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Low Salinity Effects on the Fertilization and Settlement of Post Veliger Larvae
in the Limpet Cellana grata

Sung-Jin Yoon', Joo Hak Jeong, and Yun-Bae Kim

Ulleungdo-Dokdo Ocean Science Station, KIOST
Ulleung 799-823, Korea

Abstract : The effects of low salinity (fertilization success and larval survival) on the limpet Cellana grata
were studied at early stages of development using the marine bioassay technique. It was shown that, under
normal conditions for development from fertilization to the post veliger stage, the salinity must be not less
than 20.0~35.0 psu. However, the fertilization rate and larval survival of C. grata was obviously reduced at
5.0 psu and 10.0 psu, respectively. Mass mortality was estimated to occur at <20.0 psu (48-h ECsp= 19.54 psu)
and the survival rate of normal veliger larvae decreased with experimental time during exposure. No
observed effective concentration (NOEC) and lowest observed effect concentration (LOEC) of post veliger
were estimated at 30.0 psu and 25.0 psu, respectively, during 48-h exposure. The tolerance limits of the test
species to salinity revealed various concentration ranges of salinity, which may reflect the physiology and
ecology of the initial development stages of C. grata. These results demonstrate that reduced salinity is
detrimental to the reproductive success and larval survival of C. grata, and if salinity is lowered by natural
or anthropogenic sources during spawning, this would lead to decreased reproductive success and larval
settlement.
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AEsks Zlow dHA Sle=tl, Willams and Morritt
(1995)2 &=of AT st P52 ML
871 olEFOoEH 2E
= Bt o]} 2ho] AL
7oA 27 B=e] A=A
2 B2 9= Qg 27
Ef o] tig g S 7] S Ae 47
AR Fol| =st=]o] JTh(Firth and Williams 2009).

Z7] SAGA A Azl 4 % ou) B DA oA
FEol MAE T A, oF, olvdF 2 AER
5 ot EFaolA = th(Allen and Pechenik
2010; Gracia-Lopez et al. 2004; Yang and Chen 2006;
Hui et al. 2012; Khatooni et al. 2012; Hwang et al.
2013; Scott et al. 2013). 22} tjFEe] A= 3k
o] wre Falol] MAetes Aedd SekEe] e, 27
o] A2ete AeFol] ek A 2EH X vES-S 1
g A= F38] = Adulelt. 53], S43 A-(heavy
rain)= 13 A3 AMX| A o] AFE 2
Hole Aol 7] A2Ate] 9FS 7E + =
E-stal ool tigh Aej-AE] Y AR WEe A
o] ZolE 4 gich

Z7 o AMAsle Y AE-=5(archacogastropoda)©ll
Eote A F diol 7] TATA X dFS
AR A FE AERE ddeE FYsidlen
(Babcock and Keesing 1999; Bouma 2007), =L <] A&
Fol TS A7 BAZA mluIG Aelolth, 53 A%t
2] St MURE PO FYE AT A4
232, A%, AA, 7Fd(recruitment), ©]-&(immigration)
2 F7+] 3] TZ(population structure) 5] A E AT
(Boaventura et al. 2002; Delany et al. 1998; Dunmore
and Schile 2003; Guerra-Garcia et al. 2004; Jenkins and
Hartnoll 2001; Tlig-Zouari et al. 2010)2} 27|15
g7l 9% HAMESAH AF(Choi et al. 2002;
Henninger and Hodgson 2001; Catalan and Yamamoto
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Williams 2009; Morritt et al. 2007) 5% #Zalgict =
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FHFE Faol2srt FA nA s dFTE TR

9
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< ¥o]m(Hodgson et al. 2007), 54 2 2HA] THAJof|A]
Qi 2B 20 ot AEe] J&F Hrl= FE vt 9l
Atk

=lol] Ml dF wiER AEL] F A= o
4 Atz Qs I 50l 2971 v 7-8¥9H o2
44 UH(Choi et al. 2002). ¥ ZAAH 5% A
oF 27 B9 789 HFE 2 21.3~23.5°C, BF
2 0.41~31.72 psu, E=AE 8.25~9.04 mg/L, 40|

23

2EEE 797~828 WHE 4= =dl (unpublished
data), G5 A 9T B FHYES AEY S 24
A F FFS VA e AR FTEEAT 1
e Qs A9 AT 8 2499 A

pu

=<
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ROl W, AR WAl £ % 2] 7}
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T ARRA71Q EE ] W AR 8] 2AE 270
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A PRl= AGE 2EH 2o gk WA WS
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Fig. 1. Schematic of water tank for stabilization of adult limpet Cellana grata before the spawning
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Table 1. Test conditions for two development stages of limpet C. grata exposed to various concentrations of salinity

