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8% : 1 2 ( Capitulum mitella Linnaeus ) 7E 3 & 320 TR O LIRS IR B 20 vh ity B0 B SR 2L S ARV R IO P R IX, R — B
HIRFawE I A R R AT Sl . BTITIREE (24.27.30.33°C) Ak 2 (28,31,34) X fa IR A & M4 BUAE K B RIS A, AT
NERHATEEHRMKIE. 4RI (1) :33C-28 RILFEH SRR T F RS 144h,27°C-28 JR1EBEH & AR XA 2R
R RS H NI F N E B B R AL R AR A R B E R, BESHEE MR EEAEE,
WRRG %8 Bl BRI R R &R 27°C 28, (2) :27°CH) 3 B4 \30°C-31 IR BEH & T0 14 it B e i . 7EIR] —3h %
AT LA 2T C R IE 3B A — BB AR R T AR BE 31 BO7P i B , o LA 27°C-31 iR A A WO AP R I s PTG R 1
FIFFIEZR 2 733 R53% 99.0% 90.7% , 27°C-28 27°C-31 REEH B ETRER , LSRRI HIA81.8% \73.7% . 34 FihHLI R
TGRSR REEENT . BEMRELY BEFERNESRERBEL N, EREAERR N EE, SZELT
4y BRFEEIT (] i RGO, 27°C-31 WELEA S R BAERR T HREH G K. BREMRRT T4 R 4E RN
AXHE R TR B R BUBAE A BT, X R ph f AR B B B BETEAS  S A TS SRR E B

REEW 02 REG B IR R F s 4 B A K 4 AR

Combined effects of temperature and salinity on embryonic development and

larval growth of Capitulum mitella

RAO Xiaozhen” , LIN Gang, ZHANG Diancai, CHEN Yinshan, XU Youqin
(College of Life, Key Laboratory of Developmental Biology and Neurobiology , Fujian Normal University, Fuzhou 350108, China)

Abstract: The stalked barnacle, Capitulum mitella, is a sessile pedunculate cirripede that inhabits the exposed rocky
intertidal frame, distributing south coast of the Changjiang Estuary in China. C. mitella is widely used as food in Fujian,
Zhejiang and Guangdong. Because of being highly valued fishery resource and its economic importance, C. mitella will be
a new breeding variety with considerable potential and market prospect. Temperature and salinity are known to regulate
embryonic development, growth, survival and duration of larvae in many marine invertebrates. The combined effects of
temperature and salinity on embryonic development and larval growth of C. mitella were investigated under controlled
laboratory conditions, which could provide insight into reference for culturing of C. mitella. Four temperature including 24,
27, 30°C and 33°C as well as three salinity including 28, 31 and 34 were selected. The results showed as follows. The
embryonic development time was the shortest (144h ) at 33°C-28, and the longest (216 h) at 24°C-34, 24°C-31 of
temperature and salinity. The embryonic hatching rate was the highest (100% ) at 27°C-28, the lowest (52.1% ) at
33%C-34 of temperature and salinity. Temperature, salinity and their interaction had significant affects on embryonic
hatching rate, but had not significant affects on embryonic development time. The optimum rearing condition of temperature
and salinity for embryonic development was 27°C -28. The fastest larval development ( Nauplius II to cypris stage) occurred
at 30°C-31 of temperature and salinity (7 days) and 27°C regardless of variation in salinity at this temperature (8 days).
Nauplius duration lasted 11 days at 24°C-34 and 33°C-34. Larval survival rate was higher at temperature 27°C for fixed

levels of salinity, at salinity 31 for fixed levels of temperature. The maximum survival rate 1 and survival rate 2 were

ESTH EEARH)T H AT H (2006N0066 )
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99.0% and 90. 7% respectively at 27°C-31 of temperature and salinity. Metamorphosis rate was higher at 27°C-28
(81.8% ), 27°C-31 (73.7% ) of temperature and salinity. When salinity was up to 34, larval survival rate and
metamorphosis rate were very low or even zero. The factors of temperature, salinity had significant affects on larval survival
rate and metamorphosis rate, with significant interaction between temperature and salinity on larval growth. Considering
total nauplius duration, survival and metamorphosis, the optimal combination of temperature and salinity for the larval
growth and development of C. mitella was at 27°C and 31. Larvae of C. mitella to salinity and temperature was more
sensitive than embryos. We assume that the different response to environmental factors between embryos and larvae of C.

mitella is attributed to its reproductive characteristic and habitat.

