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Abstract: The zoogeography of marine and freshwater pelagic copepods occurring in Japan and
its adjacent waters is reviewed. Recent human activities have drastically changed pelagic copepod
communities. For example, the introduction of neritic and brackish-water copepods into new habi-
tats via ship ballast water has been increasingly reported. And the introduction of foreign fishes
into ponds and lakes has caused great changes in the species composition of copepods. Hence it is
important to recognize the original distributions and origins of pelagic copepods.

Extensive studies on oceanic copepods have revealed that among both epipelagic and meso/ba-
thypelagic oceanic copepods many show restricted, non-cosmopolitan distributions. In the Eu-
chaetidae some are distributed locally in highly productive waters as numerically important
species while others have a wide distribution in oligotrophic waters at low population densities. In
the Pacific Ocean and the Sea of Japan, warm-water species and cold-water species exhibit differ-
ent vertical distributions, which are seasonally variable owing to the direction and strength of cur-
rents. The present distributions of deep-sea copepods seem to have been established after the
Miocene when oxygenated deep waters were restored.

Neritic and inlet species in Japanese waters can be classified into six categories: (1) East Asian
initial endemic element; (2) Indo-West Pacific element; (3) arctic-temperate element; 4) Okhotsk-
Bering Sea element; (5) circumtropical element; (6) bipolar element. Taxa belonging to the first three
categories are predominant. Neritic and inlet species also exhibit a distinct horizontal zonation,
which is mainly influenced by salinity, food concentration, and predator pressure. According to
their distribution pattern, they can be empirically grouped into four habitat groups: oligohaline
neritic, eutrophic neritic, mesotrophic neritic, and oligotrophic neritic species. Brackish-water cope-
pods are also divided among the first four biogeographic categories, but mainly comprise East
Asian initial endemic species. Most freshwater planktonic cyclopoids in Japan are still identified
as cosmopolitan species or those with wide geographical ranges, despite current doubts about cos-
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mopolitanism in freshwater zooplankton. The recent introductions of brackish-water, inlet, and ner-
itic copepods from East Asia into new habitats via ship ballast water are summarized and their
influences on their new habitats are discussed.

Key words: copepods (# 4 7 %), zoogeography (Bj#i®)  introduction (¥ A),
Tethys Sea (7 —F A %), East China Sea (B> 7 )

Y 4 T VB0 L, KR, W8 H 50 IidpH A EOWRMLENRR & EROE - &,
BEHEOHEE - AL EOEMENBERIZK > TKRELEA SN TS (Dussart & Defaye 1995).
HEDFA/SE =V BEOHEROBEL FIZIET L -T2 b2 ZADEIBELH»LHHX
NEBAEE DD (WA, Jaume & Boxshall 1996). #iEIZH 1T 5 I 4 7 L FED 7 IE KRS EM: &
WOBEPOEMAETIIISHIREN TR D, RN FHEREVIZH T 2 HBIEROFTE (Omori
1967) , WEFINEIZ I 3 REIOEE (Kado 1957, Hirota 1961) 237 4 7 VO S MABIZ L VAL
Mot 72, KEHONE TEEHLIHE LFIRD (zonation) AT I EHFMO»ITK
- 7z (Yamazi 1956, LH 1980, 1982, Ueda 1991). BT, RidARORBEIREE L A 7 Y HENR
ELERABET, 4 v F-AAPFHERARAEFEER (FH 1980, 1981 5H) O/ 4 - %L
TEMARR I, 7—F ABEFELHEE Iz (Ohtsuka et al. 1998). W7 ¥ 7 ERAKEN 4 T
MoSm» o, HHAR, SR TBORTERAHEET RALE ETHN TS (1980,
1981, Hiromi & Ueda 1987, Ohtsuka et al. 1992, 1995, Ohtsuka & Reid 1998). FEAKM A 1 7 L FRIZIZA
HEGESFET S0, 2OFM/ 38—, RBRELE LR SN TS (Ueda & Ishida 1997,
Ueda & Ohtsuka, in press).

—%, RETIEARNEENT 7/ 2 b vOABLT, XV F2AREICEWTEEYMEE
A5 ETRELBEREE->TWS (FIAE, A 1992). 74 7 HERNCE B, BekMEE,
AN, NEMEOWThEPABE L IR TEZ L IIMAET, A%, HEXE2ELHTOT
IZEBRT 250N MREHAL SHE XN TS (Jones 1966, Orsi et al. 1983, Ferrari & Orsi 1984,
Fleminger & Kramer 1988, Hirakawa 1986, 1988, Orsi & Walter 1991, Cordell et al. 1992, Reid & Pinto-Coelho
1994), ZHEMNTEERAEBLTVEL0EHEL, BLHFEICE->TLE>7HlE H 3 (Fleminger &
Kramer 1988). #WilZ/EH 6 HAIZ AR #% S N CEEH AR L 7274 7 S HEHDOFAE S BRI iE
LIV DD, +HBEI NS, £, SREZBEROEIIHRE L /R, 74 7 VIERE
HOMEHPENLZEEZShBHEHE TN T % (Ueda & Ishida 1997). [HEMSHkME] DR
WBHEE->TVARNL S S, 518, HERL ZOREARBIZE T 2387 4 7V HOAKD
S, RIFREAZEICOOTHEBEL, SHROMEEPHHEEOBAALICLHEXRO Y ILEYH S
EREC T, e, A AT VEOBYMBIIETAH LOIIREREEHLTEADT, IThH0
MRAALSIDBEESLEIEW2 L ZORFAREL 2. U0, BHFEEHOEYEHEICEL TT,
P =B [HARBOBRT LBt oD 7 7 u—F (RETHR) ] (1980, Sib#AT) , [k
O & E G- PR ] (1981, IRH) DOENLEEND D BT, KA
DEYIE A K<SHRTE S, AMERICHBET I 204 7 VO APREICEL TS, 2Thb
DFEBAEFIC U TR L 2. T2 CRYVEMRE, W - BN, FORMSERE, AR 450
AT =TT, EHICARBEROBEIEITT5. £/, HATRMHEMZLEALEA
TOZ\VBEEREM A 4 7 OB O W T EROKR TORSEFI £ 48773 5.
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Fig. 1. Distribution of four sibling speices of the oceanic calanoid copepod genus Pontellina (modified
from Fleminger & Hulseman 1974; Van der Spoel & Heyman 1983).

