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BE T 1993 F 5—12 AEETTR¥EGELRY, LA TR0 358 15 N5 ik 1E b T bt
B EEANTEAPEM 3—15mmol / L K* B i3 B F& B 4.0—48.5mmol / L Mg®* T
Wit R — RS WA R, FE4EF 72—120h J5 4 B1R B 4 AR 2046 W 4 SR P B AR S R R4S
S5 [] Bk SR D 20 2 A0 W0 o B 35 R WA DL 40k B B A R S M B TR AL B AT IR B R R .
EANTHKHPEM 6—12mmol / L K* 3 16.0—33.5mmol / L Mg?* W[ 3% 41K H
Mt & MR, B 12mmol / L K* ™ 5 3 45 1k 48.0% M & % 0 50.0% & & &K, W & 2
23mmol / L Mg?* Tl 553 41.6% B3 2R 52.1% A2, 4R K BB %7 TEA, 7T LI
R K Sl Mgt X 4 ik B AR AR A0 B A A, T BA B T3S B BEL AN STTS, # T B
fER: BBk — S X AR E AL BT REEMEM. W £ ERE KT EM
9mmol / L K* M1 12mmol / L K* 7] 43555 3 4 A 8 1 Bt 3 3 (43.1%) FIE A (57.0%),3X
—LRERVTEATHERIENANTHFHH ARG,

X ERBN G MWE L mTFE

EHNES 596831

ARGHIRELERIUHEHENEENEFEFHESIEBAMNYEEEN, 4
e R 3R 4h 44 Bt 8 A A8 A4 ) A9 522 F BE (Chia, 1978; Morse, 1990; #7442, 1993) . E & BF
KRR, KA FEREN—ERN K T EIFEHEERAESIY L KRB LR TR
A (Baloun et al, 1984; Pechenik et al, 1987, FIA #, 1996). {HAEMFEE, X7 H KB
RHTIBRARE, Eyster 2 (1987) #INT K* 33 4 16 W (M. edulis) S &M B MK H S
Fexk. BIA R (1995) B R E JLACED e B 28U xF 38 2 06 DL 4h ik i B AR S i
R, AXEBEHRALEBKMNFERERM K B> Mg*+ AKRTE BREKFHEM K 5335
RGN G RME M RN EIIMER, AR S ERIEAHEX W T NEH R K EERF
P, DA A #E— 45 BT 35 3R G D0 4 IR B 2 A AR AL L B iR AN TE B AR SR
Rl 2K B,
1 #EIAE
1.1 ##

RN [Perna viridis (Linnacus) & 1T 1993 4 5 A B EI#®E X, B A%

*EHEARBEREES T A, 394000215 HEBEZH L EEETBTE, 92384015 . HA Mk, B, HETF1962

£9R8, L, HIm
W H 3. 1994-12-26, Wi 20w B 3#9: 1997-05-19
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TR RGBT A ¥ (1995) M k.
1.2 ATI#EKAES

FRHEE/REBEEY LR E MBL B (Baloun er al,1984)F ) A T ¥#EK, Ff A4k

AW B R AT, R E B FKEH.
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131 ATHEKFEBREFHRENRE & Na' Mg”,Ca" K, Cu”" Fe” 6 ¥, BT
BARA Na BHMEEFHREN Mg”, LRIFHTRE 1. LRMGEFHFEKR 4252um
(SD = 32.3). fEM 120h MBS ki M F R ERK,

132 ATHMBREKFHEMKT ATHKEMK WEERSERIT . s RA
(+0), +3, +6, +9, + 12, + 15mmol / L, T LA FHZ KK 456.4um (SD = 36.9).
AR B R SRS A EERG 720 F1 1200 WA, HARWKTI KB MBI 3
R HBAC+0), +3, +6, +9, + 12, + 15, + 18, + 21 mmol / L, TR 4k T 7%
K4 473.1um(SD = 43.1),fE A 120h WE L 1A K it B R AN A R,

1.3.3 A THKFmED> Mgt HRFEN BB FWREARL, UM YE FHERN Na"#1X
Mg’ ", T Bl 0 Mg? ™ I ok BE B 5 [R] B3l 3 982> Mg SO, Bt 5 4G 48 SO~ X &l 4k iy 3 i,
LIS DA H KN 466.3um(SD = 37.4), LS IHFOML gLt )E) 3% 2.

