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Abstract Introduction of marine plankton via ship ballast water and cultured fish and shellfish
has hitherto caused serious social problems, and has greatly influenced native ecosystems. The
present paper briefly reviews previous data concerning newly introduced plankton. At least 25
marine benthic species have been introduced to Japan since the early 1900's, whereas alien
plankters have never been confirmed in Japan. This may be partly due to the relatively a small
volume of ballast water discharged into Japanese ports. In contrast, the eastern Pacific coasts of
North and South America are one of the main receiver areas for brackish and coastal zooplankters
such as copepods from East Asia. Some East Asian copepods are so invasive in the USA that they
appear to have highly changed the ecosystems into alien-dependent ones, and eliminated native
copepods. These copepeds could have been introduced either as (resting) eggs or as post-
embryonic stages. When many benthic and planktonic invertebrates are simultaneously intro-
duced, more complex ecological changes have occurred than were expected.

Since introduction is mainly caused by economic activities, distinct patterns can be recognized,
considering the intensity of international trade leading to intensive introduction. Fourteen major
routes of transoceanic invasion are identified in the Pacific, in which the main receiver areas are
Hawaii, the Pacific coasts of North and South America, and Australia, while donor areas are East
Asia. In particular the San Francisco estuary has been already dominated by East Asian
copepods, the Origin and evolutionary history of alien species also seems to affect their establish-
ment. The major donor area in East Asia is a special area with a remarkably high diversity of
brackish organisms that have evolved as the phylogenetically young “East Asian Initial Element”
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during the Miocene to Pleistocene. Hence East Asian species may potentially become strong
competitors against American indigenous ones.

Abundance and taxon numbers of both zoo- and phytoplankters generally declined sharply in
ballast tanks within a few days after departure. However some detritus-feeding, semiplanktonic
copepods propagated in the tanks to become approximately 100 times as high as the initial
density at the end of the cruise. Ballast tanks can be incubators for some invertebrates rather
than coffins. Some phytoplankton groups, such as dinoflagellates, diatoms and raphidophytes, are
known to produce resting cysts. They are resistant and can survive during the transportation
within the ship’s ballast water tanks.

Three main, complementary hypotheses have been proposed concerning introduction: “Propa-
gule Supply Hypothesis”, “Invasion Resistance Hypothesis”, and “Enemy Release Hypothesis”.
Introduction is determined by density, frequency and duration of inoculation, by the condition of
propagules, and by different donor areas. Establishment of introduced species is facilitated or
prevented by physico-chemical and biological factors in the receiver area. Loss of predators and
parasites in a newly introduced area is considered to facilitate establishment of the alien species
greatly. Recently the release from parasite pressure has arthered in creasing attention to explain
why alien species flourish in an introduced area. In fact zooplankters harbor many parasites and
parasitoids, some of which greatly influence the host population dynamics.

Many physical and chemical treatments of ballast water are applied to remove plankton in the
ballast tanks, all of which are still incomplete in consideration of cost and environmental
contamination. Since the rate of invasion is enhanced by increases in size and speed of modern
vessels, improvement of effective sterilization methods and the issue of relevant laws is urgent.

In addition the ecology of potentially invasive brackish and coastal invertebrates and algae
should be studied prior to introduction in order to minimize their invasion. Long-term monitor-

ing and assessment of ecological niches of introduced species are needed to detect changes in the
ecosystem.

Key words: introduction, ballast water, establishment, copepod, resting egg, dinoflagellate, cyst,
parasite, evolution
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FHTHRAKFEOHLE, FREL L, ARMOAR

A OEA (introduction) 3MRHH/ 5 2 K (B
T, BUT/y g 2 pRERES), A, KEY OV
Lick-TECh, BERY, FERMIEMEOT, ARME
Bt RBRTITON B K DI - Th SR L 1ok
L TH - . FlIAE, BETCRILkLSBASOE
sV SYEMEEECR-THMO Y5 v v 2R
WR LiclodicESER L - (BEREEEE Inter-
national Maritime Organization (IMO) 2004 @+ — 4
~— V! http://globallast.imo.org/index.asp? page=
problem.htm&menu=true). 7z, Aicbbhdbb?
HELIIZEILTVS, EEERCL - TEES D
BHoFENIcERT 2 HEHESE (paralytic shellfish
poisoning: PSP) i1, AMZ0HEZELKES, BicE
BTENBHB, TD PSP OHER 1970 FRTIRES,
ek EicRo T, 1990 KL,
B EERD /Y5 R FKIZ & BHATHES RS
IIRRENICILA L o & 3 (Hallegraeff 1998, Zhang &

H—D-y/\",

NV b 2081900 ERFIBLEE IR L LR S h, TR
T (native species) PEERNORENFELNTIL » T
% (818 1992, BAERRELEE 2002, B3 2004).
T D& H HHAREE (alien species) ITL B3 BERRD L S
WARBIT & 2 (HAEEFL 2002, REEGREREE
ESTFELYMEBARS R NERS 2003). —2,
ARFEHHEA SN TES (establishment) L 7218 DB
EmicER L e 8%, T0b 5 2IRM (invasive)
THEHETHD. BAFIE LT, VARESERE
(native species) OHEEEHAPHESRICL - TEMLLL
D, BRICERELTLE S, 2) ERENRESCETER 2
M3 3, 3) LAk H - HERREHET S, ) FHELIAK
B REFRE L TANEEERHET, 230VIAOHMEN
DEBERITT, BETHE, “oH, AREHEE
RERBERY L CHERLIEY, EREEFEORERIE
BADEBEEFERIGTIETH S, AT LHo5N
TVBAREE LTI, 1932 FEHETHD THRAS
h (N5 1939), BETRAENIKIEE »fc s ¥+4
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H4 Mytilus galloprovincialis 3% 3. ARBEFKBIRO
PBUKO#R e KBEEE-> CREBIXEL & /.9 ((tE
BEAXKNBFHREEMB2RERENAELZES
2003) 3, BHEA T OEEES T EREMNERHINLT
W3 GEN1974). 1, A5 F AN BERES S
J LS HFAHA M trossulus & DRMHENREBEINT
W3 (GFE 2001, EIf2001). BELEAYTE, B4R
B WIS BTEDETRBET VLV TEERTR
BORENFHMIHL MR >TWEN BFIAE, A
1998, A - /NG 2003), HwEEY TR Lo 74 F
2EORPIKRIESN/FIZREV. AS5HFALHLOD
LI RAREE 2IRUEEOREIHTVE, 454+
AHA 1 EOHEREYOMEMEZBIILT 5 7 IcEH
THERAXZZECBEMER ST, ThdN
DUWMEEME & L T4 REESM OO B L AEE
FEORKTHRLOBEZET I LTWS (JEO 1998,
BALREYS 2002, AlEIZA 2003). LAL, R X
R OFH S STy P ROBASRRTHEME T
WBEWSERREREETATWS (KA 2002),

—H, 73V b icBAL TR, EH~OHNREDE
ARERLBHRENINETOLIAEETH S, Iht
BXRBEC, 7Y AERELVvIOM, HY 7=
THEBLUTF YT, BLOETVTEDHA T VD
FINFRPKICE > THAS NI EEZEZ SN TWS,
o160 ERP SRR, BAETELELE
o THERBROEEZZLs®12h, RBOEREER
ALTLE-kr—XbdH 3 (Orsi et al. 1983, Hira-
waka 1986, Fleminger & Kramer 1988, Orsi & Oh-
tsuka 1999, Bollens et al. 2002). HH/RHEESEOK
BobHTYT7ThSI—0 oy, £ =X bFYTIINTR
FARTEASHI EHES LTV S (Hallegraeff 1998,
Lilly et al. 2002).

