (AL, EEEBD W0, EHHEE
DFEULIZTT > Twiev) 23HH 100m BIBEICHHE 3 %
EDSAINE T OB KL THIS % (Heinrich, 1961).,
EHO—NIZ, EEIAOMBE L REiEicsnwTr 2
7Y # 7 X AR} Clausocalanidae D#YE 6 % TN, Fk
B D Clausocalanus minor BFEBREEEWIC, X~FHH
D C. parapergens INZHIFERE LRI HAAT 5 2 & %
WL TW3 (ffHE, KFEFEK). 2O Clausocalanus & 2 FE
OB FE AR E XA L D 2 F i 22.3~26.8°C,

12.3~18.4°C & &7z (Table2), & E K ERE
(1980-1981) D =FHE & (St. 29 @ AWFFEDHE S 5k
BRA3.9km) 1261 2 KESMES (Fig.6) Ihoz
HIGEE 3 &, BT 7~108 OEE I H#ETH
D, BETIEEKED 6 ~12HOEBRSEN 2B,

150m DUR IS EFEF#E 5 KRS Th o 7c 2 e fER s
5. KRN 2 /MR I Ak, B R K T
bRAMECAER T 2EBHKEOFEVETH Y, BIEA
ORAHEOAKENEZRIC LH T2 2 L0 X 0 EEEHR
By, BRSO S REWCHMAERINTTEIbDEEZS
ha, —%, Kitse 0mUEZOHE) TE~BFEFILE
<HIR U 7oA 13 B o B BV K © b TSRS £ 7213
AR T 2B KEOEASETH Y, BiE ClRRE
KB EDE~KFICFARBEE LY TECAmT sk
WEYREFERLTWwWR EFEZ 65, /2, Fig.6 05

10 1
20 1
30

50 4
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Depth (m)

100 1

150 1
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Clausocalanus minor

Fig. 6 Seasonal change of water temperature (°C) at St. 29 off Miho Key by the Shizuoka Prefec-
tural Fisheries Experimental Station (Shizuoka Prefectural Fisheries Experimental Station,
1980-1981). Shaded areas indicate optimum range of temperature for 2 species of the genus
Clausocalanus.

C. parapergens
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XZBOABSAAE 5 EEC2, 3ATREASED S
150m [ & CILCUUT OB — R AKESHE R ->THB Y, &

5 LA ERE DS, A3k 100m LUEIC 4G9 2 Scolecith-

ricella dentata, Temoropia mayumbaensis <2 EEEMFET
B % Euchirella rostrata OZETETITTOHIR %= " EEIC L 72
EEZOHND,

B~ BN S Tz Calanus jashnovi b =D & ¥
BIAL ST 2T, FHEl s BRoBTILE» S /i
30°N Hif2 e s 3 L SN Twiza (Hulsemann, 1994;
Nakata and Hidaka, 2003), iT4F, BEH S (23°N
f13) O E» o FER S NALAFEFEBKOIRERE L S
7z (Hsiao et al., 2004). K3z (1979) 1ZHHESE O FF
b 72 % Calanus sinicus O L FEW 5212 B\ T, Calanus
jashnovi &% 2 6 5 KB O R & F 1272 1750m
DURICHET 2 2 £ 2T W3, AREIZAHIETS 6 H
VIBIZHE L ko728, BWET1,000mE X TD
Calanus sinicus DFRE AR % FHE L7-FTHE (1984) 111
Az 400m DI TARA (R 3.0~3.4mm) DI ~=KT 1
FVHIZZHRANLZLTBY, IUBPREOLD & T
WX, SREERTE OREEMRE & 218 Neocalanus cris-
tatus <° Eucalanus bungii 7% ¥ TSNS X 5 RZFTHiZ X
DARHIE L NERE) (72 & 21 Sekiguchi, 1975; Kobari
and Ikeda, 1999; Tsuda et al., 2004) %17 T\ % aJEM:
WEZ o5,

