NJOSL

National Digital Science Library

iz’ 4=, =27tAte] EIZ| S 218 LFE n-S(Charonia sauliae)2| SEH L SA47|E 72

Studies on rearing techniques and species conservation of Trumpet shell, Charonia sauliae for Sea star
control

ZUAI|Y of4rhEtn
APMAZ  LES
el 2005-07
zawy  #ER

NDSL URL http://www.ndsl kr/ndsl/search/detail/report/reportSearchResultDetail.do?cn=TRK0O201100003003
IP/ID 14.49.138.138

O|8A[Zt 2017/11/03 15:20:36

22r2 o
@ NDSLO|A A
@ NDSLOJ|AM A|

@ NDSLOfIA |
B LICH

o

t
t
t

24 S/ E/H S
2 9 J|Et PRl2 MO 2 B MIZ/HUET A ARO| KIST
2 g

9| QoM S et Ao FRZ[A AE 4

Ha
rin
X
)
0z Mo
10
X
)
rH
rlo
o
X
N
X
2
Al
o
0
2
~
a
j
mlo
ok
HC
_o'h
|:|
$0
i3
r
ul

_|
1o
_‘OD
u
o

o
)
)
oot
I
o

(04] O(l-l_l Okl

ol

rr rr rr
a1
o
I\l

@ NDSLOIA A3t eI =S DEr 22, 2, W 7|6} 42O 9l5tel YHOR 018 FP M2 13620
m&smmaq@ EL 539 0fsfe] U3 Maha 4 AUttt

M |5T|

www.kisti.re.kr



A s =T
A3 3E A

w HuANE A8 E, BV HAE S U alE(Charonia
sauline)2] TR 2 FA7]H 7 (& A571%F 2 2002 12€E 1L~
2005 54¢ 319)9 HFHIAE A=Y

2005 74 29¢]

=

N
r
2
-
N
r
ofl
2
Sy
=
1%
=

s
by
ol
2 oy,
r2 ol

~

=
(o,
o,

O ooy o
Mo of o
o Hop I

H‘ 2 oﬂ'
o o oXx
o @& e

IP:14.49.138.138, 2017-11-03 15:20:35



End 9
S ES N ES]
$2)ue

of| A
7h Rk O = A

=

7}

Hh et

.

2t 115 (Charonia sauliae)®)

7FAke] H

=

)=

%Y
A% ey

ER

&l

s

1970\ T

71270,

M
5

EIRERESD

Q]3]

EA=IRSS %=,

1

0]
pal

14.49.138.138, 2017-11-03 15:20:35

IP:

13l 27patel o

2

bz, =7k el 9

= O

3

A= He g By
o wpheba] AQb I

=

R

ol 74 2 A

P

o

Tl

z10] haol] ©]

o Rl =l Al
3

H/\]—

]_
A% BoMAR ERE 1d] E

o
i

]

(e
1l

71

o

b

-

0]
gl

A, = 4o,

9]



A0 gt sslE Axss] alds Bk ANl did Avt
EECEIE EERE I DR ES
AGHA Bbbe A B we ATEol AYHe gou ol BF
el e% a9n AAPNCEA ARFEAOR Holit: B
& g W ol ool g3 kA e 8 PEe A U Ao
W AT B ol FIEA @m e el olF udt

of#dt HolM & w AAH A o7t TR Aol A EoF & Ao

e Ago]l Be 9E Adel A4S, FAYOoR Bl Holz Wt
FHRES GE BEF9 go] LB E2 snl, Brhbe] L4 (4L o] §3to]
EARTY. ol URnES dmE A W olm ogueln gou,

Zuetel o] ofSere o7k B nhele] 238 AEw Aol nEo} gl AHolu,

N
O
K
i
o,
W
AW
i
tlo
o
oo
o
i
N
>,
i)
2
N
I
re
rO
ox
fuj
ot
o,
i
o,
i)

olfg  ErMHES AAHAL UEiwe RS gel WRdske A2
w7 e FAEet Hae] "WESV] e UEAed Ads SHiATI=
ol adE A= F M = Aotk

e TS UBmaEe] #E ATE FeHom o} B 4 glb

IP:14.49.138.138, 2017-11-03 15:20:35



, 45 Bopbel g wade] Qg %

=
1953 Bullocke] Z7tdjell =7HkeE dsiM Zvjshs 5572 Pl

(1969)0] AAT==] =7hake]ell et gol7|zfel]
Cameron and Endean (1982)¢] =7FAMe]l#<Q1 Acanthaster planci©l| ©gh 3EZ2)
Babcock and Mundy (1992)¢] E7kAFg]e] A2 Aefe] ¥#3le], 18]3l Laxton
(1974)0] 59 Atsxo)] MAst= EBI7WAVEF  Linckia laevigata®) =3+
U A= & el Wish E7Ak S 2450 B A5 5, 200009
ol 7ol& ol & E7HF TAl wFF AR 5, 19977} 2ot

il

o
u

ftlo

AAola, A f&

ftlo

£

=
=

e

3

h

Fod,

o.
rd
L

o

ATE AlZFO 2, Ansell

Jm
o,

&
o

JeEe BoATeAE Jzuge FRd 2 FA/MY A WA=
GEuEe BE U OB, ST A, Wy, SAAS L AR, 245y
BAWgel Bt AT, FuA d¥oR UBuE A% o

IP:14.49.138.138, 2017-11-03 15:20:35



B
pip

Tk

il
g

Charonia%;°l|

w2,

o]

RAPD

& Ao, Charonia%¥ 1 9 iLFolME

0.89= 7}

"
o

<}>j\

< RS B

0.12~0.172

Monoplex%01 22 72k

Hor, Ml daferel e

9]

&

A7y 71

= o zAREGlOH, AFE AAME A

o}
e

3}A]

B
g

i
B

B
<y

1
B

o|J
8r

o|J
TR

42vt2],

o
o&

3l

3% 166vte, 73

9
96vte] 7F A A = k.

9, g, 75

s

ofef waj

o] o
1

3

ST
X

/l\l_

et

<

a3

0

11

A3, 200349

3
pi

£

2004 3€7HA

<
T

o]

Sl

1

i

)

ofiy
N

o

ol A

ko

guhe) E 4nle) g o)

)

ofv]
Aol

4r

—_
fite)

T—
-

o

)ﬂ_

7ol 5t

1

(e}

14.49.138.138, 2017-11-03 15:20:35

IP:



2
)
)
offt
=)
:[o
(3
ftlo
x
rfo
i3
K
PX
>~
>
ol
ith)
_E
—
gl
e
2
>
1>
o
L
>
o
[—
w
e
o
=2

HAx= wrlshs da7t #2d ol A9 T35 Al 1504704 o] ol Fitt
AAG F2d wrdes 196 15CeA 43 1373 #3 7.33=2 713

Wk, 20CeA 27 1.208] 9 5331991 5Tt 30C A= wn7k dojx

Fokth Ate&2 15CelAM 30¥ ¥ 16.7%, 604 F 33.3%, 9043 1204 F

100% A7 1509 Fell= 30% = wobx 150Y o] %ol AbshstA] ko
20CAME 304 F 16.7%, 60¥ F 33%, 9043 1204 F 90%Fth7b 150U
Foll= 10% 2 SrobA] 1509 o] %ol AbghsbA] okt

Abebgo]l 7hd £ 15TCeA AA bzlo] AZI/RA 11del 113708 Wd&
Abekelgdar, 129 34570, 19el 123270, 29 1045719 WHdS  Abgdsjo
SupEte A YR ase] A= 199 284S & 5 QASith

)

B gAe Wdes B3 REIHA oF 50~60d AES 7|3ko

—4

2 31
seEgoy, 7 2 Wi AEES B 15TCAA 62%, 20CAA 40%,
BCTAA 18%, 10CeIA 10%wC=2 vEY WaAa AALee 15Ce1
dhE Tt

Uz s X e AFS x2AE A3, 15CoAM 309 F 491423.65 m,
604 § 561421.90 me] T 23%° =S B3, 20TelA 30Y F
509+18.34 m, 602 F 625+19.76 me A AT 20%9 WIS Ko FAAS Al
Vg AAs £ 15~20C e daE )

R

Udise HAEEE dorstry] fet Ay fA A dAe A8,
AR 3E7], 8AIE7], AA7], trochophore, veliger, hatching veliger® &3} =4,

wds B3 Fstst7] kA oF 50~60Y FEe] 7]7ke] A QH Gt

IP:14.49.138.138, 2017-11-03 15:20:35



Udis 7489 A% Ade & A3 AINAA BaAT 40842152 mo|

E&S B9 A7} Chaetoceros  calcitrans
TaTolA 47342342 mE UM W2 AES B0 AEEL 25%F HE
=93, Phaeodactylum tricornutum &3 7-°lA 502424.13 me A3 16% 2

%
AES HAY HbA| Tetraselmis seucica 3+a-T°lA 49142053 mel 43}

5
Hol|FdF3% SAZHA Hol|WEH A3 AE C calcitrans, [. galbana, P.
lutheriol A A ELE] SA 9 AsA 7 oF 1:19] v &S BP0, N oculata®t T.

seucica= W37} Qlo] WIF-E Ax FaldA Ao

HolFHF HAZE A HolA=S] FRE AstdAE AAE & zko] glo
2 A3 AQ. 1 galbana, P.utheriolX B4k 95%0)Ato] A9,
I widsEte AR #EHUAT Holdw T 3AI SAIRMA AR
Hol =2 T AsMAFE vd 4TS Btk A3 & BE AP TelA
wido]l #AAHNI, N. oculata= HFAT FHAAN, 06 olstE WA A3t
FA% Zlor #FAEHow, ymA] HolAEoME AsAG 095 oo ®
as7b @A o] Fol Hnk

