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Abstract: Ascidians with rapid growth rate and sexual maturation are important benthic organisms in marine ecosystems and
are also one of the major fouling groups. Following colonization on aquaculture facilities, ascidians cause a series of
problems such as competing food and settlement substrata with the cultivated species, blocking netting holes, increasing the
weight of cages-and retarding water flow, leading to the deterioration of the aquaculture environment. Growth and quality of
those cultivated species will therefore be negatively affected. To date, a total of 103 ascidian species within 29 genera and 9
families " (‘Ascidiidae, Cionidae, Clavelinidae, Didemnidae, Molgulidae, Perophoridae, Polyclinidae, Pyuridae and
Styelidae) are identified from fouling communities worldwide. Of them, the dominant species are the solitary ascidians
Ascidia sydneiensis, Phallusia nigra, Botryllus schlosseri, Diplosoma listerianum, Styela clava, Symplegma brakenhielmi,
Herdmania momus , Microcosmus exasperates, Molgula manhattensis, as well as the compound species Ciona intestinalis. The
distribution of fouling ascidians is highly relevant to geographic locations. Of them, 64 species were found in the Pacific

Ocean, 23 in the Indian Ocean, 44 in the Atlantic Ocean and 3 in the Arctic Ocean. In the Pacific Ocean, the most
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common species are Styela plicata, S. canopus, Ciona intestinalis, Microcosmus exasperatus, Diplosoma listerianum ,
Molgula manhattensis and Ascidia longistriara. Moreover, the species A. sydneiensis, Phallusia nigra, Botryllus schlossert
Diplosoma listerianum and Symplegma brakenhielmi are found in the Indian and Atlantic Oceans, whereas, Styela rustica is
the dominant fouling species in the Arctic Ocean. Season is a major factor affecting ascidian fouling. Summer is the
settlement peak in the Pacific Ocean, however, in the Indian Ocean the highest ascidian fouling biomass occurs in spring
and autumn. In addition, larval settlement of different ascidians presents distinct preferences for substrata. On floating
units, Phallusia nigra and Ascidia cannelata were generally abundant, whereas Herdmania momus preferred to settle on
horizontal surfaces of submerged objects. Current methods for fouling control more or less have some limitations in' practical
applications. Understanding gene regulation on the ascidian larval metamorphosis process may provide an effective way to
develop novel antifouling technology. Moreover, by studying fouling communities colonizing various artificial facilities, the
influences of alien ascidians on local biodiversity can also be elucidated. Compared with traditional morphological
identification, DNA-based methodology might solve the problems on taxonomy of related ascidians. Biofouling can alter the
substratum surface microenvironment and affect the corrosion processes of materials. Thus ,-the effects of fouling ascidians,
particularly compound species, on material corrosion deserve further study. At present, most-work on fouling ascidian
investigations is limited to tropical and temperate zones, particularly in shallow waters.. To thoroughly elucidate species
compositions, biodiversity, distribution, population dynamics and role of ascidians in fouling communities, further studies

should be extended to the polar regions and even deep water.

Key Words: fouling ascidians ;species composition ;distribution ; settlement
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Table 1 List of fouling sedentary ascidians around the world

()R ) TR (LR E)

e Waters (including marginal seas ) - Waters ( including marginal seas )

Species KOV BB ORI UK || o KT B K ke
Pacific  Indian  Atlantic ~ Arctic Pacific  Indian  Atlantic Arctic
Ocean  Ocean  Ocean  Ocean Ocean  Ocean  Ocean  Ocean

