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Bk P gAY BT RS
; 1,3,450 & )y 1,2,3,40
ZHIE VOBV E :
(1. HEBEREEIIRR LR HE 266071; 2. HERERE SIS TEELE Y E SR
AR FE 266071; 3. HEBFEEBFERBFERRSL WHR HE 266071
4. FREHFRESERAGAERLRREEEAY A SEDHEARDRIRE IR FHE 266071
5. MEBHEEBERFE dL 100049; 6. KEB R ARAR IT KiE  116045)

fE 20194 10 A T4, 74 K& T4 ¥(Undaria pinnatifida)i# < X @A 2%, < RK@R
FAHF 1536 ', AFRALNGEEMBAFLT, BT 2 EHAKEH = (Caprela
danilevskii Czerniavski, 1868) 4 X% th & #T & J& (Caprella spp.) st 47 & & £ K $ 5., L4 =% Li5#H
TR EAE K FAE A b, 314 R B 4B 2 H X i 2 48 3 (Sargassum fusiforme) 3 78 3 | 1l %
Hi [X 8 # /7 ¥ (Gracilaria lemaneaformis) 7= 78 b 3 ik 7 B A 47 2k , T 3 B b 3 7= 78 0 X AT ok 3 %
FAT R FEWNTEY RN, A RIS T AL & IE 3 4R % (Sargassum horneri) 7 MR B
FRAFPRENER, HEABRTHRER —BRXXER NI REZF B HN S FHME, &7
HVOH R A% (NHHCO;, B “mE” FMEN R “BRP W R EFERAREL, 4%
Wk, RAAEAFRARMEELEKNFNEATE, KA NrHIE T LK DNA 4/ & & £ 5
THEITICONEFRRBMETZALBENHNRAALEN. FINMER, ZCOTHEERFEKE
K 479 bp, AT & E N 63%, #%/HHmEE RMEN 1130, FH R K LKL BIFANNL; %
535 B 7 341E % 0.231(0.210~0.279), Fk A 3% % B8 % F341H % 0.014(0~0.030), AFF K £ W, &bk
CO/HEAFMAAETNE RELE, MAKRT. R GFEER, EATEFERBNHM RG], HF
HFRFZAT B DNA A A FEAREE T Hal,

KEIR  BEWHE; KA FHEY; Fd ZRECOTHR

hESES S968.42+3  CEAFRIREE A XEHES  2095-9869(2021)04-0145-13

¥y 32 (Undaria pinnatifida) 2 76 W7 91 [ % % 0L i PRI AR B ML AR P B Iz R, R S B e
RAIE W . EFRE, WA R E N O A= f et JLP- 280 0 H A, ARG T 5 IR Az

* W BERFAO AR AL AR R | E R (2015BAD13B05) . A4 %8 112 & R &
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2 R 42 4%

Wil s &, I 10 4%, W= EAKET, Hii
AR SR 50%. ARG 2019 4F [ ML 5t
THESEARIE, W TEFE R 115,725 ¢, HRES
PR 65.9% , 2T B S84 75 — KA (Rl AR AT
BB 6 B B S, 2019).0

T0 7 A8 % T AR T 1 DX B, Vi R 8 41 ¥
BORTREA Y 2 A S R M 1SR
T 25T WMEMKX, MR EAEG T IR X
(Shan et al, 2016; VFZF4E, 2015), H:4FE 10 H 4],
W R N T F MY I 6 i i -8 7= 0 Bk A
T EFRFEM B, 201948 11 H 1 H, EEFEEERER
RAELEA RIS, M TS W IR 8 0 AR A 2%
IR AR R, FB IR X A2 U, AR AR
AL AT, HFRFE Gt 1 % 30K &1 i sh 4
R,

I sh#)1] (Arthropoda)H i) %iii /&£ H (Amphipoda)
AWl T i (Caprella spp.) . #4445 (Ampithoe spp.)
SEY R SRR TR LA TS BUE Y, 2019 AEZRTR
L5 45 A 0 % e O, DX ) A 2 3 B 3 B ™ 5 )
MARGE . RE SRS . KR RV Tk
T 7K 7GR ) TR R J (B S AR, 2019; MR,
2019; BAWEM AR, 2015), FRIHAERIREL IE KA B R
b, SRR AR FIH B (Sargassum  hor neri) 4 i 55