(1) Shixtdse

BHEPSBBIIIT TEETEMEREHIA TV HBEZKFEILAL /TS, Wh®3 I 2EF
VAVETHELEDONLNELFNZREELI SN T, LML, # 5 X ZAETIX, Fleminger (1973)
DM Eucalanidae 27 77 5 X 2%, Fleminger & Hulsemann (1974) @ % B8 Pontellidae X > 7 5 £,
Park (1994) @ %M Euchaetidae 27 o — # 8}, # - v 7" Z H T3 Nishida (1985a) {2 & % Oithonidae
FA4 LV FREED, AT VEONEH - AHICETIME,»S, EBUOL L S $THBLEICE
B350 TERD TREMMNICHEBRTIEA VST Enbhro>TE7, AL, Fleminger & Hulse-
mann (1974) IZ2& > T, ZRLIENSIR = KEO KBEAKIBIZIAL 20T % & & X 6T 7z Pontel-
lina plumata 7%, B4 ifE» 650, Zhih, ZKEOERESR (P plumata), 1 v F-KF
HOERE (P mori)), RKXTFEHEDERERK (P sobrina), PRREFEDERES (P platychela)
oM T5ZEAHBLE (Fig 1), bAAICHARBICZE2ENAMT 5. &7, Park (1994)
BB Yy — 2 BOFM» DILH AR, b Bk FEEm A R LA, 20, 4V F-H
KFEE, BARFEE, ALKEE, LR, hRAME, Bl s E OEEED & OETIEEE
L EHEM (endemism) PHEEL, BNICEELAE ChO O NE D, ARBELBH CIIAREIZS
ML, L2reRMICEMPEEHIERTS, EWHEAETH S, Table 1iZid2y 7 — 45
Paracuchaeta B8IFEDN, 4 ¥ F-KFEHIZEHR O 3658, #HEOKEIZHIRT % 235+ BRI &
EBIZH T (Park 1994). BIE T ESICHHmARBRLTE Y, dEATFE, HATE, 1~ F-
BARFEZNZFNIZLEAEEAERLTWAZ L, RETHRENIADEVENEWZ L b2 5,

AKRFHE ARBTENEE A 7 VOB, M, EEEOHRIEAT, ThETliEL
ENTWZEOOFIZEZIEBFEMREL, LrdMEOEBEAEDAREERL > T zln
S RBREBON TS, ZhoOHEREIEMICEECTHEME L\ Calanidae 7 5 X 2RO
Neocalanus I& , Calanus B THENBREPHL -2 TH 3. BxE, Z N & T Neocalanus plum-
chrus & ENTNI2 DD B PITIZBIFEN flemingeri B E TN T2 (Miller 1988). Zh & 2f# I3 [H
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Table 1. Endemic (Indo-Pacific) and interoceanic species of the deep-sea calanoid copepod Paraeuchaeta (after Park
1994). cc: very common; ¢: common,; r: rare:; rr: extremely rare.

Endemic species in the Indo-Pacific region Interoceanic species

Northern  East Indo-West Indo-West Atlantic  Southern

Pacific  Pacific Pacific Pacific

P brevivostris c P aequatorialis I T
P paviovski r P calva r r
P abrikosovi T P confusa c r
P, guttata r P vorax r r
P hastata T P alaminae T T
P implicata T P altibulla T T
P longisetosa r P sesquipedalis T T
P modesta T P vervoorti T T
P oculata rr P abbreviata r r
P orientalis rr P abyssalis rr Ir
P, plicata T P parabbreviata IT T
P, prima rr P barbata cc cc cc
P, subtilirostris ins P sarsi c c c
P, birostrata cc cc P pseudotonsa r c r
P elongata cc cc P, bisinuata r r r
P rubra cc cc P comosa r r r
P californica cc P, gracilicauda r r r
P, grandirvemis cc P hansenii r r r
P appilliger c P kurilensis r r r
P copleyae c P megaloba r r r
P scopaeorhina r P prudens r r r
P plaxiphora T P scotti r r r
P propingua r P tumidula r r r
P, triloba r
P. malayensis c c
P tonsa c c
P tuberculata c c
P weberi c c
P, paraprudens r r
P anfracta T rr
P, eminense c
P, investigatoris c
P russelli c
P simplex c
P euryrhina rr
P sibogae T

FRENZHE 2 600, AFLIZELD | fiFHTIEWIZTIRT 4 v FEHTHRIRL TIETEHRE
ERMABDIZHLT, BETEINKT 4 v F4HH B0 2K TIRIR L T1HFE AW LIL24ET
FmERZS, KD T7L 3 T FEREHROLHE XN (Miller & Terazaki 1989). £7-, &
FORE A M8 2 2 R/ 5 N B Calanus I8 T LURT 213 Calanus helgolandicus & 5\ & C. finmarchicus &
BN T MED, ENENC sinicus, C pacificus (SHREHIS N B) IS h, A& IRBFET
MY rmibE, £, RNGERICAERB L TWBoIcH LT, #E3INE ~NEETIERT
FHOFE~BRICER LTS Z LB L2 (Brodsky 1965, 1972). & SIZHEIZ & - T, C sinicus
M6 C jashanovi (=C. ovientalis Jashanov) 23778 X+, BHFIIARMATF AV (30°~42°N, 130°E~
155°W) 125335 Z & bHh -7z (Jashanov 1975, Hulsemann 1994) . AFRFELMBE O N FE H 7
RABHA T VHOGEIIRHPREZE L L AHRERELICK > TERKEN Y, 20X %
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RMERAMRE AT, AIBICHBEHLAH D, FHCKEEAY SRS M OWTIHE,
SRR S B E S Lhsn,

