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Plankton introduction via ship ballast water: A review

SusuMU OHTSUKAY, TAKEO HOrIGUCHI?, RUBENS M. Lopres®, KEuN-HYuNG CHo1?,
AND KEIJT IWASAKIY

Y Takehara Marine Science Station, Setouchi Field Science Center, Hiroshima University, 5~8-1 Minato-machi,
Takehara, Hiroshima 725-0024, Japan

2 Division of Biological Sciences, Graduate School of Science, Hokkaido University, Sapporo 060-0810, Japan

3 Universidade de Sdo Paulo, Instituto Oceanogréfico, Praca do Oceanogricfico 191, 056508-900 Sdo Paulo, Brazil

4 Romberg Tiburon Center, San Francisco State University, 3152 Paradise Dr. Tiburon, CA 94920, USA

5 Liberal Arts, Nara University, 1500 Misasagi-cho, Nara 631-8502, Japan

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 copepods 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”

2004 4 3 A 25 HEAT, 2004 4:8 A 3 B
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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

Dickman 1999, Lilly et al. 2002).

L

HwEEEYDOE A (introduction) (MY 5 X F7K (B
T, Blicoys 2 bR EMESD), MMANE, KEY QYIRS
Eitk->TETY, BXY, FENNEZHOT, ARE
FAHFIEETITON A L SIS > TH SEEEL L 128
2METh - 2. FlAE, BTk SBASHE
v SHEPEEECE - TR S5 vy v ER
WR Lictedic MR L 7. (EREE/KB Inter-
national Maritime Organization (IMO) 2004 @ & — A
~ — ¥ http://globallast.imo.org /index.asp?page=
problem.htm&menu=true). %7, A brhb3
HEELG|ZEI LTV S, @BEEERICL > TEES O
HEoENICEE T 2MEMHEE (paralytic shellfish
poisoning: PSP) 12, ABZ0BEA2BLLIES, FIE
B2 EMH B, TOPSPOHER 1970 ERTRAS,
ek BB o Tz h, 1990 FERLL
FRCEMEERED N5 X bKIC X ZBATHESHR G
IIRFNITHLAR L D2 b % (Hallegraeff 1998, Zhang &

°
H—D-y/\,

AT ORKIFEDHEE, BHL L, AREORE
AN b RH 1900 FRYIEELIEIC R 2 LRA SN, TER
fE (native species) RHEERNDOEENFELICE > TH
3% (& 1992, BAAREESE 2002, HlFiZ5 2004).
T D& S 15/ KFE (alien species) I L A ERZRD & 5
KRBT E 2 (HAAREY S 2002, RIFEDRERE
BHHEY AR ABYR/NEES 2003). — i,
ANRFEHEA & N TEE (establishment) L B OFEE
HINCERE L £ RS, 4730 5 EEH (invasive)
ThHBHGETHB. BEFE LT N)ARELERE
(native species) DEFAHAEPESFICL - TEM L
h, BICERELTLE D, 2)EkREBEROTER 2 E
T3, 3)yuik b - AEBREHELT 2, 4) FHELSHIK
MSKREREE L TANEELHT, 50V AOME~
DHEERIZT, BETHE, Zodi, ARENLGE
TSAERTE & M U CHTEAMED, TERMEEE BRI
RNDBREES|ZRITIETHSL. AHTLHSGN
TVBAKEL LTid, 1932 FICHE THO TRRAS
h (W8 1939), METRLENICLE > T4 +4
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H A Mytilus galloprovincialis b 5. AFEIIFKBFHO
BUKO#E Sl KBEEAE-> CTREBECEEL & 4 GEH
EAKNEFNIEEER BRI RENBAELZRES
2003) i3h, BHEA +OHEES C LR EnERHINT
WB GEIN1974). %1, AFHFAHAIEREF S
AT HFANA M trossulus EDRXBENRTEINT
W3 (HE 2001, #LH2001). EEAY TR, BRE
B WS WTEVETEBEFV IV TRETFR
BOEENSFEMICHSHIRE -TWVEE (B, HE
1998, F1f8 < /NE 2003), BwBEAEY TR LA A #
2EOEMCRIESNIFAEZRLY., A5 HFAHA4OD
LOWHAREIR 2RIBIEOREIETV S, 4574 F
4 T4 15 L OEEEYOMEME LT 2 oD IR R
THEBX X280 BRBER S TOLEY, ThhH
SWHEELE & LU ThA SBERY OO RE LMK
FEOETHREOHFKAT ZELTWS (O 1998,
HAHBE¥ 4 2002, KIEIEH» 2003). LiL, A X
BRIOBBIE EAHIC <Y P ROBAERIENI T
WEREWLWIRRBEROETh TS (KA 2002).

—H, 5o b vicAL TR, KEE~oAREOE
ARERBBENCNETOEIAEE/THS., The
BB, TAYAEBEA LIV, AV T 4=
THEBXUFYTRE, BELOETITEOHA 7 VEM
FINFRPKICE > TEBASNILEZEX SNTV A,
INHRIG0FER»OFERS L, BALTERLIEE
o CTHEREROBELZELES YLD, ABOEREAEK
ZLTLE >k r—2b3H 5 (Orsi et al. 1983, Hira-
waka 1986, Fleminger & Kramer 1988, Orsi & Oh-
tsuka 1999, Bollens et al. 2002). BEHEEEREOK
BORT7TIV7,03 -0y, A—XPFYTIINT R
PR TEAINT EHESN TV S (Hallegraeff 1998,
Lilly et al. 2002).

B, FEMEEE 8D BROME TH SN
LTiThbh T, ZHhicpE-> THRTEMBK 100~
120 &~ v oilkhsN 5 X hk& L TERR, BEEINLT
W3 EWS, o E#E L, KBy, 5%, @Y
HMENERES L VWEEICE, ARBEOBA I
HENCHEMNT 52 ERFREINTWVS (Cohen & Carl-
ton 1998, Ruiz et al. 2000, Fofonoff et al. 2003). T @
EHIUBRKREEAT, ABTR, v7 2 rKick 3E)E
M7rs o by, BiohA4 7 VEOBADERER LI
WTINE TOHIRERIEL, SBROMED 2D OERE
FIEHRE T2 EENTH S, ABERERICHARD
ARTEICEET 2R [FFEAREYIC X 5 ERERF IR
D AWEDOILICBT 2 ER] BATEN T (2004 F 6