A 25 9 TR 3R I 1A O R AR i B T Y 48 B
% (Gonzalez et al, 2011; Fi0H, 2018; E J55, 2018),
T LR Y SRR A O T I 5 1 AT A A Pk K o AT
I 2 GO IR S R A, R UERE IR AEA
SEYSTE R T AW T B, IRGEE U K Y 28
JEPR IR R ) P R

1 MH5ETE
11 AERARERER

H A2 G XA AL T8 KGRI X, S5
FLBEST 3 ARG, AR AN 1 BT o AT XA
BTSN, 2 A SRAE LA < 52 9 7™ [ 37 H — BA
X5 5 = BAAARG 20 m Ml A 22 % 1 3R 5E A IX
TERE B IR 5 — B\ 3 km A9 55 4 11 IR AC 37 K 1 37 E —
BAIEE X 1 ST 56 3 A SRAFE A

IR FRFH = A2 KAR A S 3E 16,000 48, 32K H
ik 15.36 hm?,

FRIE = BB A R I N R 2019 4F 10 A
25~27 Hy WIREIE AR e R Bty 10 A
28 H; 2 11 H 1 HARIEF G Caa2miit, [
P FFER AR B AN AR 11 H 4 H 34k b
FPRR S TR S IE 3

N
38°48' F ol N
Huangjinshan A
38°46' - Bohai Sea A &
Huanghai Sea
HXF mm 5550 —PBA Team 1
Bailanzi o F58 — B\ Team 2 L% Shandong
1 km O #FA=BA Team 3
38°45' b — . .
121°16' 121°19" E
K1 SRFESS R A
Fig.1 Location of sampling stations
12 PEHZE 2, AR PR R A R AR B Y AR ) LA

2019 4F 11 H 2 H—5 H, FEBEALI 3 AbRAFEu
SHETT VS 30 A W I SR A I R A, TR T A FR AR
WORHZ FEIGOL, ICRAEFRA . KAHS ., AER
BE, a5 B AE M o B SR A B HLE I 3 4k
R, KB S om MY 4E LR E G BT A 3 bR AR
IR o QR £ e 11 W 0 P S (TN 138311 w7
E B X SR B 0 16 AR AR AT 0] 52 56 5 R AT R 0
BRIy o U A R AR FH ]9 L A Sl A

JEO Hiem<it#i<i H/em), FEA H/iem<ilfi<s
H/em)FIEE B (HHE>5 H/em)id 5%, 0Lt <+ +7,
“H RS RIR
1.3 HMEEYWERMAIRRM CO I ERKY i

M TE Y 525 W BT A 2 AT HURBEREAC T,
B ELA Y B AR 0 RBP4 2 %08 FRAE AN I
AR 12 1, SR S 212U R 20 DNA $2 L
A& (R AR A BRA R, dt a0 4 Bk R 4
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DNA., i HZEZFHRE L H CO THNY M5 Y
(Cabezas et al, 2013)%} [-3& DNA 43547 PCR 9" 4 .
RSG5 5h Cp_CO [F2 (5-GGAGATGAYCA
AATTTATAATG-3")Fl1 Cp_CO /R1 (5'-AATATAYACT
TCTGGRTGACC-3"), f#i ffl TaKaRa Ex Taqg DNA R &
(% H BEAEYEARGRA ), Jb50)#4T PCR

94 CHIALME: 3 min; 94°C7AEM: 455, 48°CiRk 30s, 72°C
FEAR 1 min, JEFF 40 ¥K; )5, 72°CHEAH 7 min, PCR
7 25 By R W G FEL VKA DU A AN B3 T L K
R A A BRI A W B AR BR 2 m R4 T I )T o

14 NEHELEERFLZEIN

f# FIMEGA-X (Kumar et al, 2018)%75 5 (1 )£ 51
HATRGE, THR.CO 1R F Bo iy i 5 5t . ol i) 11
P Kimura2-paramterisi {4 5 25 | £R<F 4 55 (conserved
sites, C). 28 5EA i (variable sites, V). 18 2915 B 75
(parsimony informative sites, Pi)HIHL2E75( 55 (singleton
sites, S), JMATHMAEA LS R A, BRI CO [
N 7ENCBI |3 52 BLAST (Johnson et al, 2008)
HEAT [V PR L 430, DA 2R 1) (1% 22 A1 & A [ i e
I3 R R PR e 2 4 B IR P 4 T 3k, R R
£ % Caprella acanthiferafiiCaprella linearis&7E N HY
3625791, (i FHMEGA- X3 F#EAT 2 8 Xt 43 i T
TARIE o 1% B e 51 1) d5 A B 2 2 4 A5 A i 1]
jModelTest (Darriba et al, 2012)iE 71155 . BE£E 2 AT H
& Bk (Caprelloidea) ¥y Dulichia falcatalE b oM,
D132 14 MrBayes 3.1.2 (Huelsenbeck et al, 2001)
BAFMERGE K EN . WP FRCO [ 3EH P 1%
% GenBank (https://www. ncbi.nlm.nih.gov/).