Key Words: Capitulum mitella ; temperature ; salinity; embryonic development; larval growth; larval metamorphosis

8, & ( Capitulum mitella Linnaeus 1758 ) 3K J& T 7 B3 %] ( Arthropoda) | Ff 72 44 ( Crustacea) . & JE T 44
( Cirripedia) 4% B ( Pedunculata) 3§ %; 7} ( Pollicipidae )  #1 J& J& ( Capitulum ) "' , B4 I {01 60 I T 75 44
FERE FZ M0 TR I A R R B2 ) R R B SR N R X, R T R i R 28,
A5 S AR FRANGE , AR &35, A BRATBORSE , & & B s E AN AIIE IR , B —Fh il B & R AT 50
WK . HETH S L E MR RERREX R, REREL TR, ALEFRAEMALE
Hi B SRFET ST

IR ERP MG TTE SRR EMERKNEERN T, AXRIR GREXNEER RPN E LT
B[R F43H7 , 4 Nasrolahi fy2hBERS Balanus improvisus 415t % & FAETE AR, Anil™*) [ 15 B Fnh BF % S0
T B. amphitrite %] B & F FAEIR M, LA K Lewis FIFFEEEFXF Pollicipes polymerus JRfR K& Fi4) H A K 1)
SN A (BT IR T X i v R S 2SI A 1 OB S5 8 /0, 4 Thiyagarajan 25 F 16 J&F A0k 8 % = £8
FETZ B. trigonus 4 R B AMMEEBKZEREM' , EP AT /KIR 8 WA T3 B A FI X & Eriocheir
sinensis JEIG % B WM o ASSCEERFSTIR B AR B IR 7 60 JE R ARG R AH BB B i e ™) B3R 1, F— 2
HONRE 53X HAR G & Mg fvA: KR E1EMA, U R AT E E iR ftHitE 3.
1 #R5FEZ%
1.1 #et

R SEART 2008 4E 5 H % 10 AR B8 A4 M T E L AR BUE I X . WA, WS E 3k
FHEFR AT AT ISR, Pk K B R BEAR XS — B0 7 R A AR D i bk s R B (o BN SR FE SR S S 1 P R
Stk , R 4 B G 2T M B SIE TR [ AT 4, EIR(24C—28C) T 12 h W I AR THI R TN
AT g, LA TUEATE Y 4 e Dy g B R ik g i

B K EEE , — B g g & R gk 3 S8, pH 2 7.9—8. 0, EhBE 2729, HE&E
TR B K & (“FF R K & 97b BY) W BT RIS K R EE

&)y SEUVEURL A VEE VL S 4 BE ( Dicratelia zhanjiangensis) ( 525 % % Jf 24—28°C (#hBF 27—29 444 F, A /2
BB REESR) o
1.2 e
1.2.1 B BERE IR RITE

BB 3 MR 28 31,34 F1 4 MEEE 24,27 .30.33°C , H#IRAUK B RTIKIR, 3R2E R £0.5C . #MH
T3 x4 MAGKE 12 4,3 M7, 3 NRERFELHNERINGE R R AL 12 P, e B
H AT, R ARHUK 1 IR, /KRR 24 A IR E

BR 1 WUEMIG L F A, 0w L4 g, B 2 40 2Ll T4 il m s, MRARE
SIS EIR N WRRHE . WEIA % B I IS DB 00 R s 3 90 4kt IG5 &y Ek BT 428 5 ) 5 o 1 5 O Y e £
FRUASE S 4 B 2 M IR E S 100 B0E , BRI 4 D 2 s 8 B 5 Z A LG, 15 B AR AL 3
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1.2.2 gh s RAFER EERG

REE R BCER 1.2. 1, K7 250 mL FPBEARH AT, MK AR B 200 mL, 2 HUBFRE N 0.5 H/
mL, BRI 100 H T4l T— AT 40 B EE ) 3 x 10°/mL, VI 4 8 44 H
BUHEN 5 x10°/mL, BRIRAE BRI P HAAT, B AR, BRERHK 1 K, KR RTHNR 24 R H IR E