1.3.4 SHEMBEHNTEBFEBMMALEEKRY FEATEKS, FHMEE K E
HRH#H TEA(S X 10°mol / L) 5 + 9mmol / L K* 3L FE/ER T4 A AR 72 #HE
# ] SITS (1 x 10 °mol / L) Al TEA (5 x 10”°mol / L) 5—23mmol / L Mg** 3£ [F#E B T4
& HIRTE 24, 48,72, 96 F1 1200 Bt W0 22 4 4k B9 B B SR A0 AR 25 3, DA I K A 2>
Mg** i YA B WA SR ERLH . TEA R SITS R Fluke AR = 5. LRAEFHE
K0 425.2um(SD = 32.3).

Eid AN ERH BT MK KR A48 4 60ml BB LE & L, 36 /KK 30ml,
BKE 0.22umB IS 38, {F LREEHRE 3HER, BHFHES 25—100 X, £45m
Alomg /L FBERUSE. KBE 29.00.5C. BR\AIE R 27.6.

14 AR EMERERGKE

RGN YA EF (attachment) R HEHEF W R B R LB ERER S
(metamorphosis) #K B Bayne(197) W E M N W AR EBHRFE, VERBERAFE K
H.
2 &R
21 ALK 6 HERBFREMBEX BRI LHEMBENESHRIE

MR VAT, ZE A ¥ KFEM 12mmol / L K* 8] 85 F401& 48.0% Bt & F M 50.0% &
A K, M ¥ 2 23mmol / L Mg®* 7] i T 41.6% M F R 1 52.1% & & &, % 20—
40mmol / L # Na*,10—20mmol / L Mg** fl 6émmol / L Ca’* #, X} 4 {&kpf & M S RH
FTFIEM; 0 12mmol / L # Ca*, BERAEAAHE., FEFM 12mmol / L K* A H &
# 2> 23mmol / L Mg**, MIARE S AR E, 4 k& H o8 TR, B4k, shim 3.2—
15.8mmol / L ¥ Cu’* F&hin 89.6mmol / L # Fe’*, AR E LA EMES., ALE
K KT F Ca? " R Z, B SR SE T
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Tab.l Effects of six metal jons in artificial seawater on the attachment and metamorphosis of P.viridis larvae

B B g EE
Ayl Bf wE 45 BF W (%x.SD) (%=SD)
Na* 20 — — — 0 0
Nacl Na* 40 — — — 0 0
Mg™” 10 — — — 0 0
MgCl. Mg 20 — — — 0 0
Ca”* 6 — — — 0 0
CaCl, ”
Ca 12 — — — 0 3.5£2.0
KCl K 12 — — — 48.0+5.2 50.0+7.7
NaCl Na* 46 MgCl, Mg™* 23 416+109  52.1%102
KCl X' 12 MgCh Mg™* 23 3.6+2.1 0
ot 32 — — — 0 0
CuCl, (ovi 78 — — — 0 0
. ot 158 — — — 0 0
FeCls Fe’* 89.6 — — — 0 0
— — — KCl K 9.0 0 0
— — — CaCl, [ 9.3 0 0
X3¢ i (A T ¥ XK) 0 0