H28). chicEo %, £ER, AfM, BEbHIVIIE
MKEZ LD HEEL LTI ENTFEEIN LA
kAP ORE, BHRAEL EEEAL TEENREYIE
EFIEEAESH | BRESI L, BEAXREHOVTY
BEBLHENEONAZEMBUEEN S, BB, AFIEZ
20041 A 10 B A EFL#EASER ERY
B v o R Yy A [BATE L EYEEEOHEL]
TOOFRKERCHBLILODTH B,
ARTEEBAL &V FTEINREL BRI ICEE,
BELIZBEBIUVERNTRWMEA LS L LTS
(BAKERESES 2002),

NI VI DRDEY

NS 2 EE, MIASEROBICRENEEST 5 &
5, BUKARERT 2120 0MED0 & T, 19t E T
ARRPHEENBV LR TER, UL, 1880 &R
DIBOMSBOMMORA L & bic, HoPTImnoK
NS R b ELTHAATNE XD IIHD, NFA+E
VBEESTLZHEAOMMDOIZEALETE, HESEBOHRK
LK S B WV B EIKAEE D O O E KM ORIE 72 1340
Eickdonk 52 by vrohicdkashTuns
(Carlton 1985). /x5 X P /KDEEH BRI ARWEIEE
, BETRE ANV - EFEN 23ISR (bulk
carrier) &% v A —H385 X bKEEDFILEHE > TV
BLansd (KRa 2004).

NS NEVIOFIE, KEZFTEL, HEBHOE
OHRBYMILELEDT S, 7 v 0K, KIED 20 gm Ll
TOMEXNHcm A SBVHEEICIR30 cmiE &/
b-THY, KBEMOBEITIZ 100 + ¥ b OHEREY HHE
ETaERESONTWVS (Hamer 2002). /N5 X b7k
i, ¥—F = & b (sea chest) EFEITH 37KE T DA
AR o FBEoMALOBUKEN, Y—F 2 R
N OARBNC ZEE T I PEYORAZRE S oD DM
DR (BEZE15~25mm) 2R Y v b (I§ 20~35 mm)
BRGSO SIBRLFF ST S RS 2004).
wBAKE o3k NEIOAEYNE, CoOROEET vk
BTEBTANS Ay v oitflbAghnsd, v —
F2RAMNEFIHONTRA YV IICEREK S T &
N5 RNy vy DRI, IO OBOMERAEYN
E# L TEY (Colautti et al. 2003, K& 2004), A5
BhoBELOMAER LB TERMEL, X3 R bR
BLBRLHAE « BT EAMHE LTV 2 aJEet bigiE S
TV 3 (Colautti et al. 2003, Fofonoff et al. 2003). %
Dtdd, NF R KPS RN FY T, FEEBY, B
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Table 1.
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%51 %

%

2

5 (2004)

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 Fl
Centropages abdominalis Southern Chile Asia BW
Eurytemora affinis Laurentian Great Lakes Europe, North America BW
Pseudodiaptomus forbesi USA west coast East Asia BW
Pseudodiatpomus inopinus 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
Oithona davisae USA west coast Asia BW
Paracyclopina longifurca Brazil Asia BW
Thermocyclops crassus Costa Rica, Northeast USA Old World BW
HARPACTICOIDA
Attheyella aliena Germany ? AP
Neotachidius triangularis North America East Asia BW
Nitokra hibernica Laurentian Great Lake Europe BW

703, HECEECER, RlEEY (7 5 770L)
CEEEY R » 5@ 15 cm OFSAE TOLE
EWIFY, e oCEERTF YR I EHE L Y
BHICOLETS v b vRx s by, [BET XY
bR BFEREIN TV B (Carlton 1985, Carlton & Gel-
ler 1993, Smith et al. 1999, Gollasch et al. 2002,
Hiilsmann & Galil 2002). & 51, ¥ v 7 OEICHER L
rtROFREE L B3ZORI LI, BRI E LD KEE
MDA A4 7 ¥ (Gollasch et al. 2000) 2 EMEEHO
v Z b (Hamer 2002), BEE812EHCHBRHEOEH
3 o RBEE - TSSO N Y b R DYk « Bidk
(Williams et al. 1988) dFEREIh TV 5,

IDEHIT, NFAbFVIEFNIEELK/NS X
FKDFEK s Bk 27 aDHiCR, ZHobD<( 7D
NEY = BB D, KEEYIHED 5 5T NTOEFER
b TERBSEHICB T 2EMbBEEL T

5. Gollasch et al. (2002) ic &, 3 —9 /¥ T 550
E oMM 5 1508 4 v 7 (1219 D/NF5 R kAKH v
T & 280 OHEREYI Y v V) EFREL TN ES
A, N3 by v ohhSERENENONERE
B RV bRDFS Vo b vEREREL NVOEED
WA b2 W, BHroBHE TO LN IWERRRE
bOELTHASR L), BFHTINICOERALEVD
IDI, FOPETRY v VK ERR SN ASEBK
& ORI IR IEOMEIREROSEED L fcd, NFTR S
v DHTRRENLEYORIE, SROFEMITON
BRECHEI TV ZENTFHEaN S LW (Gollasch
et al. 2002).

BTS00 by (D47 VF) OBADERE

NS Z by ORTRREINLEEL DY O T
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bHEME L BHO LAV TRME, FONMERE (57
YH) LEBEORTHEERLTVWEDN, 147 V5
Tdh 5 (Williams et al. 1988, Carlton & Geller 1993,
Lavoie et al. 1999, Gollasch et al. 2000, 2002, Won-
ham et al. 2001). #4 7 V¥HiZ, L XV TOEEH il
DTTY b VICHNTHBEIER R E bH - THE
B2 2 A{HEIZH Y, Gollasch et al. (2002) (/¥
TR I ORTERAINIL2 425 5 7 HOEBYOD
1/41cdb 125108 v 74 hh4 7 VEHTHED LN TW
R EEMLUTVS, BEORTS, NV FROYAESE
TRTER L ABEEORE» S BHELIE OB LS
NTWBIFEHZ W (Lavoie et al. 1999, Gollasch et al.
2000, Wonham et al. 2001).

Table 1 ¥, ThEFTICBAINLEELZONBE
K, K, WE BEENA 7T VEOEE, BEAK, #
ALBIURY ¥ —ThH3, 30DHL 17TEIET Y
T oIt T 2 ) AKEA—FRICBAIhTVWS, %
Ofs, I —o .y NEENOBAMNETHIN TV S, HK
REREDIBA, X754 -—DREEAEN TR KEE
Ao TWA, /N7 R MKLUATIE, KEVNDEAD
HADFREEINTVWE DB VE, BEAEREOZSIC
3, BEHOKESEYE L BRBANE /2L Sh
TW3 50005 (Reid & Pinto-Coelho 1994).