KB RL Ascidiidae BRI ( Paramolgula chilensis) +

YR (Ascidia cannelata) %25} Perophoridae

HEHS (AL ceratodes) H 7 i 251385 ( Perophora japonica ) +

T (A. curvata) TEZEWGHH (P, listeri) +

TERWEW (A, gemmata) HEZEWIE (P, viridis) +

EH (A. incrassata) =B R} Polyclinidae

TR (A, indica) J2L B W (Amaroucium constellatum ) +

T8 (A, interrupta) SEIE S (Aplidium accarense) +

KELHF (A. longistriata) B = BEH ( Polyclinum constellatum ) + +

T8 (A. panamensis) Jifeit BB Pyuridae

BICHH (A, sydneiensis) ¥ ( Boltenia echinata) +

T (A zara) B ( Halocynthia papillosa) +

P (Ascidiella aspersa) FUFHI(H. spinosa) +

W ( Phallusia arabica) L1 B ( Herdmania. momus) + +

WIS (P. nigra) RS (H. pallida) + +

UKV (P. philippinensis ) TRININFEIERE (Microcosmus australis ) +

iR Cionidae THFRINFFIERE (M. exasperatus) + +

B35 ( Ciona intestinalis) INFFIERE (M. squamiger) +

DR (C. savignyi) MM 8 (Pyura chilensis) +

FEBiR} Clavelinidae i AR MR (P, curvigona) +

2R84 ( Clavelina oblonga) el (P. gangelion) +

KHFERS ( Distaplia bermudensis ) ARG (P. lignosa) +

Z B HIF} Didemnidae JWEIE S (P. praeputialis) +

Z B ( Didemnum candidum) TR (P, torpida) +

B (D. commune) LM (P, vittata) + +

FOIL BRI (D. fuscum) FIEIFR} Styelidae

T5URE — BLE R (D. granulatum) A5 ( Botrylloides chevalense) +

ZBHB¥(D. perlucidum) BG5S (B. giganteum) +

Z B (D. psammatodes) PIBGHFRE (B. leachii) +

T B (D. speciosum ) GRS (B. magnicoecum) +

Z B (D vexillum) FGIERY (B. nigrum) + +

K&/ ( Diplosoma listerianum ) VYT PEAUSGIER (B. simodensis) +

B PR ( Lissoclinum fragile) SHIBHIH (B. violaceus) + +

BB (L. nour) H416 %5 ( Botryllus eilatensis) +

WIS BLHERS ( Trididemnum areolatum) KA ( B. magnicoecus) +

JEHEERS (1. orbiculatum) BFH (B, niger) +

SRR Molgulidae BGHFR (B. planus) +

R4 (Molgula citrina)) 5 [CA5 0 (B. schlosseri) + + +

B (M. ficus) T 535 (B, tsingtaoensis) +

FLIEH (M. manhattensis) FURFG I (B, wberatus) +

SRS (M. socialis) IR ( Cnemidocarpa bicornuta) +
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- Wate‘?rs <1ncllt<?lng marg‘l‘nal s >“ - V?’Y‘aters (miludmg me‘lfglnal o )n

Species RPFE B KPR JLukiE Species KR OEEERE KT ook
Pacific  Indian ~ Atlantic ~ Arctic Pacific  Indian  Atlantic Arctic
Ocean  Ocean  Ocean  Ocean Ocean  Ocean  Ocean Ocean

T (C. hemprichi) + ZHGH (P. spongiabilis) +

TLIER (C. robinsoni) + SR (Styela bicolor) +

[ HF ( Corella eumyota) + + LIRS (S. canopus) + +

H A (C. japonica) + IR (S. clava) + +

JEEHE ( C. parallelogramma) + MERRRS (S. partita) +

KT ( Polyandrocarpa anguinea) + SRR (S. plicata) + ¥

FHKEJEER (P. latericus) + KI7 U (S. rectangularis) +

ML KSR (P. sagamiensis) + + FIEHS(S. rustica) +

KEBHEH (P. zorritensis) + YNGR (Symplegma brakenhielmi ) + + +

% F¥ ¥ ( Polycarpa argentata) + I (S. ciride) +

Z R (P. aurita) + RAEHINER (S. oceania) +

Z R (P. captiosa) + RTINS (S, repians) +

ZRE W (P, indicum) + WIIHER(S. rubra) N N

ZJUMFHE (P. mytilegra) + LRI (S. viride) + n

Z I (P. olitoria) +

Z LG8 (P. papillata) +

L1 RFHRIEER

FEACSEUNI B2, AN B R A0 LT PG i S v Suf 1 ¥ 400 P A LA 98 V8 Sy DI 34l | Lk Sy ol I 4 Vg i D 5
U3 16545 ( Botrylloides violaceus ) "> M JIVH R 368 6 1, 5958 4k Ve Wi 0 34 O 80988 ¥ 48 ( Styela plicata ) , FWR A
WaJRETRERE /NFFIE RS ( Microcosmus squamiger I HE T4 ( Ciona intestinalis ) S5 FR2S ) H ULFP | Ry 5% FQ IS (C.
savignyi ) FIKS REHER ( Polyandrocarpa zorritensis) '

