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Table 1.
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Annual catching production of small yellow croaker, L. polyactis in recent
6 years in Korea (MOMAF Fishery production statistics, 2004)
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Table 2. Spawning rate by size of small yellow croaker, L. polyactis
] A}
co° 16 19 20 > 21
(cm)
A 8
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Table 3. Growth by age of small yellow croaker, L. polyactis
A
1 2 3 4 5 6 7 8
(age)
A%
(cm) 12 18 22 24 25.6 27 29.5 31.8




] u".l'intea"ing ground N
,fn m : Spawning ground
’7 —
g : Migration route
‘?\/—F/\" mixing graup
g;’lf *Oct.
- [ ]
Yellow Sea : } . 35°
I 3 |
Sep
g DLI Nmr —Mar.
el
% Wiay Oct.—Mar,
China
A &« East China Sea -
Jul-Ka Apr.-May —
QFG Hﬁ f p :
P £
Sep.-Oct g;;g
120° 1259 135°E

a8 1. &=7| A2 8|7 ZZ(Shojima & Otaki, 1982).

Migration route on the groups of the wild small yellow croaker,

Fig. 1.
L. polyactis (Shojima & Otaki, 1982).



AR

o2 AFH Jde= Aok ARG A$, HTE(CF)9}
fex]

712 Ye I, 10~12€9) 23 A7

Bt t5dl 1~4490] dae BAFORE ASsS AAstY, 59 HF A, a3 A

GAE et o]F 6€7tA FEVI= AT A A7l HEY Ao, 799 o=

H g T IE GRAEE FH3I, FFATA 890 o2 FA|7|o] HAES ojuwl A4
=8

AL dEEvIEE oI, AHE S F-oF 13 AdEPd A T AUk

Nll‘l

filo
e

AR B2 AN 526709 A7 GR BEAA e gejoln, RuE Fx]sh Fag
A7 Lol 93 F214 454 (homology)e 97%=Z 526719 |75 5147071 &

o A7 AE OE Aoz A v 2 AP FEVIEFYH Tdo] FIE 165
ribosomal RNA A5 t’4 S 2 PCR (Polymerase chain reaction)S 33t A7|AES

4 (Sequencing) gt A¥, $-8]7F 293 o] {Frt FEUV|IE FAstAh

~

t}. GnRH #+3#} &4

Z71¢F AT ERSTHOE V7 oFAAEEH YAMF ERFA ClEV7HA fFHHL
¢ A5 e FEY A7IMEREE primer% designsled PCRE 433 & PCR
2= cloning, B7IMES 43R AFAAA BAds 2 ZAHY T, ALE T A=

_10_



9] GnRH HAA=

=
<)

=2

sGnRH % cGnRH-29} %

0] 4¢)

]

574 2 cloning3t A th.

714

o,

X](He) heterozygosity~ 77t 0~0.94 % 0~0.899]

b o] 7 Yetyes 235 2

3
T

HHFAA R =

oju o] FHA

3=

A2kl e

ol

veel

-

™

ol
K

2| 3

7}.

Mero] g

EetaE WA

A ek AU v

13
=]

14t

3]

TAS 689g

tar, s

3
5

hy2

18.7 cm,

56720+ (78.7%) 7} A}

s
=3

= A =

2| =

7,2067}2] 0.1,

ST gro
R

f
2 1,5347}+8](21.3%) 7+ A8

2

=
o

o

4o
<+

G
m

o

2

TH
mwO

To!

7“—}—%‘3}?1 ‘{[:_Jz_oﬂlﬂ %Lo}j]_i %ﬁ_zrgi_ 7
Fdom, gojxte]

S

-

—_—

Eigd

250 ppm FEZ A gsta, &&

—

Ho

(24~26C) 3}

A]

Al

=
=

)

o
=

A (OTC A

&

Zojato] 8ol 2y

of Fat}.

—_—

K
i

A=

XK
ol
o7

B

o] AHaA
Z7] % °F 50~60%

]_

N

2> HF 244

=
=

AU A& A g8 A

G

s

XH

B
B

_11_



250 ppm F&=

=
=

FAA

sttt

2 g

H o] A7]%E

A ==

J

3~490] ATsA HW TelAo] 9

ok
S

S
T

]

st

[e]
=

be FwA A}

M
ok

Ar

0

Ho
o

B

500 IU/kg/fish &

0.1 mg/kg/fish ==, HCG—=

GnRH=

b A el MRt Abedo] o] Fof H T

Il
T

g 74

A3} GnRH

ks

1E(260xH 45 cm, mesh size

NI

o

veel

+

a
NR

st

pan

5

700 ¢m)©]

ofy
ot

AAFE sz =,

L
T

5

FAolz wg
2 89.4% At}

2 61.2%, F

H-2h&

T 523%R°H,

3
A 7}¢

D2

[eli)e)
e

= Hl&

5

EEEER

1=
T

35 7|

_12_



G AR Y L L 224TCoA #ASAT FAHAEH G ARAE AT 4 10~20+%

of Hjuta A}, 1~2A|7 ol 4~8AM|Z 7], 25~3A17 ol AFA 7], 4~9A|ZFel Z ) 7], 10~15A 7+ &
vl 7], 16~22A17Fol] 2174w & A7), 23~32A17Fol] 7183 A 7], 35~60A]7Fol] F-axjo]tA 1)

I 1247 T GEE sy 2 waslgth

(1) =¥ ¥ (Rotifer)
38557 d5d A 19 Ay, = 23 3AdAREH JUS B ZE
8~1070 A BHl&= FF3st7] Al&eted 27/ 7HA] FFskA.

(2) €®l" o}(Artemia)

K
Ll
=)
o
ot

erols dFEFSF F 1B3LANE TFSAeH, LHPo3~47A/vie])st =¥ T
B~1070 A /vte])= 7 & EFt] FEeraL, dHV ol 0L AHA FH A

(3) MR
27 MEAEE $3 F BAARE wAdoE ARYAY 2718 24std BF
WA ZES s deplole] Fat AAFE Fo] FHSHA.

Fx7] FTE SUdoEs Y9 E Koy dv)d #EA] & o] oly} X5

-

(N

=<

©](1.363+0.09 mn) ¢} Y= Z©](1.314£0.09 m)7} A& Zfo]lE Ho FAGHN F79 A7E
6=0.

WA (A=nxXxY/4) 0.2 AREgth ST W A7 1.406:0.09 mio] o, 27| WMEE

S 30417 A T R Te] WA o] 0.055mr (7.75%)7F #Aad whA o] dHe w3t ¢l
At
. 738
!
Auk AAFEL AJFF(224C, HEZF)7F 51.1%E 7 =9kow, 25T A1 +7) 44.5%,

20C A&TFE7}) 37.8%, 15C AE 17} 35% 402 JEFGT)

_13_



o AES

T(HZET)7F 73.0442% 2 7HE =kTh

)
=

&4 90.0+10.0% =

=
) .

o A

s

7P =A dEhER .

.,

0

2. %] o]

70

[e]
=

2.32+0.15 nme) o, A}

-
.

