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Fig.1 Sampling sites for C. challengeri in

Zhoushan archipelago
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Tab.1 The average K-2-P distance between and
within five groups of Chthamalus populations

TR

CA CB CD CM CcC within
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CA - 0.001 45
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Fig.2 The Neighbor-Joining tree of CO I sequence for
the different species of Chthamalus
CC1-CC5:CO 1 sequences for C. challengeri in Japan Sea Area
searched from NCBI( GenBank;HM136269.1 - HM136273.1) ;
DL, QD: CO I sequences for C. challengeri in Dalian and
Qindao; SS, DS, XY, GQ, LH: CO [ sequences for C.
challengeri in the Sijiao, Daishan, Yangshan Deep Water Port,
Gougi and Liuheng Island in Zhoushan Sea Area; CB1-CB5:CO
I sequences for C. bisinuatus searched from NCBI( GenBank:
FJ845846. 1 - FJ845850.1) ; CA1-CA5.CO | sequences for C.
anisopoma searched from NCBI ( GenBank: DQ538487. 1 -
DQ538491.1); CDI-CD5: CO 1 sequences for C. dentatus
searched from NCBI( GenBank:AY795476.1 - AY795480.1) ;
CMI1-CM5.CO 1 sequences for C. malayensis searched from
NCBI( GenBank: JQ755173. 1 - JQ755177. 1); EU. CO 1

sequence for Eurahia eastropacensis( GeneBank ; FI845851.1)
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Fig.3 The distribution for C. challengeri in 2010 and 2012 in Zhoushan ocean area

(‘a) Distribution in 2010 ; (b) Distribution in 2012 ; red spots are sampling sites which have collected C. challengeri,black hollow spots are

sampling sites which have not collected C. challengeri
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Fig.4 The density of C. challengeri from

2010 to 2012 in Zhoushan sea area
S1. Yangshan deep-water Port; S2. Dayangshan; S3.
Gaochangwan in Sijiao; S4. Xiaocaiyuan in Sijiao; S5. Gougqi
island; S6. Shengshan; S7. Qushan; S8. Daishan; S9. Zhoushan

island; S10. Zhujiajian; S11. Liuheng island

Pk B] (28 £ 11) A~/m”, o4 RE S 25 J7 /N e 55 i
(11 £3) ~ (18 £ 12)N/m* A&, F 2012 4E, 7R

7 7N Al A 1L I A% SR A XA O A R TR
2010 4FRAE BN IR J5/INHE A HORE ST AN, 4 LLEE ) R
PELE (S2) kNS (S4) 1L (S6) \ft A
55 (S9) LA K t5e g i A 7S B B (STL) %55 1 OR %6
BIZRT5 /N A bR A , 3R B 5 A 9 OB 3 (
3-b), A ETHIAR . AL & (S5) A AL 1Y
R T /INE At 8 T B ey L A5 B (39 533 £6 243) 4~/m’
(I&T4) AR T7 /1N A 2 BR ) AC  DX I 48 7o 5
PP LA 355 5 i o 19 7SR 5 (S11) AR 7 /)N e i % JEE
W2, (20 000 £751) A/m® 5 B LA K s Fil R
PRI Z 80, HoAx 4% B R J7 /D e Al % 4 T
100 A~/m® , ERAEWLEE 2 45 i ] A 2% B A TE 2]
A MRS g U 10 2

3 3t

3.1 RANMBRENERSHBRENEIK
AR5 /N A 5 A R S i i L K H
A By IR R AT o A HP TR B IROK N L L i
I FR RS AL VKR RN eI 5
WXL By ORI T Ry A7 8 8 R By ] iE
S A4 o A L D K A A
AN B 3T K- 0 0 A B U S T S R
RIT/NEERE i . ECTH E SIS TR HESIY
FEAITT] BT A AR R R
Fe AL T5 B U R B A R AR —,