TEH IEN AT BB & iz ] A O 3545 M TS 0 2 Fh S A5 65455 ( Symplegma brakenhielmi F1 S. rubra) |58 =
Bt 88 ( Polyclinum constellatum ) U576 ( Botrylloides nigrum ) , HoRk Ry 7% JE Wi A 58 /NS5 1685 ( Microcosmus
exasperatus ) FAG & HEHY (Polyandrocarpa zorritensis) "7 5 B 35 VN 1 45 B &8 ¥ 1, 00 LA & ) ik o #4 ( Pyura
chilensis) AR

T VGRS, FAS TRl ) 775 400 1R T 3 DI 3 D 52 4004 T B A OK E/ N8 OO B TR 0 T
SRR IRE AR | H A 2R84 ( Perophora japonica) 1 H A HE# ( Corella japonica ) W) 15 45 P i 4 25 DL AR, HL
UM BAEAET HARATR T K W358 2021 AR 1 V3 P VA e Y A BB VA A DA 2

TE ARV, V5 H P VAR R B B L5 BV ( Molgula manhattensis ) FOARTE RS LR MK IR
JINIPRE. S T2 1 AN 5 2876 85 ( Botryllus tsingtaoensis) | 2T 205 168 5 I88 155 ( Styela canopus) FIHC 4L
TS (Ascidia longistriata ) “5FPE | T2 75 10 A e 74 vb (4 0 LAk 22200

ARG TAPETG RS UL Rh LU 1 4 SR e | I S — B ( Trididemnum areolatum) 2 JE = Beifg#s (FL
98 BEHER 0 32, O KA B9/ NFEIE S 3 T DRI SR oK TG/ 3 SBCI TE  SRON / N 55 7
( Microcosmus australis ) S A28 | B AMA A Ao M85 ( Pyura lignosa) TR i A A L 2T

T TR DX 75 4 M A DA e SR VAR Y TR A T8 ( Symplegma oceania ) A ZE/NFFIEEE R IEHE K R/
B8 Je 20 X DI 38, LU N SR VR 2R BEINS RS (. wiride) KEERH ( Herdmania pallida) (177 B % (Styela
rectangularis) 3 [CAG IR | & UL IR A DY 305 v 4 | 2L 28 f2 T 8 S SRR | Z2 350 4 ( Polycarpa papillata) 1
W VY ( Phallusia arabica) 252440

http ; //www.ecologica.cn



20 FEGE A TSR A AR AR AT SR 6651

(LT R PG e 5T PG =2 T3, 3 0 M Y i D0 A Ay T YA A, S Ry A e T A R — B ( Didemnuim
vexillum) , JLAN A K B/NH8  FUZG 1555 ( Botrylloides leachii) | 5 FR A 5 % E 16 ¥8 ( Lissoclinum notti) %
T4 ( Corella eumyota) 5. HEWS ( Cnemidocarpa bicornuta ) Z5Fh2 Hy B2
1.2 VR

TEBTRAFTER 2R B 0T R, ZR AL ) o S 8 T A (00 4 kg 1) B0 N9 183 48 ( Symplegma reptans ) 7 J& 1 i A1 4L
351648 ( Botrylloides magnicoecum) , W WA A 2585 ( B. chevalense) \LREEAFNIEERE Y | 78 Aol T T 4%
TR 1 SR BRIAD R Sy 15 A MV B O 3 B 7] T B 75 PR R X 2 A 1 7 40 A 0 ) e Al P
RESE A 254 A AR L M FE AR R B Y Kollam V5, 22 Bk DL 3% 55 & 19 & BRI W5 25 4 b, (5 75 481 26 i e
26.6%'",

TELLIAU S A0 V9 ULV MR A v Sl 75 0 P v S LA 20 680 0 A AR O, — B M ( Didemnum granudatum ) 4
LR, & UL AR AT B ( Halocynthia spinosa) YK VRS ( Phallusia nigra) W58 (Ascidia cannelata) .
B ( Didemnum candidum ) T35 ( Botryllus eilatensis ) >
1.3 RVGFRIEE