A duhe Ajx RstE Fsixiole] =7

70.68+0.15 m= A%

o

FSA T

3

A Foli=

23]
iz

B
+

(1) 5¥¢ % (3.9~4.4 um)

L AR, Hol (28 )

(2) 10¥ % (4.6~5.8 mn)

10~20 cn A%

ok
=4

A~ =
TS5

e

.

)
—
file)
<
xa

0
XK

7

H

AR A AN

, o

(8.2~12.2 mm)

‘_.._WO

—

(4) 202

(5) 30% % (16.1~26.3 mm)

(6) 40 = (16.8~32.2 mm)

Z]

(7) 50% 7 (40.8~50.1 mm)

_14_



Hh X]o]7] AA AMSEE

A EBFZA0L)] HF M 2024018 mn (0.07 g)Ql o] WrW ASAE Ay, YEELS
5712 (100+0.0%)>257H2] (90.7+6.1) %)>107} 2] (83.3+5.8 %) = 207} 2] (83.3+11.5%)>157} 2]
(80.0+6.7%) =22 UElstom, 25utE]E FE3AS A5 AME B840 M Eth

S-S ZALE A3 11T 9C FAE HAE o, 5T 3T
71 FH A= 21~22A]7bgbel] A|F o] M o] HAFSE T

13Tl 25 11, 9, 7, 5, 3CE FAA A2 & 24A3F Bt 2520 ot
<
T

f

_15_



wK

wa

il

: 49

_16_



SUMMARY

Small yellow croaker, Larimichthy polyactis a species specific to korean coasts of the
Yellow Sea is traditionally favored by korean society. Because of the recent decrease of
wild stocks, the landing has failed to meet the demand by the society. The economic value
of the species is extremely high when it is specially processed. For instance, Younggwang,
Jeollanam-do annually creates about 100 billions Won from Gulbi, a salted small yellow
croaker, L. polyactis. Therefore, technology development for the seed production and
aquaculture of the species is strongly suggested. Once the technology is established, a great
number of economic values is expected in terms of general activation of depressed

aquaculture business and wild stocks enhancement via seed releasing into the coasts.

Annual reproductive cycle of small yellow croaker were histologically investigated
based on samples captured from the coast of Mokpo, Young kwang and Kanghwa, South
Korea. Gonadosomatic index (GSI) of female began to increase from December and reached
the maximum at May. GSI of male reached the maximum at February. Investigation of GSI
change and gonadal tissue showed that the annual reproductive cycle was classified into
the following successive 4 stages: the degenerative and resting stage from June to
September, the growing stage from October to December, the mature stage from January to

February, the ripe and spawning stage from March to June.

We described the isolation and characterization of eight microsatellite loci from small
yellow croaker. All loci were found to be polymorphic, and had between three and 27
alleles with expected heterozygosity ranging from 0.48 to 0.98 in 30 individuals examined.
Genetic diversity between hatchery population and wild population of small yellow croaker
was assessed by means of microsatellite DNA. Marked reductions of genetic diversity in
hatchery population compared with the wild population were observed in terms of number

of micosatellite alleles and expected heterozygosity.
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The wild spawners caught in the knotless-net set in the fisheries grounds were
individually transferred into a specially designed culture tank (1 ton) set in the hatchery.
The biometry of the experiment fish were 18.7cm on average total length and 68.8g.

Among 7,206 fish, 1,534 fish survived, representing 21.3% of survival rate.

During the transportation, the fish were kept at water temperature 24-26C. The
transportation tanks were aerated to keep 7-8 ppm of DO and treated with 250 ppm of
antibacterial (OTC). The fish contained in the indoor tank recover 24 hr after the
containment, slowly swimming in the tank. Because 50-60% of the fish were hurt on the

way of transportation, they were treated with 250 ppm antibacterial for two days.

The fish contained in the indoor tank recovered from normal condition after 3-4 days.
The recovered fish were fed with unprocessed food and pellets. Five days after the
containment, the fish were fed with unprocessed shrimps 3 times a day. The fish were
cultured in captivity for the maturation. Maturation was manipulated by feeding
nutrition-rich foods (shrimp and sardine). About 40% of the total fish reached the

maturation, however, none of the fish spawned in the tank.

In the hormonal injection of GnRH (0.1 mg/kg/fish) and HCG (500 IU/kg/fish), the fish
injected with the former spawned. The fertilized eggs obtained from hormonal injected fish
were collected in the egg collecting net (J60xH 45 cm, mesh size 700 ym). The collected eggs
were contained and managed in the round concrete tank (18 ton). Among 800,000 eggs
collected, floating eggs were 740,000 with fertilization rate of 52.3% and hatching rate of
89.4% (no of fish larva, 400,000).

Fertilized egg formed perivitelline space, embryo disc, 4-8 cell stage, loss boat, blastula,
gastrula, neurula, organogenesis, newly hatching larva and yolk absorption in 0, 10-20
minutes, 1-2 hours, 4-9 hours, 10-15 hours, 16-22 hours, 23-32 hours, 35-60 hours and 122

hours, respectively.
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The fertilized eggs were round by appearance characteristics, but they were not round
under microscopic observation: X axis of 1.363t0.09mm and Y axis of 1.314+0.09 mm.
Therefore, the surface areas of fertilized eggs and oil droplet could be calculated as
following way:

With an aid of the equation as A =nxXxY/4, after fertilization 30 hours surfaces area of

fertilized eggs was decreased 7.75% (0.055 mr) and surfaces area of oil sac was not changed.

Higher fertilization rate were obtained from 51.1% in control (natural sea water),
followed by 44.5% in 25C, 37% in 20C, and 3.5% in 15C. Best survival were obtained
from untreated control group with survival of 73.0+4.2%. Higher survivals were achieved
from lower salinities, with best survival of 90.0£10.0% at 5 ppt. The size of the just hatched
larvae was 2.32+0.15 mm, and then gain growth of 68.36 mm by 70 days, reaching 70.68+0.15 mm.

Larval density of 25 ind./10L was optimum culture density when larvae of 20.2+0.18 mm
(0.07 g) were cultured for 30 days in 10 L culture chamber. Best survival of juvenile small
yellow croaker in the culture density was 100+0.0% at 5 ind./10 L, followed by 25 ind./10L
(90.7£6.1%), 10 ind./10 L (83.3+5.8%), 20 ind./10 L (83.3+11.5%), and 15 ind./10 L (80.0+6.7%).
The suggested density for the fish juvenile was 25 ind./10L. In the study of
temperature-driven mortality (temperature decreases from 13C to 11, 9, 7, 5, and 37),
manifest thermal shocks were noticed in the decreases to 5C and 3C, where all the

juveniles exhibited a total mortality in 21-22 hours.
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CONTENTS

1. Title

Technology development of the hatchery-based seed production of small yellow croaker,

Larimichthys polyactis

II. Study purpose and justification

Finfish mariculture in Korea initiated in the early 1970s for yellowtail (Seriola quinquerad
iata) and sea bream (Chrysophrys major). Thereafter, a considerable progress in mariculture h
as been made with an establishment of hatchery-based seed production of olive flounder (P
aralichthys olivaceus) by the outstanding works of NFRDI in 1980s. The success in the hatche
ry-based seed production of the flounder have brought development of land-based culture s
ystem for the species, with the flounder occupying 95% of the total farmed fish from the s
ystem. Pen culture system was also developed for the production of a variety of farmed fis
hes; 70% for rockfish, 15% for sea breams, and the rest 5% for other species. Recently, how
ever, the fish culture industry is under depression. The landing of small yellow croaker, L
arimichthys polyactis by catch is normally by large scale net. Table 1 shows the fish landing

by catch, where 2003 landing of the species decreased down to 52.7% of 1998 landing.