BAINIOEHRIZEIC RSN, 75 XZH (Cala-
noida) ICfRNE, RENHERNFEHNESINE T+ 77
b & X _E#} (Diaptomoidea) IC/Bd % C & W HTH
3. COBEHBELT, HEK~RBBELETZENEZL
Z & (Ueda 1991, KIF - EH 1999), 2) MAIIEEHR
35N L VT & (Grice & Marcus 1981, Uye et al.
1984), ) EEBH LEZ o h BB MK VB &
(Pseudodiaptomus) (Mauchline 1998), 73 E03EZ 51
3, BkMED 3V IdNBEEES T T & B —RREic
&<, AR, BERMHCE T 55K Sinocalanus te-
nellus I H{ILB L UOBLBRORELZEN T L 256~
35.0%0, 5.0~30.0%0 DILEFHATHKRIIT 5 LWWMESH
TWw3 (Kimoto et al. 1986). Ni&¥:#E Pseudodiap-
tomus marinus 31545 8~48%, CHFERHE, MEFHII 16
~25% CIHFBTH S LD (BIF - HE 1977). F1,
COERDS L, BE~HHEICEET 55 OB TR
EOKPTHEETERLVRECTRMANZEL L, HR
YIhCcRIRT 2B A, COMANIETRE, &
ZVRBAESEERETH ZEEH S VIIERICOMA
&M TES (FIAIE, Uyeetal 1984). TDLH4I
HANAZERT 20’75 X 2BTR IO LRHCRES
NTE Y, I Acartia, Centropages, Pontellidae, Tor-

tanus 1 £ TE L HIS N 3 (Grice & Marcus 1981, Mad-
hupratap et al. 1996). AR TH 1iE, EBIROH#E
TH->THNF ALY v I NOFHEN FRICKRBRERT)

BEEICHMA, NFR MKOEBINLKBTESET 2

CERBREPBAINZLIDOBRETHELHESN
5. ERE, #HYOMAIND & 5 S HE A FH> WY O iR
EBEEIE, Y2 A, EBEOERE SN TV (Hal-
legraeff 1998). #FiZ, Tortanus ® 2 XEF 4 » NHY)
A& A AR SN BT H D (Ohtsuka 1991), N5
2K VIRNTREELIE8Y TS v 7 b vidEEIC
BEEMET T 5 72 (Gollasch et al. 2000), F A 134
FTERBVWEELONS., LiH-T, ZOA4 7 VH
DOEGCRMANTEAShILLHESN S, A
FEEIICR B 2 BEOKIRIN, >0, ARMKER
Y¥ (quiescent egg) B & CARIMAKIEIN (diapause egg)
BHIENTEY, BETHEV > AKIRICAS &3
B A OEEBREATIEI L TV A DA EWEEL
51 5 (Grice & Marcus 1981). HEFATREADOHE
BEVWHOD, 7177 b A ERHCE LRK~BEE
BT 3 £ v 7 55 (Pontellidae) b AIF % Hi—> D
T (Grice & Marcus 1981), FRMICTEA S h B F]HE
HidHs, ZoBHCRHNAMEROBVWLDOLEENT
By, AOH, MHLBRITLIILVBHONTVEDT
(Lillelund & Lasker 1971, Ohtsuka 1991), £ ®#j[qjic
FEEELSTRER SRV,

Pseudodiaptomus DB IR APOEESHL X
NTVIRVDT, IEF 4 v FIAGHED 5 W idEdED
HASNh LTSN B, Pseudodiaptomus @ I =R
Fa v FEIYEEB X UBRER, BATRERRIRELL
HBEL, BMbEBIcRELT 2HEARE-TH0, 514
BTERCT M) S RCNETHTHLBEINTVS
(Mauchline 1998). &%, MO/ N5 R +rky v 7 TR
BREEE L bicy v NOBEY T 5 v 7 b v 3R
LT h, TREAM DY 2 3 ¥ v 2 H Harpacti-
coldad 1 EEHIKHEMLALIEbRESNATVS
(Gollasch et al. 2000). oML -ERER, %7K
THB L7572 F vHAEOF Y 5 Z%EBRL TH
L7 EHE I T WA, Pseudodiaptomus 3T DV 2
IVVIE F v INOERMEICAHRT S & LR
LT 37 ) 2 2%2HE L THATE 2WHEPERIC
BELTVWS EHEET 3.

¥ 7 o7 2 H (Cyclopoida) D& E, FicF s o7
2z §} (Cyclopidae) & # 1 + + F} (Oithonidae) 253 A X
hTWwa, B kKT, BEGAK BEETESL
TEEMSEV, X7 oS 2HOBE, MANOEEIRA
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SRTVWIROVDT, HE, PHED 5 W0 IEREN /Y5 X b
K 2V KEY, HERBEMICEAL TEAIhK
LEZONS, BAMEF 7o RBTEIEF 4 5 F
A D 2 W IRERIAEASAIR T 2 b OGS TV 3
DT (P£1998), AL T IO > TWVWBHA]
BEtE b & B,

W7 7o odtkRcBAINILA A b FRHCEYT
% Oithona davisae 3 ARIORTEE, #HEFN#HE FiE,
BRI L OFRK~ABE coOB/LETETH 5 (Nishida
1985, Hirota 1990, KiFiZH 1999a). AF&E 3 EEARE
PHEFI LI CHREINTEY, UTO XS BEFHSIHS
DI ->TWV5E, FHEREACHMIERERERT 3
(Uchima & Hirano 1986, Uchima 1988, K&EiIH
1999b), HEBE/ED 100 FEEF/m2 282 2 5EEIC
#3545 5 (Hirota 1990, KERiF» 1999a),
PoEENEEICEEAYEAS MKW Hiromi et al
1988), /Kigic EBARIC DB L 4 2 AW WERERIC
SEEICHET S (KIFEH 1999a), 2 EHEMNLE
BIBEELTOLEENEL, NI R PKIZL > TEAS
WP T VWHEER->TWALEER 5.