TERCIN RGP AL L it 154500 e N it i T 5 LA TRE# ( Corella parallelogramma) (3% 557645 401165 44
(Ascidiella aspersa) | 5 FC 44 VR 4 FI1 4R 01 48 1A Wi 25 A A D AWM 72 i 0 Vg 123 A2t ) 400 4 1 5 ¥ A
T B FACEINARICERIT R, D IR0 il = A 1 8 (Molgula citrina)) | 52 FQ A6 TR 3% 8 167 4
TR IR V5 4 O

TE NN Eb i3k, | B 5 Tzl A T B 5 S0P 0 Y LA A 58 /NS TR AN (6 2 MRV ( Pywra vittata ) ML HEF
SR Ay AR A AR A b S T Ak 7 AR i s LRSI 5, Y5 B A A AR 4 YA A A A 9 A A R
T 52 /INFRUERY | W LA RPN 2 LRV ( Clavelina oblonga) '),

TR LNV A V5 A5 PR R BOE R ( Didemnum speciosum F D. perlucidum ) (Z&1EHE K [
IINRE 25U ( Botryllus niger) AH 45 ( Symplegma brakenhielma) 45 I8 165 5 A ULTAE 5 |, U FE B O FFhAK
R — B ( Didemnum speciosum ) | 2% 165 ¥ A9 1045 . — BOIRS (D. perlucidum ) 40076 85 F1 2L 58 B2 it 4 <5
Figiorel
1.4 JLrkieims

FIR AL ZEIL UK I e B i, 76 0—5m /K2R F-0.98—14.78°C , Horft 7 A 03 7K IR 55 5 2k 5 0 o 2% P 44
I ARTE 14.99—26.74 2 ], V12 A Gy 88 B fe i %I RI™ FR A B0 L 1475 40 1 7 B LU VR ( Styela
rustica ) LT, H UL AOFHE NN K2 RS ( Molgula citrina) | I 5% ( Boltenia echinata ) {1 HEL 7>

2 MESS

T 40 PR 8 18 0 A ELAT ] S ) b e | 2550 O A 1 K R A e T R, BV T DX 2R B v T
TRy e I A ATV B TR, 15 A5 P 1 DAL S A TR TR 20 TR AR M A e 1 O LA S Ve
O RS MR O R R A DA L AR i O S T A 2 R i e
2% T AR A 13 B ( Distaplia bermudensis ) S R VG P W 35075 150 4 ¥ 89 1A ) T apt v A R B AE L vk
(52 R

T AR A RS R G TS B Y O — GBI R BN R AP AE 25 5 . TE RSP PRI, Y 3 1) B e
e 3 = AR P /e B | P AR TR L 5 BV S 1 R R AR A3 A 6 R 9 P AR, AR BRI
e EID JRE T VR Sl 10 S v U, AT P PR S R S, Y 0 S £ BV i A R MR A B R 2 U
TR TRV PEARAL AR A, AR T A Y B 0T R A 3—6 ), AR 6—
12 H [58] .

TR SRR ™ SR FE O Y 75401 A2 R v e 5 R A R A 1 B, 3 Tk 22 AR A SRS BI 3 Fr 6
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R /RS AR Ge 55 8 i B AR TR NV | P45 5 AT bR 55 10t 1 6 35 B0 2 T 3 %) 2 B8 I 78 s 1 4b
VR ORT AT VA T IRV L B 2 A e AT K AR R g N TR, 3 A 1 A S K SR ) TR A
S FRTE g HL AR H NG TR T Ak BEA S R RGN, AR AT R AR RGO T 0 AR 2R AR B R

N TR it 32 T e T) P o 2 X 0 A O R i v g B %) IS S b 57 7 A 52 i, 0088 R Je v 8 T 32 T 1k ¥
AREE IO PSR IR (Styela rustica) WM HEAE S AR TS45 AL RV v o5 749017 40008 3
DN S S VA7 31 13 SR 4 AR ISR DR RN, BRI AN LT VA I Ja B, A 7 DA R EG
JINI B 2 TR A K LA O T sk G 28 96 M AR 55 0L 4 Vg 8 Hh IR B B i A Tk