2 R4 2 AN 4y

u}
HolFFeke] WE UZus Ao AF 9@ RS zaet A3, mid 10°

602 & 670H419 m=E AR F =& AAS B, 13%2 HEES
- 7 -

IP:14.49.138.138, 2017-11-03 15:20:35



o
ok
xld
S
>,
it

Btk mlgd 5<10° cell
668432.5 me AFS By, HEEE 1692 M =4 vebwh

Ao 30Y F 52412 m, 60U

AFSEEE g 9 AE=S zAbe Ay, BE AdoA 608 ¥ 670~680 mE

e e Bola, AEY A9 mld UNAE 88 Addedd 60d F

ol#dt dytE T = wl ET FA 9 AWAFA FHAH HolggE Ul

AU EE 7 1 mld 5X10° cell FHS 1 mld DAY ASUER
dekE o
7. 8d BE

A AT e SAREE gt 4CE FAF v, BT V3] mE

Sperm activity index®} Aol AE=ES XA Ay, Aol AEES marine

fish ringer solution®l A 40.4% = 7} =ko 1, 0.5 M glucosedl 4] 11.5% = 713

AN
E3 A A ¢l dimethyl sulfoxide?] ®Xeo] we} Z3s FHS

YsrEste] 5 HFo AEES A A3 sl AFE A
HPA RS 17 ol Z 3+ A oAM= dimethyl sulfoxide 20% % &

=
25.3% = 7V =93l dimethyl sulfoxide 40% oA+ 54% % 7Hg @& AEES

Bt HPAZES 2% olUlE 3t AYFo|X = dimethyl sulfoxide 15% 2]
FLolA 337%° AEES Ho HIYPAN 1S FASE "WHT ¢ =2
AEES KT

PEREAF] WE REAFAY AEES 19 F dimethyl

sulfoxide®l A

80.0043.21% 2] =8-S B AW v, glycerol, 1,2-propanediol 2 ethylene glycolo| 4]+

IP:

14.49.138.138, 2017-11-03 15:20:35



Z¥7}y 15.0384.40%, 12.1022.90%, 10.3045.22% % H]5:st A35 Holth Bk 154 A%
dimethyl sulfoxide 77.3045.00%, glycerol 14.10£3.10%, 1,2-propanediol 10.50£1.45%,
ethylene glycol 8600.70% % V]t A3E Hol YFrREdsr oeE BEE2] W=
A9 gl AS=E eyt

5~25C 9 AddFeoA= 1247Fe] A3

D Adelds 30%klM AEFEAID 40ARAA 100% =83,
20509t 40% Tl AFFEA AZ 90%9 80%° ATES wl Hide|
10%o oM = 10% 9] &S B3l
8 w2 83}, 5~20C F3telA 7243 5 100% &8k, 25T
TAME AR 92%) MlwA Fe AEES BTk EF 0Cg 30CM =

8o dedd Ags o Ay, A vt 0%k ek 40% el A
10022 7V w2 AE&S B, 2059 50% TolA%E 92%, 9% % BliF
EE AEES Bl Wb 10%9F 0% TelA = A-NAL 6A1ZE o] % HALsH T

kel EASaL, 1 HE ol sike EAslew, TEAALL

IP:14.49.138.138, 2017-11-03 15:20:35



BE7PHE e R Ho] x4 s S BES Ay Ak el tield A &
=

A RbeS Blow, B E dds] EAsked dele AIRES 3ARF A

AWARES G BIE] Fe Gobry] §lskel 20033 THRE 20049 38744
JRA P SRt AP AEe) Ast: A YYD WA HAF
#

Bk AlZEo]l Aol weh A AfAlEel thulste] 750 gol del AT ol
e

o

_10_

IP:14.49.138.138, 2017-11-03 15:20:35



o o g A N O
X BT ni o
T %0 W oo
~ o o< Mo R’T
LlL R EO —~0 ‘m “IJO”
o] _ZT X
B Lf wmo ,.;,._
= R o) -~ <
20 Y n- ofiy EM o
% 3| e B
= M Aoy W m
o]l o ay T
T ozr W ogT "
~ =X ;ﬂ_ﬂ
5o A o En a
T o oWy 2RO
T oo M S o
R 5 3 o N
_ S o° T <A
S CS % woX i
T 4 oW m oo o=
© Do W
RO = o T ozl =0
B -0 1%0 X ol ~X
ol P LR
o} < ' T %
L < T oE
ol o W
2 %5 =
™~ T S
hu 0° K o .
R NE 5 o
ol = ) RO

A7k,
)‘\_]__

ojiy

S
o
o2

V.
1}
=
= 1A
Ei

_Zﬁo

1
Jore AAH H%
1
avpole AzkAT wEA of

g3k AlA Yt

R T

14.49.138.138, 2017-11-03 15:20:35

IP:

BAAbE e BAEII} ool

i

pil

9
_11_

AFANZ

58 Aol A

AAT oA o149
AA,

=
=

7t
wohitel 9
oz slejee,

=

)=



SUMMARY

| . Title

Studies on rearing techniques and species conservation of Trumpet

shell, Charonia sauliae for Sea star control

|l . Object and significance

In the shell farming, the aquacultural industry on the coast of Korea has
rapidly developed since the 1970s, as new types of species, such as the ark
shell, purple shell, abalone and scallop, besides the existing oyster, sea mussel
and manila clam, have been developed for aquaculture.

However, as aquacultural species are diversified and fish farms are increased
in size, coastal areas are suffering diverse problems, such as habitants changed
by overpopulated aquaculture organism. Shell farms are not free from the
problem, The starfish, apart from the water quality or habitat environment, is
bringing about the most serious problem to fishermen on the coast.

Although there have been a number of studies on how to remove the
starfish, they all suggested only artificial methods to remove the starfish
through fishing gear, which is limited to handle the starfish increasing in a
geometrical progression. The fact the number of the starfish has not been

changed supports it. In the sense, it is desirable to seek other methods to
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handle the starfish such as using its natural enemy which is the trumpet shell.

The trumpet shell, one of the Cymatidae creatures distributed over the south
coast and Jeju Island of Korea, the Philippines, and Indonesia, is the biggest
among the gastropoda in Korea, inhabiting mainly in sandy or graveled reef
20-50 m deep below the water surface and preying on the starfish. Although
the trumpet shell has been utilized as food and material of craft works for long
time, the catch in Korea is merely several a year, even designated as
endangered species by the Ministry of Environment.

There has been no research carried out on breeding biology of the trumpet
shell, except the well-known fact it usually eats the starfish. In the respect,
this research is aimed at studying classification, distribution, maturation,
spawning, egg development, larval culture, predation and environmental
tolerance of the trumpet shell, in preparation for its artificial seed production,
as well as sperms of the trumpet shell and cryopreservation of larvae, as part

of bio conservation.

Ill. The contents and result of the study

1. Classification and distribution

Charonia lampas macilenta 1s a from of the preceding species living on soft
bottom of 50-250 m deep. Color paler and nodules less prominent. Both forms
are now considered to be local populations of cosmopolitan Charonia lampas.

Trumpet shell was not found anywhere in the Korean coastal area, not in
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the east coast, the west coast, or the south coast except Jeju—do. And from
Jeju—do, the area with the most habitat distribution was in the southern coastal
area that leads from Gapa—-do, Moseul-po, Namwon, to Seongsan-po. For the
Daejeong sea area, our survey result showed that the 166 trumpet shells were
caught in Gapa—do and Moseul-po, 42 shells for the Hangyeong sea area, 50
shells for the Namwon sea area, and 96 shells for the Seongsan—-po sea area.
On the contrary, the northern coast of Jeju—do including Hanlim, Aewol, and

Gujwa had much less distribution for habitat numbers with around 30 shells.

2. Reproductive cycle

As a result of surveying the fecundation and fertilization behaviors of the
trumpet shell, the activities were observed after observing a pair of male and
female having the fecundation for the first time in November 2003 and to
March 2004. Female has multiple fecundation and multiple fertilization, and the
fertilization continued for two days. The fertilized female stayed with the egg
mass to protect the eggs, and the fecundation was made during the
fertilization. During the fertilization, 3 or 4 shells made a group to form the

egg mass and they jointly protected the eggs.

3. Spawning induction

As a result of observing spawning activity and induction by water
temperature, a female and male ware found in fecundation on the 13th day of
the experiment in 15C, which continued to the 150th day when the experiment

ended.
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As for the number of fecundation of each trumpet shell by temperature, it
turned out that 15C was the most optimal temperature with fecundation of
1.37 for female and 7.3 for male in January, followed by 20C with 1.20 and 5.3
for female and male respectively, and 5C and 30C with no fecundation found.
The spawning rate was 16.7% on the 30th day, 33.3% on the 60th, and 100%
on the 90th and 120th, to be reduced to 30% on the 150th, O after the 150th
day in 15C. In 20C, it was 16.7%, on the 30th day, 33% on the 60th, and
90% on 90th and 120th, to be reduced to 10% in 150 days and O in 150 days.

It turned out that 15C is the most appropriate temperature for spawning,
where all females spawned 113 egg capsules in November when the experiment
started, followed by 345 in December, 1232 in January, and 1045 in February,
indicating the spawning period of the trumpet shell in Korea is January and
February.

It took about 50-60 days for a trumpet shell larva to swim out of an egg
capsules. When it comes to the survival rate of the egg capsules by
temperature, it was 62, 40, 18 and 10% in 15C, 20C, 25C and 10C
respectively, suggesting the optimal temperature for egg development is 15C.

As a result of observing growth of the trumpet shell spat by temperature, it
was 491423.7 um in 30 days and 561219 um in 60 days, with 23% of survival
rate, in 15C. In 20C, it was 509+£18.3 um and 625+19.8 ¢m, in 30 and 60 days
respectively, showing the most optimal temperature for larval culture is

15-20C.

4. Egg development and spat rearing

The eight—cell stage was reached within 8 days at 20 ‘C. Trochophore stage
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larvae were obtained at about 12 days postfertilization and trochophore larvae
were hatching commenced at 14 days. The veliger larvae began to swim
vigorously within the egg capsule, which resulted in the bursting of the
membrane at 54 days. Free-swimming veliger larvae were positively phototactic
and had a tendency to gather at the culture surface. They measured about 400
(m in length. The apical region of larvae became flat and the velum was
completely developed with long cilia. Larval shell covered the body just below
the velum. In the late veliger larvae, the foot mass protrudes to the top of the
shell and the larval shell is completely developed. The highest survival rate of
egg capsule was 60% at 15C.