N F o2 (Vayvya) BORESIEEME
(875 v 7 b M, FEH) THY, SEFHHAL
TF3v o b MBI HERELTENTVAEZ EHBFRLT
BAOEESEIINICWEELIONS, EE, ~5
2 by v IRNTHEECHEML L EBRES N Tisbe
graciloides I3 B2/ T % (Gollasch et al. 2000). HFHA
b oRPK~FREREEEL OSN3,

ERKBENBASNI AT O RDERE

LK TIE 1700 FER» S BEOETHEEY), BEHoN
KRB HERR X 1L TLLK, SRR R R B A i B
FEWLY, T TIcH 300 EAREIh TV S (Ruiz
et al. 2000). #ic, ZOWRERET V7 55 OAREH

£, BN THIABOEHRET S, CTh3ETYTEH
BUIHIO /NS 2 FKBEELRI 4 —EB>TWVS
HEEZONTVE, FIZIE, 1976~1990 FDRHic

JekFER oo v ETIFEOIRABLA/YS X b KRERES

L7 o b v B Eslic Fig. 1 i<Rd. 1980~
1990 DRFICREES N 235 X MRBEBICEML - C
EDHERNENS, £, Y757y YRITR, FE,
EoBABYMMP oD T X FIKEEBISROEL, %
DRFERIETVTMHOEDOSDTH BN, ¥ A—iko0
TRAFEXDL SO DLW (Choi et al. in prepara-
tion). TD& S ICHAORERE (EROEE) k- TH
BIBFMRELB Y, FON5ZR MK IRDT T Vo b
VRHER b RS 5.

Table2 3¥ > 735 vy Y RaBICBAINLET VT
BN A7 VEORYNCEEH S i, BAEOHBIRE,
BEEEAEARLE. ok ABANHERESNTD, E&
T2ELVNE, EELLVWELVE, T/, EHELE
BETSd, BEELLIBEONEZITRVEAEDS
b5, ThIREASNZEOAYENERGERL TV

METRIC TON
x 106
10
= China & Taiwan
5 Korea , ?
B Japan
5 G B
" %
— Z

0=
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 denﬁ?;n(?rlmlf/]m%
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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515550, BAINKIERTTOEY), MILEHNER
SERHLTVEEEbNE (BACKET 5K 2RB).
BASN AT VEIR, BK~EKEE VS Eosdt
BLTHEY, SEHLIS X220+ 707 2H
THyh, B EgXslofERERVIEERL
(Orsi & Ohtsuka 1999).

BRET YV MY, ALTY, AY T A=THICR
Z{ORTVTENAT VEPBASH, TOHEARLT
ZTOEENELIFEREIN TV 6 BEENT 5. KA
BT e, BARTHDTZNSDEENFELCHAES
h, BATLTOEREELEKT S EMNTELVWEENE
WTW3, ZLOARMA A 7 VENBLETEY VTS
VYR ABEKBIRTTICET V7 OEYBEEOKEL 2
L TWw5 (Orsi & Ohtsuka 1999).

Pseudodiaptomus inopinus: 0¥, HA, $E, &
HiEORT V7 OEKBRICERT AT (Chen &
Zhang 1965, Oka et al. 1991, K& iE 4 1995, Soh et al.
2001), 1990 FICEHFLTLWE20h4 LI VJIlFEOT
#HTHEZE S 7z (Cordell et al. 1992). EA D BRI,
R7 Y7o ABLTL 2MAEOEML 72 1980~1990
FEORTH B EHfETFINTVWS, HETRYI YV + v,
ALV HOBHICHHEEILARLTOEL, #Y 7 4L
=7 EZHE L T (Cordell & Morrison
1996, Bollens et al. 2002, Choi unpublished data). 5
RS EER L b0, TS TR %2 ONREGEE
RIEEALEELELTWS E WS (Bollens et al. 2002). &
ASNABRTEEE LTES I0PSURT, #Hic 2~
5PSU TEEE (&%&13 700 ff&/m® LI L) hEHF 3.
Fi, o3 FEOTIR, BEEIGEERE CEREIRE
Mgk h T3 (120,454 4k /m?®) (Cordell et al.
1992). TROLEEEHREEZ o 2 EREMABICE
I AAREOHRET 21BN ILEERET 10~25% (FEid
1~15%0), mREEE3# 8,000 EiE/m® TH - - (K&
3/, 1995), Fit, v Y+ 3% (Crangon fancisco-
rum) 7 ¥ (Neomysis mercedis) 15 & OEAEMEL
HE O TERHEAYEG - TV5 T EPRIEENE L
CHVWOKREZIOEREL D SBEA S AR EIRW
B 515 EOEENRIBE N TV S (Bollens et al.
2002). TV 2P T7 I FHEIEARFHOEE L
VTHHOT, BEEEYMHETRAEOEADA v /37
PRRKEVESOIZEBLV, LhL, EBOA vox
7 MZOVWTREHNE=%) VI BURETHS S, &
HiT, ORI A 7 VBICIKEBEENSH B EF
Bahctwa, o%b, KENEET ZKIKTIE, EX
@ Eurytemora affinis, Acartia sp. 15 & OHE HsHRig

I3 B3R A3 S B (Bollens et al. 2002). FK i3 8H %
KBS ENWEZONBD, HEMIIRATS 3.
Pseudodiaptomus marinus: AF 3 P. inopinus &

EBRICERT V7 OFRKR~WBRICERET 245, RELD

POEESEFC (Bl - ®E 1977).
ACEL B EEZ SN 2 HEN 1966 Fic
(Jones 1966). Z Dk, 1986 FicHh Y 7 x V=T MH+¥ v~
7% vv23 Orsi & Walter 1991), RIS ICEIN 4 ~
F 4 T Ih SRR E N (Fleminger & Kramer 1988).
YV 735y v RAEKRTIRIEBDOES 4~19% DO EiH
THHEL, REEE I3 296~838 fl{A/m® TH - 1
(Orsi & Walter 1991). AL, /N3 R b KHIKE~
DRADPEI I RETH 45, B3 1970 FR%H
THy, ENFHEESNTOIOTITIKEEZEL TV
E#ZZ 5N 5 (Fleminger & Kramer 1988). & 5 i
FIRECER, ABOBAFICREREE P eury-
halinus ISHEB LT W, P marinus OEAE, £<
HEET, BECEZESNAEENSLIETHS
(Fleminger & Kramer 1988). COERE LT, 2D
HAEKZFEESRENEL O DN, EBIENETRLE
LTwatiEfllantvns (BHAOHRME 21R).