2 RS9

21 FHEEEETRIE

w4 I FRFH 8 A% T ok H R = ol A R
A E A SRR “KR” (LT RFR cultivarl),
T 2019 4F 10 H 24 H AR5 — BAFIF75 — BATE 4%
FUME S AT F2 00 o [RIBEI, SR 5E — BA3Z KA 5 v A
KALEOMERENYE, fh BE 157 CLTH
FR HB 1) A FAP R A7 5 i P (LT B FR cultivar2).,
R R e aMEm 2R LTSI T
TSR, 2019 4E 10 H 24 H, HBI FI¥%43 cultivar2
WSS SR = BN, FEl4x HB1 2241555 —BA .

22 MFPELER
FRIH— A (B4 10) . HB1 F 10 A 24 H¥&H,

ARRES R, ARMBEIE; cultivar2 F25E XA
WRIEREK, REET HBL; 2 IR X 48 IR
FER BTt SEEE N 5.8 Hiem, i%3%
B 1 DX SR GRS R B I

FEHH AR (M1, T): cultivarl F 10 A 25 H
JH, AR RAF; W S 4 b R & 3 R By
WAETE, BN 6.0 H/om, JEIF4R B [FIAE & BLR
w sy, YRR 6.0 H/em,

FEH = BN (K T) . HB1 325X, FHR 55250
4g FAYAE /D& 10 H 25 H R S/ M AAE 4 K
(<30%), MAR%EK(8~10 cm); cultivar2 FE5H X K1 4
TR s 2 AN FRAEIX SR A bk PO RS R
£, SEXHEN 8.0 Hiom, TEFRFH X K AL
TR A SRR SR AR b, BN R IR s
SR RE R 9.6 H/ems,

3 4ob 9 A TS AR T 4R B/ 1 RS R 4R
ARG, HRIEW A KSR, B
SEHT R AR R B R S R R A KA

23 HELEYMERBERE

AR LRAGRA 663 4>, Hid, fE—FA. —
BARIT = BA SR 5 i 248 v o3 2R 4 139 60 11290 4>, —
A = DA PR A b A iR A 131 #0143 A, )R
2 H 3B 12 P (fE SRk SR, 2016), Hirp 7 Rl % 5 2 R
43 5k P G AT i (Caprella danilevskii Czerniavski,
1868) . 2R%f 4 ¥T Hi (Caprella penantis Leach, 1814).
Z i 2 ¥ H (Caprella acanthogaster Mayer, 1890).,
i FF H (Caprella equilibra Say, 1818), 1A T 1
(Caprella scaura Templeton, 1836) . & H: ¥ & I
(Ampithoe valida) 1 ¥ £ it £ #F (Jassa marmorata
Holmes, 1905); 1 fi % ESjEg, &+ di—F(Caprella
sp.1); A 4 Fh A ERIR), Hor, #94FFH(Gammaridae)
3 Ffr, F/k @Rk (Sphaeromatidae) 1 Fh, I UCRAEIFR
A, HKECH % R H (Isopoda), HAx#)h i & H
(Amphipoda), ZFT g Y W i il 2 R o

RS E BN R D TE PSR B I DX R T
PSRRI E A 1R, APHIREAT R R AR
3, SRR AREE AT (TR =R SET)  #&
FF R —Fp (T B R AR G ) | B R R (T R
—BN . ZBCRES T Hof i FE R R AEGR 1),
SLYRE BRI LI, T MRE AR AT S M — R
VISR HAT IE B W A K™ O BEFE , HEWT DL PR FT
B AR B 22 4T B 3 ) 2 R AR RT3 AU
WHERNFEERN
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K2 AT dUm i AU
Fig.2 Microscopic pictures of Caprella spp.

a: PHREM G b REEMNA; o ZREML; 40 KBEHL; o FHEMR; £ 2R —F
a: C. danilevskii Czerniavski, 1868; b: C. penantis Leach, 1814; c: C. acanthogaster Mayer, 1890;
d: C. equilibra Say, 1818; e: C. scaura Templeton, 1836; f: Caprella sp.1