The result of growth and survival rate of Charonia lampas sauliae larvae
after supplying the most nutritious food Chaetoceros calcitrans, [sochrysis
galbana, Paviova lutheri for invertebrates, at the beginning of the experiment
the average body length was 408+21.5 /m, after finishing the experiment, it was

683+42.7 ym the highest growth at 25C group.

5. Digestion index of trumpet shell larvae

As for digestion in 3 hours after feeding, both cell dissolution step and
digestion step were found 1:1 when feeding Chaetoceros calcitrans, Isochrysis
galbana and Paviova lutheri, while cell dissolution step was mostly seen when
feeding Nannochloris oculata and Tetraselmis seucica.

In 5 hours after feeding, digestion step was mainly observed in all
experiments. When fed with /. galbana and P. lutheri, over 95% on average
was found at digestion step, and some even excreted. The similar tendency

was seen in the digestive index produced 3 and 5 hours after feeding. In 8
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hours, all objects were seen excrete, digestion of N. oculata was relatively
inactive with the digestion index below 0.6, and other food digestion was active

with the digestion index over 0.95.

6. Growth of spats on food organism concentration

As for growth and survival of the spat depending on feeding amount, they
were 408424.3 ym when the experiment started to grow into 5224325 pm and
670419 um in 30 and 60 days respectively when giving 10° cell per ml, with
the survival rate at 13%. When giving 5<10° cell per ml, they developed into
524441.2 um and 668%32.5 um 30 and 60 days later respectively, with the highest
survival rate of 16%.

In terms of growth and survival rate by cultural population, they grew into
670~680 pm in 60 days in all experiments, and survived 22% in 60 days in the
experiment with 1 spat per ml, with the highest survival rate of 22%.

Given those results, it is believed that the optimal feeding amount and
cultural population when culturing spat and larva of the trumpet shell are 5X10°

cell per ml and 1 per ml, respectively.

7. Cryopreservation

This study was conducted to improve the cryopreservation of trumpet shell
larvae and to assess the survival rate of thawed larvae of trumpet shell in this
study, trumpet shell larvae were respectively diluted in four cryoprotectants

(dimethy!l sulfoxide, glycerol, 1,2-propanediol and ethylene glycol) with two
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different concentrations of 1.5 M and 2.0 M. Then the diluents were frozen
using liquid nitrogen vapour in program freezer for controlled rate freezing,
finally plumged into liquid nitrogen at the temperature of -196°C for storage.
After stored for different periods (1 hour, 1 day, 7 days, 15 days), the larvae
were thawed and experienced 20 minute equilibration time and the survival
rates were estimated. After storage for 1 hour, the best result was obtained
using 1.5 M dimethyl sulfoxide and then 2.0 M dimethyl sulfoxide, but the
survival decreased as the time elapsed. After storage for long time (lday, 7
days, 15 days) thawed larvae using 1.5 M dimethyl sulfoxide showed the best
result than using other three cryoprotectants at the same concentration of 1.5
M, and the same result was achieved in the group at the concentration of 2.0
M. Besides 1,2-propanediol the 1.5 M group displayed the better result than the
20 M group. There was no obvious difference for cryopreservation of larvae

from 1 day to 15 days.

8. Environmental tolerance

As a result of observing the tolerance on water temperature and salinity of
adult trumpet shells, it showed that, in the event of water temperature, 100%
survived in the 5-25°C until the experiment was completed, however, on the
other hand, all died at OC after 8 hours after experiment began. In addition, at
the water temperature of 30C, all died by the 10th hour from the
commencement of the experiment.

In the salinity tolerance experiment, 100% survival was observed at 30%for
40 hours, the completion time of the experiment, while showing 90% and 80%

of the survival rate at 20% and 40%, respectively.
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As a result of the water temperature tolerance experiment of larvae, 100%
survival rate was shown after 72 hours at the temperature of 5-20C, and a
relatively high survival rate was shown with 92% at the temperature of 25C.
In addition, at OC and 30C, they all died within 12 hours and 24 hours,
respectively.

As a result of making salinity tolerance experiment after setting the water
temperature at 20C where the survival rate was highest, the highest survival
rate was shown with 100% at 30% and 40% where it was similar to the
natural condition, and a relatively high survival rate was shown at 20% and
50% with 92% and 94%, respectively. On the other hand, they all died at 10%
and 70% after 6 hours from the beginning of the experiment, and at 0% and
80% of salinity, they lost the vitality immediately from the beginning of the
experiment and showed a little movement on the bottom and died within one

hour.

9. Predation

In this experiment, we cultured Charonia sp. with various Iinvertebrate prey,
including the starfish, Asterina pectinifera and Asterias amurensis, abalone
(Haliotis discus hannai), Ark shell (Anadara broughtonii) and Manila clam
(ZTapes phillipiarum), as well as the sea urchin, Hemicentrotus pulcherrimus
and Anthocidaris crassispina, to perform some preliminary investigation to
characterize predation in this trumpet shell. We divided the trumpet shells into
three groups to form a large group, a middle group and a small group. When
the various prey were introduced into the tanks, predation of the trumpet shell

on the prey was observed. The intensity of predation was calculated as the
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weight of the prey (g) at intervals of 5 days.

During the entire experiment, the predation of trumpet shells on economically
important shellfish, including Anadara broughtonii, Tapes phillipiarum and
Haliotis discus hannar, was not observed. Thus, the trumpet shells fed on only
other 8 kinds of prey. In the six groups, the sea star, e.g. Asterina pectinifera
and Asterias amurensis, was most prefer by the trumpet shell. At the end of
the experiment (30th day), the large group of Charonia lampas sauliae
consumed 1935 g of the sea star , Asterina pectinifera, which was the highest
amount in the six groups. The small group of Charonia lampas macilenta only
consumed 164 g of Asterina pectinifera, which was the lowest value. In with
respect to predation on Asterias amurensis, the large group of trumpet shells
from Charonia lampas macilenta consumed the highest weight, 1952 g. In the
small group of Charonia lampas sauliae, consumption was only 213 g, the

lowest value.

10. Growth of adult

As a result of surveying the growth of trumpet shells while breeding them
in indoor laboratory, for Charonia lampas sauliae, the average total weight at
the time of commencing the experiment in July 2003 was 654.2 g, but it was
enlarged to 672.6 g after 60 days, 6924 g after 120 days with the increase of
approximately 40 g in the total weight, but it was 660.3 g after six months, Iin
January 2004, and it had 642.3 g after 8 months, in March that the average
total weight rather had the decline. The case of Charonia lampas macilenta
showed the similar trend, and the cause of such trend is deemed to be resulted

by the reduction of weight following the calculation of eggs in the fertilization
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period.

V. Suggestion for the practical application of this

study

If artificial seed production of the trumpet shell in large quantities is possible
in near future, it will highly contribute to higher income of fishermen and
cleaner maritime environment by removing the starfish which is seriously
undermining the submarine ecosystem. If the starfish is thoroughly wiped out
through artificial seed production of the trumpet shell, a main enemy of the
starfish, it is expected that academic knowledge drawn from diverse researches
conducted in industrial and educational environment can be utilized as lecture
material, and the number of the endangered trumpet shell can be efficiently
increased.

The trumpet shell, a large gastropoda preying on the starfish, is the only
marine invertebrates among endangered species designated by the
Environmental Ministry as well as a species to be strictly protected by the
world.  With few studies done on culturing method of the trumpet shell
worldwide, this is the first one about bio conservation and production of the
trumpet shell. Since it takes more time to carry out larval culture of the
trumpet shell which is more likely to fall a victim to its enemies, only a few
are settled and largely perish in high temperature in the summer season.
Therefore, it is recommendable to install high-performing facilities, such as
aquatic plant keeping constant temperature. Besides, even settled trumpet shells

may become prey to sea breams and puffers, so they need to be cultured over
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5 cm before released.
In the regard, it is desirable to conduct more researches on production and
bio conservation of the endangered trumpet shell on a long-term basis under

governmental support.
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R 5ol AF-E-3t w2k 315 (Charonia lampas sauliae) ¥}
SIS (Charonia lampas macilenta)s AF5% <Aoo  AFtwcjo]H] 1}
d ZIAAJGe gk AR BEHEA, oFuidw FAsk
S AR ertste] sfzbe] RS JEES AF ¢ 4%, 4 4

DNA F&& Sl AR L5245 A7 & gAAbEeA
sttt E%¥ A)EE microtubee] ¢F 35 mgS A 3ol @il extration
buffer [10 mM Tris « Cl(pH 80), 0.1 M EDTA (pH 80), 20 pg/ml pancreatic
RNase, 05% SDSIE #7Fste] 37Cold  1A17+5er 29 3 2 mg/mel
proteinase K& HFEFE 100 pg/m7}F HE= H7}sle]d 50C water bathol A

3AIZF =oF WhA]E Tt 1 & phenolS 1:1 volumCl ® H7}ske] 10%7F wwk
M
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Table 1. Sequence of arbitrary primers used in the experiment

Primer Size(mer) Sequence GrC Tm (C)
content(%)
OPD-01 10 5 -CAGGCCCTTC 70 34
OPD-02 10 o -TGCCGAGCTG 70 34
OPD-03 10 5" ~AGTCAGCCAC 60 32
OPD-04 10 5 ~AATCGGGCTG 60 32
OPD-05 10 5 “AGGGGTCTTG 60 32
OPD-06 10 5 -GGTCCCTGAC 70 34
OPD-07 10 5 -GAAACGGGTG 60 32
OPD-08 10 5 -GTGACGTAGG 60 32
OPD-09 10 5 -GGGTAACGCC 70 34
OPD-10 10 5 -GTGATCGCAG 60 32
OPD-11 10 5" -GTGATCGCAG 60 32
OPD-12 10 o -TCGGCGATAG 60 32
OPD-13 10 5" —-CAGCACCCAC 70 34
OPD-14 10 5 -TCTGTGCTGG 60 32
OPD-15 10 5 -TTCCGAACCC 60 32
OPD-16 10 5" ~AGCCAGCGAA 60 32
OPD-17 10 5 -GACCGCTTGT 60 32
OPD-18 10 5" ~AGGTGACCGT 60 32
OPD-19 10 5 -CAAACGTCGG 60 32
OPD-20 10 5 -GTTGCGATCC 60 32

% Estimating value calculated as Tm = 4 (G+C)+ 2 (A+T).
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T3t 207FA 2 ¥ 10-mer arbitrary primer kit A(Operon Techologies Inc.
California)g el Table 13 o] 2070°] primers ©]&3to] PCRRFES 3181 0H,
20 102 PCRWHEE ML Premix-Top (Bioneer inc.)S& AFE3Fo] 1 e template
DNA (3 ng/w), 1 ¢ primer(5 pM/p) 8t 32+ B THF 18 s Hd71sko
T3t GeneAmp PCR System 9700 (Perkin-Elmer Applied Bidsystems)<
Abgsle]l 94TCoA 587 13] denaturedt 3, AT 30%7F denature,
34CeoflA 13t annealing, 72CollA 30%3F extensions 353] A A8t LA, HF
72C oAl 5%t extensionst AT

PCR B2 1% agarose gelollAl 100V, 303t 71953+ ethidium

bromide® @M% F UV transilluminator oA Heto=z 2

o|\

3
=

2

o
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o

-

o

image-analyzero| Al &% 33t}

A=+ predominent band’} ZF JlAle] tiste] FAskA A=A o Fof
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s s F RS A9 BelA FEOE YEUE WE Folal a bt A%
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Fig. 1. Map showing the sampling stations.
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Fig. 2. Photograph of Charonia lampas sauliae and Charonia lampas macilenta.