Small yellow croaker, a species specific to korean coasts of the Yellow Sea is
traditionally favored by korean society. Because of the recent decrease of wild stocks, the
landing has failed to meet the demand by the society. The economic value of the species is
extremely high when it is specially processed. For instance, Younggwang, Jeollanam-do
annually creates about 100 billions Won from Gulbi, a salted small yellow croaker.
Therefore, technology development for the seed production and aquaculture of the species
is strongly suggested. Once the technology is established, a great number of economic
values is expected in terms of general activation of depressed aquaculture business and

wild stocks enhancement via seed releasing into the coasts.
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II. Contents and scope of the study

The present study focused on the technology development of hatchery-based seeds of
small yellow croaker for 3 years. For a generation of the knowledge of aquaculture ecology
and aquaculture potential in the future, studied were general ecology, collection of wild
stocks, broodstock acclimation in captivity, spawning induction, hatchery-based seed
production, on-going growth, aquaculture biology, and isolation and identification of specific

genes.
IV. Result
1. Environments of fisheries ground (Chilsan, Younggwang, Jeollanam-do)

Environments of the fisheries ground were characterized by 5km long muddy shore.
The location of the shore where spawners were obtained was 20-40cm deep and highly
turbid. Water temperatures of the location were 17.2-28.5C during August 14-October
19, 2004 (with maximum of 28.5C in August 14-22) and 19.4-22.7C during September
16-November 06, 2005 (with maximum in September 16~25). Salinity and DO were

4.5~30.2 ppt and 5.33~7.22 ppm, respectively.
2. Classification and ecology

A. Classification

1) Order Percida / Family Sciaenidae / Genus Larimichthys
2) Common name: Small yellow croaker

3) Scientific name: Larimichthys polyactis

4) English name : Small yellow croaker

(
(
(
(
(5) Japanese name: % 7' 7 (Kiguchi)
(

)
)
)
)
)
)

6) Chinese name : /N4
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B. Ecology

(1) External characteristics

Shapes of the body and head are plat from right and left sides, and the body
height is relatively high in the prior and low in the posterior of the body. The eyes
are located in the dorsal part of the head, and diameter of the eye is a little bit
shorter than the length of the mouth. Number of rays of the first dorsal fin is 9-11
spines and 31-36 soft rays. The shape of posterior margin of the caudal fin is alike
triangle. The lateral line is located in the upper part of the middle of the body, and
number of the lateral line scales is 53-59. The color of the body is gray small yellow
in dorsal part and clear small yellow in the abdominal part, the lower part of the
lateral line. Color of the lips is orange, white in the mouth, and black gill slits. The

caudal peduncle is relatively thick.

(2) Habitats
The species distributes in the coastal waters of 40-160 m in depth from south and

west of Korean peninsula to East China Sea.

(3) Foods
The fish feeds on plankton such as Euphausia and Amphipoda in April and
Euphausia, Amphipoda, mysidaca, larval fish, shrimps in the spawning season of

May. Thereafter, the fish feeds on juveniles of migrating fishes and benthic fishes.

(4) Spawning

Spawning season of the species is from April to June. Spawning of the fish occurs
middle and late April in Wi Island and May in Yeonpyung Island. Biological
minimum size of the fish is 18 cm (2 years). Fecundity are 30,000-70,000 for 30 cm in
total length, 100,000 for about 35 cm, 100,000-160,000 for the fish older than 4 years
(Table 2). Ratio of female and female was 1:1 for 1 year fish. The ratio increased

with the ages, finally showing 2:1 for 6-years old fish.
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(5) Growth
The size of just hatched fingering, 3.3-3.5 cm in total length, became 5-6 cm in total
length 2-3 months later. The growth was generally fast in the first a year with the

growth of 1.5 cm in 3-4 years and 2-3 cm in 3 years after hatching.

3. Ecological information

Small yellow croaker, spread widely in the Yellow Sea and East China Sea, can be
divided into three sub-populations, Yellow Sea, Kiangsu and Chekiang stocks, by the
migration routes. The Yellow Sea stock migrates toward offshore in September, after
spawning in the mouth of Abrok River and in the western sea of Korea, and then
moves to the southern and western areas of Jeju Island through southern part of the
Yellow Sea. Kiangsu stock migrates toward offshore in August and September after
spawning in the northern part of the mouth of Yangtze River, and then over-winter in
the deep sea in the southern part of the Yellow Sea and in the East China Seas from
December through March. According to increasing of the water temperature from April
to May it migrates to the spawning grounds. Chekiang stock spawns in the coastal
areas of Chekiang Province from April to May and migrates toward the offshore and

spends winter time in the deep sea areas near the Chekiang Province.

Among the three sub-populations, the Yellow Sea stock, migrating to the Korean
western sea, spawns April to June spawn earlier in the southern area than in the
Northern. When the spawning stocks move northward the spawn areas, the water
temperature is 9-12C, their optimum spawning temperature is 10-14C. The
distributional density of the fish is relatively higher in the coastal and around small
islands but lower in the offshore. They migrate around Chilsan Island near Wi Island
in April, and then appear mostly around Yeonpyeong Island in May. The fishing
grounds of younger stocks than two year-old are formed around Wi, Anma and

Heuksan Islands from July through October.
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4. Genetic analysis

A. Genetic identification of the small yellow croaker
In the genetic identitifation of the fish, the analysed 526 bp of 16S ribosomal RNA
with an aid of PCR revealed 97% of sequence homology. These data mean the fish

used in this experiment was identified as a small yellow croaker.

B. Identification of GnRH gene
The genetic peroperties of GenesGnRH and cGnRH-2 were analysed using PCR
with primers specially designed from phylogenically relavant fish, amphibians, and
mammals. From the analyse small yellow croaker-specific two of c¢cGnRH-2 which

were similar to GenesGnRH and c¢cGnRH-2 were identified and cloned.

C. Genetic diversity
Genetic diversity of 50 juvenile small yellow croakers from the wild spawners
acclimated to captivity were analysed. The alleles of the juvenile were 1-24 and Ho
and He heterozygosity were 0-0.94 and 0-0.89, respectively. The allele and
heterozygosity of wild juveniles were diversified compares with those of farmed
ones. These results were from the limited number of spawners introduced to

hatchery.