22 AIFMBKREAKPRMNK X354 &MEMERNRME

ME 1a &, EATEKPEHEM6—12mmol / L K* 3 #% F4) (k it & 4
A, HP L ommol / LB FRR R, B & RMBLENH X 37%,48%,H K" Hin =
15mmol / LBt FERMAARREME. BMAFRKEE K, BRYEGHERNERR
B EAML, EARBATEMN—CEMN K WA RHERYEHEMES
(B 1b). 7£ 120h W% P4 AR E R BRI 9mmol / LE AR H, 15 43.1%; HEKRK
B 12,15,18,6 A1 3mmol / L #. {E %440 K*i5 21mmol / L B, 44415 1 W1 B T B,
ERESTAETE, UFEM 12mmol / L B2k R B3R, & 57.0%; K ERKN 9,15,6,3
M 18mmol / L, 55 SMERKHE AM.
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Fig.1 Effects of increading K’ concentrations in artificial seawater () and natural seawater (b)

on attachment and metamorphosis of P.viridis larvae

23 AI#AkPR D Mg™ 3835 8 18 W 4h ¢k f 3 A TSR0
EATEAFRITBO Mg IRESE, KiESFOARMEMESHLTRGRAE

2. Wi 28.5mmol/L Mg” IS4 AR M E RN ASRER: HKE Mg "B 23,

33.5mmol/L B #; T Mg % 2> 0— 12mmol / LE & S8 N A 8 8. Mg** W >
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28.5mmol / LU AZHRKAF IR LT ENYHBEREXTKEAE, MW YU Mg> " B E
33.5mmol / LU LB, RLTENY R KREXZRAHE, EHAARKE. A F
MgSOM A TH KB HER 51.3% WAGES, HYEBEHE KEXEARAHE, IEX
TSOWEEMWE. TR, FATEKES Mg 32 23—28. 5mmol / LEE R4 EK &
AR A B B AE R, Y Mg? 20 3k 38.5mmol / L BF 8 3t 4 4k A 3 E R (1200 #E 4t

e,

]2 AIHKPADM"REX B R R 4 AR EHRLRN

Tab.2 Effects of decreasing magnesium concentrations in artificial seawater on attachment and

metamorphosis of P.viridis larvae

MgCl, MgSO4 NaCl M#& (%+SD) T (%+SD)

(mmol/L) (mmol/L) (mmol/L) 72h 96h 120h 72h 96h 120h
-0 -0 +0 0 3.0+1.6 3.0+1.6 0 3.0+1.6 3.0+1.6
—4 -0 +8 0 0 7.4+3.5 0 0 74435
-8 -0 +16 8.5+3.1 2.8%20 9.0+33 58+1.5 5.8+1.5 8.5+4.0
-12 -0 +24 0 3.7%1.8 3.7+1.8 0 76+45  11.5%3.7
—16 -0 +32 0 7.0+42 7.0+4.2 | 19.6+33  19.6+33  258+6.7
-23 -0 +46 379465  31.6+4.6 242+71 | 41.4x96 S51.7£10.0 65.5+8.6
~-23 -5.5 +57 46.7+7.2  435+77 502494 | 61.5+95  69.5+8.6  76.8%8.7
-23 -10.5 +67 78+15  148+6.7 18.5+32 | 37.0+63  51.9%83  51.9+8.7
-23 -15.5 +77 0 0 0 214257 230470 25093
-23 -20.5 +87 — — — — — —
-23 -255 +97 — — — — — —
-0 —25.5 +51 312467 335499  26.7+8.1 | 40.0+87 40.0%87 51345

R3S (TEARISITS) MR MKEE D> Mg ** 15535 2 16 0 40 (kB M A IE A R0
Tab.3 Effects of a K'— channel blocker (TEA) and an anion exchange blocker (SITS) on the induction of

attachment and metamorphosis of P.viridis larvae by increasing K* or decreasing Mg?* in artificial seawater