Scale bar: 10 cm.
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G3 G4

0.56

Fig. 3. Electrophoretic patterns of 1% agarose gel stained by ethidium
bromide showing total DNAs from gastropods.

Gl: Tutufa buto, G2: Monoplex ehco, G3: Charonia lampas sauliae, G4:

Charonia lampas macilenta.
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Fig. 4. Random amplified polymorphic DNAs from gastropods using arvitrary
OPA-9 and OPA-10. GI1: Tutufa bufo, G2: Monoplex ehco, G3:

Charonia lampas sauliae, G4: Charonia lampas macilenta.
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Zt
AFe Foll mE FEFHNAY = 54 4Q genomic DNA @858 52
Aglon, LI os] FEE dIddEs 8 4 FARE o8 d
de= & AT

Table 2. Genetic distance index between populations of based on band sharing

analysis for OPD-10 mer primers

Species Gl G2 G3 G4
G1
G2 0.62
G3 0.15 0.12
G4 0.12 0.17 0.89

Gl: Tutufa bufo, G2: Monoplex ehco, G3: Charonia lampas sauliae, G4:

Charonia lampas macilenta.
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Fig 5. Geographical distribution of Charonia lampas sauliae in Jeju—do, Korea.
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AF(TW)E A5 dyd= Fig. 6~119 2o =
lampas sauliae®} Charonia lampas macilenta 172 ZF&3 Ao sk
A 42 Fig. 63} Fig. 7elA ®i nkgl o] TW =0.0012SL**(+* = 0.7670),
TW =0.0006SL>""™(r* = 0.8675) 8] A5 HAS Kol Charonia lampas sauliae®)
V& Charonia lampas macilentaZ} Z}7el st Aol ¢ & Aoz Yelutt.
24 o gk A A2 Fig. 89 Fig. 9olA] X wpel o] SW =
0.55685L-3.358(r° = 0.8620), ~ SW =0.5849SL-7.1302(r° = 0.4294) 2] 371214 &
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Fig. 6. Relationships between shell length and total weight of Charonia lampas

sauliae.
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Fig. 7. Relationships between shell length and total weight of Charonia lampas

macilenta.
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Fig. 8. Relationships between shell length and shell width of Charonia lampas

sauliae.
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Fig. 9. Relationships between shell length and shell width of Charonia lampas

macilenta.
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Fig. 10. Relationships between shell width and total weight of Charonia lampas

sauliae.
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Fig. 11. Relationships between shell width and total weight of Charonia lampas

macilenta.

_46_

IP:14.49.138.138, 2017-11-03 15:20:35
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Fig. 12. Distribution of shell length (mm) Charonia lampas sauliae and Charonia

lampas macilenta.
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Fig. 14. Frequency of Charonia sp. males to females.

40

Charonia lampas sauliae
30

@ Male
B Female

20

Charonia lampas macilenta

Frequency (%)

140 180 220 260 300

Fig. 15. Frequency of Charonia sp. males to females according to shell length.
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Uz s M9 Aoy 248748 20029 1295E 20039 119704 =45
A¥}, F&2 129~240C2 WMAR, BE dodoA vd $& W3 IS
wolEd, 1 % @ dddo] 120T ol4e & WHEE ¥o] M $& Wl

Zo| Zom, Wy soel +& WHI 71 AThFig. 16).

Are TN A aeleld 328~346%° WAT RAL ALA Ly T
S OAFE BY doldd e gRg yehiglon WA oA, @4 59
FRg AR oA Hay e d¥e ntkFig. 17),
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Fig. 16. Variations of water temperature on different sea areas during the

research period.
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Fig. 17. Variations of salinity on different sea areas during the research period.
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Fig. 18. Variations of pH on different sea areas during the research period.
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Fig. 19. Variations of dissolved oxygen on different sea areas during the

research period.

ARZIZE FE B ofellA] 7.91~8349] WLlEd dHol
4282 7P o oS ool &
A ch(Fig. 18).

oy
i
3
oo
!
o
®
o
=
10,
02
fol
ot
o
£ o

FEMRE ZAIL BG BE oA 7.13~938 ng/L o WEFL KT
9 15+(6 mg/L o]’ olul A th(Fig. 19).
RE oM 017~035 mg/ L2 W3} Fo] zlow E3] 39}
Felo] sl 501 mg/Lolahe] 7]Fo] Faks A 9o UmA BE &0
a9 ME+H(0.2 mg/Lolsh o)e] +4& et Adth(Fig. 20).
ds Alde 671 F-NM 03 mg/LzE 3
M5+(0.03 mg/Lolahel &S FAAOY ofd &9 H$ Hi 0041

mg/L 2 9 M5 7178 233+ (Fig. 21).
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FEZ Hol oY

EHFEAE BE oA 5 mg/LZE 1 15510 mg/L)7|& oot
st ol A9 493 59 ZZF 138 mg/L, 27.3 mg/L 2
[ 579 715 39 =338 th(Fig. 22)
0.4 r
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.“é’
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'_
O L
2122 50032 3 4 5 6 11
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Fig. 20. Variations of total nitrogen on different sea areas during the research

period.
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Fig. 21. Variations of total phosphorus on different sea areas during the

research period.
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Fig. 22. Variations of suspended solids on different sea areas during the

research period.
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A 28 XS] AL

W is o] A& sketstr] flstke] v yE s ofw bwielE F-#He A S
T AN 27 A R AAFIVIE ARSI AR AREE
UZiess AFTE i 7Hs ajodold st ofnE ARk th(Fig. 23).
AR YE2Euss 4% 2 7452 wyolBga Az 001 anbA AL,
A W S5 dUAES o83k 001g7h+ S48t

AL daag s #FEsty] skl AAA dFE HFHE F Bouin's
solution®l 24A17F SR 1 FH FAS g5 RG-S AR F paraffin® E
SEWAIA 5 me FAR AL dyste] A XES ASITE S Hansen's
haematoxylin®} 0.5% eosin® 2 ©o]FAM 3}, YAAEE P v sk A

HE ST

Egg sac

Fig. 23. Anatomy of the Charonia sauliae adults. A: Male, B: Female.
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Fig. 24. The ovary of the trumpet shell at different sample time.

A, B: the growing stage; C, D, E: the mature stage; F: the spent stage,
OG: oogonium; OC: oocyte; OV: ovum; OM: ovarian membrane. Scale

bar: A: 100 wm; B: 50 gm; C: 15 wm; D: 100 mm; E: 25 pm; F: 15 gm.
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Fig. 25. The testis of the trumpet shell. A: Growing stage; B, C, D: Mature
stage; E: Spent stage; F: Resting stage. SP: sperm; ST: spermatid; SC:
spermatocyte; SG: spermatogonium. Scale bar: A, B, D, E: 25 um; C: 6
mm; Fo 150 gm.
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ubx A7 UER7] Al 2SS tH(Fig. 25-C). o]ojA] AAE uS vjuxEe A4
239 A= FAME] HEAET}

=
7ol b Al M E vl AAER AGAA FHol sl Ao Ao R

avel A5F 99 PA4E R gEE., A% de gt EAsa
E

gom, o5 FA= A FrEth(Fig. 25-E, F).

al
gl wr] gl ARHREE flste] 5CHE 30T/ 5CHeR 671
HE AFAY EIASFEE e § AF 30wk 9

I
= = -
R 100k 7 FeME Fgstgor, YEFE AAFEe Fo @ o
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T YyZuFo Abeks ARSE Ay 15T oA AA ko] 2003 11€ el

113709 s Abskebgla, 129 34571, 2004 19 123270, 2€°] 104570
WS atgtete] fEjuEtelA UZaE ] Al 199 2998 ¥ AlTh
0% 39l 12019 s AbebsSla, 4golFele AbdkebA] ¢kgirh. sl
0ColME 1€ 1043709 wds Atasie] HuxE woltrt 4€e] 8749

FoATE 20C el = 193 290 242 99870, 96871 <]
Akekor HuAE  Holvprb 49 o] Feo]  AbaskA] gkrh ole]  wihE
25ColM = 1€l 124709 W= Abeatdle ¥ mi€g 20~3070 9] Attt Ko
=8] Az, 5CelAl= Abgho] A& o]Fo]x%] ¢kokrh(Fig. 29).
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Fig. 26. Copulation behavior of female and male individuals. Scale bar: 1 cm.
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Fig. 27. The Trumpet shell, Charonia lampas sauliae with its egg mass.

Scale bar: 2 cm.