5. Collection of wild spawners and hatchery-based seed production

A. Collection
The wild spawners caught in the fens-type net(with smooth mesh) set in the
fisheries grounds were individually transferred into a specially designed culture tank
(1 ton) set in the hatchery. The biometry of the experiment fish were 18.7cm on
average total length and 68.8g. Among 7,206 fish, 1,534 fish survived, representing

21.3% of survival rate
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B. Transportation
During the transportation, the fish were kept at water temperature 24-26°C. The
transportation tanks were aerated to keep 7-8 ppm of DO and treated with 250

ppm of antibacterial (OTC).

C. Containment in the indoor tank
The fish contained in the indoor tank recover 24 hr after the containment, slowly
swimming in the tank. Because 50-60% of the fish were hurt on the way of

transportation, they were treated with 250 ppm antibacterial for two days.

D. Indoor culture
The fish contained in the indoor tank recovered from days 3-4 after the
containment. The recovered fish were fed with unprocessed food and pellets. Five
days after the containment, the fish were fed with unprocessed shrimps 3 times a

day.

6. Seed production

A. Maturation conditioning in captivity
The fish were cultured in captivity for the maturation. Maturation was
manipulated by feeding nutrition-rich foods (shrimp and sardine). About 40% of the
total fish reached the maturation, however, none of the fish spawned in the culture

tank.
B. Induction of spawning
In the hormonal injection of GnRH (0.1mg/kg) and HCG (500IU/kg), the fish

injected with the former spawned.

C. Management of fertilized eggs

The fertilized eggs obtained from hormonal injected fish were collected in the egg
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collecting net (J60xH 45cm, mesh size 700um). The collected eggs were contained

and managed in the round concrete tank (18 ton).

D. Hatching rate
Among 800,000 eggs collected, floating eggs were 740,000 with fertilization rate of
52.3% and hatching rate of 89.4% (no of fish larva, 400,000).

E. Egg development
Fertilized egg formed perivitelline space, embryo disc, 4-8 cell stage, loss boat,
blastula, gastrula, neurula, organogenesis, newly hatching larva and yolk absorption
in 0, 10-20 minutes, 1-2 hours, 4-9 hours, 10-15 hours, 16-22 hours, 23-32 hours, 35-60

hours and 122 hours, respectively.

F. Culture of fish larvae
(1) Supply of rotifer
The larval fish were fed with nutritionally enhanced rotifer (100 rotifer/fish larva)
just after all yolks were absorbed (7 days after fertilization), The supply of rotifer

continued by days 8-15 when artemia were first supplied.

(2) Supply of Artemis
Supply of artemia were initiated by day 8 at the density of 100 artemia/fish larva.
Rotifer were also supplied with the artemia at the density of 20-50 ind./fish larva.

The supply of rotifer continued by day 15.

(3) Supply of formulated diet
The first grade of formulated diets were supply to the fish larvae from 24 days
after fertilization, this coincided with 16th day of rotifer supply, 9th day of
artemia supply. However some of the fish larvae started to feed the formulated

diet from day 7. It was 15th day when all the larvae started to feed the diet.
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7. Biological characteristics

A. Size of the fertilized egg
The fertilized eggs were round by appearance characteristics, but they were not
round under microscopic observation: X axis of 1.363+0.09mm and Y axis of
1.314+0.09 mn. Therefore, the surface areas of fertilized eggs and oil sac could be
calculated as following way: With an aid of the equation as A =nxXxY/4, after
fertilization 30 hours surfaces area of fertilized eggs was decreased 7.75% (0.055 mm)

and surfaces area of oil sac was not changed.

B. Fertilization rate
(1) Temperature dependent fertilization rate
Higher fertilization rate were obtained from 51.1% in control (natural sea water),

followed by 44.5% in 25C, 37% in 20, and 3.5% in 15C.

(2) Salinity dependent fertilization rate

The best fertilization was resulted from salinity 27 ppt.

C. Survival
(1) Temperature dependent survival
Best survival were obtained from untreated control group with survival of

73.024.2%.

(2) Salinity dependent survival
Higher survivals were achieved from lower salinities, with best survival of

90.0£10.0% at 5 ppt.
D. Larval growth

The size of the just hatched larvae was 2.32+0.15 mm, and then gain growth of 68.36

m by 70 days, reaching 70.68+0.15 mm.
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E. Optimum culture density
Larval density of 25 ind/10 L was optimum culture density when larvae of 20.2+0.18

m(0.07 g) were cultured for 30 days in 10 L culture chamber.

E. Ecological behavior by growth
(1) Day 5 : Distributed in the water surface moving up and down in 10 cm depth.
(2) Day 10 : Mouth opened, capable of rotifer, responding to external stimuli, moving
up and down in depth 10-20 cm.

(3) Day 15 : Actively moving chasing foods in the tank.

(4) Day 20 : Actively feeding of Artemia and capable of feeding formulated diet,
swimming against water current.

(5) Day 30 : Distributed throughout the culture tank, exhibiting cannibalism.

(6) Day 40 : Active in feeding formulated feed, swimming over water flow with
groups, sensitively reacting to external stimulus

(7) Day 50 : Showing feeding activity of formulated diet during schooling in the
tank, showing no more cannibalism, and observable of feces excretion

from anus.

G. Juvenile culture density
Best survival of juvenile small small yellow croaker (20.2+0.18 nm, 0.07 g) in the
culture density was 100£0.0% at 5ind./10L, followed by 25ind./10L (90.7£6.1%),
10ind./10 L (83.3£5.8%), 20ind./10L (83.3£11.5%), and 15 ind/10 L (80.0+6.7%). The

suggested density for the fish juvenile was 25ind./10 L.

H. Temperature-driven mortality
In the study of temperature-driven mortality (temperature decreases from 13C to
11, 9, 7, 5, and 37C), manifest thermal shocks were noticed in the decreases to 5C

and 3C, where all the juveniles exhibited a total mortality in 21-22 hours.
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Fig. 2. Schematic diagram of catching station in living area of the wild
small yellow croaker, L. polyactis surveyed in the present
experiment. CP: Catching point.
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Fig. 3. Monthly body size of female wild small yellow croaker,
L. polyactis surveyed in this experiment (N=30).
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Table 4. Maturity stages of female, as defined by the germ cells present and

other
L. polyactis

histological characteristics

in wild small yellow -croaker,

Stage

General characteristics

Primary Growth

Chromatin-nucleolus stage

Perinucleolus stage

Secondary Growth

Cortical alveoli stage

Qil drop stage

Vitellogenesis
Primary yolk stage

Secondary yolk stage
Tertiary yolk stage

Maturation and Spauwming

Early maturation stage

Final maturation stage
Ovulation stage

Spawning stage

Degeneration and Resting

Atretic oocytes stage

Apparent nucleolus and chromatin threads in
nucleus
Multiple nucleoli located around the periphery

of the nucleus

Cortical alveoli appear at the periphery of the
oocyte

Qil droplets appearance in oocyte

Yolk globules appearance at the periphery of the
oocyte

More yolk globules appear throughout the oocyte
The oocyte is filled with yolk globules