TR 1 WNECRY M ERRFIHL G SIS RS R, EEA LTS N &R L)
HERA RS TR A R o SCP IR 4 RS AR 1 O VTG 1Y 4h Bt I3 06719 4 R B B0 B 20 2 71 3R 2

B4 4l G T TE 40 R AU 0 385 ARG B 4 B VIG5 4 BB E r R TEi 4 i

Frgif (a1 A LHATE 1 4h R B 2 4 2 4 sP S 1)
1.2.3 BB

IR A SPSS13. 0 B AT A R AR R T Z 5041 (ANOVA) , BT HUESR A Tukey o
2 #HR
2.1 JREE BRI A T RS R
2.1.1 R BN ARG R E R

AFERE FEEET fa R & T & R AR (K 1) o 33°C-28 ih A MM & 7 R, &7 i E X
144h;24°C-34 24°C-31 HEEEHR T RAGT 216 ho SRR 20041 (3£ 2) B KRB ELBE 4 Z ARG &
I I ) 22 AR B B K F (P <0.05,HEGE 0.05) (BB E SEEZ MMZEAAABE . MERRRTT
ZOM MBS E RN, SRR AR A ER . RUATERTBCE IR A B T fa R IR 2 7 B B
BHBAR,

F1 FAEEBEBREHAETRAERIKRATELHKEIE/ L
Table 1 The effect of temperature and salinity on embryonic development time of C. mitella

S0 Salinity {RE Temperature/ C
24 27 30 33
28 168 +0.0 160 +13.9 152 +36.7 144 +24.0
31 216 £24.0 184 +£36.7 168 +24.0 176 £27.7
34 216 +48.0 176 £27.7 160 +27.7 176 +27.7

2.1.2 R FhEEXH IR R B

A [RIRELBE ERE T f ARG B AL AR (8] 1) ,{H 2% BE 2R BE 20 I REAL R 3K 8 50% LA b J7 2504
KW RBERIEEE N W RA R BEE R, RE SEENTEERRE (R2) . ER—HRERNFT, BRE
R BE AR AL 3 — B, 27°C I (9 4% 75, 33°C I FR) B 1G5 76 28 71 31 SIS A IR B A AL R A Z 57 (P <
0.05) ,{B7E 34 $hEE AR AN BA 2257 ; RAMEIEE ) ETH IRBERIE RS . 7ER—RBESRM T, TR 28
I B ey , SR 34 BB ;2430 C I3 A LA 2253 (P <0.05) ,33C I B ELEHBH 257 ;
KUABEIREE M BT TR AR RTES . R IRIG A BB E AR A8 27°C-28 , HIK 2 30°C-28,

*2 FAEBE.ZREHEYNAREREEEENTESTR
Table 2 Analysis of variance showing the effect of temperature, salinity on embryonic development of C. mitella

AR RS YR of & F i} [E] Development time 4k 2 Hatching rate
Source MS F P MS F
& Temperature (A) 3 2837.3 3.4* 0.034 706.5 23.9**
LB Salinity (B) 2 3184.0 3.8% 0.036 897.3 30.3**
TELHE x 257 (A x B) 6 832.0 0.3 0.920 116.7 3.9*
%2 Error 24 21.4 29.6

hitp : //www. ecologica. cn
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2.2 R G R LA RS KBS R 110% - —e— 28 —m— #HHE31 —A— hJEM

2.2.1 REE GhEEXS R 4l AR R B R 100% |
£ 24—30°C , To717 4y B A 4 36 BR (>4 0, 13 4 | 90% I~

B EGHERE)  WRERTh R BRI 24 H L (H

AERERE TRk BFR A ZER(FK2) . 1£24C

o ARG R 2k 31 bl gh |

A RE BEEE L 28 I 34 $h B A A BR (TG 4l U R 40% . . . .