Fig. 28. The egg sac of Charonia lampas sauliae. Scale bar: 1 cm.
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Abgtd wd el R4 FHE dddo]l 15~22 mm, W% 5~7 mm, W
F 04~07 g9 BT, FFEe W 4000~10,00070 ] el ol gt

FdEo  #AE Ao Yy x2d
CW=0.639CL+4.7501 (r*=0.0597)% el (Fig. 30), & T3 o w7
NE=8923.7CW ™" (+*=0.0597) 2.2 EN}(Fig. 31) wdo] F5= o] & A&

1>
rlo

F5 ATk EF AT ol AFH AR Wds U dHFFLle
DA AL 7z NE=0.0157BW "** (r*=0.6638), BE=0.1261BW -49.352 (+°=0.7977)%
e} ojn) o] dAFo] F4F ot s ##2E 4 o dvh(Fig. 32, 33).
10
9 CW = 0.0639CL + 4.7501
£ 8 - (rP=0.0597)
é 7 [ g ¢ 'S . ¢
£ 6 - C et
© 4 ° M ® . . - .
'; 5 [ * o ¢
o 4 F
2 3 -
S 20
1 [
0
10 15 20 25 30

Capsule length (mm)
Fig. 30. Relationships between capsule length and capsule breadth of Charonia

lampas sauliae egg capsules.
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Capsule weight (g)
Fig. 31. Relationships between capsule weight and number of egg on Charonia

lampas sauliae egg capsules.
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Fig. 32. Relationship between body weight (g) and number of egg capsules.
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Fig. 33. Relationship between body weight (g) and egg mass (g).
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lutheri, Isochrysis galbanas Z3atol Fw3tolal HolulFAl ARE-s & Fulj A=
Conwy culture medium (Walne, 1974)o|1o™ AMS+= wld Ad<- 3}
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225 3=d(Table 3) ©] Al7loll= v ¥ @ gdFo] FZEHATH
trochophore 7F4] 25CellA 1220, 20CelA 149, 15Ceolx 18Yo] %

HbE 10CelA e 33¥0] AQEHx, v s L5 BT HFH
veliger +4o] Wdvs i F37A Ay A7 25TeA 504, 15T ellA
64200] Q¥ 27 veligeris Fwhiel] dzbdol A m HH  Hzto)

wesiy wnkah Rl wgsto] Wd 5 s ddAd vy dd. 37

[«

A Zs | otocystZ7b E@3E 1 =
Aol Aolgol wadth #| ¥ 7 FeTd o
15CellAl 62%, 20C 40%, 25C 18%, 10C 10% o= YeEbt WA A4
S 15Ce waHR(Fig. 36), oled W WA KA 2 4o

A A2 L SW=0.5925SL+65.234 (r°=0.5353) © & EFITHFig. 37).
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2-Cells

Morula Trochophore Veliger Hatched out

Fig. 34. Egg developmental stage of Trumpet shell. Scale bar: 100 um
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Table 3. Relationships between water temperature and time (day) required to

reach to each developmental stage from fertilization

Developmental stage

Water temperature (C)

5 10 15 20 25 30

4 cell 24 10 7 5 5 -

8 cell - 17 10 8 7 -
Morula - 28 15 12 10 -
Trochopore - 33 18 14 12 -
Veliger - 50 34 27 24 -
Hatching veliger - 33 64 4 50 -
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Time of stages in the embryonic development (day)
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Fig. 35. Influence of water temperature on egg development in Trumpet shell,
Charonia lampas sauliae. Mo: morula.
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Fig. 36. Survival rate of egg mass on developmental stage.
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Fig. 37. Relationships between shell length and shell width of Charonia lampas

saulriae larvae.

T3k FHFEESY HolAERE 7P ®ol ol&Hye &Fuld®  Chaetoceros
calcitrans, Isochrysis galbana, Paviova Iutheris WolZ JF3ste] YZis
FA Fd A e 43, 1008 30CoAA= B f480 dAksksd
25C 2o A5 AENAA HA% 4088215 mold F432] 30d A F
m, 604 A$ 683+19.8 m=E st 7HE =2 AFES ROy, AEES
10% = 7 ok}, w3k 20C 9 49 30¢ 4 3% 509£18.3 um, 60 - 625+19.8
m= e, ALES 20%= YEbsth 15CM = 30Y § 491423.65 1,
604 % 5614219 me FFI 23% AES Ho] AHAFA THE A
T2 156~20C 2t Ad#Eh(Fig. 38, 39)..

olgjst AME o]gdte] JPE AEEo] A uyEEd 15T A FollA
AbgA el wE AT AZ] A g SW=05732SL+91.942 (r*=0.2852) %
e tH(Fig. 4D).

)
ol
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Fig. 38. Growth of Charonia lampas sauliae larvae on different water

temperature tank.
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Fig. 39. Survival rate of Charonia lampas sauliae larvae on different water

temperature tank.
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Fig. 40. Settled spat of Charonia lampas sauliae.

400

350 2 . ’

300 - T

250 SW = 0.5732SL + 91.942

200 (r* = 0.2852)

150 |

100 |
50
0

Shell width (um)

400 420 440 460 480 500 520
Shell length (zm)

Fig. 41. Relationships between shell length and shell width of Charonia lampas

sauliae larvae.
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A 58 GRaE F49 HolHA U asA%

Hol A B AshES 2] g5l RIF 0ARE UBILE FAL miT
PIAZ 83k, S5 Hol4Ee o5 usta FAREEFAUFU ol

Wk o\ =4k El Chaetoceros calcitrans, Isochrysis galbana, Paviova
luthri, Nannochloris oculata, Phaeodactylum tricornutum 2 Tetraselmis seucica
2 6Fclqdth. HolAdH H AstdAlE HolHAHAGA, AMERANEA, AzpA
aga ol FEEAY] 444 U lth(Fig. 42). Hol A ek 4asks AES
HoldEHEE  Fu 3ARE AR, 8AIRE 200 m EEY THAIR 715k
D= 33 AHsAT. AHT 42 Beserh AR 50 ml vjo] A e
77y 30nte] & 835te] HolHFH A4 (ingestion index, 1D} A 344 (digestion
index, DDE AlAtst ot

2 0]/ # 4] 4>(Ingestion index, ID=N1/No

23 % = (Digestion index, DI)=(Ns+N3)/N;

(No: 22 AAG: Ny - AR AR No @ B892 AAS Ny ¢ 25
AA)

WOl FHF 3AA 7 WolgEe tgow weldAEL AR d% RE
HolFHTA 100 MAEEL mel BIE fAL RE volgEe A

7Fedt 202 Yebth(TFig. 43). #eolyw$ A Heldad &3tdAs

Chateoceros calcitrans, [sochrysis galbana, Paviova lutheriolA A3 wA 2}
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A3t AYE ok 119 WSS B3I, Nannochloris oculata®t  Tetraselmis

seucica= &7} glo] gRE AE &IdA . oY s ol f= C calcitrans,

Isochrysis —galbana, Paviova Iutheri7V %%  Nannochloris oculata®}
Tetraselmis seucica®l W3l A3H7F 2 =7 o AELINe} 237 FA
Aol i}7] WEel Aow Az,

Fig. 42. Larval Charonia lampas sauliae used in the experiment. Scale bar:

100um. A: lysed, B: digested.
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Tetraselmis seucica
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tricornutum
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Food organisn

Isochrysis galbana

Chaetoceros calcitrans
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Ingestion index
Fig. 43. Ingestion index rate (%) of six microalgal species by Charonia lampas

sauliae larvae in three hours after fed.

HolFa S HAZE A HolA=e] FFE AstdAs AdTE F Aol glo
2 A3V AA [T}, Isochrysis galbana, Paviova lutheriolX B+t 95% ©]4o]
askE gEdla, dyF widste AR #EHAY AFH7E El-
Nannochloris oculatas Fa3%r AT oA AEZEHEAZ Az A=
o|i= Nannochloris oculata®] AXEHo] FAL A3t Alglo] FZo]x]7] w&Q

Aow AZE(Fig. 45, 46). Holxw § A SAIMA ZALE Hol &

o

rir

—

p
¢

T3 A3VRX 4= Nannochloris oculataES A 2)3al v]<23t AEFS H.YGUH(Fig.

of

47). 8N 7 3 BE Ao A v o] AAE I, Nannochloris oculata= 3%+
HAAT, 06 olst= wlwF Asprp RS Aor AEEG oW, Yy

Hol B A= 23815 0.95 ooz A3yl ksl A o] Fo] F th(Fig. 48).
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Fig. 44. Digestion rate (%) of six microalgal species by Charonia lampas

saulrae larvae in three hours after fed. CC: Chaetoceros calcitrans 1G-
[sochrysis galbana, PL: Paviova luthri NO: Nannochloris oculata PT:

Phaeodactylum tricornutum TS: Tetraselmis seucica
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Fig. 45. Digestion rate (%) of six microalgal species by Charonia lampas

sauliae larvae in five hours after fed.
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Fig. 46. Digestion rate (%) of six microalgal species by Charonia lampas

sauliae larvae in eight hours after fed.
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Fig. 47. Digestion index of six microalgal species by Charonia lampas sauliae

larvae in three hours after fed.
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Fig. 48. Digestion index of six microalgal species by Charonia lampas sauliae

larvae in three hours after fed.