BE, EMERZELEDLEROREBERESRIEEN
LTIThbh T, Thicft- THRE CEMKY 100~
120 {8 b v O#KHS N T X bkE L TER, BEINT
WaEWws, miaosEl, KBty 5%, B
HAMBESERS L VIRGIE, ARBoEA RTEHE
BEcEmd 5 2 EAFHRENTWS (Cohen & Carl-
ton 1998, Ruiz et al. 2000, Fofonoff et al. 2003). T D
LI RBREES T, FRFTR, R MKITXZEA
M7rsvo by, FichA4 7 HOBADRERENL EiICo
WTIhETCOMRZEZRIEL, SROMNRDOIDOEYE
FIEHRE T2 EBENTH 5. AFE2HERICAED
ARRICBEY 5 1R [HEARENIC & 2 EREREITIR
b5 HEORGILICEET 2B MAm S (2004 4E 6

H2H). chicEo%, SR Af, BEH30VIEHE
WKBEZIChhb2EEL 16T EMNFRINEHA
KEYOBEE, BRFELEEEAY THENRLED
= AR | BEES NS, BEARBIIOVTH
BEREREEIEShBZIEBTEEN S, BB, £k
20045 1 B 10 Bic BRSNS EELES TR EHIIME
R E) v v R Yy A TBAKE L EMSREOBEL
TOOMRELXRICHBLILLDOTH 5.
ARTRMEEA] &V FENREE BRI,
BELLESBIUERNTHRWES ST L LTS
(BAREREFS 2002).

'

KSR IMFIDROEY

NZTZMER, BESERHOKICMESEET S L
5, BIKARERT 2 -0 0MEoc &T, 19#iEE cit
G sHwsnTER, LeLl, 1880 &R
LGOS oiE L Ebi, FLPTENSK
MBS ELTHEAATREL KD, NFTRA L E
VEET2HAROBRMOBEAL TR, BoEBORK
Pk S B W EKIER D O OBKMBIE ORI E f2 3/
EBicBdohiic 5 by vy oduicERENTO B
(Carlton 1985). /v3 X b AKOEHERIAEMEIESE
, BETREC A VvA— EFREN 3T SHER (bulk
carrier) &% YA —HN5 2 b KERZEOHLEE S TW
Lahs (RE2004).

N2 by vrodicid, kEFTREL, bEDOR
OB OEET S, ¥ v 7 OEITE, KIEH 20 um L
TOHMENRcm P S5EZWIHEITIZ30 cmiEl &
b-oTEY, KEWMOIBEAITIE 100 + ¥ b OHERBIIHBE
T3 ERMbONTWS (Hamer 2002). /¥5 2 bK
i3, ¥—F = R b+ (sea chest) EFRITH BIKET DA
ARG ShkfaEoMah S5BUkEh, Y—F = R
+ OAMRBI 2 T I PEMORAER S o ol
DR (B 15~25mm) ®RY v b (1§ 20~35 mm)
DERIFONIB LB FIFohTnd (K% 2004).
KT L RPokb o/ RIOEY, COROM%ZT IR
FTARBIK~ N2 s v 70hiclth Az s, v —
F2RMNEFEIPONSTRAV Y I RBEEK N1 T L
NS5 b v ONEBEICR, hIh OBROMEMAEYS
E#Z LT8O (Colautti et al. 2003, K& 2004), ¥ #
Ao o¥ELOMER LT TERML, /¥5 X bk
ECiBARHAE « MEREEKH L T2 aRe b iR
N T3 (Colautti et al. 2003, Fofonoff et al. 2003). %
Dz, NF X rRP SR F YT, FABY, ER
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Table 1. Intercontinental introductions of continental, estuarine and coastal copepods and possible vectors. BW:
ballast water; FL: fisheries; AP: aquatic plants; RC: rice; ?: unknown (after Reid & Pinto-Coelho 1994; Orsi & Ohtsuka
1999; Bollens et al. 2002; Huys et al. in preparation; Lopes unpublished data).

Species Introduction Native range Vector
CALANOIDA
Acartia omorii Southern Chile East Asia BW
Acartia tonsa Europe Indo-Pacific BW
Acartiella sinensis USA west coast Asia BW
Boeckella triarticulata Italy Australia FI
Centropages abdominalis Southern Chile Asia BW
Eurytemora affinis Laurentian Great Lakes Europe, North America BW
Pseudodiaptomus forbesi USA west coast East Asia BwW
Pseudodiatpomus tnopinus USA west coast East Asia BW
Pseudodiatpomus marinus USA west coast, Hawaii East Asia BW/FI
Pseudodiatpomus trihamatus Brazil Asia FI
Sinocalanus doerri USA west coast East Asia BW
Sinodiaptomus sarsi USA west coast Asia AP
Temora turbinata Brazil North America or Oceania
Tortanus dextrilobatus USA west coast East Asia BW
CYCLOPOIDA
Apocyclops panamensis Ivory Coast Western Atlantic BW
Apocyclops borneoensis Brazil Asia ?
Cyclops scutifer Norway ? ?
Halicyclops venezuelaensis Brazil Caribbean BW
Limnoithona sinensis USA west coast China BW
Limnoithona tetraspina USA west coast China
Mesocyclops kieferi Brazil Africa ?
Mesocyclops ogunnus Brazil Africa, Asia ?
Mesocyclops oithonoides Norway ? ?
Mesocyclops ruttneri Austria, southern USA East Asia AP/RC
QOithona davisae USA west coast Asia BwW
Paracyclopina longifurca Brazil Asia BW
Thermocyclops crassus Costa Rica, Northeast USA 0Old World BW
HARPACTICOIDA '
Attheyella aliena Germany ? AP
Neotachidius triangularis North America East Asia BW
Nitokra hibernica Laurentian Great Lake Europe Bw

70 iRy, BELEEORER, #lkaE (7 7751%E)
PRIEEHY REE) »oEE 15 ecm 0T TOILE
BEMWIPY, BeORPEERT - YR M EEHEL 0N
Hiicbrs7r5v s bveis by, [BEETESY
M 2] MEREINTW 3 (Carlton 1985, Carlton & Gel-
ler 1993, Smith et al. 1999, Gollasch et al. 2002,
Hiilsmann & Galil 2002). £ 52, ¥ v 7 DEICHEFEL
t-iROREE LT odh o}, Bl B LD ICES
o H 4 7 % (Gollasch et al. 2000) PiRHEEREO
¥ A b (Hamer 2002), BEBYEZEHPBHBRAOEH
X - IR - TR ESBEO N Y F XD - ik
(Williams et al. 1988) b FERIh TV 5.