Germinal vesicle migrating, coalescence of yolk
globules & lipid droplets

Germinal vesicle breakdown & hydration

Oocyte are hyaline and free of cellular envelopes
Appearance of ovulated eggs in gonoduct and

near gonopore

Observation of atretic oocytes & chromatin-

nucleolus oocytes in ovary
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2. #%7| &eol U GnRH RAEA S

AR DY 5
AGo] AER NBE FTYFARFA AAFAATE RAAGEANA AHEFA ofn] #
%718 01§39tk ME Pelste] AAALo FA AANN F AF] AEFI7A 80T

Y&are] Hastitt

g

ZA

rfo

1}. Total RNA £

Total RNAE FZ317] 93t ¥ ZZ ] TRIzol &N (TRIzol Reagent, GibcoBRL) 1000 4

£ FH7I8tal homogenizer® F33te], 4ToA 15%%F BXAF . 283 chloroform

(Sigma) 200 = F7HgE & 15%3F A& F 4ColA 1583 A AIHA T 14,000 rpm ol A
KN

1587 A4S &, A3As Fgsted MZ2F Al@#el £7]3, isopropanol (Sigma

~

500 ub= FH7Fe H, 20Tl A 30&3 BAAH . 28l 4T, 14,000 rpmol A 1583 4]

Y3 &, A AAS L, 70% ethanol® A X3k F 14,000 rpm, 4Tl A 1023 L4E
g3t &, FSAS AASL RNA HAES F7] TANA 1dxA21 F, DEPC A H F7F

o} ¢-DNA 34
o M AH(reverse transcription) ¥H-3-ol= F2]¥ total RNA 1pgs 95CoA 57 HAAAIZ
A3 A Y. HF DNA FAEC] 20 w0 HEF d19em, 20 U/l MuLV reverse
transcriptase (Perkin-Elmer), 10 x MuLV RT buffer, 10 mM dNTP, 10 U/uf RNase
inhibitor (Perkin-Elmer), Oligo dT primer (Perkin-Elmer) 12|31 DEPC-treated waterE &%
atof 42°ColA 6023t S-S dte] (DNAE A4 33T

2t T HE LIS (Polymerase Chain Reaction)

PCR ®F32 Taq DNA polymerase 1 U, 10xRNA PCR buffer 2 xl, 25mM dNTP
mixtures 1.6 10, primer 1 0 (20 pmol)?} ¢cDNA 1 /& ¥ ¥ volumes 20 =2 TF &
PCRS F3J3}A Tt PCR ¥E§Z272 95T A 587t pre-denaturation #g-& A &, 95T
2 30%%l denaturations 3}%13l, annealing 55T oA 30&7F st 0w, 72ColA 30

27t elongation#g-& A3 ¥ 72T 10 &<t extension#g S Pttt
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3.

Ao A}E3F primer= sGnRH Forward 5-ATG CTA ACA AGG CAA ATA CA-%
Reverse 5-TCT TCA GGA AGA GAC ACC AC-3 o], cGnRH-2 primer+ Forward
5-AGG TGG GAA TAT CAT GTG TG-3'°]H, Reverse 5-GGT CTC AAA TAG CTG CAT
TC-3" ©|t}. PCR ¥H&-9] 3l4=% 353] 3l om, PCR 4H=L 1.5% agarose gelolA A7 %

u}. Ligation, transformation, plasmid DNA #3& % @74 <€ £4
PCR 4HE2 agarose gelZ2H-E #2] AHAZ Fof ligations} ATl Ligatione g A3t
PCRAHE (20 ng), ligase (3 unit/ul), pGEM T-easy vector (50 ng)< ©]-&3}od 4To|A 184

sk Ligation ELS M 109 SFAEE ]88t  transformationdt $o

plasmid DNAZ &tk 28l 2% Plasmid DNAS @714 ES EA4381¢t)
FHA ety 24
7h. Ao

. Genomic DNA %+ 2]

#2719 genomic DNA+ Asahida 5(1996)] Wi ol we} TNES-urea %8 (10 mM
Tris-HCL;, pH 8.0, 125 mM NaCl, 10 mM EDTA; pH 8.0, 0.5% SDS, 8M urea)ﬂ]- proteinase
K (Sigma, USA)E At&3te] me| A =g n|o|A &3+t

t}. Microsatellite DNA ]
(1) A& A0l 2]k DNAZET H adapter ligation
Microsatellite DNA+ Hamilton 5(1999)¢] ®¥H ol <J3] &3l Genomic DNA
Ao Agtgh =7](200~1000 bp)E 3573t 7] 918t Rsa I, Alu I 123l Hae III A|HE
2 (New England Biolabs, England)E °¢]-&3}%] Genomic DNAE Aw3sldct. HodH
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DNA ©@#HS 15% agarose gelZ2 7|95 & QI
USA)S ©]-83te] 200~1000 bpe] DNA ©#S 3|53t th 3|8 DNA T3] adapter
(SNX/SNX reverse linker)?} 1000 U T4 ligase, rATPE 3L 16TolA] 30, 37ClA 10

Aquick Gel Extration Kit (QIAGEN,

S 309 wFEStY ligationdl ATl Ligation® DNATE o]s7lgoz whE7] 93] SNX
forward linkerES ©]-&3}o PCR3}$T).

(2) Hybridization®l ]3¢ microsatellite DNA®] enrichment

Microsatellite DNA @S Heldo=z 3]4317] £35te] Magene Sphere Magnetic
Separation Products (Promega, USA)%} Biotin-labelled (GT)10& ProbeZ ©]-83}%th.
Linker-ligated DNA®| Hybridization &% (12x SSC, 0.1% SDS)¥} Biotin-labelled (GT)1 o=
H7FsE & 95T 158zF WASka, 60TelA  4A1F HEGAIAHTE Streptavidin
Paramagnetic Particles (SA-PMPs)>  AF&3}7] el 05% SSCE 33 A3t
Hybridization &<}l SA-PMPE %2 F ©] §HolX 43TA 4t wg&det. 1 &
of o] &3 2x SSC% 0.1% SDSE o]-&3te] 23] AH (w3 583, d2)stal, A 1x
SSC9} 0.1% SDSS ol &ahe] 23] A= (W3] 587t 45C)3 F, vpxwro = 1x SSC9} 0.1%
SDSS o]-&3te] 23] MW 3] 5&1, 60C)sFATE AAHo] EyH T
95Col 103t WAZ F A4& o]838ta] DNAE 3|<Fsltt

t
e,
ol
ofo
12
filo
o
rlo
o

(3) Adapter W &5 ©]-&gF PCR

3145101 %] microsatellite ¥ <& EF3 DU7FE DNA ©HS vectordl ligationd}”]
#ste} adapter HE2FH I E primers ©]&38t PCR& 38 °|F7t=< DNAS 1t
St ©Y97le DNA 5 x0(0.01 pg/ ), SNX primer 1.5 g, Ampli Taq GOLD (Perkin
Elmer) 0.25 xf, dNTP mix 4 0, 10xPCR ¢+58&H4 5, MgCl 3 ul, S/ 31.25 ul= %

i PCR ¥h35 &3tk PCR 232 95TolA 1023t dWHAde 5 94T 1%, 63T 1%, 7
2T 1< 303 w53 & 72TcA 523 whe F 4T EESTh ©] PCR &S
12%%] agarose gels ©|&sld FFHE F<lg $F QIAquick PCR Purification Kit
(QIAGEN, USA)S o] &3&to] AA|, HFHo & TE 50 uloll &a3te] o]F7l=e] DNAS
AR
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(4) Adapter®] Nhe I 499 A&7 vector® Xba I AT
PCR WHgo2 Aozl o]F7te DNA THE vectord] ligationd}”] ¢t o7t

DNA ©@#He &4ZFo] FFE o] Ql= adaptere] HIES Nhe 122 A3, vector

i,

pTZ-18UE Xba 102 HTst & Calf Intestine Phosphatase (CIP)E A &l3t & A4t} s)
At Z47S QIAquick PCR purification kit (QIAGEN, USA)S o]&3le] AHAF 3,
ligation kit (NEB, England)E ©]-&3}o] ligationd}$ith.