Al 68 Holyadd e wE AW JF

G2 §4 %0 AdAsA AF wolTEHS Lohrs] gskel el
Je fAL 30 Leze] mg Ivtele] WEw F88%9i wolw ol g3
HEFAEES  ofden  TAFEZFAATLY vl guatel

A&

=l E Isochrysis galbana, Paviova lutheris 23 AFE3IAtE. Hol A & 2]
A
=]
o

z]s
ol

& AFNAA ARG miE 10' cell, 10° cell, 5<10° cell, 10° cell®

shalar o, #A8Y AAdAC uwet W Sdeint ¥EEe 10%4
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oy [sochrysis galbana, Paviova lutheris Z3+3F %
£% st wid FaEsklth AMSee wd 13

stlal, A 9 AES AEAA F 5dvink ARsglo, AV

Table 4. Range of temperatures, algal diets, feeding rates and larval densities

tested for the larval Charonia lampas sauliae

W ater ) Feeding rate Larval density
. Algal diets .
temperature(C) (cells/ml/day) (ind./ml)
10* cell 1
1. Experimental Isochrysis 10° cell 1
feeding rate 17 galbana, 5 cell 1
Pavlova lutheri 510" ce
10° cell 1
i 1
2. Experimental Isochrysis 5
17£1 galbana, 5x10° cell

larval density )
Pavlova lutheri
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Fig. 49. Growth of larval Charonia lampas sauliae at different feeding rates.
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Fig. 50. Survival rate of larval Charonia lampas sauliae at different feeding

rates.
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Table 5. Linear regression equations for shell length of conch veliger from each

feeding rates

Experimental feeding rate Linear regression eguation

o el SL=34RD+408.4
e r’=0.99

i SL=3.0229RD+414.05
107 cell ’=0.9725

: SL=4.3538RD+404.08
>< O
o0 cell r*=0.9955

) SL=4.2527RD+408.8
107 cell r’=0.9971

HolgHad Uzdue Al A4 =@ AEE 2AE A9 mid 100 cellE
<

st Ay oAl AFMNAIAl 408424.3 ol Aol 30Y¥ F 5224325 mm, 60

o1 AERS urh

< 6704419 m= Aot 7MY =2 AAS KA, 13%9
524441.2 mm, 60Y $ 668+32.5 me A%

ftlo

mld 5x<10° cellZd3TE 308 &
=7 vErstth ole] WHE mild 100 cell®t 10°

S ZbZ} A75452.2 pm, 484+46.3 m)
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C A4 25 oF 5 mid A9 d3E HeltH(Fig.
51, 52).
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Fig.51 . Growth of larval Charonia lampas sauliae at various larval densities.
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Fig. 52. Survival rate of larval Charonia lampas sauliae at various larval

densities.

7t AL
A7t BARE A WAR BAnEA A4 049 FF 9 g wela]
gstel Mool Fio el ME PAe YIRE G 2Absheth Aol
AFE-H 3]A ML Alsever's solution, marine fish ringer solution, 0.1 M
0.5 mé vialell #5383t
o]% 7z} vialg 4Ce WWAie] RISHHA 14 HASE 8d FF FAY
AN BEES AT AR WERES FAAA s Aol =

dimethyl sulfoxide® #H<E +%7F 5 10, 15 20, 25 30, 35 ¥ 40%H =3

05 M glucose® ZHzF 5:19] vl &= AN 343 &
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AN AR,

o
flo
o
f
e
(0o
oY,
o
DO

QERE PN P4 JES HNFRe] FUD 05 mt §F straw:
AAAL FT60) 8 1R PEF B ZA AAPR(-196C) ol
& PR, YEE IR Aey) A7 AAAL Bae] nEdG

F3512 9] veliger 4 0. %A

s T dWERE A AA

o
%)
<

i
&l

W}
YerE A AMEE Ase ke & 61
7247 4124233 S tH(Fig. 53). U
FALAAYL FEE FAstZ] flske]  sEAAAIEA dimethyl  sulfoxide,

ethylene glycol, glycerol ¥ 1,2-propanediols AF&3slRom, 217} HFE sE7}

15 M 2 2 Mol HES sto] YERES AAstdth 7 g0 FEABE:
HEGEYT(VS-15000M)E  AHgatel ZH3a(Table 6), BFAHS BT

N

O oz ATt ZF saldAAA BPATS 7H #4805 ml straw
(Japan, FHK)oll Yo #st o, 2273 W57] (Kryosave integra, Rovers
Polska, UK)ell ¢Jal -35C7kA 12 W& v, -196Ce AAHALE (USA,
MVE)el Wol 23533l thFig. 54). ¥sRIE F49 52 30CoA F%

sSiEstelon, 1507 JEES 2ASHAL,

A}
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Fig. 53. Sperm and larva of Trumpet shell used in the experiment.

A: sperm, bar: 50 um; B: larva, bar: 100 um
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Table 6. Constituents and osmolality of cryoprotectants and diluents used in the

larva cryopreservation of Charonra lampas sauliae.

) Concentration ] Osmolality
Kind Constituent (ml)
(M) (mOsm/kg)
DMSO 1.5 DMSO 10.76/Diluent 100 > 3000
2.0 DMSO 14.25/Diluent 100 > 3000
1.5 Glycerol 11.16/Diluent 100 > 3000
Glycerol '
2.0 Glycerol 14.88/Diluent 100 > 3000
D 1.5 PD 11.13/Diluent 100 > 3000
2.0 PD 14.84/Diluent 100 > 3000
EG 1.5 EG 11.16/Diluent 100 > 3000
2.0 EG 14.88/Diluent 100 > 3000

DMSO: dimethyl sulfoxide, PD: 1,2-propanediol, EG: ethylene glycol.
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Fig. 54. Freezing rate graph used in the experiment.
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Fig. 55. Variation of Sperm activity index and survival rate in Trumpet shell,

Charonia lampas sauliae sperm stored at 4 C with six diluents.
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Fig. 56. Variation of survival rate in Trumpet shell, Charonia lampas sauliae
sperm stored at -196 C with dimethyl sulfoxide concentration.

(equilibrium: 1, 2 min.).
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UZis F489 BEeRIA AY FEAAE dotrr] flste] FaEA A

S BYPATe] wWE AEES AR A, FIEAE 207

- dimethyl sulfoxide 15 MelAl 81%= 7FF =3k, 2.0 MelA]
61%, 1.0 MelA 58%2] &5 YERHSITH

UZas fA80 WerE Ay, dERE N & 7 SaUAA 15 Mo A

EES UERISla, I sl

glycerol 11.744.7%, ethylene glycol 10.5 #0.71%, 1,2-propanediol 7.0+1.3% <=°]lth.

M

1>
o
1
1o
o,

dimethyl sulfoxide?} 7267+751%% 7V =< A

w3 a4 20 M2 sEoE DMSO 58.00£7.64% 2 A 7H =& =SS
Bom  glycerol¥} ethylene glycole]l 242+ 10.3+1.2%, 81+1L.0%¥w  HbA

1,2-propanediolo| A= 18142.1% 2] HE&S Ho] 1.5 MR =4 YebsthFig. 57).

YEpzddo wWE AEEL 19 = dimethyl sulfoxideolA] 80.0043.21% 2
2
15.0+4.4%, 12142.9%, 10.345.2% = ®|523 235 Btk B3 1544 o)X= dimethyl

I

S HYW WbhH) glycerol, 12-propanediol %! ethylene glycololA& Z+2z}

sulfoxide 77.345.0%, glycerol 14.143.1%, 1,2-propanediol 10.5%1.5%, ethylene glycol
8640.7% = Bld A¥E Hol WEhEds mE A8 W= A9 gl Jlew
bt th(Fig. 58, 59).

Tk o A G YERE a9E =AM A9, YR Ae AES 3%,
Trochophore 39%, Veliger 79% % VeligerollAd 7} YEsHE a37F =4
e THFig. 60).

Fig. 612 Y2is #49 derns §

AogA A GgMAL A5 A5 WAvIdely 520l sdH o] FHALS

A

)
o

2% ¥ % Ak
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Fig. 57. The survival rate (meandSE) of trumpet shell, Charonia lamps sauliae
larvae, which had been frozen for 1 hr., and then passed through 1hr
after being thawed. DMSO: dimethyl sulfoxide; PD: 1,2-propanediol;

EG: ethylene glycol.
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Fig. 58 The survival rate of trumpet shell, Charonia sauliae larvae, which had
been frozen for 1 hr. using DMSO as cyroprotectant, and then were
determined at different elapsed time after being thawed. DMSO:

dimethyl] sulfoxide.
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Fig. 59. The survival rate using DMSO at the concentration with the storage

for 1 day, 7 days and 15 days. DMSO: dimethyl sulfoxide.
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Fig. 60. Survival rate of post— thawed larvae in each developmental stage of
Charonia lampas sauliae. FE: Fertilization egg, TL: Trochophore larvae,

VL: Veliger larvae.
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Fig. 61. Microscope photograph of post-thawed larvae of Trumpet shell,

Charonra lampas sauliae. Scale bar: 100 pm, A: Normal, B: abnormal.
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AT AARe £ A OCHE 35C7# 5CztAo=w g/9o Adf=w
O 7 12XZWHA] AES TEEA T FELS 0% FE 60% 7
0 AdTE UFo] 1047 rF o2 40N ZWhA] BEEF o).

= &
Aol AHER Fx:E BES golsl &Y fdtel NLAL fUsEE

|4 AYARSZEQ JAER Bt slold RAF
At =, FHE 4 42344341 ym vk AT AL F29 F

CHACE e APTE ol AR iHA o2 2N 1 7kA] A
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(OV)]
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2. 43 9 uz

UZas ojuol 2y A did JAdS #ES Ay Fo Ae
5~25C 9 A@FeA= APFTIAZA 100% BESH vbd 0ColA = AFMA
8AIZE F BT wAbsT T3 =2 30CelME 4AEA 100% S AEES
HIouk 1087 o] 2% HAetgar, 35T AFMA 247 oo B
HARFG . o]# e Axtg UH TS g2 nigte] A2 nlwz 73t

YAl S Hol= Ao F FuEiti(Table 7).

o

Table 7. Surval rate of Charonia Ilampas sauliae under various water

temperature conditions

Water temperature (C)

Duration (hr.)

0 5 10 15 20 25 30 35
Initial 100 100 100 100 100 100 100 100
2 100 100 100 100 100 100 100 -
4 60 100 100 100 100 100 100 -
6 30 100 100 100 100 100 70 -
8 - 100 100 100 100 100 30 -
10 - 100 100 100 100 100 - -
12 - 100 100 100 100 100 - -
- 104 -
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Table 8. Surval rate of Charonia lampas sauliae under various salinity

conditions
Duration Salinity (%)
(hr.) 0 10 20 30 40 50 60
Initial 100 100 100 100 100 100 100
10 70 80 100 100 100 50 _
20 - 60 100 100 100 20 _
30 - 40 100 100 100 - _
40 - 10 90 100 80 _ _

AEUYA Ao 0%l AIFT Al 40X A 100% AEEA A,
20% S 40% Tl AFEFBA 22 0% St 80%°9 HMEES HQA vl
10% N = 10%% AEES B, 0% 50% 2 60% A3 oA+

%)
AR BF Ao 2N o Aol HisiA AdLe] el et

T 22U AFAdH, 5CA 20C oA 72A1F = BF 100%
T AFNA 92%2 BHlwA =L AESES HAY T3
0C 0CAME= 2+ 127%F, 2483 ol B5 HAe 3, 30CoA =

APAAT BAel UG fIFEL melth HIAA 6A FHE
F95EL Gu AW Uelekel AANER e MmeFue] waEgon

2ANZE o] 5 B FHAFSEATH(Table 9).
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T& Aol M AEEo] E4W 20CE AAHs & Y AFS ¢
A3k, AA G El o} vIs2Rt 30%0 2 40% oA
20%0 2 50% T-NAME 92%, H%= Bl E =2 A
ToM= AEMAL 6AZE olF HARSE AL, 0%t 80%°l e ditelM =
AN AS FEHe Qo] F9& A Xt migeld wHds Belurt

AR & A%k FALskitH(Table 10).