TSI, NIRMF VI EZTRIEELIZ/NS R
koK - Bk R Faothicid, EobowAf s o
NEY— b RBD, KEEYIHEID 554 RTOAEFR
LBHTERLTDERCBT 2EY b BEEL TY

4. Gollasch et al. (2002) it & iE, a3 — v o T 550
B 5 1508 %+ v 7 (1219 D85 X b 7ky v
Tk 280 OHEREY Y v V) AL TH AN EC
5, 8328 vy otk bREI N EYOSEREK
2 (XY MRDFS Vs b VL EREL X VORED
HEgERAEMbE WD, BHOBETO L XVEENRK
SDELTHAB L), AFHTINICHRALEVS,
0T, ZOFBETRY v IV ERRE Wi B
& ORI IEOIEBIRAR AR Sz tewd, /N5 R b g
v OhTRAES L IEYOHIE, SBROFESITON
ZREBATOL ZEHFHEESNSB LV D (Gollasch
et al. 2002).

BTV Y (MAT7 V) ODBAOERE

NS by vy oBTREIWNEEL 0B ogT
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SEMEFLREOVRNVTRIE, OB (57
YE) LEEORTHEEFLTWEDN, 247 vV
TH 3 (Williams et al. 1988, Carlton & Geller 1993,
Lavoie et al. 1999, Gollasch et al. 2000, 2002, Won-
ham et al. 2001). # 4 7 Y3, BV XV TOREELSMf
DFT VY b VIRERTHBHERBS &b -» THE
BELE{ n3ERICH D, Gollasch et al. (2002) i3 -¥
FALY v DRTERRINIEL425 4 7 v OFBYO
1/41c51:5 108 s 79 hAa4 7 vEHTEDLLOATY
RTEERUTVS, BEOHRTD, v 2ot
TRTCEF L EBEORED OB HEL Lo it
NTWBEEDE W (Lavoie et al. 1999, Gollasch et al.
2000, Wonham et al. 2001).

Table 1 &, CHhFEFTIRBASHALEALNhLRE
K, BK, B, BRI T OEORESR, BAL H
ATTBLURI §—Th3, 0EDOIBE 1THEIHET Y
TR T £ ) AKBEAN—AHIREBAILTWE, £
Dfs, 3 —o o RENOBANEFRIN TS, HK,
BEUEDIES, 75 -DRFEALNNSR I KEE
ABRTWS, 52 bKDAATE, KED~DRAN
BAOFREEINTVE DbV, BEAkiEEOGEI
&, BEHOKEEEME ESREAMNRBI -EEh
TW3 bDAWV 3 (Reid & Pinto-Coetho 1994).

BASNAERRZIKICKRSS, #5228 (Cala-
noida) IZfENiE, £EALEBNEBNE SNEF 477
b 4 2 EF} (Diaptomoidea) ICf@d 3 Z LT H
5. COEHELLT 1)EK~HBESTIENSV
T & (Ueda 1991, KIF « £ 1999), 2) AINEER
T HEHL VT & (Grice & Marcus 1981, Uye et al.
1984), ) EEBHEZAONZBEBI BV L
{Pseudodiaptomus) (Mauchline 1998), X EHEZ o
5. FUKIES 2\ IZNBERIRIES T2 & D — i
<, PlAE, RLERHCE T 25K MR Sinocalanus te-
nellus 3WILB LI UMILBEOREN TN TR 25~
35.0%0, 5.0~30.0%, DILEH TRIIT 5 < LoiHlEah
TW3 (Kimoto et al. 1986). NEW:E Pseudodiap-
tomus marinus (31545 8~48%, TAETIRE, 1AL 16
~25% TIFETH B LD (GBI - WE 1977). F 1,
COEHDS L, EFH~EHRFICERTLE OETR
EAKPTERTERVREETRMAIIZELR L, HEH
IR CRIE ST 2HEER>. COMAIRRTERE &
B5OVRERENERRRETH ZEED 2 VWIIERIC A
BLEMTES (PIZE, Uyeetal 1984), LS5
HAIEEHRT 20RH 5 XR2ABTRIOLRIBES
nWTEBY, ¥ Acartia, Centropages, Pontellidae, Tor-

tanus 1 ETE L A6 4 5 (Grice & Marcus 1981, Mad-
hupratap et al. 1996). IHAITHNE, BREHRONNE
TH->TH/N5Z b5V IRDHEL FICREET)
BEICOWA, YSRAMKOERINLKETEST 3
CERRENEASNI LD OBEETHL LEESN
3. EE, BomANC X 5 SE A2 BN Ok
EEHE, YA MPEA, EEOREE STV 3 (Hal-
legraeff 1998). #5ic, Tortanus D3 REF 1+ v V%
&R A TH b (Ohtsuka 1991), /¥ 3
bk VI NTREBERZBNS 5 ¥ 7 b v Ak
FEMIET T 575 (Gollasch et al. 2000), BBz
BFETERWVWEEAONA, LED-T, TOM4T7TVER
DOFSITRHAITEAI N LHEESI NS, AR
AEENNIC R 3 2TBEOWIRIE, 0% v, SEERIE
JF (quiescent egg) B & UHRME:IAKIEIN (diapause egg)
BHISOTED, BETHINUEV > LAKIRICA S &
HH bAEEEREAHEH L TV A LA GEWEE L
513 (Grice & Marcus 1981). HEFS TIREA OHE
BEWsDD, 7477+ a2 ERHCE LIRK~BEE
IcHEE T 3 # v 7 58 (Pontellidae) 4 THAIIZ > D
T (Grice & Marcus 1981), fFREICiIEA S N 3 AHE
HizH 5. COFICBABNERIOBVWHDOEZTENT
BY, ADH, HEFLHET I LBHMONTVEODT
(Lillelund & Lasker 1971, Ohtsuka 1991), £ ®&j[a}ic
BEEE LRI NER S0,

Pseudodiaptomus DB TR THAIBOFEESHRE &
NTVWRVDT, aRF 4 o FEHED 30k
AN LTSNS, Pseudodiaptomus @ 2 <R
F 4 v FHISHESB L UORBRER, BATHRERIER T
HEL, BMEBcZLT 2HE2F-THy, B 1
ATEBEPT M) I RNETATHIBERIN TS
(Mauchline 1998). &%, A0/ x5 K& v I Tk
BRSO NOBREY TS v o b v TR
LTW s, TREAMO Y 2 31 ¥ v 2 H Harpacti-
colda D 1FERHMICHEMLALILOMESLTLS
(Gollasch et al. 2000). C oML BRI, v 2N
TREBLIe TS 77 b YHROF ) 7 REFEL TH
L7 EHEINTWS, Pseudodiaptomus iEZ DV o
IVyafl, v oROEMEICSTT S C & &R
LT 37+ 2% LTRATE 2HEMNERIC
B LT3 EHEET 3,

# # o7z B (Cyclopoida) D&, FkF7 o7
Z#} (Cyclopidae) & # 1 + &} (Oithonidae) HA &
hTtwa, gEREKET, BEIEK BERTES
TAEMNZV., F7 o7 2B0BE, MANOEEIRA
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SNTVWEVOT, S, Hikd 3 VIEREN Y5 X T
Kb 5 \VIdIKEY), BHEHASEYICEAL TBASOL
EEZONDG, kX I o ARTRIRRT 4 » F
ks 2 3EREHMKIET 32 bobsBEShTHS
DT (F£1998), AEhPTEO—HITH >TWEH
BElEL 5 3,

By v odtkBRCEAXN A4 FFRICET
2 Oithona davisae \IARIFOEEE, RN, T,
BREL LOEK~ABERTOELEETH 5 (Nishida
1985, Hirota 1990, KiFi3» 1999a). AR 34EELERE
HHEHICHREINTEY, BTO XD 25HHHS
DT> T3, FHERRCHMIEEREERT 2
(Uchima & Hirano 1986, Uchima 1988, KiRiiH»
1999b), HFZ(ED 100 FEk/m® 2B A 3 5EEIC
ET3EADH 5 (Hirota 1990, KiFid/ 1999a),
BoEESEEIZBEAYEGEINIEY (Hiromi et al
1988), /KB ICHERMFZ IO B LT A2 VI VERIC
BEEICHEYT S (KIFEEH» 1999a), 72 EHEMNGER
BIcEHELTWAEMBE L, AR FKIEX > TEAZ
NPT VHEEEE->TWELEELS.