Pseudodiaptomus forbesi: A& (3t¥k, hEAMED
BAK~FEKBED A SHE I TV (Chen &
Zhang 1965, Orsi & Walter 1991), 1987 FicH Y 7 #
W=7 HvrT7TFVTHRDTHR SN Orsi &
Walter 1991). 42 5 2 v b= VK 7 F vV DEK~K
Kiic & 15 5 1988~ 1989 FORHBATHROELT 5
BETdhb, 85 0~7.3% D& T 3,000~6,000 {HEH{K/
m® OEHEIRENRES N, 19894 6 A Lajicid, #
IR THRE 22,408 fi{E/m® OSEE £iisk L c  (Orsi
& Walter 1991). 1989 £ 3 H iz 3K ~1R/KIR D 215
DO IRES NI - O THRIEIIOHFEMSIER S h
7z (Orsi & Walter 1991). KB CRRIENOFENH
FTRLMESNTVR I &L, BIRREEEICE-
flcbBEES RS EHRAIL TV 3,

Tortanus dextrilobatus: 7 ¥ 7 OhEKERID S
KBICAERLTEY, BE» S IHROBEL TV
(Chen & Zhang 1965, Ohtsuka et al. 1992, Orsi &
Ohtsuka 1999). BE D E/KIK Ti3ES 0.1~3.5% T it
HMHEEEINTVS (Ohtsuka et al. 1992). L7chi-
T, SAxRTEIrEEOTREENS L. Y7 Y
2 2ip 5 1992 FFICHD TioF S N, £ Dk, 185 1.2~
13PSU o#EFTcHEL T, BBE~EIr T TEFEERK
K& (>1,000 fE{&/m®) »itégE& vtz (Orsi & Ohtsuka
1999, Bollens et al. 2002). ABIENAETH O (Oh-

NTA TR, E
s hTuns



108 BA7S o b+ v¥28 HB5145 F25 (2004

tsuka 1991, Bollens et al. 2002), BA XNt H 7 3
vy RaTRERKEIONA 7 V8 (NFE Oithona
davisae & 0 KEIFE Acartia sp., Pseudodiaptomus for-
besi %R T 3) AT 3 (Bollens et al. 2002). &5
REBRNARTLE DT, EYROHD» O bEER~ND A ¥
N7 PRREVEFEEINEN, TOHIKDVTIIAH
Td 5 (Bollens et al. 2002).

Oithona davisae: AR (IFILOENK~NEBHTES
BELTHSNTWID, O. aruensis, O. brevicornis,
O. nana 13 EOBLZTHES N, HPEENRRELLS -
7z (Nishida & Ferrari 1983, Ferrari & Orsi 1984). /1 Y
TANZTHY I AV b-F v ERTF VEKET
1979 FicfIy CHERS W -EABRELREICHEL L
T, & N/ (Ferrari & Orsi 1984). 1981 % 1,2 Aic
133857 11.8% & v SWVRE QLB TRRE I NN, £
DRIHEB L, 8 Bic, BE, BEMNEMLL. 20RO
& 13 1,000 fE{&/m® LIFT& - o (Ferrari & Orsi
1984). 1993 FDE S THEEOEMBELALELL
(Orsi & Ohtsuka 1999). T D Z & FAFOIEKET
100 & /m? Ll Lo R IKREIC 18 2 (Hirota 1990,
KiFiIH» 1999a) O EITHBHITH 5.

Limnoithona sinensis & & U L. tetraspina: I D 2
3ok, PEREORK~FAKBRICAERL TV,
L. sinensis 75 1979 £EiZ, L. tetraspina »5 1993 &£ic
Y743 NVv=FTNHFv&cT7TF V)~ v735vvRaicK
B o, BAK & 3 EEELTID THEE SN (Ferrari
& Orsi 1983, Orsi & Ohtsuka 1999). L. sinensis (&
19818 Hicid, v v +® 7 F VIJIORKIE T 71,176
B/ m? iR SEFBERENSER S M (Ferrari &
Orsi 1983), 1993 FE F CICHEABHRIHEHHE L EEZS
N3 (Orsi & Ohtsuka 1999). —7%4, L. tetraspina 131§
4y 1.0~3.8 PSU o0& cHE L, &e%EE & 50,000 @
&/md Ll Eic kAT, IKEE L. sinensis OJEREIZ DV
T, %5 SEA XN 15K L. tetraspina & 1353761
MERLBLOT, MPFIKLEDbOTERVWEEZILNS
(Orsi & Ohtsuka 1999).

Ny RDBAMERMES 4 7 VEORBLEB VLT
EBH v 75y vy RIABARBTHREIN TV S (Carl-
ton et al. 1990, Nichols et al. 1990, Kimmerer et al.
1994). 1986 F I 7 VTEO_KHEX a5+ 44
Potamocorbula amurensis D54~ 7 3 v & 2 a FEKBIC
BLWTHEHASYD CHEE I NI, N Uy —4ENEY
OS2y v 2 IBALTWEEEZ SN TV,
COHRIRZO®%D 2 EfTEARSR ISR EILAL,
&K 10,000 &/ m? LI Eic kA, COBAILKST

BT~y b ABEEESEL L d b T, B
ENORYESBET THEL LI, £, 507 b
YL THABREUEELRII L, $4b5, h#EK
GO B WIERRE Eurytemora affinis © / — 7 ) 7 ZEE
HEBIRENCBE S N, 1988 4EIT E. affinis 3B L 7= &
WEash 3, —F, XKEERIEHHEWAKRE Pseudodiap-
tomus forbesi FIHARINIC VWEHETE S A, R
BA SN L 2 REE P. forbesi & DEEFOFERICH
MLk EREZICC W (Kimmerer et al. 1994, Orsi &
Ohtsuka 1999). Tk 5 B4 KEY S —EITHA S
NIBEICE, FHERESEESHEIHI L2 ES
ANBERHETH 5.

WHTSU0 b DBADERE

B0 by LR BT S0 v BBBIC
NF R RKICHD AT N THRELT TV ARIEEHRN H
3, boLbEMTI 2 b VOBRE, NI MY VD
ARERTH 5 T L PKBENL, KOEELOEEL LI
Kb, iR ERRERETCDO Y v NEFRE LV
L#E% 5h 5 (Rigby & Hallegraeff 1994). LA L7
S, W7o b vt YR P AEEKT 2 0N
O, T o FREBMAGICLEXTHREICHEICEATS
D, NFA+yvrhTORPMONBLEZILET ST
BEMEASE W\, Hallegraeff & Bolch (1992) i34 —Z + 5
Y TICABET S IEYM 343 D N5 X bAKEREEL 2
LT A, FDSHH 65% OMMBKIZTTIRIEL, BE»S
BE LU EBONE PR OBROMREYA NS MY
VIDEIREATWIZEZROVE L, CokH 1
By RERECRHEREO YA M WEENSE. O
FETR O - B3 BEOBAMER YR DS B, 20
BHRRFERIC LD EFVERS N, EICE, &K
LR EAED SEASNE D THEDY, HLHDH
ZOBFICELEL TWH, Bl T
Rkshc0iicBE s, RBEEMMSFIES L - TR
T 2L S5k~ i2HAT 20 RKRETSH
3. LipL7apss, EEFHOBETEEPLEDKHAK
OHE, X OB ELSRDIEL /AT R PKITK
LZHANREREZEZ SNBLUTOLSLHISH 5.