H 7 XZBIZHEL T, Oncaeal®, Corycaeusi B ENEEFN TSR LFO X FAHAA TV
MO - ST 2FRIEN T 5 A%, Bottger-Schnack & O#LiE, 7 7 &7, ihiElls
I3 —#OEHEIZL > THRAEEL S H#HA 7 (Bottger-Schnack 1988, 1989, 1990a,b, 1992, 1994, 1995,
1996, 1997, Bottger-Schnack & Boxshall 1987, 1990, Bottger-Schnack & Huys 1997). ZH 6 DHURIZLD |
RIFO 2 4 HBSHOSSE AR HRESEREEHOEE, hERIZB T % Oncaeidae 4 ~ 7 7 R D
AR (75781260 B L, ZD3FO2HWEMIZIR- THERT3) #ELHM (&2
1 7 S FEARED 60~80% A2 ¥ B) MRS Ik -7z, AEIEBRICE 54 v r 7RO
LB ARBEIZIRN TR D, (RROSmmU FO/NEIZE L TE A EANFR T 513 AL LS,
SHOMRAFZRE RS 0 (FE1997).

HARBIO KT, HARBOSESIZ WO TRRMERE & BRI I IEA T T & L Tu
BERENME N T D, KFFHIZHT 2 MBS Tl Neocalanus cristatus 23R TIZD - TKE
500-1000m {SEEHI L, FHC4ACEBT 24, 25 EREEEAERE L EZ L6505 (Omori
1967, Oh et al. 1991), HAME T, BEARMUFMEATERAOHA AR OEIIZRRE OKE100m BIR)
IZEBT 3 A, HARMRETdH B Metridia pacifica 75 £ 138 RHEAKE 200-300m LUEIZ A O Th LA H
D, KENZIE EEASEEET 5400, FBHEIICE>TEO/N4 = VIidRBED, ABEROE N
B RRAKRAEOCIHINICIZREE TEET, HOFVLKES-7T5mE TLA LR L &V (Hirakawa
etal 1990). T &) IZBEAMME & Gk B T 2 K%, SEBEIOREIZEBROEAL, Hit
DRIz E > THEHEN S,

NS A 7V EORFISAER L OEETH 52, B (1981) 375 v 2+ v &0 rEs
B EDOREO A EH K TFETH D EAEL TS, 72, BHIZOVLWTIE, BlfE, TR

BY, ZTOMEESLH AT VHONENORYIOMERIEZ LT HERE L TS (B 1981). B
TEOFFERBIEREICB LTI 2 OREN & 512, FE &N T3, Stock (1986) 13, K4EH
PR O AR B 200-2000 m (2 HWEET T (R 3000 77 401 IV TERBEIREL 50D, T —F RBRED
wtEE s R E ey, T (892300 AT LI, ZORBANHEBRRESEGENADT
(BED B idERE» S I EFHICL D), WEANEERL 2 HEEL T3,

(2) WE - BEME

FOKMERERIRR CNE - IBEMEAIA 7 VR ZO M/ 382 — 2 25 Table 2125 72 & 912, 1<
OHOBERIZFIONE. LirL, BAMHEO B/ Y% — 2 (Ohtsuka et al. 1995) &0 &L ZHTH
D, BAMETRROA AW R =Y 7 x=) V rEHE (GFh—y o, N— ) Y THIIN) .
WREGER (ZKEOFEIZIAL 0 40) , mifER GEAFEEF, ALK, ACHE & mRogiE I o
WA BEETS. RS OHAGEN T A BERIRBEYWIEEER (Fv Filirh
IMCHEE R, EErE, ATRAEZ FIZAAAREER T 3) THS., LarL, ZORULCHE
FiZBEL 0T, ZOIECHEBIEMEIZ L > TRESTWARZERE Y, ZhiEnA 7 UVHED
Kilk, BRI > THEAES Z EI0MA T, WMAINZ EOERIRBZ RO 2» &
LTWb&EEZ6NS. FAE, REMBIEAEERITBT 5 Caanus sinicus (3ALHEH S/ > T 1l
S ETIAL AHmL, (RIRBESH S Ty, —JF, BICEFZIZES 5 Pontella rostraticanda |3
B CIXHAF NED A2 S sk &, BARICHBREMARE S h (B 5 1990: AR D HIBUKIR
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Table 2. Distribution patterns of inlet and neritic copepods predominantly occurring in Japan.

Type of distribution

Order Literature
Species
I.  East Asian initial endemic element
Calanoida
Acartia japonica Ueda (1986)
Calanus sinicus Hulsemann (1994)
Centropages tenuiremis Tanaka (1963), Chen & Zhang (1965)
Labidocera japonica Fleminger (1986)
Pontella rostraticauda Ohtsuka et al. (1987)
Pontellopsis tenuicauda Tanaka (1964), Chen & Zhang (1965)
Pontellopsis yamadae Chen & Zhang (1965)
Cyclopoida
Oithona davisae Nishida (1985a)
1. Okhotsk-Bering element
Calanoida
Acartia omorii Bradford (1976}
Acartia steueri Tanaka (1965)
Acartia tumida Ueda (1997)
Centropages abdominalis Tanaka (1962), Chen & Zhang (1965)
Epilabidocera longipedata Sato (1913), Park (1966)
II.  Arctic-temperate cold-water element
Calanoida
Pseudocalanus minutus Frost (1989)
Pseudocalanus newmani Frost (1989)
Poecilostomatoida
Corycaeus affinis ftoh (1997)
IV, Indo-West Pacific warm-water element
Calanoida
Acartia erythraea Ueda (1997)
Acartia pacifica Ueda (1997)
Bestiolina similis Ueda (1997)
Calanopia thompsoni Silas & Pillai (1973)
Labidocera rotunda Fleminger (1986)
Tortanus forcipatus Ohtsuka & Reid (1998)
Tortanus gracilis Ohtsuka & Reid (1998)
Cyclopoida
Oithona aruensis Nishida (1985a)
Oithona attenuata (stocky form) Nishida (1985a)
Oithona brevicornis Nishida (1985a)
Oithona dissimilis Nishida (1985a)
V. Indo-West Pacific & Temperate-Tropical
Atlantic element or Circumtropical element
Calanoida
Paracalanus crassirostris Ueda (1997)
Temora turbinata Bradford (1979)
Harpacticoida
Euterpina acutifrons Huys et al. (1996)
Cyclopoda
Oithona oculata Nishida (1985a)
VL. Bipolar element

