Korean Journal of Malacology, Vol. 21(1): 25-31, June 30, 2005

A1FD=|, Mytilus galloprovincialis®] A
3" =z7

Optimal Conditions for the Embryonic Development of Mussel,

Mytilus galloprovincialis

Chan-Gyoung Sung" %, Gi Beum Kim', Jin-Young Seo" 2, Chang-Hoon Leg?,
Tae-Kwon Ryu’, Gi-Myung Han?, Jin-Woo Choi®, Yong-Hyun Kim®

IDepartment of Marine Environmental Engineering, Institute of Marine Industry, Gyeongsang National University,

Tongyeong 650-160, Korea
*South Sea Institute, Korea Ocean Research and Development Institute, Geoje 656-830, Korea
Division of Ocean Environment System, Yosu National University, Yosu 550-749, Korea

ABSTRACT

The embryos of marine bivalves have been
commonly used in bioassays for the quality
assessment of marine environments. Although several
standard protocols for developmental bioassay with
bivalves have been already proposed, there have
been few ftrials for applying these protocols in
environmental assessment, or for developing new
protocol with Korean species. So, there is a strong
need to establish the standard bioassay protocols
using bivalves commonly found in Korean waters.
Prior to developing a new protocol, it is essential to
know the optimum conditions for the reliable bioassay
procedures. Here, we established the purpose of this
study to determine the optimum bioassay conditions
for successful development of a common mussel,
Muytilus galloprovincialis. The conditions considered as
critical for developmental bioassay, and determined in
this study were; (1) temperature, (2) salinity, and (3)
initial density of embryo. The optimal temperature for
developmental bioassay of M. galloprovincialis was
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determined as 15°C. At this temperature, the required
time for the embryo to become veliger larva was 48 hr.
The acceptable range of salinity for the embryotoxicity
test using M. galloprivincialis was from 30 to 35 psu,
which was narrower than that of the natural habitat of
adult populations. The optimum density of embryo at
the beginning of bioassay was 100 embryos/ml. Over
this density, the proportion of normally developed
larvae decreased significantly. The results obtained in
this study will serve as a basis for preparation of the
standard bioassay protocol using embryo of M.
galloprovincialis.

Keywords: Mytilus  galloprovincialis,
development, Bioassay, Optimal condition.

Embryonic

M B

SRR A 2P 29 Hrle de AN
2 9t} (Goldberg and Bertine, 2000; Wedderburn et
al., 2000; Geffard et al, 2001; Smolders et al, 2004).
Bk 24 Hrlol AelA s HAE o 3 AR ¥4
o AETFAC viXE 43 ddshe doe oEg]
et webA shEHEA E ozt AE £4 AT (Nicholson
and Szefer, 2003; Kurt and Ozkoc, 2004) $} ©j&o] A&
9% 971 5 AEHA (bioassay) & I AA= A7t
Fals] o]Fo)x|3 it} (Beiras et al, 2003a, b).
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o|uljsh o] AT AE o] &8 JEAAYL o]v] 1980
] JhtE7) Ao, A4 2239 A7) o] A4
so} gk (ASTM, 1989; ASTM, 1994). Fx5F+= A AlA
At A &3] FolE 4 a, Akgt fde] v A fo)3py]
wgoll, A A7) ohoFdt A7-9] YAk o]&Fe ¢
o} (His et al, 1996; Jha et al, 2000; Beiras et al,
2003a, b; Beiras and Albentosa, 2004). $+-#u=ke] 3¢,
) Fol B3 AFELS T BE AL M gew,
AL Ao g Q7w AT o] dAINNE di
0% o]26]A u} g} (Hur and Hur, 2000).