(5) ¥ &% & (Transformation)

Ligationgt vectorE competent cell (DH5a)o & & EA]AH microsatellite DNA 99
3Z 33 coloniesE Wl Y3t tE. Competent cellS AF8-Z ol -80Ce A 7AW o] competent
cell 100 0ol ligated-vector 50 ngS B il 3027F =l FokE ¥, 42TC9 F2FxdA
9027 ¥H-3kgIth &l 7]6] SOC H1#|(42°C) 890 & YV 37Tl A 200 rpmO 2 3 A A
1A s ettt o] Hikdls SOC wiA|2 293 3Aste] 100 w5 LB plate (10
mM IPTG 100 8, 2% X-Gal 100 u)oll ==t ¥ 37Co] over-night ®j¥ste] 44

coloniesE 213} H T}

(6) Colony hybridization®ll &3+ %¥/d colony &<l

37Coll over-night ¥l ¥3te] Hdojx A colonies T H2 2] microsatellite 9 9S E3
3lil U= coloniesE biotinylated (GT)1o probes®} Phototope-Star Detection Kit (NEB,
England)E AH8-3te] Adatdet. AEE 44 coloniesE LB AA iAol A wjggt &
QIAprep spin miniprep kit (QIAGEN, USA)< ©]83}4] vectorg 2|3t ATh.

(7) %73 colony2] DNA @7]44 &4
B 5 YA coloniesE9] @714 €S Big Dye terminator cycle sequencing ready reaction
kit (PerkinElmer Applied Biosystems)& o -3k 5171412 #471(ABI Prism 3100

genetic analyzer, Perkin Elmer Applied Biosystems)Z 2733} th.

2}. Microsatellite DNA°| &3 A £
(1) Primer A4 3 %A

Microsatellite G99 7] Eo] &AH vjE F, FTEYH

rr

P9 primergs A 317
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ot Y92 EF AASFAT. ©lE microsatellite®] FFFE7 FFES] FVMER
8 PCRE 37|odl A3t primer &7]14E<S PRIMER 3 software (Rozen and Skaletsky,
1998)5 o]-&ste] AAstAd et A 2E primer= MEVE oA 7 SFHEHA F= 8719 A
primer?tS  HFAHOoZ A3l forward primero| 6FAMES E A3 T

(2) Microsatellite 328 &4

#%E 484 labelled forward primer$} unlabelled reverse primer set 87]& ©]-83}<
FRAAE FE3EA T PCR #H8-H2 genomic DNA 100ng, 2t primer 0.5 pmolS il
f-Taq polymerase (Solgent, Korea)E Al&3to] HF 20 = FH3ATh PCR 20 A3
95Cell A 15%3F EWAgdstar, 95C 20%, 55~65C 40%, 72°C 1&5 353] wkEg & 72T
o Al 1587t ¥HE-3Fth Annealing 2%+ gradient PCRS F3l 7Hd A3s 2%

7z ARt & PCR e AVdeos SFHEE Fdste 34 wjes 243
5

Aot 3143k PCR 4F=3 400 HD marker, HiDi formamide& 473l 95Co| A 537+ WA
AlZ1 % ABI 3100 genotype sequencerg ©|-&3t FHA3 4S5 AASHAT

Aol AHES 870 FRAAFACd i Ao WHFAAE A7EE Y Este Z

12} W% (allele frequency), #ZX] ©] & F & (observed heterozygocity,
Ho), 71X o] &3 & (expected heterozygocity, He)> Cervus (ver. 2.0; http://helios.
bto.ed.ac.uk/evolgen/cervus/) ZZ1S  ALE3t]  ALFESTHSlate et al, 2000).
Microsatellite 7} ¢] Hardy-Weinberg H &8-S A4 3t7] 913 Weir & Cokerham(1984)]

WHE AHSSEl e, Fis RS 272 8kl Markov chain ol w7249 Y
2} X Z(random allelic permutation) Z}g-& FHA3F 10,000 o] F33te] FYH(*P)S
AR

4 ERM

7F AHAAT R
Fx7) A0l Fue AAR v]dE AXF F S5z HeA

AAT FH 7hsdo] woldh a2y FxVe MERY Fol Hls
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Table 5. Hormone injection for spawning induction with small yellow croaker,
L. polyactis

o} A > A
‘é’ 3‘]‘ v A T A s=R

(7H3) (1)
2005. 5. 11 20 4 GnRH
40 3 GnRH

2005. 5. 24

91 13 HCG
2005. 5. 27 136 7 GnRH
2005. 6. 07 67 2 HCG
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Fig. 4. Hormone injection for spawning induction

with small yellow croaker.

_74_



O3 5 AZI| S S AN

Fig. 5. Net for fertilized eggs collection of small
yellow croaker.
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E 6. H=7| sFE ASEE =A

Culture condition for the fertilized eggs of small yellow croaker,

Table 6.
L. polyactis
WT DO H Salinity NO,-N NH4s-N
(C) (ppm) P (PpY) (ppm) (ppm)
214 11.8 7.37 27.2 0.1 0.025
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2) Fx7] Ao Absad

2 E] 7 (Rotifer) 37

3t Zole] 27] Ho| FFE H3 ¥ 3YARE REHHE IFIFASH, TFFS
Zzo] ZEHI} 5~104A/nl FAHNES A 2-332 TFEAY. ZEH =9

710 7LANA A FFEAT. F3pAte] o Al Fele Aolrb Ha Fe ZE 9

Blo] §A g AMge] HAH B 8-S F71 st 5x10%cell/me] YRR FE

2 2}(Chlorella) s 7}t FAT,

(‘/]-) || vl o} (Artemia) FH
deulols 28~30Col A B3AA dE AAGR F 2 Fx T 3~4 A/ Y TE
2, 23} & 13~3047tA FFstach