2
NS
e
N
o
i
rlo
b
o
o
fz
38
H

Table 9. Surval rate of Charonia lampas sauliae larvae under various water

temperature conditions

Water temperature (C)

Duration

(o) 0 5 10 15 20 25 30 3%

Initial 100 100 100 100 100 100 100 100
3 100 100 100 100 100 100 100 -
6 100 100 100 100 100 100 100 -
12 70° 1000 1000 100" 1000 93" 90" -
24 - 1000 1000 100" 1000 @ 92° 30° -
48 - 1000 1000 100" 1000 @ 92° - -
72 - 1000 100* 100" 1000 @ 92° - -

*values within the same column with different letters are significantly different

(P<0.05)
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Table 10. Surval rate of Charonia lampas sauliae larvae under various salinity

conditions

Duration Salinity (%)

(hr.) 0O 10 20 30 40 5 60 70 8 90 100
Initial 100 100 100 100 100 100 100 100 100 100 100
3 - 100° 1007 100" 1007 100 90° 5O0° - - -
6 - 60" 1000 100° 1007 100° 70" 25 - - -
12 - - 100" 100 100¢0 1000 50° - - - -
24 - - 100" 100 100°0 1000 50° - - - -
48 - - 9% 100 1000 1000 50° - - - -
72 - - 9% 1000 100° 1000 50° - - - -
120 - - 92 1000 1007 94 - - - -

*values within the same column with different letters are

(P<0.05)
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Ao AFEst YHa5> AF5E Akl A xNF St Charonia lampas sauliaeS;
Charonia lampas macilenta=” A AHS AA7MA] grE on|o A4
Vo E A4 Y, $9, AYE o] EVHAFS 78 Y FEFEEl
ZAFeFA tH(Table 11).

Ao Wolz A3 EBIMAME = ol FEEVMAE|(Asterias  amurensis),
H 5 7MAVe (Asterina  pectinifera)©) 1L, 8 3l FHFEES WA (Stichopus
Japonicus), WEA A (Hemicentrotus  pulcherrimus), X223 A (Anthocidaris
crassispina), A (Haliotis discus hannai), 3 Z/W(Anadara broughtonin2}
WA\ &H( Tapes phillipinarum) s 8&C.& ZHzpe] wolo] st Hd8A 9 x4

8 30 ZoF ZAFEF tH(Table 12).

Jm

Table 11. Measurement of the trumpet shells used in the experiment

) Shell length Shell width Total weight
Species
1SD (cm) +SD (cm) 1SD (g)

L 23.5%2.3 12.541.7 951.3+184.6

C.Lsauliae M 19.4%1.3 10.8%+1.3 524.5£109.4
S 16.140.8 8.1%1.3 302.6£30.5

L 23.6H0.7 12.612.4 966.1+107.6

C.lmacilenta M 19.241.3 10.2%1.3 529.4+127.3
S 16.540.4 8.2+1.4 306.1£32.1

L: Large group, M: Middle group, S: Small group.
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Table 12. Measurement of the various preys used in the experiment

Shell length Shell height Total weight

Species +SD (cm) +SD (cm) 1SD (g)

Asterias amurensis 6.84140.56 73.21£12.12
Asterina pectinifera 5.3240.54 74.8248.41
Stichopus japonicus 5.56%1.36 43.245.47
Hemicentrotus pulcherrimus 3.7540.21 31.2345.31
Anthocidaris crassispina 4.7840.31 46.2148.82
Haliotis discus hannar 7.21+1.38 4.6610.96 42.2145.91
Anadara broughtonii 3.3240.31 3.1310.31 14.214+2.81
Tapes phillipinarum 3.2610.19 2.3310.13 10.24+£2.12

UZis FF4E, 271 27 el gt

Charonia lampas sauliae®] 73%-, A3 F3&

MEsAEE 77 1303 g 1935 g8 EASe]l wAF TALeR ey

HZis g3 108 g, 203 g= FEHsH. FIMATS 912 g, 1182 g=
¥

Al g HolAH|HE 747t 1.74 g, 2.26 g0, AFMALE 213 g, 319
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ge XEAslo] g wolAau|EE 071 g, 106 go®E BlAlFT Ho|AH|FS
ZHGMA AN VS =Y. Charonia  lampas macilenta W N A| T
opf= &It o WEIVMAE A4 1952 g, 1008gS XS] HIAF
Ho| EA gL ofFE RV o HETVFAR o tiste] Z}Z) 202 g, 1.04 gol L,
THNA T 1202 g, 603 g= E25Fo] H| AT Ho|x A EFo] 274 g, 1.14 go &
7H wokth Y 2B WAL 334 g, 164 g& XA 5k HA|T o] LA o]
1.09 g, 054 g© =2 Charonia lampas sauliaes YBE7VAVe], Charonia lampas
macilenta= OoFF-E2E7IA1E]E ¢ wWo] FAFle] AMAXHEH=R HFsE= Holrt
gEA v B3 8 A Feas g er S BEe 43
A A D WA A Charonia lampas sauliae®} Charonia lampas
macilenta 2t 3@ T 10~20 g AEE A2 EASHA 4ty A&z U

Foh(Fig. 62). 34
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O 4. amurensis W A. pectinifera B S. japonicus [ A. crassispina B H. pulcherrimus

Fig. 62. Predation of Charonia sp. during experimental period.

Fig. 63. Predation of Charonia lampas sauliae. A: Rearch of food, B: Catch (0
hr), C: Predation (2 hr), D: Spicule of starfish (3 hr.), OP: Operculum,
SF: Starfish, SP: Spicule, TS: Trumpet shell
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AVet A3}, Charonia lampas sauliaeS)

gold Zlo], 604 ¥ 67256 g,
1209 F 69242 go] A¥E Ho] o0 g9 Tod= Hlov 67]E <l 2004
1€ 660.34 g, 8ME T 3ge= 64225 gl = 23d|E HAHdFTo]
A3ty Charonia lampas macilenta®l 73-$% H]<23r Z ¢S H. 07 (Fig.

64), oleld UQlE Arety|e] WddalEe]| wE SFko 7ol 7)Qd Aolg

A AR UZuFel 4%, 4% "W dF gt AdiAdEAS Fig.
AT ZpES] AgAAAe 7bzE SW =0.6199SL-10.642(r* = 0.9372), SW =
0.563SL-1.3171 (r*=0.8337)% e} Clsauliae?} 24 ot 238 37)71 o

2 Aoz debgth 23 dFl g AUAFAES TW = 0.00055L2 (% =
0.9317), TW =00004SL**(r*=0.787H)% UEwor, zZtEo| o @z
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AL zZhzE TW =0.008SW2P8(r? = 0.9659), TW = 0.007SW ¥ (r? =
0.7454) = YEeR AAldoz Zhge] st 253 AFol Charonia lampas

macilenta®.©} Charonia lampas sauliae7} B & Z 0.2 ey}

" Mar. 2004 Mar. 2004
60 - n =50 . n=%
m = 642.25 | m = 67277

Jan. 2004 Jan. 2004
60 |- n = b0 n==5

>
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=~ 60| n =50 n =50
% m = 69242 m = 709.42
=
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=
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Charonia lampas sauliae Jun. 2003 C. I macilenta Jun. 2003
60 - n =350 n =50
m =654.24 m = 684.25
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Fig. 64. Change in the total weight (g) of Charonia lampas sauliae and

Charonia lampas macilenta.
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Fig. 65. Relationships between shell length and shell width of Charonia lampas

sauliae.
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Fig. 66. Relationships between shell length and total weight of Charonia lampas

sauliae.
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Fig. 67. Relationships between shell width and shell total weight of Charonia
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Fig. 68. Relationships between shell length and shell width of Charonia lampas

macilenta.
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Fig. 69. Relationships between shell length and total weight of Charonia lampas
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Fig. 70. Relationships between shell width and total weight of Charonia lampas

macilenta.
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A 1148 Stz
ezt MAsts BER 2 £9duEaE UZnE £ HRIAA 45
A4 9t 7 % AmHow UZuTola Baxs

Charonia <5< \W%ils, Charonia lampas sauliae®y Charonia lampas

7Fl At Row @

macilenta®. Okutani (2000)+== Charonia lampas sauliaex= ZZFZFE $24 50

m7bA] kA Aol M A LI, Charonia lampas macilenta= 7% 50~250 m2

A AR oA ARIF deAd QA Gu GAHAR SR =7k Bo
wata A} & ) arbitrary primerg< AHSste] 54 FAAk
1 olE FZ¥ DNA fragmentSS A2 HlustozH A
F44 fFAEE 78 F UtHGoodwin and Annis, 1991; Fekete et al, 1992;
Patwary et al., 1993; Dutcher and Kapraun, 1994; Ho et al., 1995).