Cyclopoida
Oithona similis"

Nishida (1985a)

D This species is distributed also in the eastern equatorial Pacific (Nishida 1985a).
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21.0-287°C) , WAKHIIM AN CE T & E A 5h 3 (Ohtsuka et al. 1987). Hi# TiXZ DiLizfd
(C pacificus, C. jashanovi) ALK FEEDRF» SFEFIZH T THW L, C sinicus PR EFIZHH L
TED, TRAKEEZEZLNDZDIZHR LT, BEDEBZME (P aata, P surrecta) IHE7 ¥ 712
AWML TED, ZOMEBETIELP rostraticauda DR BILIZHTHL TH O, PWEPICEARMETH S, &
NODOFMI TN ZNHES B B> 2MWHER > Ty, s LG iEERKICH
ARAME, FROER Y T TH -2 ZELLNS.

HHEYEEERIZROTEZOOE A ¥ F-HAEEEE (4 v Pl TFEOR ~ #icn
JOREHI M), AR—vo-x—0) vy rER, mALER UFE, JERAEECImL, AL
W TONMERS) Thsd., 1V F-BHRFERRIEAETH 2D/ LT, Ad-vo-x
=) vy rEE, MIEERIIAKETHS. Zhix, ZOREABERLTEY, AiETE, Fioh
ARIZBEEEHMHEAREI T TV T —FREBIEETH D, & TIIEIWEIZ B W THK
HEVHEDORIFM TH > HEABS 20 EA TV 7l HX-V V7 BHIEHFETH S
BTH2 (FA1981). HHYHABEEEREL ZHE3DDOBEEDH T X 2 BO—ICIZRAIN % &
HTAEAEEN TR EPBERFE N, A F =V - X=) VY SEROEMPERTHDIZHL T,
WHYHABAERE, 1 v F-AAPEEROBIIAREA$5,. Zhit, ZOREICEHRT 3 HE
ESAKD. 7L, Acartial® . TortanusIBIZEB T DI AMNOEL IS L L O TEL , HIRYT
5D AMOFERISE CEAGREEDY, LRI 5 & D132 OALRIGE O EREE 2 A& EH L
SOOI B IEREE T AN A B LAV L2 #E EhThy%  (Uye 1985, Ohtsuka & Reid
1998).

FHERORME, BOLAREOHEE IXPEAT (1980, 1981) IZFFL WO TEKE T 52, HEDH A 7T ¥
HRICETPHEY BT —F 2BOEEPRONDZENHENI AN DDH D, FEHDLDKRIE
RIS 4 7 VMO EDOFA N S (Barr & Ohtsuka 1989, Haridas et al. 1994, Ohtsuka 1984,
1985, 1992, Ohtsuka & Boxshall 1994, Ohtsuka & Mitsuzumi 1990, Ohtsuka et al. 1991, 1993, 1994, 1998)
755 1+ 27 H Platycopiald . 51 5 X X B Metacalanus &, Paramisophival® , Pseudocyclops &% &£
FnFhe 4 Y F-REAEFEEICMA T (HAFFEORMGERIC MR T 25868 5 5), HHKAEF
O~ B () THEEAE I g ys3 b7 7 ) ARFEOmMAICHET ) e /mL T
LM AV F-FAEE R KR ER D 2 VI BT ERO/E -V 2R TDTH 5. 2
OBEZEOEFUIWAS MIZF —F AWHIRED T —0 SEBUTA ¥ F-KFHFEE KELEL B
ELTHFELTOABHETHMAEZ L ATES (FAF1981). EFE, ZholdE < DFRBNEE %
L7 RMAZIEE NI —-TTH B (Huys & Boxshall 1991). 7272 L, ThHEDRIET —F g
DHEBLE BT 20 IXERLETIC b AR I L Te D, BETIEA ¥ F-KFF
ERFEHTEIFENMER LTS, HIEBM Y 4 7 U HIIFEEEL D MO/ 2 P RAE LI
FBAANBIBELEZZITIZK WEELONDZDOT, 5HINOOMEI EDIE, HEARIBEO »
47 VHMEOBR AR, DF0 T - FRAMEOBEEMEN S Z S BN R 5SS S D,

FELEFEES 0L, 4 v F-ERER S AREFORMATRIZER YT 2, 3 -0
w3 AT T HWFICRMB LW A4 T UVHOHETH D, ThoOREIZ EEDED LD
HEMRANIE B 228, ZOBAITE, T —F AEEHRL F 2B T3 v ik 458
LT (%9350 FERNZBAC ). 4 ¥ F-FRTEHERD S5 — NI KFFEAHEL U722 2 & HHEE X
1T % (Van der Spoel & Heyman 1983, Ohtsuka & Reid 1998). ZHUZHN T3 LD H 5 X 2 H
O Tortanus B TH 5. ZOBIXZSP2OHEBAHSN TS, SHBIIFFEOEBERT &> T
% . Fig 212 5 WBRO RFE & E BB 478 L 72 (Ohtsuka & Reid 1998). ®#ID 7L, 2D Tor-
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Boreotortanus

Eutortanus

Tortanus

Alortus

Acutanus

North Pacific & Northwestern Atlantic
Eutrophic

Northwestern Pacific
Eutrophic

Indo-West Pacific
Eutrophic

Indo-West Pacific
Oligotrophic

Caribbean
Eutrophic

Fig. 2. Cladogram (A) and geocladgram (B) of five subgenera of the neritic/brackish calanoid copepod
genus Tortanus (redrawn from Ohtsuka & Reid 1998).

tanus discaudatus DIREIZHHRB TR I > - L g & h, HAREFEANOBRENIE L OBKE &
VI BRINCALRFE» 5 — A Z 572 D L Eh 5 (Ohtsuka et al. 1992) . KIZIRAE L
7= Eutortanus BIE 1L, BIED 5/ V2 — v LRE S #0WE» S 6 ISR Y il R 4 1%
7 (Ohtsuka et al. 1992, 1995) . FFZIZIRAE L 22k 13 4 ~ F-FAREFERD Atortus BB & H )
THEED Acutanus BB TH 5. HAFHEE VL IIAKRENEEEKATI NG 2 DO HiE A 4litk
BAEBR L, ZOZ83h) 7HBEED Acutanus BIBDO LA A ¥ F-IAFHFE,» S LD &>
EREE L EIfins a0, TOKD EAHE/NF — IE Tortanus BLISV TS, M+ B
Acetes B THIS T 5 (Omori 1977, Van der Spoel & Hyeman 1983) .