F1 UTHEFRFAERXREATRENEZR

Tab.1 List of fouling organisms of sampling sites in the U. pinnatifida farms, Liaoning Province, China

5 ik Fea—g g MR gy R
. Floating S. horneri Floating S. horneri
No. Species Team 1 Team 2 . Team3 .
in Team 2 in Team 3
1 ﬂﬁeiﬁi,_ . . ++ + + 4+ +++ +4++
C. danilevskii Czerniavski, 1868
, R i . N + - -
C. penantis Leach, 1814
y SMERT . . B . .
C. acanthogaster Mayer, 1890
,  KEE ) ) ) ) .
C. equilibra Say, 1818
s TR B B B . B
C. scaura Templeton, 1836
6 EFFH—7F Caprellasp.1 - - ++ - ++
7 AT A valida - - + + +
8 HLANEHF J. marmorata Holmes, 1905 ++ ++ - + -
9  #J¥F 1 Gammaridae sp.1 - + - + -
10 #J%F 2 Gammaridae sp.2 + - - - -
11 %4J¥F 3 Gammaridae sp.3 + - - - -
12 HAKE—M Sphaeromatidae sp.1 + + - - -

W — RMER; +: BIEO R/iem<itfi<1 H/em); ++: FEA R/iem<it<5 H/em); +++: EE G5 H/em)
Note: —: Absent; +: Mild (0 < count number < 1 ind./cm); + +: Moderate (1 <count number<5 ind./cm); + + +: Severe
(count number > 5 ind./cm)
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2.4 ZF BB SRR

AT FE R £ 1 22 FF Ho J& ) T b A 32 28 8 300 R Ak
R

FHCEAT R G ARAK, MEERK TR 17 mm D
b, MEPERKATEE 10 mm DL b, REFEARR R E R
WL R, T RE M, BOAKIE ., 4 5~7
b JE ST A AT (& 3a), MEPERESRIA &, HES 2
8 /2 F5 5 %5 45 (Guerra-Garcia et al, 2002, 2004),

IR AZFF B AR, HEVEARCTTES 11 mm D)
T MEHEARK TS 6 mm DAL, SREEFEA R IR €0 25
LU ARG LL B Sk H T v AL B A 0
fio 55 1 RAARIOEE 1. 565 2 TRRAN(MEESS 1| Al FAw
MUE5 1 A IHROHDIE) . 5 2 SRR S IR T
Sito B 3. A 4 MO > Kk (18] 3e). HEEEBRIE
TS SEA o 275 5~T7 g A2 515 AN, I T 30 i
TE 4 BRI N 3 A i & P (Cabezas et al, 2013;
Guerra-Garcia et al, 2004, 2006; Masunari €t al, 2006;
Rueckert et al, 2011),

Z AT R EREA DA 6 B 2L 80R B,
R 2 B AL A . HEPESS L. 22

AT o B, 2N 2 R AR . 2T
=5 EATVR 22 /N, 5 5~ T A T A T R (813D
K3d). SEEAEIIE . 2 WA AT dU2 3R [ T 8 SR AR
LRSI AE Y 5 % 4, 2013; BRERAE, 2014),

KHAAT B G RY, HEMEARKTTIA 12 mm DL
b, MEMEAK TR 7 mm DAL, CRIEREA B R S
WRLEY, WA RO . AT AR BEEES
1o 55 2 Mt 5 2 i I ss 2 B 2 A —
AN G AR 2 (P Be), 5 2 B R FEFR AT IR 45
A 1AVNMA 5 2 SRR 1A, Y 5E
Ko SNKIIE . 5 5~7 M2EWAH 2 XA
(Guerra-Garcia et al, 2004),

AT AR A, SKETRA 1 N IRBLA
o BONRKIRIE . 5 5~7 M 2 535 A I ek
LA 1 H(Guerra-Garcia et al, 2004).