43504 9.10,11d) . 27°C 44t % & R 55 B B 47, o ﬂg Tempmjoc 3

3 ANERBEL O 4 B R Sz it [E] 3 0 8d, I HLAESE 11 K

JVFERFTER LT RMET e B4 m, 7 Bl RE&EAAXERERELENYMN

30°C ,28 %&Eéﬁﬂﬁﬂﬁ*ﬁ@ﬂﬁﬁﬂﬂ‘lﬁlﬁ 8d;31 ﬂ] 34 im'}_ Fig. 1 The effect of temperature and salinity on cumulative

BEGUT 7306 31 RSN M AR AR RO e o€ el

28 134 TEREAIEF o 18 33C AR ARG Ty de s s JUHOR 28 TR A BIgh i8R 7 ROUE B 2 VI 4,

KATER B RYIGHENTE 31 hEHAREILES, 5 11 REMFATHEA DB VT T4 R ES N

R ;34 AT RrEL 11d, NPT AA R VI T 4 RS & B 4.

*2 TEBE.HREHAGHMAERXTTHHREERENFN
Table 2 The effect of temperature and salinity on the nauplius development time of C. mitella

80%

70%

34k 3 Hatching rate

60% -

LB Salinity 28 31 34
1R Temperature/ °C 24 27 30 33 24 27 30 33 24 27 30 33
TG 4l 1 3542 B} [A] Nauplius duration/d 10 8 8 8* 9 8 7 10 11 8 7 11

* -, B4 MR R T RS B, B 8 Rt

WL, S G 4 BAERTE ) BRI KT BT KT MEESF 18R, KL 27CH 3 4 30C—
31 R A AR R E BT
2.2.2 R BN R L) RS MRS R

A1 P B A (R BE R B f R 4 M) A R S R, DI [ X AT R AR S R B E ML
BAER(R3) o AREEHREEHE X R 4h AR 1 fAiE R 2 M SRAR KRN (E 2) .

R3 AEEBE.ZEHEVARHHERESEEHMET ED TR
Table 3 Analysis of variance showing the effect of temperature, salinity and their interaction on larval growth of C. mitella

7 5 S Y of TETE# 1 Survival rate 1 FETE 2 2 Survival rate 2 AR AR Z Metamorphosis rate
Source MS F MS F MS F
1R Temperature (A) 3 1986.4 92.8** 2286.2 150.9 ** 3816.6 115.5**
LB Salinity (B) 2 3346.0 156.3 ** 2002.4 132.2** 1726.3 52.2**
B x (A XB) 6 162.3 7.6%* 182.8 12.1** 402.3 12.2**
%2 Error 24 21.4 15.2 33.1

PR R IEZEEER « «P< 0.001, *P< 0.05

TR —EEBERMT  IBEXTAFE R | FHER2 MRS RAF B ERN(RL) . FAERL SER2 B2
e —3, DA 27C iy fe i, 33°C A fik. L2 28 71 31 i, 27°C i iy B A5 e i i 5 £R 34 I 30°C [ AR5
T 27°CH) B 27C 5 30 C RS REAZR . ER—EERAT, REXAFER 1 AFER 2 MAESRS
BRERW(ERS) . FAER 1 AFFER2 LT 31 Wike, SHE2 M ENABEER . 7ERE 33CH,
F R B BTG 3R 2 AR, BT o (BB AR AR R 51705 A LA BT A A, 24 C i AR 5 R 517
RIAAEH—B, UTEEE 31 M5 , HERBE 34 M%) BN BEAL 5 ;27°C 30°C if LA 28 th A iy, 1H5 31
HEATERRETH R R 33C RS R T, 28 HEALEAMIEFES.
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FAEHE 1 FAIE SR 2 DL 27°C-31.30°C-31 R BEA B, 435135 99.0% (90. 7% 1 73.0% \51.37% , T
28 31 LT 27 CHRIE HHALS , AR50 81.8% [73.7%

120 100
A TFIEE]

100 - 80

B f#{f3R2

80 |-
60 |
40 |

0 1 1 1 1 0 A 1 1
24 27 30 33 24 27 30 33

i Temperature/°C

B 433 Percent/%

—o— EhEE28
60 —a— £ 31

ol —a— FhE34

20 -

0 & : L 9
24 27 30 33

i Temperature/°C

B2 BEHENEESHFEERMESEHZN

Fig.2 The effect of temperature and salinity on larval survival rate and metamorphosis rate of C. mitella

x4 EHEEETREMNGERYRERTESPWHFTESMMSEILRE
Table 4 One-way ANOVA and post hoc comparison test showing the effect of temperature on larval growth of C. mitella at fixed levels

of salinity
ELPF Salinity #5947 Indexes A5 FF ¥ Source MS F M A 45 R Tukey's results