BWERS: B 5 V7 b ot T b EEESE
i, N2 bKickd (B2VEIBEBEABEROKEA
WD) BANERNGSREIEE L ->TWE, Thidks
AR LY, BEAEET S, WHWAIAEEESZO
LOBBAR K EESFRICHIRE TR EZLTTO
53LEEZONTWVWSE NS TH S (Hallegraeff 1993,
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1998).

A—Z b+ 37T 1980 ERE TRVDHW B FREN
HBOREWRTF IO TORL - 12, FhLiBEEH
OETHEHHFZOFRNAHEENKBRAET LD
Bote, ZOL3RHELREHEEDO 1ETH S Gym-
nodinium catenatum IFFEIIIT Y R P EFKT B &
BHIONTVWEY, -2+ 35 ) 7aBicsVTLAT
e LTRAEO VA PRH OO TV . —A,
BEOIATYH Y TNERFRRDZ LI R 2T DH/N— M
BV TIE 1972 FLE (C1OPD I & B ERRIE) » 5 A
KARED v 2 P AL TV T EMRENE. O
BB A =TS HERI DO NVTF » 7OKAK
BEESEE - 2BICI3E—KT 5 &0 S (Halle-
graeff 1998). —74, REIUBEZ Vv — 7ic & 3 HIFEA#
FRORL BAEDEBROZHEERDER T, BED
BEY 22 =7 OKROMEBWP LT L EFE RV LN
RENTEY, OIS 27 =7THOEERERREL
RLAOW., LRBEA, BETTOMEEOLERDLE
bBREINTE ST, TORICOVTIRE S SRS
METH 3 (Blackburn et al. 2001).

G. catenatum WA TELH OO BREEBEZEDH
K ic Alexandrium BOES BT O 5. AEHIL G
catenatum O X 5 KD ¥ 2+ ZR L L O HIC,
VA MBS OOBAOTEOKITIZEL VY., —H, &K
BBl TRIMRARMTIEERSEILS N, ThoDE
H 4 2 BOMR P RIZ T OEEBS S &k 2 LEHS i
iICE& N TE/. Lilly et al. (2002) &7 5 ¥ XA ® Thau
Lagoon it {9 2 H5E Alexandrium catenella Ok
@ large subunit ribosomal RNA i&fz=F (LSU rDNA)
DEIEEIT EEAET 2 HBOMKD/ Yy — v SEED
a—oy 0L DIE, TYTHIRKDSOKOFNICE
HTEVWT EERR L. Alexandrium tamarense D35
&, BETE, RO a —oy kEdET 2 Y
AL RRE I TE Y (Hallegraeff 1998), Alexan-
drium catenella &6 Ed, AEHMSBA I h-n[gEM:
NEHa TS UM 2002, Williamson et al.
2002). RO LA 5 NS SRMERICBE TV
B, NFRMKICLIEBEOBANHE BEON AT
» 5.

EBEOBERBRICBVWT KBS REHEELR
B4 EHEOIRMEER Heterocapsa circularisquama 3,
ZNLIBIDORE 7S, 1988 Fh 5 ZF DEENSHEE S
N3 &It - 72 (Matsuyama 1999). # 0 EHEER
B 30CHSA KD » THHIOEWERL D IIFWVWI &,
EEICS - TREBCABEBILR LI LD, BADPDS

(N R MKELBBALLBEHEOB ML T) &
ALAlREE e s hTw b, ERE, OACHESE
FEINBLRNCEENBEETHREAIER L T2 &M

HEEEEhTWB T &h 5 (Iwataki et al. 2002), Z0F]

R BETELV, COREOREIE, Alexan-
drium W D LE B HIRE H N~ LU BEFLRLVOH
RIPLETH 5.

BN HEREELRERTEEKRTEEMnH/NT R
PKICKBBELZDROEENHRE I NV-TTH
4. Hallegraeff & Bolch (1992) ®##& T3, Bacterias-
trum, Coscinodiscus, Pleurosigma, Thalassiosira 15 &
D75 vy b YO Paralia, Actinoptychus 15 E D
BEAMOBRENN NSy v rhhsBEoh-sT0
%, KIEfF& LT3, Chaetoceros BD F NHSESHE
TR Mot &1, NI X5 v oY% LS
L7458, Odontella aurita & Chaetoceros socialis 13
BlLiZEMS, ThodEYDICKRIERTOETE
ZEL T mHEE S, Fobes & Hallegraeff (2002)
BREAAE I Z<w=T/H%/ ¥ X by T TEHIEYMO N
7R PKEFN, TOH I h S 3 MOHELE TR
TEHELICHY LA, chok@yR MERESSEN
B, YAMEERLGVELEENTED, BREIIM
ShOMMEOERIIA =X riF > ENRBEN
tz. &5ic, HaHEHEL L THS M S Pseudo-nitzschia
DEHNNTRAMKIZE > TEAINTVE I EEZR S,
i L 7z (Forbes & Hallegraeff 2002). L bIiE&E N TO
REEMMEDEERR T3, IO Pseudo-nitzschia % &%, K
W oEES 4 BRI EREETRETH 5 2 LHRS
hic. BR-92==7Ol#EIETE 3BERETH S
CEMS, PRHOEENPEERLIbOLTHEENS
(Forbes & Hallegraeff 2002). & » % U A #lic k> 54
B aT7TOREL SIS P ORELS, TOHTIR
Thalassiosira baltica 75 1988 FELIFICEZ L1z 2 &8
Rahtk, REOEAL NS R FKMFEERTHS D LE
ZohTW3 (Edlund et al. 2000).

574 FE: BES 7 4 FEOE BF#EERT 5
TENHLNT VS, —fRICIh S ORBHEREE
fLicga<, fEBICHELTLE S 2, Y X FEEKRT 3
BbHISnTWA, Kooistra et al. (2001) (R KR #hH
SR8 L 72 Fibrocapsa japonica ¥R® ITS REIR D EHA
FIRFEEL 2. HEBNSEIERRE SN, HEFCR—
fEARET & ITS OFFEDIREMEAIC 2 BEOEFEEMNE
LTV, COBHRRGESERU-INTOI(4T
TROMRROEHAMOERTE A S EHEES LI, o
¥0, COXIRREsfnTos A TOHBEIENS
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R MKICKBZBEATH ZFREMA H 5. —7, Nehring
(1998) 1ddt#E 1T B\ T Chattonella @ 7 v — LHSITER
SNBEHIICH - EEEHLTVEA, TR MK
KK BEADE DDA TRV,