FF R — PR TR 11 mm DLE, A
KAIA 5 mm LA B, (R0 S0 (0 0R 86 57 W HA
ALLOBIGLL OB A W56 o MEPESS 2 62 25
HATNIE, A SRMGOA], AL T AR S
(11 3. TEf B B R A, B R TR IR A AR AL
M P 2 2SR R 4 E B B R

3 JLFP A R B SRR
Fig.3 Morphological features of Caprella spp.

a: PHREMIAG; by d: ZBEEFRG o REEMHL; o FHEMR,; . ZFFR—F
a: C. danilevskii Czerniavski, 1868; b, d: C. acanthogaster Mayer, 1890;
c: C. penantis Leach, 1814; e: C. scaura Templeton, 1836; f: Caprella sp.1

25 CO/ERARKIHH
DL 12 B AL 20 DNA A, 40 kAT

CO [ BBy 3, BB J5 P 5IH B2 Ry 479 bp, BLAST
FEXPUE S 2Rk CO T HEH . A I 2] e 2 B4 A



150 ook B

2 R 42 4%

B, BSOS IE 300 4, ARSFA S 179 4, fii 2
7 BALE AL 136 A4, B Mt 43 A, K msHET
YI& 0 T(38%). C(19%). A(25%)F1 G(18%).

12 HZFFH CO 7 H I B 3L 0145 6 [sv/(si+sv)]
H 46.914%, K THA R [si/(si+sv)] (53.086%), Fik/
i A% R {HA 1.130, FEMFEHLL TC N E
(66.667%), AG [B[FEHR 33.333%,, Hifh £ 2 kA4
1E TA [0](57.895%), TG. CA F1 CG 4355 Biffe B4k
) 18.421%. 18.421%71 5.263% (3 2).

2.6 FEIFNFHA R IEEX R

FF Kimura2-parameter £ 553471 12 H 221 9
CO [ A, TH5R0 E) S A g s A5 1 5, 45 2 W3R 3,
H2e 3 ATAL, FhEls & s E 4 0.231, Hrf,
FPHGEFF B 5K B AT RGBS i/, o 0.210;
RENAT B G T B —Fp st L BE B i K, R 0.279,
Pl AL B (H R 0.014, AT 0~0.030 Z [,

27 BRZEXRENH

KU BI AT CO N (3 ) R Gk
B, RGE RSBl R R S AT AL GTRAI+
G, R MK 4 R, ZTRE AR R R —3,
54N IT, IRk 2 K32, %5 1 X Caprella
acanthifera #11 C. linearis B & 1 1~ 80, HAaWFhH
B 2 AT RGO B AW 3 AR
RMCERPHRE AT R h—3Z, Caprella danilevskii
MK7642641 5 C. verrucosa 4l , BHhN—3,
Caprella danilevskii KX2240021 5l —37, —H H A
GHIARE . GenBank WGRIIRE A IR —L, A
TR RGA T R ATF, HIZHPRER 0900, £
AP RS C. mutica SRR, BhN—H. %
FE—FP RN —3, M T REMAEERS . B LiRYAh
Ab, HARSCRRAERE T R IS5 NCBI K2 21114 [H]
Fh AT RN —3, HI R =087,

Fz2 ENHEWMM COTERFRBERESH
Tab.2 Base substitution in CO / genes of Caprella spp.

5—-—:4 AV Y 24 %
&ﬁ%¥{¥‘w‘ i si sV R TT TC TA TG CC CA CG AA AG GG BH

Codon site Total

SZ AT I 3%

PR 398 43 38 1.13 153 28 22 7 71 7 2 99 14 74 479
Average frequency

o Ve

A 145 13 2 &1 3 10 0 0 24 0 0 47 2 43 160
The first position

e s e

A2fd gsg 1 074 73 1 0 0 39 0 0 18 0 28 160
The second position

il LS

43 i 29 35 0.81 49 17 21 7 9 6 2 34 11 4 159

The third position

W il: —BUFH; si: FEWE sve EIE; R: sifsvy; TT: —EWHIET; TC. TCIEH#H; TA. TAREi#H; TG:

TGlaEEi#; CC: —FIHILC; CA: CAEIH; CG: CGHEiH; AA: —FIEA; AG: AGHEH:; GG:

—HAEG

Note: ii: Identical pairs; si: Transition; sv: Transversion; R: si/sv; TT: Identical base T; TC: TC transition; TA: TA transversion;
TG: TG transversion; CC: Identical base C; CA: CA transversion; CG: CG transversion; AA: Identical base A; AG: AG transition;

GG: Identical base G

*3 EATHEDFEIFEFFASEEES
Tab.3 The interspecific and intraspecific genetic distance of the CO / gene in Caprella spp.