N - REME A4 7 VEOBEA, ZThETRRTE LHEROHEEO B2 AIZMA T, BD
MTORFIIAGE Vo Z/ MR A BIZD WIS ThA2RiE A S &y, NBTIE, —A%,
RSB T TOREEFNISHIE LT T v 7 P VHOBIKR AR o558, Fhbtk
LYHEIZ, 2D, HENIZRTOMREE DA TOHETH B, Z020, 74 7 VHIEINDG - H
IO X OARBIEEEMIZ LS. NBTOAA 7V EOFERS ML, WRFE LA HAZOE
TITo DT 707 b yOSFHFAE (Yamazi 19507% E) THID TFHF LS, #4147
RO ENIZ B X L S ARALE AR & huz (Yamazi 1956). % 72, Hirota (1974) & & OF
Hirota & Hara (1975) (32 hv 2 WG & AOBTRFEICH 22 4 7 U HOBKRI AL 72,
L L, ZhE CRILNEIEONRENR L &R T 72 Paracalanus parvus, Acartia clausi, Oithona nana
D3P NTNEFEBOMELIREL Tz Z e L, ZORDMOnM/ Y5 — 2 & ffiE & h
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Acartia sinjiensis C1-6 * ] I

Acartia hudsonica (6

. . —_———
Paracalanus crassirostris C6

Paracalanus crassirostris (1-5 —_—

Paracalanus crassirostris N

Oithona davisae C1-5

II

Oithona davisae (6 —_— -

Oithona davisae N
Acartia erythraea (1-6 —_—

Euterpina scutifrons C1-6 —

Euterpina acutifrons N ———

Acartia omorii (6

Centropages abdominalis (1-6 . ITI

Paracalanus parvus (1-6

Oithona similis C1-6 —_——
Microsetella norvegica N ——

Microsetella norvegica C(C1-6 —— Vv

Oithona nana (1-6 —————e——e

1 —_—

Qutermost Central Innermost
station station station

Fig. 3. Distribution ranges of abundant copepods in Maizuru Bay, Japan, based on monthly plankton sur-
vey from October 1977 to December 1978 (after Ueda 1991). The horizontal lines and circles represent sea-
sonal ranges of the center of distribution in the bay during the period of high abundance and their mean
points, respectively. The Roman numerals on the right side correspond to the number of the groups in Table
3.

RiEBohL ko7, ZONEFERRELC GO DWW 2#, Ueda (1991) 13FED KB {Z M
OFFHEEIT 2 72DICHHADIDODBTHA 7V HOSMAT 70, WEB -5 L2400
24 FIHHRTE B Z AR L7 (Fig 3, Table 3). ZOfEHEIL, KFBIZOWTHEADT -4 %1
FAZb7 > THERIIZ AL L, 2D, 300 6 HE L 2l 4 7AW EDT 50, A+
BHEBAETO RN EHIRTHO/S 4 -V e EZ BT L HNTES, Ui L, JLildd & FEkIE
ORBIZ DN, —FOBESEIZO>OWTREALEFROBLHETSE00, FlAXLBED
ISR E T Acartia longivemis, A. tumida, Pseudocalanus newmani’z £ ((EH FFEK), 72, HiIksl
HOWBRH ¥ TS T Oithona dissimilis, O aruensis, Bestiolina similis 7 & (Nishida 1985b,
KH&K), Table 31TIE e VFGMERE, BUmr MR B S 2 D TE D . Zh 6 DL TOHRIK
DAEEFRD B8 = 2DV TSRO b YEh 5.
NETOHFIR T HIZET AR AIZ, AARD XS /b & aEOH Tk, KEAEFAIION
MRTH B &HAB0, WINETITMERESIETERSAH D, A4 7 VD 5RO 7 it
PEZk > TR KR END (725 213, Jefiries 1967). LA L, NIBCTIRIACIRIE L 0t
B3 <, 2 A7 VHEOFIRSMISIE S LA OBK, FHIAEMNER TS 5 % E & MR sm
SEBRLTWS, BEEIZBIL T, Paffenhofer & Stearns (1988) &, ALK KPEHERRE (DAL 54T
3 Paracalanus sp. & B F OB IZ D AR & W B Acartia tonsa TIZEE (W75 2 b V) &
FEIo T BIEEMIGE AR A B Z L ARL, ZOEVWHAHED FMIZERL T D L HESL 2.
Tabb, KEEERECEMEIBHAKES LFTLD < OMARIRL LS 425015
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Table 3. Ecological classification of neritic copepods in inlets of Honshu, and terms proposed for each category (after
Ueda 1991).

. General distribution Possible factor permitting Ecological
Group Abundant species . .
pattern in inlets population growth term
1 Pseudodiaptomus marinus Restricted to less Low salinity; optimal salinity  oligohaline
Acartia sinjiensis saline, innermost part  depends on species neritic
I Acartia hudsonica More abundant in High food concentration eutrophic
Oithona davisae strongly enclosed inlets neritic
Paracalanus crassirostris or inner half of inlets
Acartia erythraea
Oithona attenuata stocky form
Oithona oculata
il Oithona brevicornis More abundant in open Relatively high food mesotrophic
Oithona nana" inlet or outer half of concentration and low neritic
Euterpina acutifrons inlets predation pressure
Oithona simplex
Acartia omorii
Centropages abdominalis
Paracalanus parvus s.l.
Oithona similis
v Microsetella norvegica More abundant at Low predation pressure oligotropic
Oithona nana® mouth parts of inlets neritic

Y Oithona nana is classified as a mesotrophic or ologotrophic neritic species, which depends on inlets.

