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Invasive shellfish and their impacts on Chinese coastal waters
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Abstract: As one of the most diverse and abundant taxonomic groups, shellfish plays important roles in energy flow and nutrient cy-
cling in marine ecosystems. However, this process has been badly hampered by invasive shellfish. Invasive shellfish become the
dominant species after their establishment, threaten native species and inhibit the growth of other species, erode fishing facilities and
artificial structures, leading to ecosystem damage, economic loss and inconvenience to locals. The study of biological invasions by
shellfish has received intensive attentions in the marine environment in many developed countries, and researches mainly focused on
studying inherent traits of species, invasion pathway, developing technology for early warning and controlling, and improving ability
to generate invasion theory and manage invasive species. However, the study of the shellfish invasions has not been well received e-
nough attention in China as well as other aquatic invasion species. This review aims to summarize the main invasive shellfish (inclu-
ding Mytilopsis sallei, Crepidula onyx, and Mytilus galloprovincialis) of Chinese coasts and discuss their damage to local ecosystems
based on their special traits or behavior. At the same time, according to the characteristics and the control of the invasion process, it
was suggested that we should strengthen the early warning and detection, and the prevention and management.
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MR A=) 22 REVE HL 2= S B ) Ah K 4 (Donlan,
2010; Roy et al.,2014), HAT, B TEYAR T
S FPIETRA 25 R G A 2 ARV B R T A W
H BRI 84% A HE A X (Ecoregion) # 52 A=
A=W ) U ( Bax et al.,2003; Molnar et al.,2008) .

TR 19 el A BRI, R PR B AR
WA B — ROV, o, B 3
5 A63e AR B P v v 5 X e E 2 A
Py AR HL( Carlton, 1987 ) , K& 73 Fh K A= 1y id £
iz (2 D2 28 5 5y 2 N 2R0E sh iy /v 5 2
TROB Y XS, A DL A K EL AR | B AE R ]
MEETEE R ERSiiAEY, RRTEEZ AEN T
AR L G b O DB TE A W T AR
FUH RS R G, N E BRI AR5 H
Je HAa E W2 — A 4 R A Y fh, o
LV 2L, DR I ) B U Y R A 110 A 2
SFRd AR A KSR oy L R K AR TE
S U TR ORIR R IR . It Ah, — AR
YyRhBEASHE AT BOW T, XA AR P 2 N
B Wy ( Diaz & Rosenberg, 2008; Molnar et al.,
2008 ; Perrings et al.,2002; Pimentel et al., 2005;
Ruiz et al.,1997) ,

J63E WU B IR MY 25 ] 22 3 X %o T 2
WA P EOC I RER W) — 26 B AR AW
NIRRT B A 508 T B TR 4l A
%% (Carlton, 1987 ; Freeman & Byers,2006; Lockwood
et al.,2010; McQuaid & Phillips, 2000; Paolucci et
al.,2014; Willan,1985) . {HARLLI 7, 30 X0 7
B RGN R T (22N 20095
T 55 2012, Cai et al.,2014; Pimentel et al.,
2005; Weber et al.,2008) .

KEMHFLK BORZ AN DHER A
KGR E RV R 51 3 e A5
feft TAEE AR AR, ik, HRTRE T#E A
eV YN A NRGIIL S 7k S AP eY
S NP A UE B O BR SIS TR, AU
3BT T i A AR DL 288 B RO I T B4 A 2 ), O
& T DS AR W) A AR AR B 4 it B e i = 0
1 ZKEEBHNERE

AR EEALE 3 MIRIE: (1) ARAR, &
FENN R G, T2 K K e R R 53k
SEAY R A A RIERS ; (2) oS [k PEREAE L 1

5 5y SRS BSOS IR SR S Sl g |
A5 (3) A ESIHE, FEIRE I TR A Aol |
Wl WESE N TR A RS HEOL R 3 ALY
FhéE, FEAR A E R R 3 P R F
At R4S (Lockwood et al.,2013) . HEI, FEE
BN AR AW LT 2 43 B, T2 To R HE
¥ (25 Fi) , Horb 729% 1 JC B HE Sh B 2 el AR
RE MK SIS I IE BT A (R 1), BX Y
HIABEE T — e (B, 19845 B R M
Ek,2001 5 Bl BR 065, 2013 TR AR AR, 20045 Xu
et al.,2006) . 7E FARTCE T HERPFIh AR DT
A 3, HLE X Wi A ) 2R K 3R 5 S
M A 25 R G A T A , o B SO
1.1 705 D1 Mytilopsis sallei % Efg=