http : // www. scxuebao. cn



7 X A SRR T /N R A B AR 5 R 53 A 1051

BAER YL H AR i R R A M. JF B 78
Crp B PR Bl 2R ) H AR S /N A 4
AAL T I = it B AL AR B X

FRAN LA RN T 20 42 50 4EARE 90
AR AT VLI B A ) R A 45 5 S 1L T S8l A
) ] & R 28 R A S AH R AR = A Rk A
(Balanus trigonus) R AT ( B. uliginosus) 4] B
A6 ( B. cirratus) %1 B ¥ 45 ( Megabalanus rosa) |}
B a (M. volcano ) & W B B 4% ( Chirona
amarllis) . H 4 55 B 45 ( Tetraclita japonica) | %5
W A (T. squamosa squamosa) . [ & ¥ 4 ( B.
albicostaius) W ZLJEE AT ( B. reticulatus) , & 21 40
W FF LI AR 9 8] 5 A= W) B R 2R AR 5 2
[IREESEIE S G (3114 RS Eo N
AR WA AR T3 /N A 53 A B 41GE

IR JT /NI At T A 7 i v el DL AR R
MBI 2010 48 5 ) BER IS AT
AL E AR A3 LR K s A Sk B R B B R 05 /1
HEATARAS G HOREF] 3 H o, il X R AR A
TE SRR 23 A, e Fe iR i AR RIPE ARUE 25 LA
e B IR 265 A5 R AE 45 4 b [ 3l 9 7)) b o R
Ji /N Ay R AR A B A 43 26 F LA
W H o 24 7. Hebert 45 2 id X 13 320 4>
YR o3 B RN CO T R B Y 35t L
PR — BT 1% ARDAH KT 2% 19, I 42 )
1 CO 1 Fe 5 E 47 W) il S 53] Y = AR 48 2 o 1] 33t
T MR B R TR st A B B, H.25 Sk 31 10 £ Ek LA
Fo BB T Y EI T RO T )
FRILE SRR, N AR R 5 AW bR RE P 5 A% B
BB 1%, MR E ) st e s 2 KT 17%
J S ARG HP ATy /N AT R 3t
TEERES S 0. 994% , & W RRBE A 23t 10 5 1L BE 5
FEA S [ 7 A A e (i NCBI R 20 H A 13 d8 7R
Ji/NEEAE CO T S ASA Sy ] — Wy FoK -, S
LI R 5 /N e Al 14 43 S 4R AL T i — 2 AR E . i
o A B I S BT Rl 45 5 AR SR A, T LA 2P 4
Wi AR J7 /N AT 2 T 2007 4E—2010 4E 3 A KL H
AR 187 2 4

HE# 2010 4R 5 2012 4R 2K J5 /N ik Al 1 4% 72
b, WS AR Ty /0N e i AR 3 I A L SR B TR 8
JL ) P[] P 52 B B, R PR T oK O IS, R
SR ART N A RAR T /DI R F W
IF5E 78 2R 5 /NI At A S e ) XA 3 o 3R 45 1Y)

TV T 2 AR AR O AR T 0N E A A
LSS NS SRE W CAR T A 1By - Kol P I 81 9B 3
3.2 RAMEZENEWNTRESFRNZ

IRTT /I T A A DA L M B B — R TE T
A —9 J7 i AR 52 B WL 5K & B A 1L AR T/
Jear Y BEAE P 2 H—11 F K i B T 9
2R T3 /I8 e A A R 1L i S ) DX AR Bk A
BRI AR E . BRI S BT % 3L, S 1L 1
S ) XA R A e A 1 B R A BB SR
PE W R ar M E Wy 7 A FA—8 AN AL H
ARG E 7 AR Aa—9 A N, RJ7
ZINTER A7 55 AR o A T Al A S EE S, R A 1L SR
L AT B A B T Y A A e A, LB R 0
BOA R A% e A TG, 33X O A R A e ) X AR
SR T A RS A5 55 T AR T /N B A R R
SRR RN A D R A R ) XA
o SEHGZERAE W], 2012 45 £ A A & | e 1L FoS
BB SR AR AR 5 /0N R Al B Dy R ) X4 0 A
ol | AR il o A5 1 A [) A 25000 2 ME B30 L AR T/
e A R AR 8 FF e 5073 R L T v XA ) R
ik 5 A ZREVERS R o