AE3x (Mytilus galloprovincialis) = DA% <k
A, T2 28z g8 93 52 23 S-2uElA
v % A, Bk 28l AlFze £5=dAE A
(Choe et al, 1999). 3 o] £ ASTM (1994) A A4
=0} & Mytilus edulis®t 9% £o8, L33 9 A
g5ta] EAo] wi$ fAlslt) &, ASTM (1994) oA A A
Mytilus edulis®] N3 & AFHRE ALspr]o] AP F
ojgla 97 ¢ gle}. x|, ¥]E WYL FUsHA H L4 4
Aok FAEs, Fo| th2u Ay =3 43 FUA=
gorzg nE AY 27 x3 FAd 448 = AL A
ot}

HoFPEo] B HAol 2 JFL A 5 Y 2UOE
L5, 9, A9 Ux Fo| ok o] xAo] HAs
Falohd A9 dAo] AAH R oFoAA] & 5 Yo
2, AERAE ANRE o AT ¢ g 2AFHE 29
4 9ltk a8ug o)F 279 AH WHE FAH R Yo}
of & Zo|c}.

metd £ 419 SHE AFHEA]Y wjolE o83 BE

rir

ot
.5

A4 27 A9 23¢ 2 Aol FHT AFAGA) wel
238 A AL FAAY AL Dol 2 2
Ao JRe Asino

Mz R YY

1. 49T &)

AFGH ) AAE 20049 290 AAE FE AtelA
HAstgct AAdA el ke JAs] $isle 25 10CE
SR8t 4 F ¢ £ AP A4E AAE TS
Z ghobA] o]EAL AANG L, dolgle ETL T
22 AAs] sty g4z AHEAct ARg fE37] 4
sle] Z7) Fo 1 A7 74F EAT ¥, 1 pm FIEFAIE
E3}3 o7}s4 (20°C, 32 psu) o ©hA] Rt o|2A
A dojA AL 100 pm & YAE FE FIAA &
Qlze) o] EAE AASE L, 40 zm o YUE F SelA o
F¢= o 7 A AHst] A P v|AelEA, 1 A
7174 2L v AEEE AAIG

2. 3% &34 AY

A HA =g AR S8 1 pm EHAE §
#3842 5, 10, 15, 20, 28] 25C] oA A AF
TE AAsigch 2 ATl £ARe] 2xE ml T oF
100 717} H 55 xAste} FelspvolE A9 1.L 34
7} (Nalgene) ol ¥, 2t &xof sligshe wjedr]ol ol %
Aol A== F woksigict. 7 EA DA A AzE ¢
ol7] st 4 F 120 A4 3 A 2322 5 ml
¥ A3l 4% TELUE=2 nAS AR W welE
An|A o (100 ¥) #2ste] 5 o] WA (A, 2 Al

Fig. 1. Developmental stages of Mytilus galioprovincialis. A: unfertilized egg, B: fertilized egg, C: 2-cell stage,
D: 4-cell stage, E: 8-cell stage, F: morula, G: blastula (before hatching), H: blastula (after hatching), I:

trochophore, J: veliger
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27447, 28], dEASA, J9A54) (Fig. D 47
ol sjG=E wiole] WEEE AbsiArt. zhzhe) LA Aol
s=l= A &) AAY 50% o)ite] =He A 1
A L) BN Ze 2 sk 7 2R Hg vjol
WEg (2318) 3 Ao dhAd SAe BEE A
TR & AR 182 59 HAAZEY g4 719
ApA R AEHAYEE ALBIGn BEIH 9=E
ol g-3lo) AFAEA ] AL AAlgch 4 &2 F
37 A HAE A gzt E4HEA (ANOVA, #2
FF o = 0.05) = AABIAL (Zar, 1984), A HAE0
70% °|40 €= HHE Feldsich