FHEAFFR ZFF R KB AR demigirn PRI

)

Sfifipes C. danilevskii  C. sp.1 C. equilibra C.scaura C. penantis Intrasg?:tifscienetic
FHEE R C. danilevskii 0.013
FFFH—F C.sp.1 0.232 0.000
KHZEFF R C. equilibra 0.210 0.212 0.020
HHEHZTH C. scaura 0.227 0.242 0.226 n/c
REFAEFTH  C. penantis 0.228 0.279 0.259 0.235 n/c
ZJAZ AT H C. acanthogaster 0.246 0.218 0.266 0.212 0.269 n/c
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RIS F LY & RS F T

x4 AKMRREFBHFT
Tab.4 List of sequences obtained in this study

YFh Species

B4 1D of specimen

# M5 GenBank accession number

LFEFFH  C. acanthogaster

FHEZ AT C. danilevskii

KIMAEZF R C. equilibra

REFEFI C. penantis
FHFd C. scaura
H—#®p Caprellasp.1

DLCA7 MT151835
DLCD2(Team3-1) MT151836
DLCD3(Team2-1) MT151837
DLCD13(Teaml-1) MT151838
DLCD16(Team3-2) MT151839
DLCE11(1) MT151840
DLCE22(2) MT151841
DLCE23(3) MT151842
DLCPI8 MT151843
DLCS31 MT151844
DLCSP10(1) MT151845
DLCSP21(2) MT151846

3 itig
31 ENHEEMAESEHAR

¥ HUJE (Caprella)sfJ& 15 a1 1(Arthropoda) |
FHSEV [ ] (Crustacea) . %X H 44(Malacostraca), BEHF &
H (Peracarida) . i /£ H (Amphipoda) . 7 T 51 & Bl
(Caprelloidea), 7EHRE N 2°C~28°C . FHhEET 19 HYIF
B AR, R KSR AR A, DL
BRI AR, A W NS AR . AT
Zh o, AEFE R (— AT BN 4~6 R, Py
[EfF 20 d), AeELet CBaE . AR & &I E—i
K 5~8 d, MEEEARE] N 15~20 d (FF 14°C~18°C 715 [l
W, R Bk U [a] B IR B T 4R ) . A2 TR
T R B Il B T R A N, MR T 18°C R,
R R BRI R R, TEIRE N 14 C~20°C Ny
ﬁﬁ%ﬂ@%@%(Takeuchi etal, 1991; £ #E(F, 2014),

FAT I 5 PRI 2 (W AE 7026 e 55 1 P G 2R
AR, WA 7K SR B R ) AN W 3 B it Tk Ak
MIVAR &, KR B SRR, FRE A H AR
B A AR A58 18 B [ i B B TR o A i S5 TR g o
VE RGN RGN AL, R 2R B3
B2 W B — 2, RT3 i /2 H Sh 34 T A7 5
MRS BT, [T, Je A b 0 B AE A= W0 75 (epiphyte)
W o AR TR B i 2 2SS i AR
FIE AT 53 8 14 7 Vi 35 2 T PGS0 , s B A4 A A %of
OGN R R R TE g, DT A2 aE R B B Y AR K
(Brawley et al, 1987; Duffy, 1990; #HrpK, 2008), Xf
i AC 5 A A AR B 0 E Ak B, 48 & filh (Sebastiscus
marmoratus). Ik ffi(Agrammus agrammus), ik
¢k i (Hexagrammos otakii) % LA ¥ #L  E & Bk &

P £ 2502 22 AT BUAE B AR A R i R UL R (T BIL A,
2012), VHIGFRGE KRB — 10 F5 B A 0T AR B I
A ST T — B REIR, R4n T 255
FNF HORFL I A A7 25 (1]

¥ H HEAE (2015) 76X 4 £ 3 1 g el 78 3 45 A=
YA b R, AT O WO R S AR T
JE A 0 SRR A ALY A5 o 754 MR AN T U R 3=
WEFEH, FURRRE [l R -5 R AL g e fe o el v R AE
SRR, AT RS E R R 5 TR T o
i, ZEENGEEHZENAAAAEZES, U
M 3 DA KT A S FONE B 3 BT SOE 3 R R, i 42
T A DN 32 DR R i S A A LA 235 BT (X 45 R 4
2018), WFFERM, BEEIUFFIZE KT BB B W4 il
R E I A A K (ROBTER, 2008); Brawley 5
(1987)FE T 551y 17 T A M e SR B 5 vh o | AR 2%
¥ Ht (Caprella irregularis) F1 & [% ¥ £ 4F (Ampithoe
lacertosa), HIF5E A, — 3 REAT Ml BiE A A e VT
& (Gracilaria asiatica) My REERK . mdk, mE
T . B AR SRR AR T, W R R AR R AR
i S TR ¥ A B v A5 B O AR AR AR AR