ARy F o2 (vayvyva) BoRESIIEER
(77 v 7 b Vi, FEE Thh, SEFENRZES
5 v b vHRBIEELTERTWA I EHKRLT
BADERESEIINIICVWEEZELALNSE., EE, 15
A b &y RNTEFICEML 2 EBRE SN Tisbe
graciloides \ 34 BIC/E T 3 (Gollasch et al. 2000). A
SN bORPKR~EKRBELEEZ SN 5.

EKBEABASN A 7 UEOERE

KT} 1700 RS S BEOETHEY, BHEOH
RIEVHER S N TLLR, AREHUIITEHBISE N
FlaEWD, THETIHN 300 EMEEFESN TV S (Ruiz
et al. 2000). Hic, ZOTERRET V75 5 OHNREH

£, BRUTHIBOELTS. Th3ET7VTE2H
BLAMIED/ NS X MKBEELRI S —LE T3S
febEFEZLhTWwa, Flzid, 1976~1990 FEORic
JEKRABEI oy ETNEORABL /NS X b KERR

Lo + v ¥xERic Fig. 1 ic/Rd. 1980~
1990 DR IcER SN 585 X bKAESICEML 22
EBHERIEN DG, F, $rT75vYRaTIE, BE,
EOBAEYMP S D7 2 FKBEERISRLEL,
DORKERBHETSTHODOHDTHBM, v h—iko0
TRPEERD S D H DAL (Choi et al. in prepara-
tion). TO LS ICHMACTEE (BERNoREHE) k- TH
BEmBRLY, FONSX KV IHRDOTS Vo b
VIR O RS,

Table2 3% v 75 vy RIBREAINI-EHT VT
ENA 7 VEORPICEES hicE, REOEBRE,
BEEEERLL LWokABASERSNTS, E&
TEELVRE, EELAVWVELVE, T, FBLL
BETH, BEELUIESGOHNEZ I THVESED
b3, ThREBASHWABEOEFHERGERL TV

METRIC TON
X 108
10
[ China & Taiwan
5 Korea
Il Japan

- 1976 1978 1980 1982 1984 1986 1988 1990
YEAR

Fig. 1. Net tonnage of ballasted ships entering the
Colombia River from Asian ports (modified from
Cordell et al. (1992), with permission from the Crusta-
cean Society).

Table 2. First record, present condition and maximum density of introduced copepods in San Francisco (after Orsi

& Ohtsuka 1999; Bollens et al. 2002).

Species First record Present condition dent/;:;ﬂ(?:l 1(111tr/1m3)
Oithona davisae 1963 Abundant <1,000
Sinocalanus doerri 1978 Not abundant
Limnoithona sinensis 1979 No longer caught
Pseudodiaptomus marinus 1986 Not abundant
Pseudodiaptomus forbesi 1987 Abundant
Acartiella sinensis 1993 Abundant ca.1,000
Tortanus dextrilobatus 1993 Abundant >1,000
Limnoithona tetraspina 1993 Abundant >50,000
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B125 5, BASKhBRTOAY, HEILENER
HIEALTWRERbLNE (HAKBET RG] 2R,
BASINI AT VHR, BK~FKEE WS EDsIL
BLTED, HEHOLNSXXBH3VWid+s7 072
Tho, B ENRRLSof@EtRRVEELL
(Orsi & Ohtsuka 1999).

GRET VY rY, AvTy, Y Trr=THICI
ZLAOHT VTENA T VEBEASH, TOEAKT
ZOEENFELIAEINTVWE 6 EE2HANT 5. B
BT, BAETHHTEN S OEELEEL HES
h, BASTTTOHEELILRT 2 &BTERVEHESS
WTW3, BLOARMAA 7 VESBSTEY VTS
VYR ABKBRTTRET V7 OEYHEORIEEE
L TW 5 (Orsi & Ohtsuka 1999).

Pseudodiaptomus inopinus: ik, HZA, hHE, &
Huro®7y v7orRKRcAEEST 58T (Chen &
Zhang 1965, Oka et al. 1991, K& 135> 1995, Soh et al.
2001), 1990 EWEBF L TV 3004 v I /IFEOT
TR & 7z (Cordell et al. 1992). HA DB,
Brorhro ABLTL 20N L 72 1980~1990
FEOMTH B LEESNTV S, BETRY YV LY,
F VI HOBRHICAHEERLTVEY, A Y74
=7MIREAHEL TV W (Cordell & Morrison
1996, Bollens et al. 2002, Choi unpublished data). &
e fmEiEAk Lz b o0, RIS TREOIEERE
RIFEAEEIELTWS &S (Bollens et al. 2002),
Asnf-BrcidE L LTy 10PSU LT, #Fic 2~
5PSU THEE (Z&EI3 700 EiE&/md LlE) HET 3.
ff, 203 FiEOTE, BRECGEIEBTOEERE
MNEHFENLTVS (120,454 F{E/m®) (Cordell et al.
1992). TTROEEIZBEFTEEZL L1 2 BIREMAERICE
JAEEOHAT ENILEERE T 10~25% (FER
1~15%0), BEFEE 3K 8,000 id/m® Td - 1= (KB
3 1995), Fih, Y+ 38 (Crangon fancisco-
rum) 7 Y8 (Neomysis mercedis) 13 & DEAKES
MEMOFELHEN L L > TV B EPREENIFEL
CHOVDREZIDEREL D BBA I NREERIRY
BT 2 E0EENEBENTWS (Bollens et al.
2002). T EVy aBP 7 IHEIEERBOEESHE
VTHBDT, BREAYBRCRIEEOHEADA V¥
PRAZEVWEEDLEEEEBRV, Lhl, EBOA v
JPEODVWTREPE=2Y) Vv IBBBETHADH, &
5T, MOERMES A 7 VEICIKRENREENDH L LT
HahTwd, %0, XEPEET ZKETIR, BX
YD Eurytemora affinis, Acartia sp. 1% & O DGR

/b4 2 AN S 3 (Bollens et al. 2002). FRRIZH%
REBFHRENBL LN LY, FHIRHTS 5.

Pseudodiaptomus marinus. &2 P. inopinus &
ERRICHE T V7 OBRK~NBIBIcER T 58, RELD
PrEES TG GBI - ME 1977). ~vA TR, #
AlRKBEZEZ LN HBD 1966 FICEEFEN TS
(Jones 1966). =M%, 1986 Fic A ) 7 + V=T M4+~
75vyRa Orsi & Walter 1991), FEEREM Y ~
74 T Ih 5iEEkE N (Fleminger & Kramer 1988).
#3735y yRaEREBETRIERDOES 4~19% D%
THEL, KEHEE>K296~838 fHk/m® Tdh -7
(Orsi & Walter 1991). AR, /¥5 R bIKHPIKEYIA
DRADEI HRAETH 555, B 1970 FREFE
ThHY, ERNIBERINTVEDOTTTIREELTVS
¢#zZ 5h 3 (Fleminger & Kramer 1988). & 5 ic4F
EENEC LR, FEOHAFICRIEEE P eury-
halinus WHEB L TWD, P. marinus DEAR, 21
HEE, BEcHRAInafgdsdbsi & THS
(Fleminger & Kramer 1988). TOREKEE LT, D
A RABEEGRENEZ DN DY, B#EALES LR
LTwa EiflahTwsd (BA0HRKE] £8R).