U, BERFEICEEZIEOTLES ZEBRIIAL AHTELEVWERTH S &) (Fig4). F
7=, Paffenhofer (1991) i%, Paracalanus |\ IHEMIIBIE & O 2RI 2B EVPREL TED,
ZFRBPREBEELHORAIZANC LS EEL . —FH, HREC O VLWTIE, BREBTIZ—RIZHE
HNHAE THIRAHEOMBIENT WY, 74 7 VHOKEIZNAUL S 2@A 286 5 (Ueda
1991). WEBMMEA tonsa IIBEMMITIIH T ERBEBN LD RBELTHD, HBEEEOBRIE
HUEET 2012 LT 5 L0y )  (Paffenhofer 1991) . BUWIHBEICIRITT 5720 1213, S0
BEARODILLERETH S, LLEOZ 25, Ueda (191) ISNBMES 1 7 L HO F MER %
By, EE, WABETHIEEL, RISHBRE4824 TONBM S 1 7 2481220 Toligohaline
neritic  ({K¥E 73 #1/#1E) , eutrophic neritic (EHREHIFEM) ., mesotrophic neritic  (FHREHFM) |
oligotrophic neritic (B REUMFIE) &) HFFEIRIEL 72 (Table 3).

(3) "AKkiE

W7V TIZHMT AR AT X ZHBD /8% —  H Ohtsuka et al. (1995) 2Lk -~TEEHoHH
2. Zhic ks e, FHMEIEERESR, e UK EER, 1 PR PFEERED3DIZKREL
SHENDA, N80% DL HEYHEEERICEL T 5. THITHAERE —&L» 5 BN
P THFELERERANLTH > ERY T2V HERBIZEBRLZRTLIEDTH S
(PG4 1980, 1981). X512, ZOERRBHATOHMBIZEA TS L, DVHEARAE, 2 79 7 KBEIC
DAEGIM, )7V T RKERCHRIILL 5, 47907 KELHWHE, O4D>OHANIGHI N,
HOFARNZ BT A EWE TORVHA BB OWTIE, HRY FBICE L TW-F g8 0mE
(6,000~10,000 /i) 12k - T, RHERTH 5 KEOHEEKE A & FRBME X N2 REF & FHH S A TH
% (Hiromi & Ueda 1987, Ohtsuka et al. 1992, 1995). Z D & 5 A £HME, MEKELEEII T3
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Fig. 4. Clearance rates (F) of adult females of Paracalanus sp. and Acartia tonsa feeding on a diatom
Thalassiosira weisfflogii (C: food concentration). Bars mean 95% confidence limits (after Paffenhofer &
Stearns 1988, with permission of Inter-Research).

IZEBbH S, NEREODZIHIEE A ER 5N LA 572 (Ohtsuka et al. 1995)

(4) PEkiiiE

KEF (1984a,b,1991) (ZHARDEEKRMEH 1 7 L OB AMIZOWT, IR MmidE, bR,
EAREDIDIZATTELH TS, B, HADOBRHNW LSO 7 HICW D2 D#EER
b, ZZTEZOBANE»RAT, SERBE I T BEEAREH 4 7 2 5O MR % cosmopoli-
tanism & HEHF L DOBEHDIZDODNTHAN S, BEARBORBEEAA TV HE A I X ZABEF 70T R
H BAEMOSHTIE, ZhfhesrFArvIVvyaR, yvIivvaBekidhazes
H5) IZBRLoN, FRHIH 7 X AHTIRBHEERIC AR S L@ an, BEAMS 7 X ZHIZIE
EAEDVIBE EWRD ILAKIROTFEETH 5. KEFF (1991) 12 KAUTHAROBEKREAD & #fit &
NTW3H 5 X AHIEDiaptomidae 7 4 77+ A ARIDOB1I1FE (KBFDO Y R b 2 5 KM 4R
) L&nBH, HEROMMEBLHEM T 5 v 2 b v & UTHIES 3513 Acanthodiaptomus pacifi-
cus (BRiEkF| 8 20 < HER LK) . Eodiaptomus japonicus (FiVHFER R < HARZIK) . Sinodiaptomus
valkanovi (B - JLBE~ FLMALER) , S sarsi (FiERFIE) D 4FEIZ3 &0y GEIRAND 73 A3 K EF
(1984a) ¥ L UUeda & Ishida (1997) 12k B). 7=, HEF AW E DR TIZE ZE Neutrodiapto-
mus formosus WMBEETBHZ ENH D (KBF1991, KF - LH KEEK). Snodiaptomus BIZDWTIL
SPRRANRALL Tz Ad, HARIZIXS valkanovi & S sarsi D 228G 34 5 Z E AR S iz & h iz
(Ueda & Ishida 1997, Ueda & Ohtsuka in press). —F, KA1 S5 WME S T 3EAEF 727 2
H i Cyclopidae 27 0 7 ARt D 14 )@ 30 F@2 il (KEF (1991) DE A SR KM EIRL) £E¥hdh,
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ZDZATHF, #EAK, wIl, KH, EBE, sICMEOKRKEE»SHE SN ZETH D, H
HTOEBEEE A REBEE S U0 53586 Eucyclopinae 2. & 2 1 7 Z#HFLD Tropocyclops
prasinus (H AK23%) . Cyclopinae F 2 @ 7° Z BED Cyclops vicinus JLIMLLAL) . C strenuus (GEEELI
L), Mesocyclops dissimilis, M. ruttneri, Thermocyclops crassus (=T hyalinus, AARE3IK) , T tathokuen-
sis (B - JERELIRT) DABTHOATH 2 (FINAN O 73 M3 KEF (1984b). Ueda et al. (1996a,
1997) # £ U'Ueda & Ishida (1997) {12k 3). Mesocyclops BIZDWTi, 2D TIPHR M fde Eh
T\ M leuckarti ME—D HARFEETH 720, HAE GO THET O 7D "M leuckarti” 12HIFET
b5 LRI (Kiefer 1981) , BTEIZ Defaye & Kawabata (1993) 23 3EE WA & Hifdit#i L 7= M
dissimilis & , Ueda et al. (1997) % & U Ueda & Ishida (1997) 23/ - w0 £ 22 5 |E L 72
M. ruttneri, ¥ & U Holynska (1997) P IS & PHREOKH /NI 7 £ 5 S HER U 72 M. woutersi D &F
3FEA H APE Mesocyclops TH B EHELZ6N5, ZHEH3HEOENTORHHRIZODONTULSHBROW%E
AR RE S 0,