SR, i AR A ) — B S s AT B B
AR, WaKEWEEE BEE, XK
PERREIRCRFTIR, 2008), 2012 FH Z, FEILZRRAL
Z IV Jp 3% (Gracilaria lemaneaformis)F5i X, £
T 22 AT B AV B AE R SR AS 4% T g & e sk, il
eI A K, 55 i B KA R (BRI AR,
2014), 7 FF HURSEEA R 2 KO 5 2 38 40 1 16 X B 3 1)
FEEE, ENSEE R, Y8R K2 A
Y ERE, A ARER, CEMNEESHAT
BRI . ZAF MR T EE R, HHKR
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Fig.4 Phylogenetic trees of Caprella spp. based on CO / sequences

AR =07 BEAREED S L, BEROOPRIC A DETER R

W, RZEFFRIRAHE S, R KR, KRG 5 5
H (PRI, 2008).

Ashton 55 (2010)0F5E R W, N T HE/K FRIH Bt

Bootstrap support =0.7 for branches is indicated, and stars (% ) mark the collected samples
T R 2 RCE A, WIRR AR E AR, N
AR GRS, 2012). FHiK(Sargassum fusiforme)j
Sk 5 BRI R SR BES , A5 WSSO Ak B
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P2 — 5 AT Hpy Ko B0 25 5 i 5 0 M A il K 5
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WLEL BN ZEAT 0, HAE— o 25 B3 Rl 2> S s 2 f AR
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2008), EHEARRHERKA, KX M IEH 57
B i LG, SR AR AR T SR SR L ) 2 R R
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MAYIME , eGSR F TS R UE B 1 LK H
FFr L, ISR 0.002%., AT R TEIKEE S5,
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W, RPN I — R RS B, ERE T
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AT A, AR B B A 3k 1 AR T S B R
AR IE B 3T #4(Su et al, 2018), HEMIH K S8k
S 22T MR 8 FR TR e B TR

32 SHHRFRANMEE

RIS, 2019410 H25 H—11 H 1 H,
SERKIHRN 16.37°C, HeEKiEA 17.24°C(10 A 25 H,
11:49:05), FfK/KIEH 15.61°C(2019 4E 11 A 1 H,
19:52:01); 2018 4F R, SFX/KIEN 15.77°C, fm
KRN 16.60°C (2018 4E 10 H 25 H, 15:23:11), &/
KR K 14.93°C (2018 4 10 H 31 H, 03:25:23), /K
IR G R RS 2019 4E/K IR 8 & T 4R
HLWG 22 A e . B Y e AR K R R (B EE A,
2014),
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B 70%)F cultivar2 (3% HLB 100%)¥452 9 ™ &, [H

b, 8 AR YR LI R 2 AT HOR JEAS 2 i L B
(), TRA B AAE TR T = AFRFIEIX, IR
i R AT B RS TR R B kIR . H
I, #7 SEPL L R 1 B 45 o TR SR K,
2% FT 5L (18 5 X AR A K (R R AT S5 A /N, TR
] R BT L RE 5SS 5 A KR AR — KR,
VR A A R R R A DR S R L R T

TN = BAIRAE M X, AHFR 20 m, HAAERL
(7K SO, (H LR I A 3Z B R IS MR, A A 4n
T o T HUAR B UK RE T 5, T A B A S T
PR TEATALHE (s X4, 2019), 11 i 5 & —Fb B
AEMAMIER TR, T BAFRF T A2 & Wit
EATE IR, — e R BT T 2 AT R 1L %
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25 TR R TR A N 2 A PR T
AR ETE R BT, i RS T H A TR S TR B
HURR, AP HRIF R R AR, RERBURK ER
poda ot
33 ZITHMBR

T T 0 T PR 2, AR VB 32 9 vh % DL I A
fE, BABR. B, ST SR IR ST
RAEERPE U E KT TR AT R, e s B 1k
FH, RS EIE = RUR o Bk IR VRN BB A AR
T A 2 AT BUA AR SR 2Pk REPEAE T ZE 0B ] A AR
o R L 75 SR B kR & & TR IR 3R
ZRAE R PIBR . AR S AR IEN 7.360 g/L
PR YRR T &M IE N 37.720 mg/L), IRILHF[E] K
5min, AKX FTH 100% 09 EIE RN (BB AR,
2014),