Pseudodiaptomus forbesi. 3 ITHE, BERED
BIK~EBARKBEO AL OHES L TV M (Chen &
Zhang 1965, Orsi & Walter 1991), 1987 &FEich U 7 #
W=TMYy &7 FVIITHDTRRENL Orsi &
Walter 1991). %27 3 X ¥ =% V& 7 F v DHEIK~IK
KEIC 81 5 1988~1989 FDOFECHROELT S
Bcahb, ¥4 0~7.3% D #F T 3,000~6,000 fE{k/
m® OEFEERENBIZE SN, 19894 6 A LA, &
KB TS 22,408 H{iE/m3 OGHE LS L2 (Orsi
& Walter 1991). 1989 % 3 A iz i3 BIK~EKER O 235
D o2 BEINIT - O TKIEIFOFEENSIEH S h
2 (Orsi & Walter 1991). KB CRIKIEIFOFEES n
FTRAMETNTVWEI D, BIBHEEEICE -
frle b RBINREh - L EHRILTWS,

Tortanus dextrilobatus: 7 ¥ 7 OHEKEER 5
AKiicEBLTHBY, BE» S IHEOBREN LV
(Chen & Zhang 1965, Ohtsuka et al. 1992, Orsi &
Ohtsuka 1999). BEDOEKIK TIIES 0.1~3.5% TH
BRI T3 (Ohtsuka et al. 1992). Lizhi-
T, BASTREIEEOEEEN S E, v TS5 v
Z a5 1992 FiFD LG h, zok, B 12~
13PSU 0#EHTHERL T, BE~E I, THEER
HE (>1,000 Ek/m3) »dgEa /z (Orsi & Ohtsuka
1999, Bollens et al. 2002). ZXFIZHAEHKTH Y (Oh-
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tsuka 1991, Bollens et al, 2002), EAI 4 v 7 5
vyRAaTRECKEOHNA T VR ONERE Oithona
davisae & 0 KB Acartia sp., Pseudodiaptomus for-
besi %5BIRT 5) AT 5 (Bollens et al. 2002). K&
FHEHARRE DT, EYROED 5 bEERADS ¥
N7 PRREVETFRINGY, TOHIKO>VTIRAH
T& % (Bollens et al. 2002).

Oithona davisae: ATERATOBEK~HNBIRTES
BELTHSNT WA, O. aruensis, O. brevicornis,
0. nana X £ OELTHE SN, SEFENLEREELMS -
7z (Nishida & Ferrari 1983, Ferrari & Orsi 1984). & YU
ZANV=TFTHH 25V b kT F VEKET
1979 F i THERES W BABEEERICHES L
Tie#E x L fc (Ferrari & Orsi 1984). 19815 1,2 Bic
3E2 11.8% X v BVWREOLEH TRR SN, *
ORIBEEL, 8 Bz, HE, EEMSHEML., TO0BEOH
B3 1,000 {&/m® LI FT& » /= (Ferrari & Orsi
1984). 1993 FDEETHHFEEOEMITE LA LRV
(Orsi & Ohtsuka 1999). @ & IERFROENRIFET
100 FifEfk/m® DL Eom®mEIREIc 12 5 (Hirota 1990,
KIFEH 19992) O L ITHBHITS 5.

Limnoithona sinensis & X U L. tetraspina: T®D 2
FEidmy, TEAEOHK~EKEIERL T,
L. sinensis 3 1979 £Eic, L. tetraspina 5% 1993 FEic
V7A=Y R TFV)~Y v TS5y RaEK
o, BAWKL A EERSPD THEE SN (Ferrari
& Orsi 1983, Orsi & Ohtsuka 1999). L. sinensis &
1981 8 Hicld, ¥+ 7+ VDA T 71,176
s /m? KRS S HERESEZE I NIH (Ferrari &
Orsi 1983), 1993 TIcEHAERRIHB L 1 EEL S
% (Orsi & Ohtsuka 1999). —7, L. tetraspina (31§
4+ 1.0~38 PSU O#HTHIE L, KEHE 3 50,000 #
/md Pl bR AT, BIkiE L. sinensis OHEIIDW
TH, b >BAXINEAKY: L. tetraspina & 397,
BRRBZDOT, BRFLIZHDOTREVEEZIONS
(Orsi & Ohtsuka 1999).

Ry b ROBADBERM S A 7 VRO DEHE VT
EDY v Iy v RaBERETHREINR TV S (Carl
ton et al. 1990, Nichols et al. 1990, Kimmerer et al.
1994). 1986 F R 7 V7EC_KBARXR a5+ i 4
Potamocorbula amurensis 3% v 7 5 v ¥ 2 aiFKiEIic
BLWTHEABD THERES ML, XY Y+ —ENEY
fos 2 by v 7 IBALTOWREELZ LR TWS,
COHRZO%O 2 FETERAKESBIE AR ETLAL,
A 10,000 Bk /m? LU EicRAR., COHEARE-T

TR~ Y P AREERSELLE P TR, B
BHNORMERBE T THRILLE. £, T35V b
YICHLTORENEEERIE L., $ibb, S8R
DB WIERTE Eurytemora affinis ®/ — 7 Y 7 RhHE
PRINIICH & S h, 1988 4RI E affinis 3B L 72 &
#EEsN S, —F, EABRIEHECANRE Pseudodiap-
tomus forbesi BB IhIC{ WEHEESHh, R
BASNEEIML 725 REE P. forbesi & OEHEFORBERICHE
WU EREZBZ T W (Kimmerer et al. 1994, Orsi &
Ohtsuka 1999). O XS A LEYHB—EFICEAS
niEai R, FERBSEMESZEIHE I LELES
Z-BEUWRTH .

WM 7TS00 b OBADERRE

M7y v EREE BT S 0 Y ABERIC
N5 R MK AENTHHELTTO 35S D
5, bolbWEYMITI VI b vOBRA, NFIREF VY
WHABEETH S & PKEE(L, KOFEOBE L LI
&b, —BoRIEBEERETOY vIREFRRELY
EE % 513 (Rigby & Hallegraeff 1994). UL L7gAs
o, W75 v b votucitv X FEERT S b
Y, ThoIFEMBICENTRRICECEATS
D, NIRRT HRIEOMBEZEZLET A
HEMEASEV, Hallegraeff & Bolch (1992) 34— 2 + 5
DT ABT2EMM M3 EDONS 2 rkERELLE
LA, ZOH L 65% OMMKEZEFTIREL, BE»S
B LiFtBohabhiiboBOHEYZNFZ LS
YIDEREATORIEERVE L, CokH il
BRI IERECREERO VX FEENSE. O
FAETROoD -1 3 EHOBHER Y2 b3 B, 20
ERRRFERIC L DEESERS N, EEBICR, K
YIGEFENEL SBASNIODTHEOD, G MD
ZTOBFRIHEEL TS, 7B/ < T
RBshTOWRIGBES, BERMMVSIESEL - TR
TS 2L KB - 02T 30 3RETH
3, L LEns, BEEEOBRETERCEOKRS MK
OHE, YZLORBEBESSEDI TR PKITK
LHUAMEREEZEIONBLUTOL> BHGH B,

BEEES: Y75 v b vohTHLBICEREESR
i3, N>R bKickd (3A0VREMABHEOBEA
RED) BALEBNLMEE -T2, ZHIZRE
R L2, BEEEETS, VOYWIEFEEMNZO
O RHEAR LV EEAFCHFRETHRELTTY
BLEIZOSNTWVWA NS TH S (Hallegraeff 1993,
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1998).