RYPMADTS I b vEOBADERE

ChFETIKNTIRbKPORESHINY PR (B
7« Ghik « G - BIRlaT &, BRI OERMEVTRE/AE
YiADO—a bET) &, WY TIRALE « 185 « REQ
EOHgEE T < BN L OBE (BTREYD, BTl
Kagw), RIEEY, EEY, BEESY, SEEY, K
“rEYERE S WRE, B0, BRE#YLERL
HENY, HEPWOHRE - BhE . 7 =8 (5 =H),
AILENY) (27 & X)), BRBY), BEEY), FLREY),
BREW YET, MO L XV TRIBEE AR 1ZE
ATOFERNY F 20N EEICKRATWAS (Carlton
1985, Carlton & Geller 1993, Smith et al. 1999, Gol-
lasch et al. 2002). /N5 X b IKIT & » TH Iz KB~ &
EIN DAY b RSHEE « RKERL T TR, BWKED
BoHmonhTWwa, fliiE, ¥7 5 H4 Dreissena poly-
morpha &\ W EM, N7 X bKICIBALTE —
oy i HIKRARBERE O FREF)I & AR EEF
h, BARTERICHEBLT, 1986 F0RRLIK
2002 F T 16 FERTHE SO K Vb DIREEF A
el &id& SN TWS (Flack 1996). HALE - T
T A Y AERECH F S TR, RBRERPARELS TS
DEL BENIPHEHP SHUKL T Y, ToARTHEOD
RFEEIC & > THE  OBUKKER TEL L HIRIEE SR
HELkthTH 5.

N2 PKBDT S vy b v OEBEE R HHBEES
SEBCLIORLIEROBRERS &, HidLick S
KXy b 2OGYHEOEE R, PO L XUV TRTS,
RNy P REETEEDTHRLTS, #1417 VEOHEY
T3 vy b vicRT, PRODBVIEEDN S
(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). X +F R DAL FiT
PR TR 2B L~V TEEAHET 2 &, BRI
EbxbT, NIRMKBEAAE N BIGETE R,
BT 2 &S5 HEORS &L ZOHRMFORERDED
BREKRL>TEE>TWBEEN S (Carlton 1985). L
ML, BBE»rRERERVZTIERARET, BES
M EH LKAV _KWEBOSHENSE L, BHEP Y
Uy RN hICRE, REEY, BRSO B

g, wvERDEL, FUAOXERBIHL LT
5 b DML\ (Carlton 1985, Williams et al. 1988,
Carlton & Geller 1993, Lavoie et al. 1999, Smith et al.
1999, Wonham et al. 2001). COSEH L DEED
BT, YT 2 h KOG S 73 2 BT T ORRE D TE
ELHEHEORENKES hrb--TWabDLEbN
3, N3 ZMABERDAENZRERETE, K#fl0oE
KELEEROERHE, BEFEOATIEATHS
BENEL, 2EHCHNBERICIEZ Y V- KRB
DEMMLIBIFCOLEE L (EBECERTX 3 ML
BHIZ\ (Steneck & Carlton 2001) #5715 5. ik
¥aul7rsvo v vPEEsRE LISVEYEE, BT
DOFEEOBEENELS THNIR LI v IBDAEHh S
BEEES D0 > TRV, PEAKET
A0¥HT, o, BETLEEETERETLII L0
WHBRBIIR R YA NS X bk LB EAE T
HELOrERIhZ VWO, YESERSED TRV
t2EEZ 5N TWA (Carlton & Geller 1993, Lambert
& Lambert 1998).

HARICEASIN L EVHEESBEAREY I,
2003 FHAET 37 HH 5 (FlEH 2004). zDH b,
B - WHEEHN TERNKBASNELLON12EE
D, ZOHIZE, #5F a 7 £ Acipenser sinensis ¥
KBGEY 4 Salmo salar R EDREGESTNLTVE (&
i3 2004). ZHLIAD 25 BIRT TRV PR T
AEED 7+ P v Y i EOKEMITEA L THEER
PicBAshktBbhns oo 2iE EEHWTEA
ENTHARELLbOM 1, BMlick - TEAS
NEEEZONTVWE LD 22 (KixEY 8 HE, B
a2 18, FREE 6 & FRETHE 3E, ®
PH2E BE1E b5 (EBEH, 2004, K% 2002,
2004).

7OV KRERPLSH FANA B EOEFME WEE
E, AN R PKICBALTEINZE» D TR
<, MBI E L TEAShEIELEZEIONS, —A,
e - RO YA R, DiREERo WA
BER Ho5ZOF 57 b viiENNT X FIKNEBA
LTEASINIEHMEShTER, UL, 2501
JEEIFEOSHE « HEE - 4 =8 - BEFYIco v
Th, ¥Y—F 2R ML EOMEDM B IZGhE « BEIEL
ZLEELTOVWAIEMNHELLIIRD, BIEMFECL -
TEINH 2 EbIEHEINATVE (KA 2004). #h
KA T, N5 R bRkbBOXY b 20EAZFEE TRE
T5CEI3EL W (Carlton 1996) 7cd, AR~V b 2D
BATR, BAFERELTNIX MKEREAEOLED
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OMEVEETCH- OO AEETEHVELILZ L
(Carlton 1985, K& 2002, 2004).
HEAOHBENR~NY F 2D5 b, KEHNKEETENX
FICEASNACEMPHLAR 12BREVT, B
KE OB L CARICBASNICEZELSNT
W5 25 BICOWTHEAFERAMET 2 &, BEMAEC
KBEBALING S OHBKERD 54%, MEfE L
7 R bIKOWEAIC L ZHEADEREM M B 5 FEH 20% T,
NFTRPKDOABICE > THASNZEEbN AR
W, 0RO MH B (KB 2004). EBREYHXK
k2 AETOD/ NS 2 b kBEHBIIERK 1,700 F b
v, BANOELHELBRIEN VEHESNTED,
HATHHENZ /N5 2 bRKBRRE DIV IcdIL,
IR MKICK > CTHEBSBAS N ZAFEM I 0K
W, LOHETHS (KR 2004). BADOERELHEREIC
BhAT7ToHEPEM TS v 7 b ELEENLTVAS
M, =a2—-V—35 VDRSS, BERLEL LS ICERN
BABEBRA L CHEERNLZBAR L T2 HRET S
L, BOUDMMANTE, 3%H/NF X bK, 21%WEED
EELHT, BOVOTHRZOMOFREBLLEVS
(Cranfield et al. 1998 & » K& 2004 BERE). ~7 4
TIR2MEO 0% MMMANE, 7%/ x5 X +K, BOHOD
13% ASKEERH O BXINIE AL E (Eldredge & Carl-
ton 2002 £ © K% 2004 WRE) &&h, vv75 vy
2 AT 1% BMERTE, 27%H85 2 bKT, B
DD A2%HIKEE SBEL L EXY - EERHEA
(Cohen & Carlton 1995 & 0 KA 2004 MAE) L3tHE
INTWVW3, ZH-KEEDEVES LS TERII
2, THEAOHEM | THl~NB L5, »v5 2 KO
MEVE MK (75 v vRa@E) EF0ORAIAL
MEVE i (HAP =2 -V =5V, "o L)
VWS HEBEDEVE NS R FIKOBEIO HMEHE
Kb ->TWV3E (KA 2004).