VI LA BRI 50 DU, 7K 8 ~25 i,
B BB OB EOR, A e S A 5e
R, — PR ST ] ol R T DX, 326 2 e e
SR, BH AR, HIRLE R R RN SR A
i AR RS PR 32 P, AT IR R B A LI
HIE—f, — M EARRAT G v R K AR
H:W1(GISD, Global Invasive Species Database, http:
// www. issg. org/ database/welcome/ ) , ¥ i U1 J& 7=
Trh SE YN KB, B P RE R o I s i A
BT 8, TEL T 9 B Z 1 — BB AR 4
W, 19 g -L/AAER R SRR 5 H A
TG 2 )5 BEA AR EA4E 2 F) 3 #E | I
RAEZHH (Morton, 1980,1989) . H A, HE§ Hl =
FA BB CHR ST L IX., NI i E 2 AR

A HRIEFR VDG DLE K G X PV K B AT —
SE DTHR , (HL R T HE PR | 25 I R 55 48, TP
HETZIX ( Dead zones) , AF|FHAA Y A7, T 2R
A AR IR BT, T 3 AT Ak 2K el
A BILTS G 5 [F] I, SR 58, i3 ) 45 1)
BRI, T B 2 A GHE iR — A HE B IR
BE B ER o3 A W, A Y A= ) 22 RE VT T
BEL AR RS (Cai et al.,2014; Wong et al.,
2011) . TEAREE—SLIGT | VDot DL i B0l , L4 T
VTR b PR A AT A SR AR UG, 3 N M R A Y
FEFR MY Ruditapes philippinarum 357206 DL Perna
viridis FEEWG Crassostrea spp. 55 2255 U1 2577 i K IE
JEER W, L 2 A0 A RO AR A e A S5 AR IR A
YK 5 2 A (E AR, 2011) , SiAh, R
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BFEAEMTAR Ak AT 5 B CH A AR 7= 90 2l Bt
b XS AR SR i, TR R T i 2 BN

i (Wong et al. ,2011)

x1 ZREMKIMEZEZRNEPENEFLTEHIY

Table 1 Invasive marine invertebrates transported to China via ballast water

M4 Species JEL=H Native range MZFEE Negative effects
TN B WY S TR I B A B
Bugula californica Europe, America Erode equipment and facilities
ZEFH R gl VYR ARAR Sk A A A TS S5 44 Bt
Bugula neritina Unknown Erode facilities and structures
MZEEE R ARA JE A 5N S5 A B
Bugula stolonifera Unknown Erode facilities and structures
BN e RS 5 FYR TS RIS
Celleporella hyaline Europe, America Compete with native species and cause substantial economic loss
IS E HA A A AR AN 2 5 350 i 5 A8
Schizoporella unicornis Japan Threaten native species and erode facilities and structures
B PR L& e e RES S FCA A A TS T T S B
Membranipora savartii Europe, America Threaten other species and erode facilities and structures
PR A 4 & e ARA WO AR PR SSRG9I
Zoonotryon verticellatum Unknown Erode boats and inhibit the growth of other species
LR & W S JE I A TE LS BE
Callopora lineate Europe, America Erode facilities and structures
P T =M e RE= SR S AR G TS T T A B

Tricellaria occidentalis
eI DL
Mytilus galloprovincialis

TEH R

Crepidula onyx

T UL

Mytilopsis sallei
Styela canopus

2 [RB IR
Molgula manhattensis
R A
Hydroides elegans

Balanus amphitrite
Balanus eburneus

Balanus improvises

Europe, America
Hi R R
Mediterranean, Black sea
I

Central America
rh &

Central America
R

Central America
des

North America
ESll

Unknown

e

North America
KA

Unknown

ARH

Unknown

Threaten native species and erode facilities and structures

T 2 A A K

Outcompete and inhibit the growth of native shellfish

T B KPR R | AR S

Erode artificial facilities

SAMA A 22 5 DR A K

Exclude and inhibit native shellfish

JE A V5 A D2 Bl A i 15

Erode shellfish and artificial facilities

5 R B 5a 4 SR, T5 8 R i A\ S B

Compete with other species for food and space and erode artificial facilities
JE& by 5 N T80, & T A A AR I

Erode artificial facilities and threaten the growth of other species
JEIRARIE S SEEE SR K SR

Erode and block boats and pipes, harm aquaculture

JE AR EE SRR RS

Erode boats, pipes and aquaculture installation

JEE T S S T A MK IR A

Erode and block boats and pipes, harm aquaculture

TR AR I

* are marine shellfish.