=2+ 7)7TIR 1980 FRE TIRVWDW B RREHE
HEORARTHINTWEL 120, FhilBEE&iH
DR THEHHEZBOREHRBERES KBRET S LI
Bote, TOXIBHKEERBESEEO 1ETH 2 Gym-
nodinium catenatum \I4GEEIT R F AR T A&
PRGN TVEH, £—2 35 ) 7BtV TEER
BELTRAREO Y X b3S TV -t —4,
BEDATH Y TNVERARB LI R =T DFN— M
BV T 1972 FH (C1Pb i< & 2ERAIE) 52
KAEO YR M BHEMLTHW AT EAREN, T OB
PRy 2==7h o AKEY DO VTF 5 TOKAH
REESEEE - B BIF—%T % & w5 (Halle-
graeff 1998). —74, RIUHER I V- 7Tk 3HBEAE
BRORNIZAFOEBROMEROFER TR, HED
BE Y 2= =7 OROFAHSHLT L EEL LV T &
RENTEY, TOHRIR=THEOBAREES A5
RLEBWV, LREZ BEETFcofIaloRErOE
bRRINTELT, COFARDSVTRELE IR
HETH 3 (Blackburn et al. 2001).

G. catenatum LA TEILHSNIMERBEEFEOR
(HFEIC Alexandrium BOESBIF O3, KER G
catenatum O & 5 HED v 2 b AR L Wicdic,
YA PSS S OBADFEOKRFTIEL V., —F, K
BB L TRERSHMTEBRSHEISh, ThO0E
K9 5B OB BT OEERTIT EhkA LS
it T& /. Lilly et al. (2002) 27 5 v 2@ Thau
Lagoon iz KR ¢ 2 HERE Alexandrium catenella OFf
® large subunit ribosomal RNA 5@{zF (LSU rDNA)
DOEMIERECT & BEAT 2 B0 D/ ¥ 5 — v ALERD
-0y NOMED IR, 7T YTHXDSOHKRDFNICHE
BTHEWT E&RLE. Alexandrium tamarense D5
&, BETE, EROKLACa —o .y kEdLT 2 Y
hBRbFRER I TE O (Hallegraeff 1998), Alexan-
drium catenella £ EH, AE»SHEA XN/ HHE
B Eh T3 (hith 2002, Williamson et al
2002). HBARDO I EHHMS IO S BRI BEL
M, NFRMKICLEZEBEEOHEANE EONBH|T
b3,

BAEOHEARRRBIIBVWT B ICSREEELR
ETEBEORMEER Heterocapsa circularisquama 3,
ZNLIFI DI <, 1988 Eh S F DEENHER S
N5 &SI -7z (Matsuyama 1999). Z0EHERR
FEAS 30°C < b » CHIOBHESL b BBV T &,
EEIE > TRBRAHBILARL T &0, BEAMDS

(N5 R rKERIBMALCEERAOBCABLT #
ALEREE DR S TV 3. EEE, BATHESHE
BENB LRI AES B TREIZER L Tz &M
BRI TWBE Z &5 (Iwataki et al. 2002), £ Daj
EEEREETERW, CORBORRRITIE, Alexan-
drium A O [LE IS HIIL A 4 ¥ — L IGBfEF VR VOH
RBBETH 5.

HEN EREELARERTEERTEENENTX
FRIEEBBRELZOBROEBENAERLIN-TTH
%. Hallegraeff & Bolch (1992) ®#&E T3, Bacterias-
trum, Coscinodiscus, Pleurosigma, Thalassiosira 13 &
D75 vy b YOS Paralia, Actinoptychus 15 & @
EAEROBRENANS I s v 7 HhSRO2P > TV
%, {KIRRET & LT, Chaetoceros BD T 0WHSESEE

TRoOM ok, &, IR S v ohoHEYAEE

Ut #55, Odontella aurita & Chaetoceros socialis 73t
BLiCEdhs, ZhsiEEYPKEBRE O TE
LTV alEEE A E V. Fobes & Hallegraeff (2002)
BAKRE S22 =T7%/ Y2 by FTHSEDMO X
5 X MKEREN, 204 v i 31 MOERELIEE
TAHZERELE, ThoikiRyvAMVERELSEH
2, YRAPEERLEVELZENTED, BEEM
SHhOMEOEEN * # = X AxE> T LORBE N
fo. oz, BEEEL L TH S0 S Pseudo-nitzschia
DG NFTRAMKITL>TEHAINTVWA I EZHLD
i L7z (Forbes & Hallegraeff 2002). L bEETTD
REEM D ERTIZ, D Pseudo-nitzschia 2 &%, K
oy BN 4B LIEFRRETH 2 T LHRS
iz, BE-9 2= =7 Ofi#EEY 3BHEETH S
TEDL, PRHOEREIEEELZ DL TFHENS
(Forbes & Hallegraeff 2002). & » % Y A #licIB S BHE
a7 ORELTI v b VvORENLD, TOMTIRE
Thalassiosira baltica 75 1988 FELIBICEZ LT &M
RaEhiz, KBOBEAG/NS X MKMBERTHAH EE
A 6N TWw5 (Edlund et al. 2000).

574 FE: BES 7+ FEOEL IFBEEKT S
TEBHONTVS, —RIcTh o OREMILIIREE
1bic§g <, BEBUCAREELTLE S H, YR b2ERKTS
BmoH o TWA, Kooistra et al. (2001) (2t R & HuH
SR8 U /2 Fibrocapsa japonica $d ITS B OEEA
FIARAELL. #HENERMIRR SO, FEFCE—
EEEET S ITS O EOEEEA T 2 FEOIEE SR
LTV, COBREBOEGERNE kN TDILT
R OMEOFUEEOKERTH S S LEEa N »
D, TOXHSBERE ATy 7B ENRS
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2 hkick BHEATDH 5HEEMSH 3. —F, Nehring
(1998) (2L#8IC B\ T Chattonella @ 7V — LA MFER
SNBLHIB - LERHLTOVEA, "5 MK
WKL BEAME S hIRBAETIEHIZL,