WA R SR ] DR S AR (ki R,
2001)F it AE 7 i, i T A el e T R i A /N L)
SRS, HE TR b, BB A R B RRTE
I, BRI G R 48 5% B 75 2L — 2P I SR oY

34 EFCO/EAMENRRAZLFNN

AW 1G22 AT R 6 NP Fh kiR CO 7
FHHFH], GCHHMEARTATS i, RIHXTATS
S RAL, ULIHIZT RS AE e I B w1 P, FF A
Jii A W R R A L DR ZH AT B R Y A R
(Beard et al, 1993), Bl FLH /& DNAJTF 8 2 1 iE ik
7k, e A A R S 5 A Y B S B
(EPEAE, 2017). 40 Fn AR 6 0 Bl AL 1 R (R 4R E AN
Wk ik, Sl o TR, RIEARK R, 245
Z SRR F KA, RfE#/N(DeSalle et al, 1987), A1



154 ook B

2 R 42 4%

i, CO JHNMIRIE M 1.130, i T Holmquist:
(1983)48 H 1 R G2 0 BT 19 I A(EL0.400, FHCO /
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AR AT A2 FF U AP ] 25 2 (Hebert et al, 2003b).

B TBUEM B RG R RIS SR, A
FERAE WP IR 2T HURE S AR G 3 Ry — 3, H 5 HAMh
b B b 18] 3 A4 BE B AE0.200A |, KT b Y HE B 1643
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SS~TH R E TR, RIS FriEa s, AN T
st IR Y I C. dilatatalkBUEE Ak, SEKT B,
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AMA, R B 2 00 T I v B R, (HT
HE A E 2 AN, HAETE TR g R b
(Guerra-Garcia, 2014; Guerra-Garcia et al, 2002, 2004 ,
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Phylogenetic Analysis of Algal Pests of the Economic Alga
Undaria pinnatifida in the Farming Region of Dalian

LI Xiaodong'****, ZENG Youwei'***, LENG Xiaofei’, ZHANG Mingfu®,
LI Xinzheng"***”, PANG Shaojun'?**"

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao, Shandong 266071, China; 2. CASKey Laboratory
of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, Shandong 266071, China;
3. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao, Shandong 266071, China; 4. Laboratory for
Marine Biology and Biotechnology, Pilot National Laboratory for Marine Science and Technology (Qingdao),
Qingdao, Shandong 266071, China; 5. University of Chinese Academy of Sciences, Beijing 100049, China;
6. Dalian Haibao Fishery Co., Ltd., Dalian, Liaoning 116045, China)

Abstract Dalian is the principal farming region for the economic alga Undaria pinnatifida,
producing 65% of the national annual biomass. In late October 2019, insect pests caused serious
damage to seedlings of U. pinnatifida in this region. We performed field investigation excursions and
analyzed pest samples through the sequencing of the mitochondrial CO / gene. The results showed
that explosive growth of Caprella danilevskii was the major cause. Caprella spp. are considered
common biofouling organisms that usually inhabit the surface of maricultural algae and maricultural
facilities, such as cultural rope and oyster nets. Steadily increasing seawater temperatures and the
drifting brown alga Sargassum horneri biomass also played a role in the explosion of the pests. To the
best of our knowledge, this is the first description of the morphological characteristics of different
Caprella spp. collected in the same area in China. Caprella spp. are commonly found on the surface
of cultured seaweed and marine aquaculture facilities, which has caused enormous losses to the
Sargassum fusiforme farming industry in Fujian Province and Gracilaria lemaneaformis farming
industry in Shandong Province for the past few years. We conclude with a proposal for dispersing or
killing Caprella species through a traditional ammonium bicarbonate fertilizer application method.
Sequence analysis revealed that these CO / gene fragments were 479 bp in length and showed an
obvious AT-skewness. The transition/transversion bias (1.130) was much higher than the critical
value (0.4), which could offer effective phylogenetic information. There was no insertion or deletion
that occurred in each fragment. The average inter-species genetic distance was 0.231 (0.210~0.279)
and the average intra-species genetic distance was 0.014 (0~0.030). The phylogenetic relationships
among Caprella species were represented. The results proved that the cloned CO / gene contains
rich information on gene variations. This gene is conserved in intra-species and is different among
species. It is a suitable DNA barcode for identifying species in the genus Caprella.
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