20 fH-2c rp i Bifi 5 iz ol 19 & e A% T T U X
LR SRR AR YR, i A0 ok B R R A Y 1) 2135
H [T & ( Asparagopsis armata ) Db N B
(Austrominius modestus ) 255 i1 A= ¥ 1% 325 357 146 5,
b A P A A A T AL B 5 R, X 2 b ()
HE W) SR Rl YR R s B T S Y BT
RN 7 B IR S W) 2 AR R R I G
FU T 2 4F Y AR /0N R A A LU S 0 XK
e 11 (), B T A K PR I U0 0 A X6 2% T 4k
TR A 22 FEE AL 77 A — o S0, 3 T T B X S 1L
T S A 0 % DR 3 LR . AR R T /N R A A
BT IR DL S5 B 2 B R (H DR 3 AR I H I E
T A A A R R B R AR I 2R R —
S 30 P PN s 80 S L 3808 [ 21 2R 0 B T 25 4
e R AR KBS A i i — 2D E SR

S 30k

[ 1] Baltz D M. Introducedfishes in marine systems and
inland seas [ J]. Biological Conservation, 1991, 56
(2):151 = 177.

[2] Vitousek P M,D’ antonio C M, Loope L L, et al.
Biologicalinvasions as global environmental change

[J]. American Scientist,1996,84(5) ;468 —478.

http : // www. scxuebao. cn



1052

Ko7

¥R

38 %

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Pimentel D, Lach L, Zuniga R, et al. Environmental
and economic costs of nonindigenous species in the
United States[ J]. BioScience,2000,50(1) :53 - 65.

Nentwig W. Biologicalinvasions [ M ]. Berlin;
Springer,2007 ;10 - 13.

Lubchenco J,Olson A M, Brubaker L B, et al. The
sustainable biosphere initiative ; an ecological research
agenda: a report from the ecological
Americal J]. Ecology,1991,72(2) :371 —412.

Carlton J. Invasivespecies: vectors and management

society of

strategies [ M ].
2003 :4 -8.
Hewitt C L, Campbell

Washington D. C. . Island Press,
M L. Mechanisms for

theprevention of marine bioinvasions for better
biosecurity [ J ]. Marine Pollution Bulletin, 2007, 55
(7):395 -401.

Cohen A N, Carlton J T. Accelerating invasion rate
in a highly invaded estuary [ J]. Science, 1998 ,279
(5350) :555 —558.

Ruiz G M, Carlton J T, Grosholz E D, et al.
Globalinvasions of marine and estuarine habitats by
non-indigenous species: mechanisms, extent, and
consequences| J|. American Zoologist,1997 ,37(6) :
621 -632.

Bax N, Williamson A, Aguero M, et al. Marine
invasive alien species:a threat to global biodiversity
[J]. Marine Policy,2003,27(4) :313 —323.

Apte S, Holland B S, Godwin L S, et al. Jumping
ship;a stepping stone event mediating transfer of a
non-indigenous species via a potentially unsuitable
environment [ J ]. Biological Invasions,2000,2 (1)
75 -79.

Dong Y M, Mao J R. Preliminary report of Cirripedia
in Zhoushan of Zhejiang Province [ J]. Journal of
Zhejiang Normal University,1956,2:283 - 296. [ #
LB WO ST 1l &R A w025 R Wi
90 2 e 24 4%, 1956 ,2 :283 - 296. |

Ren X Q, Liu R Y. Cirripedia in coastal waters of
China I,Balanus[ J]. Studia Marina Sinica,1978,13:
119 - 196. [AEJa Bk, X1 i K. o [ a5 i 19 & 2 26
I g, Rl T,1978,13:119 - 196. ]
Dong Y M,Chen Y S,Cai R X. Preliminary study on
the Chinese cirripedian fauna ( Crustacea) [ J]. Acta
Oceanologica Sinica; Chinese version, 1980,2 (2) .
124 - 131 [ #3%, ROk &, 48 m B b [E 30 i &8
JREXRRF LW (H5Ed) [T].
4 H SChi,1980,2(2) ;124 —131. ]

ZhuZ Q, Du N S, Lai W. On the ecological

[16]

[19]