RVMRDTS VI b HEOHBADERE

IhETIRASIAMARPORBINLNY MR (K
&« ik« Gk < BIRRaTF &, BRI EOEMAIRESA
PRO—E5 bE L) 3, MY TIIALE - 8% - REQ
EowERE T EHEREOBE BFHEYD, B3
fagy, REE, MEEY, EEEY, ey, &
pEWERRL KRR EOBY), RESMEZEHRL
HEW HEHYMORRME - BRE - 7 =8 (5=8),
SALEW) (27 & V50D, FHEY), BEEY), FRE,
BREW+E YHET, FIO LSV TRIBREYZR 13
2TOEELRR Y+ ROSEHBICKRA TV S (Carlton
1985, Carlton & Geller 1993, Smith et al. 1999, Gol-
lasch et al. 2002). /N3 X bIKIZ & » TH L LBEFRA~ &
BEN BNV b RIHEEE  FKER T TEL, BKED
BEhHionhTWa, flild, ¥7 344 Dreissena poly-
morpha &35 ZHEM, N5 A rAKRBALTE -
0y 8 SACKARBERIO F R E]JI & AR~ &EIE
h, BARTERNCHEBEL T, 1986 FE0FKALIR
2002 FEFTD 16 FERTHEELORB PV DIEELEZ
foEiRE{MSENTWS (Flack 1996). BAREE-T
TAYHERERH F VT, RERERORKRELTE
DEL HE)IPE»SEKLTE Y, TOARTHRED
REEHEI K - THE { OBUKHERR CERRTERIEESH
HBELIzHTH 3,

N5 R WKFDT S v b vOEEE LIIHEEE L
NERCLERLIEMEOERERS &, AIRLI LD
Ry b ROYEOFEER, FIPHOL NIV TRTS,
Ry PR2ETELHTHRELTS, #1 7 VEPHEY
TSI b VIRENRT, ROV ENDbL B
(Carlton 1985, Williams et al. 1988, Carlton & Geller
1993, Lavoie et al. 1999, Smith et al. 1999, Gollasch et
al. 2000, Wonham et al. 2001). <> b X DEEN T
FR-> T3 BOVNLVTEELRET 2L, BRR
TbEHT, N5 X MKBEASAT N DGR LR,
BT AED CHBORES Lz 0ETORTROE L
BERE-TEL>TVWAE E NS (Carlton 1985). L
L, BBELLUEEERVIEYC LIAIRET, BEH
MEEHEREEFY _REHOYENEZ L, BEHRPY
Uy REBENCRE, REEY), BREOHHE %

EE, v IV, ThPAoSHEERFEET
56 0M% W (Carlton 1985, Williams et al. 1988,
Carlton & Geller 1993, Lavoie et al. 1999, Smith et al.
1999, Wonham et al. 2001). TOSEHEBRTLOEED
EOVITE, N7 X MKOBEBHI L R AR TOREOR
ELHBEORENRES b TVWEHDEEDN
5, N2 MKMBEDAENBEKRERETIR, KHEOE
KR EEROERRL, BEROAT/LMNEATHS
BEhE, FEREPIHEEIRZ S V- ARERE
OEMLABHRTOHEL (EEECERE T 3EML
BH% > (Steneck & Carlton 2001) » 5455, #Hdy
HRE7rsvo v vz L weyiie, B
DOERAEOFEENEL THNF R b v 7 iclviAEn 3
EEEDDBRZDOIES ETTHRYL, FEEZKHET
Z5ERT, o, BETLERECTERT A LD
WHHEI R R VBN X FAKELLIEEAEERI
FICLOBRINWZVOR, SEHESED TEV Y
12EEZLZ LN TW3 (Carlton & Geller 1993, Lambert
& Lambert 1998).

BERIKEASNL I EBEERBENRED I,
2003 FHET 37D 5 (GIFEP 2004). €D 5 5,
B - MBI TERMCEASh L LOMNI12EE
b, Foduid, 75 F a9 YA Acipenser sinensis
KEGHEY 7 Salmo salar B EDHBELEThTVS (B
BFE M 2004). FnLIAAD 25> TRTN Y FRT,
AEEDO T+ P v Y It & OKEWICEA L THEER
BicEAshztBbha b0 28 EEBENTEA
ENTHAEBLALLOMN 1, Milick-TEAS
NEEEBIZIONTVWELDH22TE (REFYSE, B
a2, BPRREHE e BB THE 3| &
YH2E BR1B 52 (ERE) 2004, K& 2002,
2004).

TOYFEERLTHFA AR EOEER " WEE
g, YIESAS X PKCBALTETNZEMLY TR
, MMEIHEBELTEAShEZLBEZI OGNS, —F,
B - WED H e ERE DiEEEERo B
RER, HSZDT7 5 v b riiENNS X PRNEA
LTEAShEHERIRTEL, LhL, T50ai
FEEEOSBEE - _HEE - =8 - BESHYIcO L
Thd, ¥Y—F 2R P EEOREDOMAITYE « BEHEL
ZLEELTVWAIESHORIRTY, BiEABEIL-
TEIEN D B L IEFHEINTVS CKRBA2004). =0
KMAT, N5 X bKPORY b 204 %2EE TRIE
T35 ERE LY (Carlton 1996) 7o, AR~Nv b 2D
BAcR, BAFRELT NS X MKERBEFEDOED
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CHEIDVEETH - HOPARETCERVELSZL
(Carlton 1985, K% 2002, 2004).

AAoEENRxY 2035, KEBHNLETEN
FICBASNAEZEXAL,LE 12FRIEBVT, PP
KEYIOBEICHL TERICEAS NI EZELLNT
W3 25 IO WTEAFEREHET 5 &, BEMNER
XBBALIND HOHBKEHD 54%, MiEfTEL
5 2 MIKOEAIT & 5 BAOAREMEN S 5D 20% T,
N5 ZPKDBICE>THASHILEBDNWBHEEIIL
W, CORELDH B (KRB 2004). EHEREDERXM
K&k 3 BETO/NS X ABEHBIZERK 1,700 77 b
v, BANOHBLHLERIRIE Y EHEESLTED,
HATHHENE /N5 2 MKz DI wizbiz,
5 2 bAKIZ&K » THBEBSEAS N ZTRERRI LS IE
W, EOWETHZ (KA 2004). HHAORBELIEEIC
BAATVEPHEY 7S v b vBESEENATVAS
M, =a2—Y—3 Vv FOEE, BEAEEU LS KERDN
BABERA L CEERNSEAREL I EERET S
&, 69O%DMMENTE, 3%M YT R MK, 21%HHED
EE5HT, BOOTHRZOMOFHRENRLEEVS
(Cranfield et al. 1998 & » K% 2004 BEHE). ~74
TIREEO 0% BMEME, T%H/X5 2 bK, EOOD
13% WKEHMOBERME AN E (Eldredge & Carl-
ton 2002 & KA 2004 BRE) &&h, yvvrs5vy
2 aBTE IR MBHENE, 27%B 5 2 KT, B
DDA2%HKEESR LBLE L 2 BNY - ERRKNEA
(Cohen & Carlton 1995 & U K% 2004 HERE) LEHE
RT3 IH0-EGoEVE S TERK
i, FEAOHRME] Tl~3 L5, /35 2 bKOHEH
HEWE HUIR (75 v yRal) EZ0RBIAHL
BEVE IR (AR =2 -V =5V F, ~ng113&)
EVHEGBEDEV LN R M IKOBE D LRI E
S hhb-TWw3 (KA 2004).

NSAVIVINTOBED TS VI b OE(L

NFZRESVIRTIRT T V7 b v OEBERII—HBIc

EWwEZZ 5TV (Gollasch et al. 2000, BALERE -

£ 2002)., Carlton (1985) ® Lavoire et al. (1999)
i, Thich»b23ERELT, UTORSEHTFTY
3, L)yE{tERLBEEoZE{fbick 32 LR, 2)fl
% 8) 5 vI/HNTOR/E, 4) (Vv 2YEDEHE) B
YIBBERFOKRM, 5) /85 2 b KEUKE QK DIEE,
6) N5 R+ s v IhOBEMEOFE. LOERNVEE
THE0E, dbHA, MBOESPIV—PIL-TE

b-TL 3, BEVWHEOESGICE 2),3),4) BEERRET
BRELY, HL L bREILARORBOGEIZR, KE
PREMIMELKRELEDLZ BB LD, 1)DE
R RESEELARITIREEN D 272D TH 5.