3. 33 488N A9 AW

ARe HA JE HAE 237 $5k4d 5, 10, 15, 20,
25, 30, 35, 40, 45 12)3 50 psu & 10  APF-E Fu)
39ck 1 pm FLEAE A3 oA 5E o] Rk 2y
59 #H4E A8% o)A AMzsly, 244 (deionized
water) & A78te 7 Q¥ ARTE ExlEidd. 4 AY
Tuich 332 WS ml ¥ %F 100 7} HES 248
Eej el A2 50-ml wjokE E2A3 (Faleon) o ¥3,
15CallA 48 A7+ 5 wioksbgict. wlide] $2H F ARE
4%°] FEAUBIER ARG g e wolE Wsto
DA ] AAAHQ HHAFA (veliger) o] HE&E A4s}
Aok A¥ %8 F 27 o AL A4S 47 Yk Ax
FUg A oT 24-40 psu 744 2 psu ZHFHoE 9 A
NEE EvlEtq 7 Az AAPLAES Felgich 47 =
£ 48 A IAE AR o] SRS AAER,
A4 dAEOl 10% oAl d& HHS Fohdsicth

4. 33 ¢4 U= Y AW
Do A4 2= g s iste] £ WEert ml 7

- fertilized egg
- 2 cell - morula
- blastula
trochophore
D veliger

Temperature (°C)

o 2 4 ® 80 10 120
Elapsed time (hr)

Fig. 2. Effect of temperature on the developmental time of
each stage of Mytilus galloprovincialis.

25, 50, 100, 200, 400, 800 1) 1600 W7} Hx& =4
&7 /) AFFE 030tk 1 pm 7IEYRE 53 o7
e A3 50-ml wkS EelaEldl EekA3
(Falcon) & ¥l%F4712 3le] 15ColA 48 A7k 52k W)
Ak wicke] 289 3 AB: 4% FEUWS| =g wAE
Ax zt Aseict A GAES ARGl 7 ded A4
g &gl diste] FAREAS AN, AA HAEol
70% 14l U= W9 g Frolligdct

ARAY A9 A g AA o) dA HA =9 33
o AA Aol AL AT & Use] AL o
I 2o} e omjelRs olAt AA| (Paracentrotus
Lividus) 2] ol o] 43 HEHAANA mlF 500 71| 74
2 o]4¢ A7t 9t} (Radenac ef al, 2001). AF3d
29 &) AA9 drr} v &2 & FHA ¢ F2 o]
o} 28A 718 AFHEA Y volE o843 AEHA AR
(£ 30 embryos/ml) oA 2} ¥ L& WezAqAx A4k
Ao Jakg FA 4 4 Yvhke 7HA gl ARAES A
A8, cuAdge) Az A LAEC] 70% o)Aolx, o
78} Aol7t YA o= U=el mig 100 M9 && =53
o AP}, 11 HAY Gio) AAE7] o)A A¥e
M 2AA AL HFHE (32 psw) 2& A3

2 EE

Ao 27| ed & £4 oFE & EHd F4
(polar body) & €71& 3 Ao &5 e &
Ao g gokslgde} (Fig. 1B). £7]9 $A3 82 90% o)A
o]},

1. &%

25z 7 dGArA e dA ARE 2w veh
Atk (Fig. 2). 5CoAE 120 Alzke] ARE Tz Eulr)
ojAte] SAR wA¥stA] okgkrh. 10TolME 80 Alzke] A}
3 3 oAl H9%, 15TAAE 43 A7 20TolA e
35 A7t A7 F AAARAcz At

AFsgxe] 7 dAdAE DA x| g} Z 2
°]F At} AdkH ez x7} A5l wet 74 HARA)
A o2y HHA ML Zasiich 25T A%, F37t 4o
o) ERE AP AP} Ve AR, A TR
Aol AA9) 90% 1ol Asigd. &, 25TE AlF3d
7 A9 A ddFE A e 25U & 5 Ytk

2EAY A doj3l AAE o143l YEIHY=E T3}
A}, x9N d7ke) ARRAE YEE R
9 (Fig. 3), °|& A4S F31o9 A= YA Y=E 0.
6TE A=) AEIHAEE oW FEo) FEAQ BF

._27_



Optimal Conditions for Development of Mytilus galloprovincialfs

o] 2% AAB3ke &2 8 YEuict 2w o] X ofslelMe
A3y e LEF WTh 213L o] ASHHYEE o)
sho] 7} A Aags At AdE Yepigich
A2 ibgo] Aol we Apdteron SR &
& ek AAARA DAZEA) dAsed ded Aied
2 683 CE A=t (Fig. 4). A2 ok &5l 9
oA ofF F2F 84% of iR ol gshu, WATA
ol &= Hale] M DAYALE 45T 5 ot
a2 ExE AL # obdE} FakEd) A wAYEel
Z 9%L mAL Yok (ANOVA, p < 0.05) (Fig. 5).