[21]

distribution of rocky shore sedentary cirripeds at the
northern coast of Hangzhou Bay and Shensi Islands
[J]. Donghai Marine Science,1987,5(4) :47 - 53.
(R4, 5 m L, A A M L R R g 1) & —
WO R R R AR A A AR IR, 19875
(4) .47 -53. ]

Yang W X ,Chen Y S. Studies on species constitution
of benthic biology and fauna and flora characteristics
in rocky intertidal zone along Shengsi archipelago
[J]. Journal of Hebei Normal University: Natural
Science,1996,20(4) :82 - 85. [ 1 =, Bk 7. I
W5 & o AR 0 18] 4 I WG A ) B S AR B X R
S ATHE IS A% 24 4R B AR BL A, 1996,20(4)
82 -85.]

You Z J,Hong J C, Wang Y N, et al. Distribution
pattern of species on the intertidal rocky shore of the
Shenshan island, Zhejiang [ J ]. Journal of Ningbo
University ; Natural Science and Engineering Edition,
1997,10(1) :64 - 71. [JUfh 7%, WH B, £ —%,
S5 LB 1Ly & A R T i) A A ) 0 A R AL TR
S M TR, 1997,10(1) 164 - 71. ]

Yang W X, Chen Y S. Community ecology of
intertidal zone of Shengsi archipelago II. Community
structure of benthic invertebrates in rocky intertidal
zone[ J]. Chinese Journal of Applied Ecology, 1998,
9(1):75 -78. [ 71 &, BRIk 5. i 5] & 3] (] 417
T A5 T 5 L. S5 0 1) i JFC A0S 3l ) 4 T
ZER . N A A 4Rk ,1998,9(1) .75 -78. ]

Yang W X, Chen Y S. Community ecology of
intertidal zone of Shengsi islands III. Species
distribution of benthos in rocky intertidal zone[ J].
Donghai Marine Science,1999,17 (1) :61 - 66. [ 1
T3 WK . U A1) S ) ] R A 3 2 T
I 5 0 80 10 7 JE AT A 0 19 b 26 2 A 7R I 9
1999,17(1) :61 - 66. ]

Shao X Y, You Z J, Cai R X, et al. Studies on
ecology of intertidal zone around Zhejiang Province
islands I. species composition and distribution[J].
Journal of Zhejiang Ocean University:; Natural
Science,1999,18 (2) . 112 = 119,132, [ BRBEFH, T
S, B0 B, 45 WL AR 3 1 A A S 2 T
LAY MR R S o A Wil b i A
SRBF 2R ,1999,18(2) 112 -119,132. ]

Shao X Y, You Z J, Cai R X, et al. Studies on
ecology of intertidal zone around of Zhejiang
Province II. Quantities and distribution[ J ] . Journal of
Zhejiang Ocean University ; Natural Science,20(4) :
279 -286. [ HRIEFH, J b 7AS, B2 AN A2, 45 Wi VL4