28 1 gi 4‘2‘2:2 20.2** 24ab 27a 30be 33c
HER2 gi 81(7):8 81.4%* 24a 27 33 30a

AR f;é 231:: Z 50.5** 24a 30ab 27b 33

31 HER gi 13?;:§ 78.9** 24 27 33 30
2 f.é 132:1 64.1** 24a 27 30a 33

ARZSH gi 11; ; 52.5** 24a 27b 30ab 33

34 1 f.é 4;::1 19.5** 24a 27 30a 33
HER2 gi 4?;:3 33.0** 24a 27 30b 33a
ARZSH f’é 112;:; 27.1** 24a 27b 30b 33a

ZH B IRER — TR AR BA 2R (P < 0.05) ;% * P< 0.001, *P<0.05

3 itig

3.1 RAREE BRENERE

AR A K IR (25 £ 1) CHifa R IRRE & B RIS 2h VS I 7E 21. 38—28. 55, 4 R B W BoE 2h
VL EEI7E 28.55—35. 16 Z ] ; IR B 41 B 5% Bon £ B 27—28 M fa, R IR R R B I R 3 IR B Y PRl 2 24—

hitp : //www. ecologica. cn
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33°C, 4R AE R K BoE IR B TEBLE 24—30°C o A SCARBT TR ER BE A8 R 152 My (Y 26 B HRHIR | 3 B 3
BRI B Mg AR MBERN, H 78 TR 5 HE S R N TH B R4 LE. i, il
Hh BEMR BE I WS R B A0 4h B S BOR R BEVE L, R 8 BB KPR AR N R . TR 2%
FEZT RN o X A 7K R B — BETE 27—31 JKIRAE 24—29°C Z [a], Bir LABK 3 /1~ 48 B2 28 \31.34,4 MR 24
27.30 33CAE ML B BB o

®5 AREEETHREXNGAESRERTSEMMAFESTMESELRE
Table 5 One-way ANOVA and post hoc comparison test showing the effect of salinity on larval growth of C. mitella at fixed levels

of temperature
HREE/C £ AR 5K IR - P HR AR
Temperature Indexes Source Tukey's results
24 paanz: | i:ii 3;2:? 14.9* 28a 31 34a
TR W) ﬁi 912: ? 227.2** 28 31 34
BAH i:ii mi:z 392.5** 28 31 34
27 FEH 1 ﬁi 142(1): ; 46.5** 28a 31 34a
A2 i:ii 9?2: i 27.3* 28 31 34
IS gi 93::;3 13.9* 28a 31a 34
30 HER 1 i:ii 16?2:2 105.9** 28a 31 34a
FEEHR 2 ﬁi SZE: (7) 35.7** 28a 31 34a
BAH ﬁi ;7) g 1.9 28a 31a 34a
33 paanz: | i:ii 3?2: 2 27.7* 28a 31 34a
A2 ﬁi 62:3 15.7* 28a 31 34a
IS i:ii 1;(7): (2) 6.4* 28a 31b 34ab

ZH B R — T R4 225 (P < 0.05) 5 * P< 0.001, =P < 0.05

3.2 IR E

R MEME A AR N SB35 DR T3 24360 A, B SRAAF T BRAESNE i A8 HAH ELRG P
FRIBER, I IESNERE D R B AR o R PEE SRR R TR E S S2RE IR L LAFR A5 HE B SR O
YRR A B IR A RL . R M IR RIETE SR BIFE , K/NA IR , 8 % A (6] E i G, IR — Bk i 5 7 s B
5 ENTARSNIEALS R AR A — , B, X5 P 2 R SRR (SRR 3) R N At kE . TR S T b ik A
BB AR RARE WA R RS R B , A — 45 A AR 3R B K™ I8 20 F TR — B g, A
PRUEIR IR AR KA — B