NSRAMIVIARATOEEMTS I b OE(E

NSZAMFYIRNTRTS V7 b v OEBREI—HRIC
EWEEZ 5 T3 (Gollasch et al. 2000, HAAEE
4 2002). Carlton (1985) ¥ Lavoire et al. (1999)
I, Z2hichrbdERELT, UTFoR2%28 T
5. )PBEYLENLLEOENICXIE X LR, 2)fl
% 3) 7 vI/NTORAE, 4) (Rv b 2EEDES) &
U BESFT ORI, 5) /N7 R+ KEUKEF D& DIRE,
6) X3 2 k& v hOFENHEOFERE. LOBRNIEE
THahid, bbHA, MBOESIPV-MIL-TE

D o>TL 5, BEWHEBOREIIE 2),3),4) WEERFLLT
BREG Y, WL L bFEibARoMEORaITE, KiE
PCHREMIENKEL LD NS LD, 1)OE

WP REUHEEBERIIIAREENSH 51D TH S,

WA EE, RO NSy v 20H0, s IN
OBIBEGEVENZIBEEMND B, /N5 X bKOEBII,
BETHs, KEOECBARLBIEETH S, BE
BIfIEIR Y v CERBDRE B OOEYOETICIR
tochsd, BEYWEOREEEN Y v TEREDR
185, 13ETH S (Gollasch et al. 2000).

VYN E=N (2o yRER) HS KAV ETORME
H, N3 &V IHNOFENT T o+ Y OFE, &
HORBMELEBEL 225 3 (Gollasch et al
2000). ¥ v A R=Wp o KA Y ETOMBIIBVLT,
BEY & bEE, BRI NI R MKEY v 2 It ANTR
HEc#m Lz (Fig. 2). Sk T (23 B%) 3@
& (k) %, BRoEBRRE0Zh, BPoEs, 2%,
17%, WY DEE, 0.2%, 10%, TH -1 (Fig. 2). ¥~
JHORERER, 2% 0, KEPERZE TIIAERR
R BB ORE R FHATE LV, BT S5 v
FYDBE, N5 R MKOKRAS LT, 5 v RNOE
KEf, H2VEMEBPOKRRBICLD, Ricsx—-ViEZ
A EMNFRUREREHNENE, £k, 72 v 7 558
Yool B lo¥sF v B sy 7~ vid
HE&d» BB TRE L, BREO—F sk T
THEETE. SEH KA BEEMohEREh
L OHENIREET, >0 T~14 BRI ¥ v 2 N THE
TERZEVWS, YT 5V 7 b v OFEBITIIREES S
YINTEROVLIENRENTHD, EBEH S VRS
KEHB U MEBRTERVEHRSR S,

Jo v R THKERAANLBIIE Y v 7 ATREIAK
I, REXV b 2RW2EFS V7 b v ETH B
F2 2BH A4 7 VHH Tisbe graciloides DEEIZ/NF X
P v oNTEEIEML, 13 HEOMBE TR
100 R WERBLICE L /o, AREOLEMEN, 2\ R
A T GEBETII 20CTRE L84, $¥13 B
TEEIEMNYT 5 Alongi 1985 in Gollasch et al
2000), HLI-7F5 v b vEEELTREHETESC
EDEMER SR LTV S,

Gollasch et al. (2000) ¥ 7°5 v 7 b vickhRT, _v
b R RO T OERNSAIRETH B T EEBRNT
W3, 3oz D15 Corophium acherusicum
116 BEloMBETH s v 7 NTOEEBER I TL
3. T graciloides ®/3X5 X + ¥ ¥ 2 JTOEMLFIR
Ltk 7rs v s b v GREBY) #4 7 8 Pseudo-
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N/100 ] N/1601
900
B 800
200 700 h D
o & Total ] 600 —&@— Total | ]
600 - @ - Diatoms H \ N '
°C 500 —a— Dinoflagellates | | 500 |.\ - B - Copepod juvenile
% A 400 400 ,\
30 M““T——— 300 00
25 & 200 200

15 [ —¢— Ocean N/100 1

k;\‘ 100 100
20 2 f 0 W

0
N/100 1

C 30 E

45
wH-* Tank "
5 35 -
o b 30

—a— Total ] 25 —&— Total
Diatoms - @ -Crustacea
—&— Dinoflagellates 20 —a&— Mollusca M
—»— Polychaeta

. 15 -o6@
Singapore  Colombo Bremerhaven 20 !
May 3 May 12 May 26 15 10 .
10 BNy
5 §
5 o6 o0 +3%,
0 0 f f *
Singapore Colombo Bremerhaven Singapore Colombo Bremerhaven
May 3 May 12 May 26 May 3 May 12 May 26

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
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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 Indo-West Pacific Coastal +
Acartia pacifica Indo-West Pacific Coastal +
Acartia sinjiensis West Pacific Brackish +
Acartia hongi Yellow Sea Brackish +7?
Acartia tsuensis Japan Brackish +
Calanopia thompsoni Indo-West Pacific Coastal +
Centropages dorsipinatus China, Korea Coastal +7?
Centropages tenuiremis West Pacific Coastal +
Eurytemora pacifica Northwestern Pacific Brackish +
Labidocera rotunda Indo-West Pacific Coastal +
Pontellopsis tenuicauda West Pacific Coastal +
Pseudodiaptomus nihonkaiensis West Pacific Coastal

Pseudodiaptomus poplesia West Pacific Brackish

Sinocalanus sinensis China, Japan Brackish

Sinocalanus tenellus Northwestern Pacific Brackish -+
Tortanus derjugini Northwestern Pacific Brackish +?
Tortanus forcipatus Indo-West Pacific Coastal +
Tortanus gracilis Indo-West Pacific Coastal +

HARPACTICOIDA
Tachidiidae China, Korea Brackish
CYCLOPOIDA
Cyclopina kiraensis Japan Brackish

Oithona brevicornis

Oithona dissimilus

Paracyclopina nana
POECILOSTOMATOIDA

Clausidiidae (Saphirella-like copepods)

Indo-West Pacific
Indo-West Pacific
East Asia

Brackish-coastal
Brackish-coastal
Brackish

Brackish-coastal
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