http : // www. scxuebao. cn



74 T H 4 F LB T ANBEAE 10 A B 57 1053
e A SEM R 0. BE Al S 0. WL deep-water port [ J ]. Shanghai Environmental
W B R A R B2 MR, 2001, 20 (4): Sciences,2011,30(2) .60 - 64. [ F 5 3%, M4, §
279 -286. ] RHG, 55 1 LR K B K PR i R AR AR L. b
[22] Zeng D G,Cai R X, Huang Z G, et al. Studies on WA EE R4 ,2011,30(2) :60 —64. ]
marine fouling communities in the East China Sea 1. [30] Sambrook J. Molecular cloning [ M ]. Huang P T,
composition and distribution of species. Donghai translate. Beijing ; Science Press,2005:52 - 86. [ [
Marine Science,1999,17 (1) :49 - 51. [ { #1 [, % A& 5. 4> F o RSO AR pg . BB A, R b A
R ECRIE S ORISR REE T 1. A B2 B4 ,2005 ;52 - 86. ]
HIR Ao AR [T AW EE,1999,17(1) .49 =51, ] [31] Folmer O,Black M,Hoek W ,et al. DNA primers for
[23] Zeng D G,Cai R X, Huang Z G, et al. Studies on amplification of mitochondrial cytochrome C oxidase
marine fouling communities in the East Sea II. subunit I from diverse metazoan invertebrates [ J ].
Biomass distribution [ J]. Donghai Marine Science, Molecular Marine Biology and Biotechnology, 1994,
1999,17(1):57 - 60. [ % Hu W, £ 4 &2 , % 5% [, 3(5) :294 -299.
RIS BRI . B s A [32] Tamura K, Peterson D, Peterson N, et al. Mega5;
AW E 1999 ,17(1) 257 - 60. ] Molecular evolutionary genetics analysis using
[24] Zeng D G,Cai R X, Huang Z G, et al. Studies on maximum likelihood, evolutionary distance, and
marine fouling communities in the East China Sea maximum parsimony methods [ J ]. Molecular
III. community Structure [ J ]. Donghai Marine Biology and Evolution,2011,28(10) :2731 -2739.
Science,1999,17(4) :47 - 50. [ B b R, 2240 & , % [33] Motulsky H. Prism 5 statistics guide, 2007 [ J].
. KSR R TE NI . BT, R GraphPad Software 2007 ;1 - 26.
W3 VE 1999 17 (4) :47 -50. ] [34] Liu R Y,Ren X Q. Funa Sinica, Invertebrate, Vol.
[25] Zhu S X, Yang H L, Wang P, et al. Studies on 42, Crustacea, Cirripedia, Thoracica [ M ]. Beijing:
intertidal zone ecology of Zhoushan archipelago Science Press,2007 :126 — 140. [ X Fi & ,{EJc k. &
during the summer, 2005 [ J]. Journal of Zhejiang Esh& CEMEY St =% BRIy &
Ocean University : Natural Science,2006,25(4) :359 BTN B W8 H. db 5. B2 B R4, 2007
=372 [RWE, L, £, 5. 2005 4 H 5 126 - 140. ]
L HE 5 30 B] 7 A A 2 A R 5T T V9 2 B 2 [35] Iwaki T. Breeding andsettlement of Chthamalus
H SRR} i, 2006 ,25(4) :359 -372. ] challengeri Hoek on the southern coast of Hokkaido
[26] Liao Y B,Zeng J N, Chen Q Z, et al. Macrobenthos [J]. Bulletin of the Faculty of Fisheries Hokkaido
community patterns in the intertidal zone of the University ,1975,1(26) :1 - 10.
Shengsi archipelago in spring and autumn[ J]. Acta [36] Chan B K K. Ecology and biodiversity of rocky
Zoological Sinica,2007,53(6) ;1000 - 1010. [ 5 — intertidal barnacles along a latitudinal gradient;
P, UL R4, 55 R i & A [R) DS 5T 3 1] 7 Japan, Taiwan and Hong Kong [ C]. Kobe: The
HFEKERBER Y W BEEAE R . shi 24k, 2007, NaGISA World Congress,2006.
53(6) :1000 - 1010. ] [37] Apolingrio M. Temporal variations in community
[27] Fu J P. The ecological study on macrobenthos in the structure in and around intertidal barnacle
rocky zone of islands in Zhejiang [ D ]. Qingdao: ( Chthamalus Challengeri Hoek ) patches on a plebby
Ocean University of China,2010.16 —40. [ f}{&F. shore in Japan [ J]. Revista Brasileira de Biologia,
WL B A X R BUR AR AR W AR SR & 1999,59(1) :43 -53.
o [ W K2 ,2010:16 —40. | [38] Huang Z G,Lin M. Marine species diversity in China
[28] XuelJZ,Wang B Q, Zhuang H, er al. Community [M]. Beijing: Ocean Press,2012:62 - 94. [ & 5= [,
structure and diversity of fouling organisms in VN Sl ES R/ U A = o s WP s = ol
Yangshan Port[ J]. Science and Technology Review, 2012:62 -94. |
2011,29(3):66 —70. [ BE R 18, T 5 0, o Ue, 5. [39] Cai R X. Survey report f marine biological resources
VLV R Sk ¥ 0 AR 1 0 B T A5 R N 2 PR AT in islands of Zhejiang Province [ M |. Hangzhou,
B S ,2011,29(3) .66 —70. | Zhejiang Aquatic Bureau,1993.72 - 106. [ 2111 & .
[29] Wang B Q,Tian H, Xue J Z, et al. Annual variation WiVL AR V6 5 Ve VR AR W) VR PR A . MU WL