T
=
H3lg 257 7P 3 5T W M 131, 2RO S

079 & 2cel
~ 0.6+ : ;ce:: 1/h = 0.0317 T + 0.0106
L ce (r2 = 0.956)
£ 05 -
® 04 A 1/h=0.0211T-0.0117
E (r2=0.921)
ot
- 0.3
?
Q 0.2 - 1/h =0.0123 T - 0.0087
5 (r2 = 0.860)
]
0.1+ .
o ) L) i ¥
5 10 15 20
Temperature (°C})
Fig.

stage of Mytilus galloprovincialis.

800

600 -

400 -
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ac
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Cumulative water temperature (°C)

Fig. 4. Cumulative water temperature for each
developmental stage of Mytilus
gallporovincialis. 2C: 2-cell stage, 4C:

4-cell stage, 8C: 8-cell stage, BL-N: non
hatched blastula stage, BL-H: hatched
blastula stage, TR: trochophore stage, VL:
veliger stage.

Elapsde time- (hr-1)

7hgholl wie} A& Zhasle, 25T o M W3k (Fig.
5A). €% W7} 5TA 20T AlelofjA: H3hgo] BF
70% olAtolda, EAACRE {3 ao)7} glgich :LaM
257} 95T A$E 2380 60%% wx]A] Z3gn
Uz 25 220048 Fo3 Aol & vt
A S 389 OE S vegit) (Fig. 5B).
2571 71 W 5TelA A BAEL 0%t ol &x
7} U ol bA& gyt 2 817] wie Yehd Adjelrt u
oM AL 18] B4 Attt ol
A7} Aol otedgke wA Al Ak Au|dct &=t
10T 3 15Tl A$-= A #AEl 90%7H7lol= it =

e e 7

0.1 1

¢ morula
A blastula 1/h =0.0038 T + 0.0185
| ] tvochophow * (r2 = 0.904)
0.08 - @ veliger
1/h =0.0029 T + 0.0008
0.06 4
, (2=0.917)
1/h=0.0019 T + 0.0027
0.04 /ﬁ (r2 = 0.841)
*
1/h=0.0017 T - 0.0038
0.02 / (r2 = 0.992)
A
0 1 1 H 1
5 10 15 20
Temperature (°C)

3. Relationship between temperature (T) and inverse of time (1/hr) for each developmental

e o) 5 YAl AT Aot} viaH 2
Aol PAE ARGET oltich 20T LEANHE A
WHos A S0 % 50% RERD, S 7199

Aol oiAE AR o, 20C o4 LEAE &
AAP) e Aseh) AReaes el 25T
A4 BAR) 0%k PR F AR WA £
5 Aol o} of LEoIAE YL 4]

bt

Fl=2
=)

2 T
o] @-‘Jr*‘ FEshd, AFagdae] wAo] Ao
o]0l £xE 10TH 15Tole}. F3-83 JAPEe
o] % 2xojA ze)z} gloich wba, A A7k 10TelA
80 A7}, 15Col|A] 43 A|7te 2 ¢k 2 Wl AE Hpo|7} e} o]
£, 10TolA A8E 4u37] AsiME oF 4 do] Ee3tn,
15CoAl A= oF 2 o] Hasjchs onjolct, YT AHE &
£obd B} g Az el 4 Hol o yE Zlojo}. wehi
10CRR= 15T/ AAA® e} U2 279 Z2R oA
A9, B A7 ME 15TE AFsEA] wo}E o] 43 A2
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Fig. 5. Proportions of hatched blastulae (A) and normal larvae (B) of Mytilus galloprovincialis
at each temperature. Error bar represents SD (n = 3). Values with the same character
showed no significance (ANOVA, p > 0.05).
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Fig. 6. Comparison of proportion of norma! larvae of Mytilus galloprovincialis among different
salinities (A: the first experiment, B: the second experiment). Error bar represents SD
(n = 3). Values with the same character showed no significance (ANOVA, p > 0.05).

o

4R A4 222 AR,

2.