1.2 35HEYR Crepidula onyx RERBE

TR R, BIE ErEIE 2, Aot A —
REFRAR , AR AT A T e /N MR T S A R
SHEHIE . BHARTAE A, AT 25~40 mm, R
BUNGIA SR Bl A1, WP R SR ER A A AR B, (H
P T CXT R I RE R ik S B D A N R T U8
WIAARIR A 5 FE— A~ b 5 [ 5 I3 258 ( Gomoiu
et al.,2002; Li & Chiu,2013) . H: %58 5w 458 A

R BRI S BN — R B — S AH L 5 T
A28 TC B 5 JFC IS 308 5 A O 0 SR P 2 7
I T PR 0 ) 8 s A i s e 1 e e
AR ERE | XA SR LAGE R B T RE AR
T P2 R AR PR BB Ik B AR = 1) A R 25 B ( Coe,
1953) . AW T 55 N i 22 B4 31 56 [
IR Je 254, T 19 tHh20 70 AR A AT Iz Ak A
IRTR U5 78 4 22 ) W s PRl 50 o v 2 3
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AR A HCR RIS | R A e 1 3 T8 1) 32 A=
DS (#4540, 1984 ; Woodruff et al.,1986) .

HlFr TAe S 7 HAR 3 B R % K
PUTEIE IR Crepidula fornicate 25{L), $8 W B IR U8 &
S RFWEED), I 5 Y DU AR A S R BT
BT AR PR 2 R AR b B DL S ™ o %
IS 1A ) Z BV (Elon, 1958) , Al B 418 3K
METEMG DL 4R 7 b s 28 55 DUR M IEH &
FPFEEEE Al SR G 2 BN R . T3 A, HE it
ETEKUEHE BRE  POARSE I 40 3 X 26 N R
S TR T R R B U X R L RIS AR
(HRE L 1984)

1.3 ihiFiERA I Mytilus galloprovincialis B EfEE

HoH G DL, SRR G DL 5 FF M. edulis species
complex 3 MREFNZ — WG, HE T X5
2, MR St EEE TR B 2 6 8 2 LT
Mg KR 5~8 em, T K ATIA 15 em, A
Hby e Tt DU AR BILTR i A BT (H H 7 S A R
B TE— L0 X 25 L J5 35 W AT A A e (B
FNA YR 1.2 88 3.0 £%) , FREIR P B C A
Yo H B G DURT TR 52 7 d RR2E 2R I ST AR AR TR
FEEC R A G 2, B AR A S50 Ty 38 1 Pk
58 A H 1 ( Branch & Steffani, 2004) . 2 DU 2K 77 T
Hu b R RIS A B, 7R 19 HiE4D 80 4
AT R BRI, B 308 5 i J B 5 0 S5 iR A 5 | i
B A& H, IFAE 20 HZZWH B AR H A 55 5
RARE U EEZY R, BHAT, iz N2 E 4
BRI R BOT SRR, JLT 0 AR A TR i IX
5 H BRI ( Carlton, 1996) , 7£ 3K [, i r it iy
W EZ G T ol e X, 2 N TEFREER
AR RREERKE .

A OCH H i T D AR S e BB Z . T
ARV A BT T Ry PG T I A T T A G
PR I FAE AR X8 3R AR XY A= 4 1 5 6 1
B 5 2% 5 (Robinson & Griffiths, 2002) ; 1£ 7 s,
H TR 5 T, PR AN B R R ok o ol 5 B i
5 K AR R AL 25 ( Michaelidis et al.,2005) . FI, %
YIRS R T RIMR AR R4 5. (GISD, Glob-
al Invasive Species Database, http: // www. issg. org/
database/welcome/ ) , {H7EF& [F , H A A4 U
YRR E A —E AT Hd R 38 R m R
RS T | PR AS A R 5 D 2B 016 DL 19 52 i)

H W% Z W& ( Branch & Steffani, 2004; Geller, 1999) .
EZWFAFAE R G TP HIE S5 0E R ME , 233 i
SRR KURS: | PROHATY 5 B4 e . 53 oh, it
T DX 22 i YLy A S () A ) ' SR R ), HLREHE
AR AR MRS e, DR A O B T DL 2T A
TR B KU ( BIR A% ,2001) o