of water environment at the sea area of Yangshan

K= R ,1993:72 - 106. ]

http : // www. scxuebao. cn



1054 Ko7 OF IR 38 %

[40] Hebert P D, Ratnasingham S, De Waard J R. Zhejiang sea area I. breed, settlement and growth
Barcodinganimal life: cytochrome C oxidase subunit [J]. Acta Oceanologica Sinica: Chinese version,
1 divergences among closely related species [ J]. 1987,9(1):93 —103. [ BEE oF, T %, 2 £ . 5T
Proceedings of the Royal Society of London. Series 198 X H A A% e A A A5 A AR R L.
B: Biological Sciences, 2003, 270 ( Suppl 1): B A S K. TR TP OO, 1987,9(1)
S96 - S99. 93 -103. ]

[41] Luckens P A. The breeding and settlement of [43] Bishop M W. Establishment of animmigrant barnacle
Chthamalus Challengeri Hoek at asamushi during in British coastal waters [ J ]. Nature, 1947, 159
1967[J]. The Bulletin of Marine Biology Station of (501) :427 - 444.

Asamushi,1968,1:13 -21. [44] Hastings A, Botsford L W. Comparing designs of

[42] Chen G J,Dong Y M, Cai R X. Biological study of marine reserves for fisheries and for biodiversity[ J].
Tetraclita japonica and T. squamosa squamasa in Ecological Applications,2003,13(spl) :65 —70.

The invasion and its impact for the spread of Chthamalus challengeri in
Zhoushan sea area

LIU Yan, WU Huixian, XUE Junzeng "
(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,

Shanghai Ocean University ,Ministry of Education ,Shanghai 201306, China)

Abstract: To prevent and control the invasion of non-indigenous species, meanwhile, to protect ecological
security and biological resources in Zhoushan sea area, we set up 11 sampling sites to investigate the
biodiversity of intertidal organisms in 2010 and 2012 ,respectively. The study collected a species of barnacle
in Yangshan deep water port for the first time in 2010. This species has a rhombic aperture , porominent joint
ridge and membranous basis. We could accurately identify the species as Chthamalus challengeri by its four
teeth of mandible, legible incision of maxillule and quadrate sheet cirrus. The genetic distances and
population genetic structure of C. challengeri were investigated using mitochondrial cytochrome C oxidase
subunit I (CO I ) gene sequences. The population genetic distance of samples collected from Zhoushan sea
area and CO | sequences downloaded from NCBI is 0. 994% , which shows a great possibility for the new
species from Zhoushan sea area to be the species of C. challengeri. The result of Neighbor-Joining tree
showed the same verdict with population genetic distance result, which provides corroborative evidence for
the identification of the new species from Zhoushan sea area. The results of ecology survey showed that C.
challeneri were collected in minority area of Zhoushan from Yangshan deep water port, Shengsi, Qushan,
Daishan and Zhujiajian,and the density of it ranged from (6 +2)to (28 = 11)ind. /m’. In 2012, we could
collect it from all the sampling sites of Zhoushan archipelago, the densities for the 6 sampling sites which had
collected C. challengeri in 2010 ranged from (55 +8)to(39 533 +6 243 )ind. /m’ in 2012. The densities of
other 5 sampling sites ranged from (16 +4)to(20 000 +4 000)ind. /m’. This study elaborates the research
status of C. challangeri as a non-indigenous species in Zhoushan sea area from various angles of its
biological characteristics, population historic distribution area,introduced geschichte and spread status.

Key words: Chthamalus challengeri; non-indigenous species; invade; Yangshan deep water port;
Zhoushan sea area
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Plate The morphological characteristics for C. challengeri

1. population; 2. individual; 3. terga and scuta( a;scuta external; b.scuta internal; c:terga external; d.terga internal) ; 4. mandible; 5.

maxillule; 6. cirrus; 1,2,3 scale bar 5 mm; 4,5,6 scale bar 200 pm)
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