(th WA s &5

27 WEAEE 33 T 13-25YA7AAE L1 EFY(02~03m), 1921 87HAE
L2 B4(0.3~0.4 mm), 30~354A7kx]= L3 E}U4(0.4~0.6 mn), 35~40LA7HA= 15 B
(0.6‘“1.0 mm) 2A ]Zl' ﬁzﬂ.oi UH?——]_ 8§] 57—:"6]—221:}

o]
FADS FE3 AISFE(18E ZATE AIRSFF) AN A%AHoT X7t 2 wriA

AFFEER O, AL BREAL £ 79 e F3 & 7AATA s AFAHOZ, o
ol

Foll= i 23](07:00, 16:00) F 2] 20~30% % AHsF2 W BIshe W A5
TS AR St 3 0dAFHE AR AR sE AMESte] FeAoR A @
Z kAt
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E 7. 3X7| ®ofo ASHH =
Table 7. Culture condition for juvenile small yellow croaker, L. polyactis

WT DO H Salinity NO,-N NHs-N
(C) (ppm) P (PPY) (ppm) (ppm)
23.1+3.30 9.33+1.33 7.46+1.07 27.2+3.88 0.14+0.02 0.18+0.03
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BANA e 2AedTh FE@T Aole] WEHE peti

dish (250 m)oll &4 #st 2 AA @ Qdstellr BZsilon, TG AL 4,
wiRE @471, A7), Zul7), BSul7l, A A7), 18847, FEAe] @A, d&E57

FATEL 200me 8] HlolA FE&g F 1, 15 30AIHNER FHHY A7E HFI7]
(V-12A, Nikon Corp., Japan)& °]-&3}c] 3
xXxY/4) 0.2 AArELA T

_/'l:
(224, 15, 20, 25, 30C)ol W& F=x7] FAAY F3l&2 AFHE 2950 =
2,00070 ¢ FA TS AHESFAH

Fx7] #4TY 73 A HF B EE A7) S8l 5, 10, 20, 30 ppt A @7} O
il w9l 27ppt AlFFZ Fo] Z AFFF 200709 FAHTL 58351

2=

F28(224, 15 20, 25, 30T

(High-Density Polyethylene) AZt=Z0] 74 22.0 me] *]o] 8007e]#& &3t 3550
2 10943t AAlskat

) Aele AEES FAMs7] 9@l 130L HDPE

rr
W
e

.lr_L

i)

A% 251 me] X|o}E ZF X (2L, Glass beaker)d 109} 4 83 H 3L Al
™
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Ll B ) 2 P P B2

o] 1] (24.6+0.12 cm, 163.6+3.31 g)& Ut
2 ZEES FAE AS dEgY 2Ees 2d 5 de P AAS AIVE #A s A
FYFATE T2E FAL A7 AALrE 713be] 5~6€ 2] HS ket o] A[7]eh frA
S 449 dhc(4. 289), 5¥ (5. 109), 58 FE(5. 209), 62 (6. 8Y), 6 FT(6. 22

AR Yo 247t TE2ES FASIYY. TE2E FA FE+ GnRH 01mg/kg 22 Y

ol

N

-

FABEO6AAN O] R8N ] AN AFFENAN debe 3FH SHES 4

5,10, 15, 20, 30, 40, 50)Z o] 79, Hold, FHIAH & 5014 FsF

AL EEE AES
Wit 20.2+0.18 mm (0.07 g)Q1 20060l A2bE Aol didez 10L ofa¥ Fxd 5, 10,
15, 20, 257t A& &35 570 AlFTE 283t 3nbE A on, AEsEH 44S 2

AR A4 AFAEE Ao PHstas S

[e3]
=
CTE 73A7 & AFTY o= 100 H &=

3
2L 6M7 B ASHoE fASGT IPD U B FLF
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30 1

o5 | —o— Normal year
-- - -- 2002-2003Y
20 L —A—2003—2004Y
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~ 15
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=
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5 L
0

AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL
O8 6. AAd BxT| AMEo|Fe AT w2 Bl

Fig. 6. Annual water temperature change at catching station of wild small
yellow croaker, L. polyactis.
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Fig. 7. Annual specific gravity change of catching station of wild small
yellow croaker, L. polyactis.
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AAL ]9 9 GSI, HSL, VSI ¥ CF ®sk= 19 1190 YeE o &3] 2+
20043 2¥ol GSIZ} 3.87+0.32% 0.1, HSIE 240+0.08% A1, ol VSIE 1.22+ 0.05%,
CF& 9.0£01% AT F2o] Asslr] Al&ste 3€dd S A GSIE 10.43+0.60% 2.2
743 F7let e, HSI= 1.67+0.09% = 743t o1, VSI= 1.54+0.07% = 293 & =}
o|7} 1L, CF= Al 89032 24 Hl3] & W3l gldh

o]%F 44¥o= GSI7} 10.18+051%= HAL#H A Hlixzg FFS FAGASY, HSIS
VSI 9A] 3¢9 w3 & ®Wge itk 18y CFe & 2ol Hl8)] tgi HolAes ATFS
B 5499 o2 A= GSIZ7} 1345:0.82% = AT HugS Uelhliloern, HSI 94
2.08+0.09% = Sk ol HIs) FX7} F43] wobH oy, VSIS CFelle & ®srt gle A
S 2 Yeigth

A oYl TESIME GSIZF 512049% = <F 2ol Bl AA HAdte FEE YER
lom, o mE VeI fold Frkek CFe] #od Fart #EEHY. olF GSI= 84
023+0.05% 7% A&Hoz 7+t 5 99 o]28 040+0.03%2 A F718he AFS

ru

UEH 7] A1 &sle], 108 0.56+0.03%, 122 1.29+0.06%, 2005 1€ 3.31+0.21%, 183 A
3 FFA71Q 2005 290 844+041% % 3 F71E UEU = AL & F AU

HSI= o583 1427]d o

Yol ol28] 261+013% = F43

B>

Aadle AES 2o, 999 1.76%7HA "oiX|thrl, 10
7hsted, 1297hA] 2.6% Y] =2 s FASIATH o]

e el Ao VsIo B¢ 8¢ 2.65+0.07% A7 9
ARE At 129717 2.04~238% BAE FASTHIE ALHo M A& AI71] 2005
9 197 290 1.37£0.08% 9 1.74:0.12% = 23] #iste AFS Btk CFY A$
g2 89 o]lF ZrtEleE AFS Ho, 109 ~129] °F 10%tHe S JeEhAtrl, 20054
1€ o2 93+0.1%2 FostA Fastd, 43 FEA17]Q 20051 2o 193 v
9.4+015 YeEPHATHZE 11).

ol
olN

< 2005 197E OA] ZAas)

rlr
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FAS 20043 290 GSIZF 4.67+026%°1, HSIE 1.63+0.09% .tk olw  VSIE
1.05+0.06%, CF& 8.9+0.1%%Ath 39l EolM™A GSI= 3.79+023% % FZ43] Solxe
o, HSI S9A|= 0.85+0.04% % ZA3H 3, VSIE 1.18+0.05% %2 <& ol Hls] ti F7)s)
AES BYth 18y CFe 8.8+0.1%= 2¢€d vl & ztol7t §ISlth olF 49 A
ol WA GSI= 4.12+024% = ¢ 2ol sl & Ao|7} gllen, HSI® JA 2 BES

Had.

rir

a2 VSIE 390l Bla] A F71ete] 1.32:011%F o] A7|%E Z7tete AEFS o
B3, CFe 8.0+0.1% W E volxle= AES Ho|7] A|stdnt 594 ol2eAae
GSIZ7} ThAl gastry] AlFbsle] 3.05+0.27% 5 UERSlen, 8€d] AT HA#UA
0.09+0.18% 5 YEIATE ©]F 94 FH thi FFste 12¢€] 1.86+0.164% = &
de ZA%%E UERATE 2005 1€l HolEWA] 2.82+0.23%, AP FTFE Al 20059 2¢¥
TAl 4.07+0.18% 2 <719 A4 FHE HErHAH

=

VSI= 5¥ 5 H s B B
WA Ho] S8 e 2E & F AL o
1.84+0.14%, 43437191 2005 1€ 1.19%& 7+
Ql 5€3 69 72~77%F oM, FA7]<0 8
7hA 9.0% ol F& RIvtEE el AT 28y o|F 247 E TA] A AFS Ko

= A0z yegthad 11).