25 b3 AR D1 BLAT 1R G 0 A= S
IR S AR YR, BB AT 15 AT RO B ) kb
FARERFL, — AT REAR PR AR TS (Astudil-
lo et al.,2014) , PRI 23 $T 0% 24 Mo 0 FoRH B[R] 1) 3l 245
AT B RS E BT FEAR AR H Y AR )
ZREPE TR SR IR A LR S R G A5
B ( Curnutt,2000; Traveset & Richardson,2014) , %
XUV JEAT A e R A N A IR A S R GRS R
EJTIRE XA Hb 0 £ ) M S 2R 456 3 o — A T R i)
(Fei et al.,2014) , BEAN, bk 3 Fp D12 2 20
TR T Y 40 i ) S B K 3R
B AR TR S, HOE A TR 57 AR 2290 B 50 St
AW 0 NATT A T8 R A A — 2 U
2 ANBRREMTR . EESES

AP EME R TAECERZ E
FAFUTTRE TS — & . A= D28 py s A1
P T LA S A [ 2 1 i Eh 28 30, 7 A AR 4 A
ST TVE WS IUEL AR X 25 B B AR DL
FrERGin s, gy se 8 AR VLR IR 1, Ty A
ATEAAZ XU VLSR5 [, 15 578 AR AR AL
AR THERA E T LA RR R A KU
21 ZTENEREBRHENSWMERAR

AR B HEA IS T — 53R 5 A B B (K
1), — B AAZA W AR M BTG 3Tt I3 3k A7 7
ZJE AR AR XS HE AT AL B AN 42 ( Colautti & Ma-
clsaac,2004) ., H T2 Az N 2K EAA Z5H M
PR TE LY T A2 5 L W R R R A
AEYREE  HARZ Gyt H 25 450 B R AL iz i 42 58
5 1 AN 1L Bk p St , B3 5 d U8 s
DIFE B ) R i B AR, R, A oesb D
KW N RBIEE , UITE BB DB i 47
P, BIFESE LR Be A= DL 26 AR W el 1 e i 2 T A
ST il R R IR S (=

JEAR/K AN R VIR YR AR iR 2 —,
AR GEAT T4 O O AR 7E 5 % bl s R o T
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fiesK , HorhJe iy & BORNE AR Py, X 2L 51k )
T Y E 7 4 1 R85 bz i Rk (E A, 2011
IERLEE 2004 ; Anil et al.,2002; Lockwood et al.,
2013) o S TR ERHIRICFN HAE K #5717 A R )
ol ) TS M R DA AR T — S8 A H X — K FR AT

MYER Il: 3l
STAGE II: Introduced
PYES 1II: 28

STAGE lII: Established

Successive stages of invasion

A- #8UdE Dispersal filter

MR IVa: 1&4E
STAGE IVa: Widespread

B IMEANENEE N T iIE

C+ Enviroment and community suitability filter
MER V: LB STAGE V: Prevalent

1 EMNELEEREE (2B Colautti & Maclsaac,2004)
Fig.1 Suggested framework of invasion process (revised from Colautti & Maclsaac,2004)
AEIHIRHE 7 B A B R CRF T A AR

A. Propagule pressure; B. Physico-chemical factors; C. Community interaction.

Bl T BRI & R il s 7R
TKAE AR AR 00 A 0 5 0 O B R Y S 2
SE T HEA, BT, O A @K AR R 5 ik it
KB Y3 F T il g P75 XK IR R
WA AR R W F A R B2 R (Zhan et al.,
2013) , R FHIZEE AR AT LIOKS 43 A7 4 e T ek i e AR
KREEAEEREE AR AW, I B E /& PCR
AN H A AR RS HEA T 1EAN , AR ALY
11 3 i i R 2RI
22 BIABHSEMEREGZR

A AR AS R 167 Bl 5 A ARG 0 A ] A8
IRSE AL ACR BRI T, XAk A8
NAR W S5 A 5 7 00 B PR i 3 SO 2 1992 4R 1Y
CEMZREM ALY, ZIRSNTER EHS Y E
AR RE T A ) AR B i A9 A 1 % 5, InBR
Bl2£ ) 8IZ5 1 43 (SCOPE ) \TUCN FIX 4 [ 255 41
RIZBAE 1997 AEIL[R] KR 1 2ERA BT 5
B TE 1996 AF A0 A 11« [ 540 ok Wy Fp o I AE
1999 4R8I MG 2 AR Ak T 2 E UM X AR 3N
T BB 5E T A B ) BE 5 WK R AE 1996 45 i
T IR FNE A ) Z B O A [ R W ) I Lo T
R AW 2 42 Ry, 5 O F1 A0 A0 ok ) i i) A7 2 [
AR BT 2001 AFAIEE T A AR 58 2
Hul (E/NEEE,2012) o EARFRIE T 2000 4F 4 A

frt— e msess ., o0, WIRZ AR LAY
B ABIIBA T WA, AR5 sl 5t
BRI, PR A5 A 2 L i, 24 RO 0 R
I, e — L 58 A AR A e, DR At S R A
RS0 M 00 -5 U A A PR AR B AL B