AIROMEKRME S 5 X ZAH 1D > B, Eodiaptomus japonicus, Heliodiaptomus nipponicus, Sinodiapto-
muts valkanovi D 3T, BEOF o a7 2 H3FMD 5> B, Diacyclops disjunctus & D. languidoides % Fx <
T AR VERE 1578 & Mesocyclops dissimilis S HARBIETE T 5. FEARMERE A UEEMRRIZ HATHEH
CEEED LD, HENREOHE A, LEL TYREVWZESE, LIA38 T, KRR
HNOF 70 F2HDIZLAERTIZER)ZVETHZS, H5VIEFHA»E I -0 yv/FTa
— VT EMIIB LSO METH L LV IVOBRENH D, bAAKIZI, TORTHHAT Y
TIZPRE & N5 DL _EEE Mesocylops 3% & Thermocyclops taihokuensis 7513 TH 5. %5, S valkanovi
& M. ruttneri ZTEERRAEK S ME SN TV B D, FASEET V7 (S valkanovilZBHA) 75
FEHMWYIOME L ICEEIN LD THSEELLN TS (Reid & Pinto-Coelho 1994, Ueda &
Ohtsuka, in press). LA L, 5H, AN+ 7 a7 2HONMBE S HIITHELIARATEEZEIZLS
MmO TR AEVWALFEZ LN T S (Dussart & Fernando 1986). 2 ZE:K ) # YT LTI ¥
v 2% (Frey 1982) %7 4 U ¥ (Dumont 1983) T & FRICEERMI ST 5, Fru 7 2HOFE
DEBARTRELE NSO, ABHEABRNT 2T EL A HEEE ShTEEREPEERLED
ERUORE LD OEIKERY S, HOELEBOSTHHE CIELE N CE L7200
ZLThHB., ZD728, MesocyclopsE= Thermocyclops B Tid, BRIERDFERK & pHEEEOR
W LISH2ER R, SEE RO BN 2 & O B2 E micro-character DEEMEAH & 212 % -
T %72 (Van de Velde 1984, Reid 1993, Holynski 1994, Holynski & Fiers 1994 7 &) . HA®D “M leuckart;”
29 LR EEMEORRIZHED T M dissimilis, M. ruttneri, B KT M. woutersi & U TEM X
At ORI OWTEMMPEE A &0 Tl AL E T > TS BELRH S5, =20, |l
HAROEEPAKO LR TELBHBEELF > T LT RBIIHFRBIZITH0 T AL, &
BHEED TZOREOMEAEENE LUHEAHEBITOERDO AR X 2HN, SHPEL L TOT
fi%iTha Cida bz, BHE, AKRTHBEIZLE > T30 #8512 Eucyclops serrulatus & LT
FlEINTESLFET, ZHIZEEBEOEAEATWS ZEBERE N T W5 (Kawabata & Defaye
1994, Ueda et al. 19964, b, Ishida 1997). L4 L, Eucyclopsi$80FE (#ifdi%x &¢) b ok b K&
KB T (Dussart & Defaye 1985), L2* %, E serrulatus & 7% OVLFFE, speratus 12138 < OWifl % 72
BEMAEHEINTED, MEOMIIZIIAEMBEOREIE L 3 ihal L ey — 72K
Drevision VRS LENS.



KF - LH D HE L XU ORI 51 BiBEHET 4 7 L O YR

Table 4. Immigrant copepods from East Asia to new habitats in the world.
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Order
Family
Species

Newly introduced
locality

Literature

Calanoida
Acartiidae
Acartia omorii
Centropagidae
Centropages abdominalis

southern Chile

southern Chile

Hirakawa (1988)

Hirakawa (1986)

Sinocalanus doerri California Orsi et al. (1983)
Diaptomidae

Sinodiaptomus valkanov Bulgaria Ueda & Ohtsuka (in press)
Pseudodiaptomidae

Pseudodiaptomus forbesi California Orsi & Walter (1991)

P inopinus Columbia River Cordella et al. (1992)

P marinus Hawaii, California Jones (1966), Fleminger &

Kramer (1988), Orsi & Walter (1991)

P, trihamatus Brazil Reid & Pinto-Coelho (1994)
Tortanidae
Tortanus dextrilobatus California Orsi & Ohtsuka (unpublished data)
Cyclopoida
Oithonidae

Oithona davisae
Limnoithona sinensis

California, southern Chile
California

Ferrari & Orsi (1984), Hirakawa (1986)
Ferrari & Orsi (1984)

Cyclopidae
Mesocyclops ogunnus Brazil Reid & Pinto-Coelho (1994)
M. ruttneri Austria, southern US.A. Reid & Pinto-Coelho (1994)