3. PO - REMEOSHMERE XD AN XA
SR T L7 9T - RO 5 b, (B &

50

HIARE ST E DFEEHEICHE LI 8T, 205 b,
Acartia omorii, Calanus sinicus, Paracalanus parvus s. 1.
TRAEFCLIZY, 707 b LTOHBBHER S
7ehS, ErDO5S5ETEEoRSHRLEWHEND - 72
(Table1), HCd, Z~FEHD Acwtia steueri & Centropages
abdominalis 1ZE~FZ2, BED Centropages tenuir-
emis ZE~FEBICEThEThE HE L 2 WIAR» H - 72
23, WEFENHE £ TIE 2o OFHNCIRIRIN & U THEERHE
EYHFc@lId I enmenTtnws (Kasahara ef al.,
1975; Uye, 1985). —F, BH D Labidocera japonica &FK
D Temora turbinata 12OV TIEFNZFNE~FZICH
HURWHBNH - 7223, Zh o O TIEIKRIRINZEE T %
HRIZ W, Lr»L, ZRZNEBICITKRIRINZ & Dffs
Mo TBH (Mauchline, 1998), 41, WERT N &FHE
EWwz k3. B, Acartia omorii \XIEF NIETIIE AR
HIICRIRIR T &3 2 eI o 55 (Kasahara et al.,
1975; Uye, 1985), =R TIE, EAEHTH > THHIA
FT 65 D50m AR D K\ I 20C 12 L ks wiz i (Fig.
6), 777 hrE L TOREFHBSAFICOI YRS h
LEEZOND,

Calanus sinicus & Paracalanus parvus s.1. 12O\ T,
AR BUR FE N E~BF I @ A CHEEE ORIZ - K,
1971), EEFE/E WG, 1984) THE SRR L
—EL Tz, ARIZ - A (1980) CHIfE (1984) &, <
no ORFEEEEDOE — 27 WRICEFCEHEINE Z LT
oSBT, M7y (BBE) BLUYLY (R
) OFEHIHEE & OBEEIRRHL Tws, ZRWTYH,
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Fig.7 Seasonal abundance of diatoms, Paracalanus parvus s. 1., Calanus sinicus and predators
consisting of cnidarians, chaetognaths and fish larvae off Miho Key (after Mizushima,
unpublished data on the diatoms and predators).
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E~BRIH 6N 5B S EREEOE R > T 2o
AAT VIHOEABBEEE R R, T b HHALL
B, fiREChIRfEEY, YAy, P ORFR - #H,
1976; 7KK « A%, 1982; Nakai ef «l., 1973&0H) OfEK
BEENRAIIC LA L Twie OKE, KFEX; Fig. 7). —
#, EINOMOHETIX, Calanus sinicus DIFIEWEIC B
056 H, feFAREIZBITS6~7H, MEKFHEFICE
7% 5 +« 8 H (Huang et al., 1993), Paracalanus parvus
s. 1. oW N, FBILEIcs1r 2 6~7H (Liang and
Uye, 1996) &£\ 35 X1 — 7KL Z g £ X
DEBWFINHISNS, The O TIINY >> > 7 b
PHEEOFHINHRS =R/ £ L3587 5 AlREtEss %
2 50, Calanus sinicus O TIXEEEIRHRE ICEEHT 5
BRNZ LSS TIX R WD, Paracalanus parvus s. 1.
DRINECB T 2HITIE6~7THiIczvu 7 4 )v-a B
BELRD, YAYRFAL EDOHABEMED THRn
EERE s w3 (Liang and Uye, 1996).

&

A r D BHITHIZD, KETHIRKEFIEITEY
EREERICER R, AN EE L & ONSHNSITEIR AN MEEERT
JeBAFEHERS, TERWELICBERE2 REEL L b
HEAIAY MNERESE L, $RBOREICHIz>T
&, BRSNS/ N RA RN, EomE T ERE,
PEEER, FTI:HAR, HPHER (Wb 4E)
BOEVRFHBDOHFLZICO N R oI IZEL L L
b, Tchiz o Tix R AKRLEITEE, L RbE
KOFErEbLE¥F L, LLTEHOEEZRLE T, *
7oy A AL TIHW: 2 ZOEZH ICHE L BHOE
PRLET,

E:

1) (P.204) 19804FE 5~ 6 H %z HIHEE O EH 5 FRv»
72 DiF, 1979 L &b ¥ % £ 2 OEE O AL Dz
BN TE LS\ R D, SEEEE LR 2495
RIS DTHS.

F2) (P.2374) T - N¥HR (1997), A& (1961), Rz -
FE (1979) 22,

£3) (P.23f) A% - EH (1999) %2R,
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