W RE, ERONSR Y v INbD, FVIR
ORIELBVRIIBIBEND S, /N5 X FKORFEUL,
BETH B, KEOERILINARE BEIEKTH S, BE
BRI Y v 7 CLIBLRE S bODEY LRI
T2 ThH 5, BFEMEOWEEENY vy TEIE PR
15 %, 1 ETH % (Gollasch et al. 2000).

vy HR=-n (aoyEER) HS A4 Y ETOME
th, ~5X 4 VYI7HNOEFEM TS V2 b v OEE, B
HMORENEILEEEL F5d 5 (Gollasch et al.
2000). ¥y HE-HSFLVETOMBIIBVT,
Y & bEE, BRI NS R MKES V2 IRANTE
BREITHEE L 1o (Fig. 2). ML TH (23 B 1<i3f
& ) ¥, BRoLERRZNTHh, BP0GS, 2%,
17%, Y054, 0.2%, 10%, TH -1z (Fig. 2). ¥ v
s NOBEER, >%v, KEPLHBREMETHiEH
BEBAMOSEMEBDRIFRBETELRY. BT vy
by OBE, N5 R MNKORA LT, Y IRADOE
KB, &2VRBEBhOERICID, KLy 2 -VEZ
JAT EMETEREENENS, £/, 7V 558,
YAV, RBRERLEOESFVEBWT 52 b vid
Hi#D» SR AMTRRL, BRRO—ESHEHE TR
THECTE. M, THH BREYMOYHERITH
SOHEAFHREET, oY 7T~14 BREIZ 2 v/ N THER
TEREVS, YTV + VOBARREEESS
YIHNTEROV I EBERENTHD, REHZVWIEES
FEUFELLERTERTV LSO S,

o v FTHKERFANLINE Y v 7 HTREIND
2, BENY PR/ ETS5 v b lETH BN NS
F 2 2BH 4 7 V¥ Tisbe graciloides DEEZ/N5 R
Py NTEEEML, 13 BEOHBR TRIE
100 fSEWERICE L. FEOLEMN, S\ IEEE
EEicinzi < GEgRETIR 20C B L:BE, 3 8
CEE ST 5. Alongi 1985 in Gollasch et al.

. 2000), WELITS v b vEEELTRATESC

EOHEEMBER EHER L TV 3,

Gollasch et al. (2000) 2735 v 7 b vich~xT, RV
P2 IEYEONETOEERMSERETH S I EEBRT
W3, aaxtiFo01TE Corophium acherusicum 13
116 HROME TS ¥ YV N TOEBRMSHEES LTV
2. T. graciloides ™35 2 b % v 7 T OEINPLHR
L7 5 v o b vtk GREBH) #4147 V¥ Pseudo-
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Fig. 2. Change in water temperature and abundance and number of taxa of total phyto- and zooplankton during a
cruise from Singapore (May 3, 1995) to Bremerhaven (May 26, 1995). A. Change in water temperature outside (Ocean)
and inside ballast tank; B. Change in abundance of phytoplankton cells; C. Change in number of phytoplankton taxa;
D. Change in abundance of zooplankton individuals; E. Change in number of zooplankton taxa (modified from
Gollasch et al. (2000), with permission from the Oxford University Press).
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Table 3. Transoceanic dispersal routes of introduced species in the Pacific (after Carlton 1987).

Route Donor area Receiver area
1 French Polynesia Hawaiian Islands
2 Australia Northeast Pacific
3 Australasia New Zealand
4 Southern Asia-Southwest Pacific Northeast Pacific
5 Southern Asia-Southwest Pacific Hawaiian Islands
6 Southern Asia-Southwest Pacific Northwest Pacific
7 Mariana Islands Hawaiian Islands
8 Philippines Hawaiian Islands
9 Northwest Pacific Australasia

10 Northwest Pacific Chile

11 Northwest Pacific Hawaiian Islands
12A Northwest Pacific Northeast Pacific
12B Northeast Pacific Northwest Pacific
13 Northeast Pacific Hawaiian Islands
14 Chile Northeast Pacific

DI AR > TW3, KEETHE 14 0FER
BAN— BRSO TWVS (Table 3). 7 V7, dLE
AFHEE, ThThHEbEEN donor area, receiver
area Th by, TOHRAKR, H7 V7,5 h o OHIR
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Uk EEZ SN 3 (Carlton 1987, Cordell et al. 1992,
Choi et al. in preparation). T OO KR, Ed{t
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[%7R L TW3 (Ruiz et al. 2000). LA L, T oFEM
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T3, JLRiCBAShABYMOEE IR TORE
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bbb, ERECE > THFE L RVERERHELSES L
TV Z & biEEENTWS (Nichols et al. 1990, Cor-
dell et al. 1992, Kimmerer et al. 1994). %7z, &, &
AZBAT 3 icEBARTORAES, FER» SO
BPEBSHhTW 3 (Clay 2003, Michell & Power
2003, Torchin et al. 2003).
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Table 4. Common or dominant planktonic copepods in brackish and coastal waters of East Asia, which, as alien
species, are not recorded yet, but may be potentially introduced to other areas (data from Chen & Zhang 1965, Grice
& Marcus 1981, Uye et al. 1984, Nishida 1985, Chihara & Murano 1997, Ohtsuka & Ueda 1999, Soh & Suh 2000, Ueda

et al. 2001). Resting eggs: + species with resting eggs.

Species Distribution Habitat

Resting egg

CALANOIDA

Acartia erythraea
Acartia pacifica
Acartia sinjiensis
Acartia hongt
Acartia tsuensis
Calanopia thompsoni
Centropages dorsipinatus
Centropages tenuiremis
Eurytemora pacifica
Labidocera rotunda
Pontellopsis tenuicauda
Pseudodiaptomus nihonkaiensis
Pseudodiaptomus poplesia
Sinocalanus sinensis
Sinocalanus tenellus
Tortanus derjugini
Tortanus forcipatus
Tortanus gracilis
HARPACTICOIDA
Tachidiidae
CYCLOPOIDA
Cyclopina kiraensis
Qithona brevicornis -
Oithona dissimilus
Paracyclopina nana
POECILOSTOMATOIDA

Clausidiidae (Saphirella-like copepods)

Indo-West Pacific Coastal +
Indo-West Pacific Coastal +
West Pacific Brackish +
Yellow Sea Brackish +7?
Japan Brackish +
Indo-West Pacific Coastal +
China, Korea Coastal +?
West Pacific Coastal +
Northwestern Pacific Brackish +
Indo-West Pacific Coastal +
West Pacific Coastal +
West Pacific Coastal

West Pacific Brackish

China, Japan Brackish

Northwestern Pacific Brackish +
Northwestern Pacific Brackish +7?
Indo-West Pacific Coastal +
Indo-West Pacific Coastal +
China, Korea Brackish

Japan Brackish

Indo-West Pacific Brackish-coastal

Indo-West Pacific Brackish-coastal

East Asia Brackish

Brackish-coastal
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