Shik M +9mmol/L K —23mmol/L Mg™ Xt A
R i Bl +TEA FTEA +TEA +SITS FTEA | (AT#EK)
® | (5x10” mol/L) (5x10™ mol/L) (10~ mol/L)
24 0 4422 0 0 17.4+4.5 0
fi & & 48 0 39.1£5.2 0 15.2%5.3 17.4+4.5 0
(% SD) 72 0 26.3+7.3 0 15.6+3.1 18.5+7.8 0
96 died 41.0+7.5 died 60.0£5.2 52.1+13.5 0
120 — 43.5+6.5 — 54.6+8.6 50.2+9.0 0
24 0 0 0 0 0 0
AR 48 0 4.6+3.0 0 5.0£25 8.7+4.4 0
(%=SD) 72 0 5.0+0.5 0 19.4+6.6 17.2+6.9 0
96 died 43.0+4.5 died 452+54 41.0£2.2 0
120 — 43.0+4.5 — 452+5.4 41.0+2.2 0

24 FRRNHEMENTESEFEINBESAEZRBER

{3 FR 40 BB K A BELAF R TEA FTEA B F 38 #e B Al SITS, 3t A T K dh a5
K*MEL> Mg BRI ENMTESHE FEHMSERIEK 3. &M 9mmol / LK”
B 2 23mmol / L Mg> " S EKEM BRI 5 x 10°mol / L # TEA B,
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AW EMESN K EERE M TEABRKEE, (HE SITS B
> Mgt B AR R E AR SHE 24h JFH LM HI R, MAHh, WL M E 4
FME RACHENGEBEANB R LG, 24h RSB EF RSB 2L E
EHEBERK L,

3 itit54ie

AWRERRY, ATHKPRN K TARESHERBNLEHEMES, BT K
REZMZHMEGL MW FEEF, BN K ¥k E A6 W 2% & 40 i iR % R4k
(Hodgkin er al, 1959),X#/RTHREIE K KEBFIFHE RGN EMEMESEELME
Wit 25 B0 A3 % o R AT A A R AR AL T AR Bh . XRR AT N A BRAR T RE R S ik M a2
o0, X 7E I R 2SR 8K Bz 3 O BUS T & TR 4% (Bonar, 1976; Burke, 1983) . {H K'fEA T
SR IAI A AR N EZ EHESHEIERRG /PR,

CABEFT S, BN KT DAE 5 3R A I 4h AR B R AS AR 4 B F 48.0% A 50.0%,
KPS RTE TR WY (S commercialis) (Nell et al,1986), T K% % W4 I (M edulis)
SR B M ASHTLERIE W (Byster et al,1987). 124 B AH K (8% F/K 183 (Chia
et al,1978). J /2 2 (Baloun er al,1984;Pechenik et al,1987;Hubbard, 1988; 1] 4 #t %,
1995) . £ B I ML BE 2K (Stricke, 1989) 4114 90% UA BT 90% 52 MR, (B K /i 4
HEHMEMEMESFLBRER. TR, K BEIYEREMES, EEERFHEDIYA
FIABEP R LR, EIN R E BRI RG BN K R EREBERE
SR RER N, ENELBRBEEB T,

M 1 M 3 AGE, ATk Em K 3335 R I8 0 4 M E SRR 5 R >
Mg® #8245, {8 2480 Mg 3% %) 38.5mmol/L B B{# Sh kS T M, o] L4 — @ By Mg™
4 PR AE PR BRI IE B BT R A FERI. Baloun % (1984) TR SR A g (B E RSN B
Fistwlat KM, A THEAKN TS 23mmol/L. Mg™ 8 46mmol/L Na' BURERTLLER S 4 X
10"mol / L y-E & T BAHF K % R, BT K* (9—18mmol / L) B Na* #1 Mg®* 5§
SRME R BRI, ABRER 52 AR, ATRA B> Mg* * #HTERERE LK.

AR KB E BRI TEA (5 X 107°mol / L) W] 70 9mmol / L K* IR MW
MK EMASHER (& 3), X5 a4 R PR LR —2 (Baloun er al,1984).
ABFFIE KB, TEA R I Mg+ 9% AE A (3% 3), B S In K Flsi 2> Mg** i
PHREMIEX —FLRE, THISHRM K 58 Mg® " 53 R 06 1 4k EMESH
LRI T REA R, B SR K @l A X, B FH RIS IFEGE S, KF SR> Mg
SVpAE R /0 L3 R A Mg?t, AT S BORT 267 40 IR 9 S8 T 0 A4, BRI K AhRL
e A AR AL (R R, 1977), H—H 5B — R A A BT, BEIFE IR K
BN, 5ILKBR KA AR b (WA %, 1995), %0 K+ 2> Mg #5340 4k
ERMASRATHRE, 7T NEIERILEIAR.