Parameters/initial stage Egg Trochophore

Test type Static Static renewal

Endpoint Fertilization Survival and development from
trochophore to post veliger larvae

Age of test organism Eggs Early trochophore

Test duration 30-min 48-h

Test temperature (°C) 22+1 22+1

pH 8.210.1 83%0.1

DO (mg/L) >8.0 >8.0

Light intensity Ambient intensity Ambient intensity

Light period (L:D) 12h:12h 12h:12h

Test chamber (mL) 6-well plate 6-well plate

Test solution (mL) 10 10

Renewal period none 1/12-h

Number of individuals (n) 30 30

Number of replicates 4 4

Test concentrations (psu)

Test acceptability criteria

5,10, 15, 20, 25, 30, 33.2, 35

>90% survival at control (33.2 psu)

5,10, 15, 20, 25, 30, 33.2, 35

>90% survival and success of
development at control (33.2 psu)

F AR F AAARF R AR

sto] WEE(%)= ST A3 fa Hele o
Tl 90% o] 783 7ol ghsted A Al
¢17g skt

571 iR FA DAl Y] G Wl AF

WAgs S8l grs Y-S ol gste] FEA fA
(trochophore larvae)?] %7] QAZIA] MEEES {3}
Hom, 7t7te] FEERE 307HA S S WL, 48217
% 7] yEAE A (post veliger larvae) ©HAI7ER| 2] wF
9 S AT AP Lo Wk 1247 vitt
13]% AASIATE 2 AFox 9] SH e 7H7te] o
T A FelA FAe AEET 7] A FATEAE
Ao AE AFE W= WHolleH, HAEsE &
B f482] el (abnormal larvae)s H.Ql 7RAl&
HER At diE WEEEe] fa Hele izt
(33.2 pswell Al 90% o]’ =3 74-9-o slate] A7
e g siih

tlo BNy oft

EATA 4

T4 2 7] Iz §A DA ] AEE T A
ol thatk fo] S SPSS =2 73 (SPSS 10, SPSS Inc.,
USA)S o]-&3F B2 (ANOVA)S ARE-5lo] 753}
At A= v Y3E=(50% Effective Concentration,
ECs0)¢F 95% 212 4-7H95% Confidence Limit, 95% CI),

435 =(No Observed Effective Concentration, NOEC),
%] 2% 35 = (Lowest Observed Effective Concentration,
LOEC):= USEPA (2002)°14 Al&-3t= hiiA el e}
Toxcal 5.0(Toxicale 5.0, Tidepool Scientific Software,
USA) 23S A23}S] Dunnet's test2} maximum
likelihood probit analysis S A 2F&sIATh.

N

o]
15%0] 733 &2 xul7] GAZ AYPHA=H oju
B Alzo] et ARIF G4 AlEtet, A4 3]
Fetz F714Q FHolES AT Y F 47
olujel] Gl 7ol =Rk &2 4 5 8AIZF 3080l Aut
27 FEA FAeR HelH, 154)7ke] Zakshi

P
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Fig. 2. Diagnostic features of unfertilized (a) and fertilized (b) eggs in the limpet C. grata

Table 2. Development of from egg to Post veliger larvae
of limpet C. grata (at water temperature 22.5

to 23.5°C)
Elapsed Size Water
Phase ime (um)  temp. (°C)
Fertilized egg 10 min. 131~143 22.5
Polar body 1h 22.7
2 cells 1 h 10 min. 23.0
4 cells 1 h 30 min. 23.0
16 cells 3h 23.1
Morula 3 h 15 min. 23.1
Blastula 3 h 30 min. 23.1
Gastrula 41 05 min. 233
Early trochophore 8 h 30 min. 233
Post trochophore 28 h 234
Early veliger 54130 min. shell length : 23.5
180-200
Post veliger 60 h 190~210 233
/) B8 fow waskar. B4 fe 2 &
el 73 7Hol ke WA 7] mﬂi 1255 3
E ol F7] BER A4 W7 Bk 28412714
HRE olgsle] FINBL Srh
T F SN N AR Fole gant fue) ¥

l

got M8 & 7] FHz FAGA R Tl o,
Fr7t(shell)®] Fef7F ZE3014 AASL(SL: 180-200 wm),
F7F Abol 2 a‘ | vel dslen, o] Al7ldl= & dF

< 3t 8 = 60217k ApHEA] {72 o] )
7t 88 FEE QN H(SL: 190-210 xm), $7] ¥H

2 02 e THTable 2, Fig. 3).