M T R IR E S, B E LU SE T, Al — DR SRIE RS ML A ZE A R BUGR , TR B SC AP IR 2
I ) 9 D R B B AL 1 TG 71 4l e i 222 7 ) B L o 16, T 2R FH 38 5 S8 B) 50% 100% B4k 3R B s [ 4 Sy
PRI FERR AL SRR PR AL 3R, 07 1 4 e I 5 B0 A O A R 5 O 100, 33 AR 9% 1 J2 KA
SRPREH) o o1 4 ufpgei [ 16 A LA TE 15 4h Uk 5 28 4 B 4y s P s i S 1), BRI A VI TS 19 4l R o
& B4 HGEARF] 100% , [FFEAR B FIAE] 50% 100% 25 25 2R (B )V R bn v

ZRENEFTELT 6 ML RAMARRE NSRRI, BV REF R4 BILBERERKE

hitp : //www. ecologica. cn



6536 = R S 30 &

AR, A T SRR Sl R A A IR R BRSO, BB T AR R L (R E E VT4 ) AT R 2
(KT BERYBR) AR, 18 VTG 4 iU R e B4 M BN RS E B
3.3 JREEEREEX ARG A E AL BAE R IR S 1R

BIRIRE SR BNt R RG] B S R, ELIR BE AN B X ARG L R AR BE R W, RS
B MR AR B, FER IR (33°C) mEh(34) B ERBEIR BEAOFE IS o [FIREIRBE ERBEXT f R 4 U A I
AR, PIE [F XS RS R BN B

A RIRERBEX R & B AL B A K M ELAE A, R I PR 13 M S5 A IR AR .. Edt2 %k
TKIR SRR B R TR R B R EAE A B . RERE HPFRRE BRI E QA XA
P DU Chlamys farreri JRRRIEACHIR A B2 , L 3 BELH & XML D1 &y A3 e+ 38, X gl s g AR R
SR B2 . Thiyagarajan'* I\ iR 54 BES B v /K 0 = F IR AR TC 17 4 S AR K R O Wi A7 E B R AR P
A 742 S 1o L B AR BE SOV 53 L Argopecten irradian %)) W3 A8 25 U IR SE , R AR FIELE T , %)
SRS E BRBEAR ], R Z AR (B 3 A, A IR BRI B o & — B i SRS R, 1R
BEMEREEARLE & A B B BRI CR , R 2, HiR SR A T 2 avuRn, MBA HB KR

BRI AR B EIRE R 27°C GEEIRER 28; 4 BUE K M@ BR B 27°C GEH IR 31,288
BRI 27°C GEEEE R 28 ULPAfR R IR T ALl B A KR B R BURE AN R . A L RE] 2 W] LA
& IR B IR IR WAL AN 2 R A RO B R A AR ORZE S, LR [ A9 i £k BE A% 1R IR G U Ak 2R e 7 1 3K
100% , A9 52. 1%  {BA7 15 F 85 o (3K 99% , IR AN 0 PR e 8 2 4hy HiL EU R A ST 41 53 IR 7 BN URR,
X R B B SRR R R A TE R R E I o

AAKMF T ARNZNZEHTHNERET L F BEER, BUAD A TS HE 7RI 2 RER A 5 3
VB, ELH0 19 5 A7 A 0 e B2 4 32 WO /K b RN B S 5 R 28 Js P B R T R B 5k B AR 4k, X i
SO R TE BRI, (50 R X HRERB & AR T RE DR . BRI W A mABERKY, 54
TERUASNE I h AR LU , 2l AR 3 RO BRSE BE NS E IR BE 3R BE R AL B IR BEBE /o 4 B2 &l U 4 R i i A2
EHBJE B, SET YRS B NHES I LA 8", & BL TR E £ D HE XA
A BB BE— P AR N Al R RE T A AR, i B Al ORI TR 2 R R

GERFW R AT L4 B A K AR SR BE LR BB A BT ARl . A& M I SRFE R
7, HUE AT E B A SLB P  RIR IR T0 1 4 HOR 8 B 4l A [R] 4 6 B BRI BE 8 BE 9 BT AR I N
o P, 7EA =SB P BR T R TIR B AR B A B R AR AL IR TR IR R BE X R R 4 VAR R K
BB EER o
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