(5) ABHRRICKZRT V7o NBHE

Table 4 IZAKRDELHTH BT ¥ 7 4 5 NGRS Nk~ RORKE 7 4 7 248
ERT. INOOBRIIMONNT 2 bAKIZE S8R, FHEME FRICEMAF) 650 3EH
HEEmO B L > THHEAABRIZIL AL ZHBLEZL SN TS (Jones 1966, Orsi et al.
1983, Ferrari & Orsi 1984, Fleminger & Kramer 1988, Hirakawa 1986, 1988, Carlton 1987, Orsi & Walter
1991, Cordell et al. 1992, Ueda & Ohtsuka, in press). K¥-VFEIZBWTIE, 7302 b &xXV FAD
FELMBA, BHERAHLMIE-TED, HICHEELABARE L TR 7Y TORTFERET
b0, BABIRELTENTAEE, k72 A KERRE, A—A M5 U7 THB (Carlton
1987). &7z, AABBRTIEAWS, BORBICKET7 707y AL BERSIRAKERETIIRT 59
REMEA B D (B4 51986). W7 ¥V 7 A LORLEAS VDR, Zho 2 HEHEERERIZRT
5T L LBRATEG. DFED, ZOBEKEOH A T U, WEEROEHESER L FBLE VDI
KRAFRAKETHE, By, KROZMIZENAKMEME L GEL Lz EA 005, £72, IF
DRFFFEHICE D, BT V7 Ll e OBMBEMOERSE L L5722 & LD EEF I
B5 LTwW3 749 (Cordell et al. 1992).

ALFEDE G- THERMOMFARBEN K ELHEBEL T B I LATHEEINTNS, IHLE
BRRGFCARE A ) 7+ L= 7 MORKETERD SN TE D, T 2T » 5 DRt Pseudodiap-
tomus inopinus, P marinus, P forbesi, Sinocalanus doerri\Z & - THERFED Eurvtemora affinis & Pseudo-
diaptomus ewryhalinus B IEP & LU < ZHOE S W - a gt AR & T3 (Cordell et al. 1992,
Fleminger & Kramer 1988) .
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A (1992) BHEFBTONY F ADOREEOEEDORINER L LT32% LIFTwas, Th
COBRIT Iy b ICEBEATES EELON S, )ITROBEEAEN L, RO BIRE
PELL THPHEPRRAEA L2 &, 2 MEEOEE, B, BEERL S 1S3 5miE25%
WZ &, QLR RO ERE ) (BRI, ZHEEM, Pk 28/ o2&, & LTu
5. HATVHEOBE, £ OEA~BEUREIE-RZZ S LABERICH T SAfESEOD T2)
DERIZYTITE S (72& 218, Madhupratap 1979, 1987, Wellershaus & Soltanpour-Gargari 1991) .
812, Acartial®, Sinocalanus BT AINDEHRAHI SN TV B DT (Uye 1985) , Al Y ARBREEIC
W AMEE—ERnweELoh3, 2OV TE, Zhoohf 7V EREILEAR T VLB
IZEB LT Srstrategist TH B EEZO6NBDT, —RANIZEREN, KEEEIESVWEELS
na, FAE, E7 O 7ICEEOEARMES I X 2 H Sinocalanius tenellus 0 BARME L KRR 20°C TH
12HTHD LRI D &0 Bl aREE L, KIKIZK > Th 5 70 HEATF L THEET 2500 fE 2L
FOBAENLTHA 7V HOPTEREELETH S LS (Kimoto et al. 1986a,b). 1) 1ZBFL Tid
FIET B Z &AL VAY, Cordell et al. (1992) (2AFE 2 v v ¥ 7)) IO VEKE TRALFE Pseudodiapt-
mus imopinus PTEH L ZRIENIARD/NS 2 b AKICK 28R EEL S Z &, ABOEE)NIZ L 501
KGBEDOWD, 5122 ZHHEBORFEEKESBEES L TWE Izl TV, 2Lk
DIRT & 38k » R BREAERBEOMYD, SoI0MEOEE 2826323 +9EA6h03,

(6) BERBMH A7 BOEYHIE

BROK DL, MBIEMA, $512 anchihaline (=anchialine) cave (Stock et al. (1986) D EFHIZHE A
i, MENOBEAAERBLEGEE Y, B CHARKOEELZITITE8D) LIFEN 5
AR L TOWAHRBREOMELEHEZILLERL, 3142t Re L 5FEBIKHE L E
¥ 7:Remipedia & 77 F LE B EDORR IR NTV 3 (Yager & Humphreys 1996). %7z, il #
AT VHIBWTERD TRRAHESLFLL, RSB IICHED 5 T3 (Fosshagen &
Iliffe 1985, 1989, 1991, Boxshall & Iliffe 1987, Huys 1988, Rocha & Iliffe 1991, Ohtsuka et al. 1993, Jaume &
Boxshall 1996). HAIZHWTIZZ 5 LAEMEHEOHRIEIAEENTEH D, KK ATH
KA TS (Hayami & Kase 1993). BIKFRE A & XHF, HEORELHERE, ZhETO
H AT VO RMRCE I EIL -G AR TS, BERAESEEmI T - F 2 EETHO
DHREL, &, BEMELAERERIIHL280E b ulswn. FlAE, IVIVTHIATY
$HD Expansophria J8 & Speleophiopsis Bi%, kg, »n ) -3, 7)) 7#, 749V OBIENHRE
HOADPSRAENTVEY, ZOFMH/INE =V IE»DTOTF —F ZAHORFRIZAZ LIZH-
Tk, 7—F2BEMNEEZ 51D (Jaume & Boxshall 1996). F 7=, HuH i34y 550 77 4Bl
(B3 HH) 12 "Messinian Salinity Crisis" & FRiZh 5 §208HH 2 RR8R U ClgEE 0 —ia Xhtk XhC
WAH, ZhoDH 4 7 VHEPPRAEOTBOAP SRR ENE Z LR GHBENDOKE»6F 4
T, "Messinian Salinity Crisis" THAETE 5 &5 AREBENP LB EBISEEL TO TR 1E
fM&Eh T3 (Jaume & Boxshall 1996).

BHAEIZE, BIIRElHES IR ELDBERESS D, 25 LFEEERZEOMEOEREH
HEhd, RICMhERBE LS, 20X AREAHEOMRLAARTLEDIL, BTV
TRAD H 4 7 L HEORE, BOERAKDHAICHETESTHAS (KES HIklD).
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PN 2 W > 72 Mark . Grygler B EIZI30 A S @B AP L LIP3, &, KMEO—EITL

HARIE RIS (10660180) 1= & - TiTh#L 7.
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