AYE k2o e AFWE <o) $4E 05
B Ao thz e AFa]w oo SAHEL 983+

33%2 AibARl AEAA AP F39H9(>90.0%)0
”PFM Aol A ghEsih ZHte] AE v
¥ 30-min FHES 5.0 psue}t 10.0 psuoll Al Z+2F 333 +
8.6%%} 67.5111.0%= A=At ki 5l Lo
FTAES 20.0~35.0 psu F7HNA T2} 2 2po]7} ¢l

O1k(p>0.05) 20.0 psu olstelA= AP o2 7hA%h
% 50 psust 10.0 psudldE 23 xto]= BT
(p <0.05) (Fig. 4).

7‘1"&‘ X2 wE F7] Az 54 AL AEE

£ 37) A fae] AEe 77t
o FEME wEA F 12, 24, 4847buiTh we} A

drlgoz selstel A AAE ASsRon, ol
g tetiFie 5). A% 5 AR A A

7%?‘5}3'25}. z | & X} Ao AEELS ZH7e] AT

FEEHA AT Ad77E st
EH&%L(33.2 psu)-4 AFEES 10% o|HZ Ul 39
Fagflel 2o HAFe] AL grEgion, vt
E7 g B2 10.0% o2 FA ZUTHp < 0.05). 2
A7 T 25 AL 717e] w2 A oA »
Tl fA9 AT AIA A F 12417k0] A &
5.0 psudllAl 51.7 +£7.9%2 7Asilom, 1 9] ]
A= AFESE HAIZE BAEA] eskeh 23y 10.0 psust
15.0 psu A2 Fol A= tzTel B3] AR &2 Q)0
wAA AEL] Do) A oA AATE =FA]
Zrel] w2 A2 A5 fAe] W7 EE <25.0 psu
FrollA FBisHA Skt 24817 B2t <25.0 psu
011*1 AES HA= 75% oletE AEEAT HEEE

F <250 pswoll A FA) AEES 0.0~44.2%(£0.0~5.7)
”.Hi AEENOH, <10.0 psudlAE FA] AlEH o]
g =] gt Al AY FAE & 5 e AUt
AT
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Fig. 3. Development of limpet C. grata from 2 cells to post veliger. (a) polar body, (b) 2 cells, (c) 4 cells, (d) 16 cells,
(e) morula, (f) blastula, (g) Gastrula, (h) trochophore, (i) Post veliger
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Fig. 4. Fertilization rate (mean * SD) of limpet Cellana
grata in each concentration after 30-min exposure
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Fig. 5. Survival rates (%) of limpet C. grata exposed to
various concentrations of salinity with times

3] 4877F & 5.0~35.0 psu 77l AFET A
o] HEL) FFE X E FEE FAHCoR B4 4
7}, TE-RES TAle durdo g S YeEE
Sigmoid FEN7F YeloH, AlES o] S71ErS
Aashe S BAtHFig. 6). =EAIPE AE 9
FEEE BA3 A3} 24-h ECse 17.16 psu, NOEC2H
LOECE Z+2} 25.0 psugt 20.0 psuZ AH=E900™, 95%
Cl= 14.97~20.13 psu HYZ A=A 3 AHES
% 48-h ECso, NOEC 2 LOECE 7zHz} 19.54, 30.0 2
25.0 psuR EA1E00M, 95% CR= 17.70~22.03 psu®
AFEE ATH(Table 3).

2 AP AFAZ 48A17F F 5.0 psu FEAA =
Aol g =lo] $7] U} fAe] FejE THE
Ao, AES A= ZEEA Z&okrh 22t} 10.0 psu
o} 15.0 psu FE=ANAME AES A T 472 21.7%9}
533%7F =71 WA FACE wdsden, 1 F
11.7%7}F v A9 FeE EATh(Fig. 7). BE
WA F B8A0 571 Az Ao Fe= et
A= 20.0~35.0 psu TZFAA] 87.5~98.3%% AFEE A=
dl, 33.2 psu F=olA 7P =2 HIE-S BT 50.0 psu
FroA HHx FAe R st A HlE&S 85.0%
2 Z7ekAT

P

N
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Fig. 6. Concentrations-response by 24-h and 48-h survival
rate using development stage of limpet C. grata
from trochophore to post veliger larvae

Table 3. Effective concentration of limpet C. grata post
veliger larvae survival test exposed 5.0 to 35.0 psu
during 24-h and 48-h, respectively

24-h (psu)