E%iﬂ%ilﬂ LR Q¥ & A Hu g
(ANOVA, p < 0.05) (Fig. 6A). 99| 15 psu ©|3}d 3%
AL o]Fol )] i) 20 psucldE A4 W] 5%
oj3tg ul>- WUty 25 psudlE AAF HAEC] 30% ol4F
o2 F7letgleh. dEo] 30 psud o AA LAEC] 90%°)
Aog JH w2, ol d¥o| 3715l ujel AahyEL
Faste] 45 psu o|AY B¢ WHEo| 5% T|holivk
ASTM (1994) oA thz7ollxe] A wgEe] 70% o
Aol & of 21 AEARY ANE £ 5 JEE AHEn
At o] 7jEE & A Ao HLsle] BE, 70% o4t
A A Fo] IR d¥ 371& 30 psu ¥ 35 psud F

2 d7olA= AFAER Y wlolE o
A& W9E 30-35 psus AR
Ao A= G AT 7H40) Yo 4EAA
W AR AEE 24 & 9 234 vehd 927 Q19
o 2A AT 1S §3 £1H9 A3 sgn
(Fig. 6B). 24 psu¥%-€ 2 psu 7H422 ol% s9 Atz
ARy e BAxAL A A3 TdshA F9oh
24-28 psuZbA|e] Hi HA DA Fo] 60%NE ol=A *
IR 36-40 psuclME W& A HAuE-E Yelhyich
183 30-34 psu MY HelAE 70%E A3)she AAbLA
&S Bgom SAFc g xolr) Ugic) weps) 2 AP
I F7HQ A¥e AAE T 39 HHY ¢Eyygs
30-35 psuzty & 4 Qi)

¥ Aol wA Ade] Ax dE7E ¥ AA o
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2 9lelA] Al AL vlEL 10% v)uke® yetown wlw
2y g#al 24 psus} ¥|wF ¥ F#4l 38, 40 psul
A FAbetAl QA o2 wrAgskA] £3 AAAS] vlgol T1% ©l
Ao} ARE Aok 2 ol g AAst ol AFH=A
o] Aol i) GFo] A WAL EE 5w AYA ok
2 o o)A wAElA] REtw Al ¥ AAA ) S E F7)
Al A2 welof & Aes Y7
duitr oz AFHEH ] AAE dEol A WA ?—]7}
Qe Ae® geiA glok a8y & a7 A w4 W
H ‘5-5': of gt uiA Wl vaA F& RAos vyl
Z, AA7 FAAolE e A A =3 294 A2 oY
ek st AA) sjeRrat ofde} JlRA AN E A G
Ao BXE B2E £ Qo) 3 o) T F s ¥
Fo)7) 5 sl|zbo] YA HAHARA QA7) DANA 4
Bof] gk Gk uwk= Ao w Aol s PG £
7o) A2 Rz 4485 AHAE Aog 47
o} a8a FASA 5 o] AAARA A7]7F ok 304 Ax®
7}75} v ARE o|g3ld gL A & glof A A=A
fo] P53t webd E AFEee 2/PEAGAE
°l%‘5P°‘] sF 273 A5 %‘é Hrle| o] &3l7lell YA A7
o] Qo] Aol H3E ol B0l YAl AFE FAHL
2 g eyl ok old A7AH2YH 3RS

ul
Aol 7 S 7AY 2 2AM ABE olW HENAES
& ol AeE HAs| BAse g Aol Bage &
499

100 a a

% Normal veliger larvae

25 50 100 200 400 800 1600
Density (embryos/mL.)