EBRIEKPIRIN K ERERT A B 7% S35 R 06 N 4 k& AR, X#t—PIEL
TEATLEBKPHELRER, BEaTARBAKRSRER. K SHEASDRB S S,
W B 4 1 R R, 1974) 8 K* 938 BE A BT T B, SO N K 55 R4 IR B & AR 7S I vk
EFEEAREBKEETALEK., BTHEM6—12mmol / L K* THEKPHARFZEIFHEZR
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IONIC CONTROL OF ATTACHMENT AND METAMORPHOSIS
IN THE GREEN MUSSEL PERNA VIRIDIS (LINNAEUS) LARVAE

KE Cai—huan, LI Shao—jing, LI Fu—xue, ZHENG Zhong

(Department of Oceanography, Institute of Subtropical Oceanography, Xiamen University, Xiamen, 361005)

Abstract From May to December 1993, an artificially cultivated green mussel, Perna viridis
(Linnaeus) larvae, were used as experimental material to study the effects of changes in iomic
concentrations of environmental media on larval attachment and metamorphosis, and to discuss the
mechanisms of ionic control on these two events using methods of pharmacology. This study was
undertaken in a seashore experimental field of Xiamen University.

The settling and metamorphic responses of the larvae were observed after 72— 120h of
cultivation in a series of detecting media, namely, artificial seawater designed by adding 3— 15
mmol / L K* or decreasing 4.0—48.5mmol / L Mg’* through ionic substitution. The results were as
follow. Attachment and metamorphosis of the larvae were effectively induced by increasing 6— 12
mmol / L K* or decreasing 16.0—33.5mmol / L. Mg’* in the artificial seawater. The addition of 6—
12mmol / L K* induced 48% attachment and 50% metamorphosis; these were reduced by 41.6%
and 52.1% in response to a decrease of 23mmol / L in Mg®*. At 24h, 48h, 72h and 120h intervals,
the attachment and metamorphic rates of the larvac were examined for a joint action of cell
membrane K* — channel blocker TEA (tetracthhylammonium chloride) (5 X 107° mol / L) and the
addition of 9mmol / L K*, or for a combination of anion exchange blocker SITS (4-acetamido—4
—isothiocyanostilbene—2,2—disulfonate) (1 X 10°mol / L), TEA (5 X 10°mol / L) and a 23 mmol / L
Mg’* decrease in the artificial seawater. The results show that the action of increasing K* or
decreasing Mg®* in inducing .those two events is inhibited by the K* =~ channel blocker TEA,
whilst the anion exchange blocker SITS has no inhibition, indicating that some K* - channels in
the cell membrane play an important role on excitable cells sensitive to TEA in the process of
attachment and metamorphosis. In addition;a higher attachment rate (43.1 percent) was achieved as a
result of a supplement of 9mmol / L K  or 12mmol/ L K*, suggesting that the experimental
methods can be applied to improving the technology of the artificial seed breeding of this species.

The inductive effect of the additon of K* on Perna viridis larvaec, which resulted in 48%
attachment and 50% metamorphosis in this experiment, was much greater than on Saccastrea
commercialis larvae, and K* had no induction on attachment and metamorphosis of M edulis larvae.
However, such an effect was significantly lower for Perna viridis larvae than in marine gastropod larvae
studied previously elsewhere. Based on these results, compared to marine gastropod larvae, settling and
metamorphic responses of marine bivalve larvae have a low sensitivity to the addition of K*.

Key words Perna viridis Larva Attachment Metamorphosis Ionic control
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