FEAT, B 3 0 19 22 S AR PT B e S DAV S BEE 2 A T B ik v s AR Ak, g B AL A A SR R T
W25 BB 22 | 1T SRR ( Corella parallelogramma) FIELEERS 75 K JEAEAE ™ T8 ( Styela sp. ) FESBHRLM A 1Y
B TR R T AR S 7 R e v i R R AR L £D I B i 1] S B R A OK P 2R, YR T
T4 ( Phallusia nigra) TGS (Ascidia cannelata ) 228436 70 7 N T304 44 ¢

TR EE S 52 W T B V5 IR DU X — S PR 3R AN Rl R 0 T 40 X Rl 2 1 B .28 fl, 77K T 1—5m 1K
FEVE TN, 51 & A 40 T 408 1 e A O 40 S0 5 Ry 80 R I 1 IRV ( Styela ruistica) VT B FR S UKL B
BTSRRI AT 13—30m ZKJ2 1) 0L RN B 28 3 1T BN 1 65 KR 1. 36m TR Ak V5 43 4= W Bk v 1)
(v L

3 ARRE

TS MK FRFEALAE R 5 BV T 5 | BB SR B, T I S AR Wl il 2 i B R RE AR
A B 5 g, HAERH L PR, A (6], B 7 A KA A B R Tl 4 L FE SR B VB IR 4 S
AT B TR Sk RHE IRAR ARG AL A T R, PR T 2 I Sh IR R R T
A O N TR 15 40 AR R EVE RS AR B , By J8 AR ST SR B X 2 b A= W) 2 e B 2B 7 TG sh AR 2

TP AR Y B R 2 A R R AR 52, I IS WA R H I ok A7 o, R T phad . A IS
TR Tt ] Xof LA J ek A < e At T PE T T 2 T A g o ) A 3 T R S 43 A B — ORG VBT T
TR A T AR RS A ) T SR T, LR (L H S R AR ) 5 R ik 22 ] £ 0%
Z, FURIT M A WLAT SRR, 4 i Sl R R S5 s i) 0F 5, o) P 9 B8 Ak 36 08 N T B0t B e S ok A7 A 114
A

FET3 A 280 A ] T S 40 e ) R S b S L5 40 A 5 (9 S, M) 4 SO JR B BReie 5 Bl Tl 17 A A 5
BORB AL, At — BRI AR BES 2 SR, T it o i 25 8 o 2 08 K Y 2l HaVE S S8 ik
XA, T H e 20 L AR JEATH AR P 1SR Bt 22 9 A T R D7 IR AR BUX — s A, Ik, 4 )i
O s o ¥ B )y R A IR AR A7 S5 05 T A IE ST, LA S A M R B A A SO R i Bk

FLRI, B ATS 100 4= P17 R T B R BN N TG BR (B 75 B iR I /K AN AR 45 142, (HIX 2 07 1
& QAR — R R R L B TR R R A M 4l R S R PR B T AR Y R, 2RISR AR G A
PAPENEROTFE BT RITER T, AT LRI 2% if b PR A X &)y K B 25 72 2850 R A DG HE [N SR Ik OS2 ), UG S 2 R
AN EVRFTHGUM B DL f2FE8r 8L P08 R i S A W B BR B ) K R

AW o2 T BORARYE AR W R I B2 B A R AR AN AS A R 5 SR AR SE PR A S i R, BRI o
TS AL AR S WA — S, 3 Tl 1 A R g L I I LUK e U 2 [/ — 4R 7 5340 it T
WS PRI 25 52 | [F) R A2 SR /R 2 th B — 287 Ak, [l , iR A% 48 T Bett A7 70 2R BF 5 il e
eSS E L O PSR 7/ 2 e B2 2 I D s ) O o S AT 1

FI AT 10 A M 1) 2B 255 2 B vh e ey MR i T 2 Tl A SR S P A5 B S PR 5 R T A5 Sy PR T
ABIREEAR I, R W B TARBR T AR A T IR A R G ML ST A, 3 TR R T R
I PRI BOPRAT | LASUIA00JEE P B o P T i e 1) sl A e A LA S e e 3, f s LS T il AR e v rh LB A
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