Fig. 7. Comparison of proportion of normal larvae of
Mytilus  galloprovincialis among  different
densities. Error bar represents SD (n = 3).
Values with the same character showed no
significance (ANOVA, p > 0.05).

. Y=

AFaEGA A BPES 27] AT Uxe AA F
gke wby 919l) (ANOVA, p < 0.05) (Fig. 7). +4%<
27t ml 2 25-100 70 WY E A HAE] 90%
Welz 9AsHA fA89d 28y A% 22st ml 7
200 7Hel AS= AA LAPEC] 70% vlte R sl
et B 74l wlet A4 S-S AgHeR Fas
o, d=7} ml % 1600 7H3) B+ AAPTAE] 5%°l= ¥
A ot wetA 2S5 welt W A FFE
ubx) oky AAbg o wbgd £ gl Ad Ux+ ml 7 100
N A Aoz Yepyie

A5} Z7hsbaA AA dEe] ks Ae HA S5
}J%ﬁﬂ gl HoR AAAC Az A A4
I A3 ml 9 200 7 oA REeA B4 749
°1 s AAF AR 2REHR] Faka dEAA AER
LAY Fof A FEHEA Hom zol7] w F3let & ok
o ReE AAE 4 iglch &, wiefde] F
50 mle|gk 6}11‘4 —‘i’—i} * 545 7}xl“4 50 ml
S 2% o83l Ao] ope} 2 A 4F 3T
o] g3t Zlojr}. o|s} o] F& F7hel RAEA HA
AE AEY BFo] FolAi, 45 Atdel U AR 2T F
7betge Aolt). ol Ux FHAQ AAE AN ml T
200 7| olate] mAEANA AFHA ] WA 7} =
Ao giEch

ASTM (1994) clME 27} $£4%e] D=7t ml 7 30 A
dx) =& AAsla glon, ml B 100 HE HE B¢
A o] H4g 4 gz digle) ol & AT A
Ao Azte} AAFR] ok=th o7 Aol UL Wik
71¢] B3jojA & 4+ gk ASTM (1994) oM AA3=
7)) g2k 1.2 litero) L, ¥ A7o)A AHE3 4719 Hu
50 mle|c}. 1 liter BH%MMI ml F 100 72 FAze 2
o =9 & A7 Ji5E 100,000 7Ho]™, 50 ml ul

ool ml & 100 742 T7§%‘_~a don 45 F A%
M= 5,0007110]4 Z 3o 3 HF U F $7)00A
23}, AR, e £% ZiL s Th)r) o3
= 2o A9 Jlervis 298 9 FA9 At o 2
Al ZAgslA 2 Aot} 2= 1 liter £7]9 WA 50
ml »‘L?lﬁl 70 20 v o)A 24 i HUx F& &
1 liter 871904 ©8 24 Yehd Roth. F, vk
EdA0] Y&5E A4 YAEL ¢ o F71E Aok

T
irr r°"

r\l

oo o o ©Lof ol
221
B

moolﬂ_&,
_'_‘f'

fo rf ofo ok X od mu

o
O

2 o

B A1E B3 AFNDA (Mytilus galloprovincialis) 2
Hlo}E o] &3k AEAAY HA AY x7¢ AAsNY 24
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oA =AL T3t 2t

AERA A xFuieke] £5& 15T} 7H8 Aisial e,
o] Ex oA 48 AT :F olF AHAFo| HA (veliger)
FAGAA AR A7kl et

wlok 7hsd A8 9% ¥9s 30-35 psuoltl. BAAE
ahye) H7 gEysloln AERA A AR g o] =
A HE dlold A% ABY d¥E 2AY de7} Yok
wiok A 2 25 dojd ¢ Jv UE F54 ZAs} e
Uzl ok Hujel Us= 100 embryos/ml ©|$ith
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