17.16
14.97~20.13
25.0
20.0

Items
ECso
95% CI
NOEC
LOEC

Endpoint 48-h (psu)
19.54
17.70~22.03
30.0

25.0

Survival
Survival
Survival

Survival

4. 31 #

Aol 27] A A (early life cycle) T 57
8] AlZEIAH-L A7 A€ vt g1 o
of £ AFAe ME FIHAE AT B A&
o & 13} tH(Henninger and Hodgson 2001).
2 ul)-9-A] (embryo)e] T4 WA o] o] Fof
30+ ool T T U AT R sl
o] & FAE AT T HETE AXE= AEE
Al HoEd=t, ol gy o2 AATENA UE
U= A4 ARSIt Allen and Pechenik 2010; Hui
et al. 2012). T3 A TS 604170 At & F23
o] ez FelsH FHiEEe 7] Jus Ao E A
Aotk ARbA 0 2 AN & Lo T2 HaAt
A71E AA IHA FAGA o7 FRAES vt
2| 3L wpere] B2z Ao 2R ste] AP E-S A s
Ao 2 d#A rh(Ushakova and Sarantchova 2004).
oAE EW, A5 A9 iz A7ldde Tt 9%
o] =, o] wj &JFTtol|A HEu|H wibzge] o3|
3| zto] G = 7] Al Ztehes AR B E Yt Najmudeen
and Victor 2004). & Aol ARE-E WS AEFY
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Fig. 7. Percentage of normal and abnormal early veliger larvae after eggs of limpet C. grata had been incubated in

each salinity
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UG PAREF Sainl, Jo) L o]F 5
3 Ze BAEAC Wb AFHL] A D F49

T4} 20.0~35.0 psu T F7HNA 308 B =EH
do] FHEL >90%C 2 ET(33.2 psu)et & ztol7}
$1%+=dl, °]& Yaroslavseva and Sergeeva (2000)2] HY
W5 4% (Collisella dorsuosa, C. versicolor, C. radiata,
Notoacmea concinnays 3.2 3k 7] wA A9}
Chines pearl oyster Pinctada martensii®] <735 233t
Ao} FAFSFATHHuI et al. 2012;). 22} <20.0 psuol]
Me FEEE ZolE Be, F4ES 15.0 psudlA
Az o7 714817] A&Fete] 5.0~10.0 psue] AGE 3
AoME t2T(33.2 psu)et FE 3 2fo] & H AT}, o]9}
e Az 276 M2she wleF 4% (Collisella
dorsuosa, C. versicolor, C. radiata, Notoacmea concinna)®l
A BHaE Aol fAFFSEEY], Yaroslavseva and
Sergeeva (2000)2 <20.0 psullA] ¥l-$-2]| (embryos)e]
ut ko 2 Eo] 2}l (hydrated), Y- 7N = wl-9-A Q] 3
E7F 7192 02 Wk d4-S Azsidnh g QAR
Echinarachnius parma®} 4% 5= Nereis virens®] %7|
A oA A4HA (reproductivity)oll PIXE LR 3
o <18.0 pswilld F= BASIREH, F £ AY
of thgh WS AT I Al7|el HlwA] w2 Wi
Ao AEEES Fsks oA 2 Zo=
35 A tH(Ushakova and Sarantchova 2004; Allen and
Pechenik 2012). 2+%.F Platygyra daedalea®} Acropora
millepora®]l T8E-2 25.8 psu2t 33.1 psucllA <] 5HA
AR EY, A millepora®] 7% <18.4 psudl A=
o] o]FoJAA] 2ASUTH(Scott et al. 2013). THH H A
olA= 5.0 psugt 10.0 psudllA vl o] F2 3y
A=t ol= XFuide] ST S Asfete =7t
450 MR, S5 E % =] vlg) W2 o=
FAE AT E3F 5.0 psu TEAA = L] Al E=]
&4E dete] Mol gotA Mt ALY FEE FHE

O

el

™

Qe AT BAA AU, ol 459 WTF L
FABP SR W Aol A9 S5t BEse] A4

A A 37] gHR) Aol AEE
| 7A343t9 S w 5.0 psuol A
1921, 10.0 psut 15.0 psuel A= Tz

oA FAYe] AEEL 0~45% HZ A== ATt wEgF
= XS 5/ AA Y AQE =Eo oE Au-Ae
Ll < O T o2 T E AT Morritt
et al. (2007)2 AL C. grata 3AE 14.0 psudll 44]
ZA o 7 A3, Alzro] Aol wt o) Fut &9
dlrel AAHES] TRt oA AL A7 EkEH] & (heart
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