WAl URnES Rt AFmelq AT gL FALEIN 1F
%% Uo® RAPD Weol ¥ & A3, Unigsd SR nEe SAET)
0.89, Tututa buoSt Monoplex ehcow= 0.62%2 FAT/AZE vz 77 =,
FUAA WAL 27t F use A9 fAedd. wd ymugd
gAY TS 20709 primer & 1870C] primerol A A9 MR WME e
Hol FEjHel PR Awel FPAA 2w FAEolAL 2 FY AsAe]
=il A E o)X 7] w55 DNA sequencing= &3 ot F324 240]
ol ol Aok & Zole} wrkert,

gy AFE AtelM AE A ARl o uZas A3 A3 Charonia

lampas sauliae= 7 70 m2 UHEX| Ao HX|st AWM E AXE FH HbH,

B

Charonia lampas macilenta®) 735 ¥R o= A A ki, 4 50 m
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ol’del Aol WAl sjolXwt WYL AT B3+ Charonia lampas sauliae®]
S zbell = §hwbell A eto] MAsh= M3 xrE F2E Zlo] wEE WhA  Charonia
lampas macilenta®) 7oM< woiu| el sjzto]l HAE ZS & 5 AUk
olgist HA¥E EUER yZuso AMAAE FA% A A deel
71t AZdEn. | 2R E syt FAdEsE dAdelA &9
HAEG Zlo] B AP A3 AFE 9o oA
e dolet AT Est AFE AQbME dFFHIH} HiSe Y
5% Qb wls Wo] Fxohe= AL B Fol Fe wftet
Hg-oh7] wEoletar Bz ozt
Ak FAFFES AL dde At JdFAEE AAIY  nutritive
phagocyte (Holand and Giese, 1965; Chatlymne, 1969 #H]E3ste] ti4d,
Purpura daviger(4 4, 1966), SWU\st, Spisula sachalinensis (SifG - =17,
1970a, 1970b) welAd Hi FHIo. yYZuze Ae: T 9 Fi9
77l 2 AdE Aloldl wEsizkEAd AHAAAESe] TR

GERbE Qo o5 e W tEel A 1 #7 Ahd: Aow
5

d

ol A2 Ao #Aojsts AT JIMEE HFHT
A F7HA] G50 Abek7)e| w3t W= Charonia tritonis?] 74-%- Shimoike
(1997)= 11€¥€0] wu]dte] 11¥€5E 1€7-4 o3| xk# sttty B8l 3, Lelong

(1993)= 1€ wm|ste] 2¢€e] Atssttty shgitk. sk Cazaux (1972)+
Charonia nodifera?} 22 Attty 4131, Charonia variegatar= 5%l
wwuate] 59l Attty B ki th(Percharde, 1972). olelsh Az &= o
< WP F oF g G § o|Fo|A = Ao w A ANXY, Charonia tritonis®]
G AMAATE AR So)7] wel] AF Fwstyt A9 gl & w 2€o] F
b7t B7)= oy SRR Fd AN 2F #3ET vjudel ¥ Aol
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12958 497bA #EEHo Fd YA 2HS AT dae dAEAT

aelar wv)eh Absko]l whEe] AA aigla, @ wiele] o] ofuie]

170709 g Abst A S A eES wdaEe R Wi H W FEEEH
Arstoha 143970 9] A &S Abekstd ol BEH(1987) wide] dol= A9

Zlo) 9} Z& 247y ok 20 mme 6 mmE Charonia tritonis®)
30 mm, 8 mmXtlt A6 o|=Charonia tritonis?’y £ EAA thEFo]7]
wj ol 2} Az E ),

UZdiss & Ao wAAxT]o B wWiEAZZE A7, F3tetdA S5
ARGt ol gk A A e WEas £ Monoplex echo®] 73-%-(F,

1990)3} EAbstoh. 18y F3EA 39 veliger 58S A$ Monoplex echo®)

TR F 20 Ade Aol wrel UyHawd F242 8% N
FA A ekt ok F-AALS 30 0] A veliger A9 A¢E FZo] =
ojule] Fzhol 27091 A& wIFol A = W yFuwe AV AEe)
dold Zloz Azt &H WRkel A Monoplex echof] TNWto] 270 =
FAH Sl Wi UEaee wnto] zEafx]an 430 vl mekolel= Ao
g2, & BIpx9] AQ A7l Monoplex echo= 23990 AQF %,
U use 6442 2v) ZbeF Ak sk YB3 aFe] BE7bA ] AQAIZRE

Charonia tritonis® 735 BEH(1985)¢] 0~106 e HF3}gickar 3% 31, Shimoike
(1997)& 74do] A2 Q% ).
UZas FAS HF3AY fAL wdkyl wdke] Arrh wdyo] AR 9

0
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AL W]l FAHQAN HEh wasd gel §9%de] wa wo)
WATEe] BaA ol HBRF FALS ATl LF AASG. A
FEnE f49 A74 Uel: A9FER AFel F4E EAs: Aol

©
oz
N

AHASYGA o] Fof Hof & Zlo] 2

AAE A =g - shstA] Aol sk A4S ofFeo] WAYE HulebAL
TFA717E oldlstes 7l=el ¥vh(De Kruger et al, 1984). 1A FAabs
AARe] B st @ AFT7E o]FolH ghar, FArel At Wl g
ads Fol7] 98 w2 F79 Aol o] g o] gHChao et al., 1975; Hara
et al., 1982; McNiven et al., 1993; Truscott et al., 1968). W}Zil5 A& 7|3k
St BEF A, glucose® ZF kel ®lal MFRSolA 543 A& 2%
S A= HPE=H, o)== milkfish, Chanos chanos®] AAE 0~4T el A
BE3 S W], milkfish® Aol & 314 (150 mM NaCl, 400 mM glucose,

~
-|>:1‘
oy

AyAds 2 )Rt Hold BE F3E HtbE Hara et al. (1982)9)
AFAyel tE AYE H YFuFo FAHEA] theFst s el FH Ul
FEo oigt AF7F A ojop s+ Folgl AZtHET, Tk FHPAIZHE  dimethyl

sulfoxide =¥ FA9 YR a3 Aol I NS 1+ £ AT olA=
20% dimethyl sulfoxidelA] 7} & AEES HJow, HIFAE 27 &
AT A = 15% dimethyl sulfoxided| A 7FE =& AEES YeRdded o)&
dimethyl sulfoxide %7} =S5 A UF9 =3 AdH= S5
i =olet Bzt el X

AntAow At FEO A AHFA TRV 2 &M, EFos AFA

=
[}

Fri

7b e &9 AHNe W & ol7] AlAdtH(Morisawa and  Suzuki,
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Bt 2 AFo = EHaT veliger A4S o] g5t HIFAE Fa A A

el wE derRIes AN Ay g3 208 = 15 M dimethyl
sulfoxideol A 7+ 2 A5 Bt ol Gwo (1995)7F o] A4,
GEAE 10%, 20%, 30%<2] dimethyl sulfoxide, glycerol, ethylene glycol,
Propylene glyceroldl]l Wd&X £ Ay G&FA9 A 10% propylene glycerol®
Yadt AddTelA 9%B%e BEES Kol 7P s Bagt zxolE Holu
Chao et al. (1997)7} =< $7] wigt 7] 485 006 M trehalose® 343 2
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7] vl %7] fFAE 006 M glucoseEs 343t 2 M dimethyl sulfoxide®
&

- 121 -

IP:14.49.138.138, 2017-11-03 15:20:35



Aoxg de#x QA9 (Renard and Cochard, 1989), ¥ A+ Ay w3l F Lo
olst HE|7F ofyet HYPAIZFY AAlEte] HIFAFQJA AFo| ook

ol Acanthaster planci®) WAl #3H A7} of g
of AA =AUt (Moran, 1986). Charonia tritonis®}  Charonia®s2] 1
FEol v =7pbe FRE AT Aol &#d 3ok (Chesher, 1969;
Endean, 1969; Laxton, 1971; Noguchi et al., 1982; Percharde, 1972), 32]3&}#]
%= E7FHAFE] (Birkeland et al, 1982; Dayton et al, 1977, Mauzey et al, 1968)%}
22 st e Foll #@et Adwo] B=ESttH(Harrold and Pearse, 1987). Endean
(1969)> =7FAke] ZHAIEe] F7kellA =7RAkelel st 2249 S8
ofn] E7MAbe] EAAHE Wi et Wi A A ErMAbE A d
#et vEE AT $HE Schmitt (1982)% ol 4 -3ol ot 22, y=38H4
FAAZO Qs dobullty. gy AsaE
TEANA B Ao ATH=ko] EIVMAMY, =M E=ARE, E7RARe 9
Holatol o] A A A S woll = g eshA] it
UZus E2Ao #3le] Nugranad et al. (200002 o9, 75, E7HAH

Acanthaster plancies X33t S sES oz A ed F3w

<L
o 1
o et
2 4

01-}1

mlo

ALt o)L FINFE EAFA A, FYFEFT AN E Acanthaster plancis
7 Aok skt B AN E AE sz, upR e S0 2R A,
aa, E7HAME tideE udaw A A xAAE Ay, iRl
eix = 2B Fse HolA &gka, BV FE 7H A5 ske] Nugranad et al.

(200009] A} dReF. I Charonia  lampas — sauliae®] 73§
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off-= & TAbe el wls HEVMAMEE Wol  ¥EASQlAL,  Charonia  lampas
macilenta= °FFEE7MAM]E O AEskl=d, olgfst 40 A aX]o &A=
E7mAbe el FRe dddo Ity AEn, UZause 22 Ed Bt
Chesher (1969)+= Charonia tritons7V "ol ©M& Sl Acanthaster planci7t ©1 &
AAsta wmEA =gt e 2 Addy obREEvmbE g
HaE7e 7 hE3ase A9 A EFsks Zlo] #EEo yZisd
o8 Zlojgt Azhe o] Xt

Aol viAs F29 FS AE, AE W A5 dF= vIAH (Calow,
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og3ake mxz=d (Kinne, 1967; Widdows, 1985a), &3] <3 & Wiz

A AReIA Aolpz AP W AR woldA BEI AYHo

(Shumway, 1977) selX= A= dA o= WHeS EQlth

H49 2Ee FEY drbECl FTed s s, o8 A e

kA4 Qely} E3kslo] eSS m X th(Venables, 1981). €% uUAstAl= AJEo]
olde AP HFHEH HSeo wHee FHEH glow, wide] FUd
A2 SloldE AEO] ME g2 2EUWAAHIAE 2t 22 11 AEo] /A=
SHHE §d2 HeEA Budta tH(Otto, 1973)
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s T BY, y2age HA MAFEE 15-2002 AZE oA,
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