FIIEMER: R~
STAGE 0: Source pool

MYES I: 1548

STAGE I: Transported Uptake filter

A+ EIBIEAY | FEMIRER
B+ Transport vector survival

and release filter

A\ OIRBER AT | SRR

B+  Environment survival

and reproduction filter
B RIS R RIS RN R
Cz Enviroment and community suitability filter

Bﬁ;ﬁ IVb: =
STAGE IVb: Dominant

A+ I 8diE | Dispersal filter

TR EAESIE R ) | IR T 4E
FAEBIE A" W H bR BB LTI E R Pl
PR T T AT 0 3 [ APk Wy At r A= W15 B i E
Pt 55 TR BT 1) ) SR W A A A I A 92 o B2 T
XA [FLAAR A 1) B9 A AR LB 1 7. 4 WA 90 2 4 55
(775145 ,2002)

EEII P 7PN 4 IS W (K]
[(E3E N E2a B 7/l UK E SR IE b I D7 S/ SEL PS4
J T 2 R ) R 2 ) R R ST AR R AT AR XV A
(A WA AN 42 T RS B, Do e 5 s o A
HR/AMNEEIN
23 EENENREYHERE

HAT, 2Bk A= 9 # £z % (Global Invasive
Species Database, GISD) B ARYIFH 891 Ffr | H:
rh L 7 HH 5 N AN (] 1l DX I AR DL 32
Pl (ALFHIR 7K Fp LG K F hitp ; // www. issg. org/da-
tabase/welcome/) , GISD M ##:7 7F —EFRJE [ h
AT T A ER AR PR 2 A AR B AR AL T — >
& AEATIIR B = JE 6% B R A Bk AR R B B
PR3 ] 5 3 6 AR A W R AT 5 A0 A, Bk =
TR AT X R Z AR AR T AT FORHE R AN 1
FE [ L T TR XS Bk AR DU R 17 AR S F
fili VAL (VLR RER W M i) & SR 1% 76 ) e
LUV IR AN ST . R, 75 27 FH A AR DL
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B RS b AR R PR AR v 3 PP AL SR 2, R
E 27 A 1 BUR W TE G 35 19 DR AT 4 0 4
VG R A, A S B R A i AR DR
%
24 ERFEMAXES

B ARIFAAU G —F AR R , NI R
AR MR E JC BB T AR ) B ARG R e T B LA
PR G E AR F Y RS NSRS
Y ( Lockwood et al.,2013; hitp: // www.issg.org/ data-
base/welcome/) . & EXF A WA F 0949 A= PIr it
B AR S N2 T 6 3 I WA R dE L, L rp iy Tk
ZABBIRE AR SR, s Z X 51 R R A £
55 UK 0 IERRPEAS IR A S R S AR A: S S
TR 2R 2 SR, JC s TR A AR 5 P A
FAEE TR R T Y AR ) AR S A e e (T 7 T
55,2002) , L, IR ITEIR A AT AR AW fE
FHYIERIAR, IR HodE 2R, B ALE f H
H o 80 55 9530 A s | 317y, Si8b, ik
TS ] PN ARG B DG AR 1] 5 B IE B [ A
DU OIS AR AR AR IR Y DL R3O
BOFEE LA, A A7 7E 1 e XU 1 2R A= e A
FLIEBEN
3 NG

W R R VR AR S R GUIE W 4 R OB 5
(LR, DI AR B A= W) 22 FE PR B 08 S AR 2 4
P B — S F TR i A 25 A8, 2 T 400 3 22 b 2R 2
REGE, TEAMFERTEE A (2 DL 22 1 W], AT LAXS
ARG RFREE DA T KU PEAL | % JC 25|
AR DA T RIS 5K, B2, BiE A
XoF AN AW 1 5 B TR N o SR I v A v R 1 1
SEMSER , A =5 R EUN DU AR LG4 18
WL s BRI LG B2 [ PR VR S8 i 1 i of 3% ]
I AR DU Ry i B i
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