_86_



2 8 =TI Mo 7 A< F27]

Table 8. Size of wild fresh small yellow croaker purchased in Mok-po
and Gang-hwa

2}

o
=Y
__>|’1_'44
i\

=gk = Rl )
= I i Hl o
= (mHel) (cm) (8)

& # 30 21.5+0.1 89.4+1.0

2004. 2. 25 Ry
= A 30 21.240.1 85.9+0.9
o} #A 30 23.4+0.2 115.0+0.9

2004. 3. 24 ALk
& A 30 22.9+0.2 103.5+0.8
<+ # 30 21.1+0.1 78.4+0.5

2004. 4. 20 e
5 A 30 20.9+0.1 73.5+0.4
& A 30 19.7+0.1 65.2+1.6

2004. 5. 25 AR RN
= A 30 19.7+0.1 59.6+0.7
& # 30 21.1+0.1 72.2+0.9

2004. 6. 9 Ay
= A 30 19.6+0.1 54.9+0.8
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02 8. MEIEH)ON MuE RIA &ZII| o - 2o o5 Hel,

Fig. 8. Morphology of female and male of wild small yellow croaker matured in
spawning season, May.
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a8 9. d=(58) ojo|o| A HE.

Fig. 9. Gonad of matured the wild small yellow
croaker.
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J8 10, &=x7| 9 LHEEMRR).

Fig. 10. Feeds (shrimp) in stomach of small yellow
croaker.
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Fig. 11. Seasonal changes of condition factor (CF), hepatosomatic index (HSI), visceral

index (VSI) and gonadosomatic index (GSI) in wild yellow croaker, L. polyactis
captured from the western coast of Korea.
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a8 12, XApddh bF] EHZT(|9| AT YA 4o HaL

Fig. 12. Photomicrographs of wild small yellow croaker, L. polyactis ovaries
during the reproductive cycle. (A) Section of an ovary in February 2004,
showing yolk vesicle oocytes at the growing stage. (B) Section of an ovary
in March, showing maturing oocytes. (C) Section of an ovary in April,
showing ripe oocytes. (D) Section of an ovary in May, showing mature
oocyte and atretic follicle at the spawning stage. (E) Section of an ovary in
June, showing many degenerative oocytes at the degenerative stage. (F)
Section of an ovary in August-October, showing oogonia the resting stage.
(G) Section of an ovary in November-December, showing chromatin
nucleolus and perinucleolus oocytes at the growing stage. (H) Section of an
ovary in February 2005, showing yolk vesicle oocytes at the growing stage.
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Fig. 13. Relationship between egg fecundity/g Ovary and body size in female

wild small yellow croaker,

expressed as Eggs/g ovary.
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L. polyactis (N=40).

The fecundity is
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Fig. 14. Relationship between egg fecundity/g ovary and GSI in
female small yellow croaker, L. polyactis (N=40). The
fecundity is expressed as Eggs/g ovary.
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Fig. 15. Monthly fecundity of female small yellow croaker, L. polyactis
from maturation stage to spawning stage (N=180). The fecundity
is expressed as Eggs/g Ovary (P<0.05).
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Fig. 16. Monthly fecundity of female small yellow croaker, L. polyactis
from maturation stage to spawning stage (N=180). The fecundity
is expressed as Eggs/fish, respectively (P<0.05).
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Table 9. Reproductive cycle in female wild small yellow croaker, L. polyactis

2005

2004
Stage
& Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb.

Primar
+ +/- ++ 4+ +/-
Growt / /

Secondary
Growth ++ +/- ++ o+ +/-

Vitellogenesis ++ +++ ++

++ 4+ +

Maturation
Spawning + ++ +++ ++
Degeneration +/- ++

Rest +/- ++t HH+ +/-
* Symbols (from + to +++) indicates the relative abundance of each germ cell type; +/—: present

in some individuals, (+): rare.
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Table 10. Reproductive cycle in male small yellow croaker, L. polyactis

Stage 2004 2005
Feb. Mar. Apr. May Jun. Jul. Aug Sep. Oct. Nov. Dec. Jan. Feb.
Sperr(?{aets(g;onia I S S A o
Spermatogenesis ++ + +/- +/- o+ttt
Maturation SR I 5 I S S +/- o+ o+t
Spermiation +/- 4+t +/- +
Degeneration ++ 4+

* Symbols (from + to +++) indicates the relative abundance of each germ cell type; +/—: present
in some individuals, (+): rare.
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B oAxEs Fx7)oA 2do] 3AH 16S ribosomal RNA FAAE ez F=x7E &
AskAT. F=E7] 16S ribosomal RNA= F =2 Mengell 2]3 2003'd 8o NCBI (National
Center for Biotechnology Information)gl Gene-bankel|] R i =t AA A7|MEL 9 A
A e AgEielH, FAe R 526709 F71AERt B A e Auolt Fx7|e ¥
Ao dE R G LEel 93 FHF AEA (homology)S 97%E 5267019 H71%5 5147) %to]
231 1209 97l A2 24 veidta BuEdoh wmepa 2 AFe Fxr)

PCR (Polymerase chain reaction)& Al&3t FHAE FEH3 Fo A%

il
dt
l-'O
P,L
s
v

=
B4oE B3 F=E71Y Fd B A7IMEE 4 (Sequencing)S A @t FE7)

(1) Microsatellite DNA -2

il

AA 350 4709} candidate colony=+H-E positive plasmid DNA
ANX ArIMLESs AAsIAeH, 25072 FE dAVIES &4 AF 90% o]do]

F=3lo ABI 3100

microsatellite DNA9J o] 215 %13 350 «J7]9] $ X microsatellite DNA @71 E& E)
2 Oligo programd] ¢J&ll 150 <I709] primer setS A3t A E oligod el =
primer®] FEo| we} 45~59TC 9 2E=F37HS 1297445, 454, 46.1, 47.3, 489, 51, 533,
56.8, 57.9, 58.7, 59C)= W] PCR $%& Fo24 AA annealing 55 44
= gradient PCRE 11 FFHAHE Flstdtt. 21¥ 172 F=7] MS marke (HdhKA 1

= % TEo oF7 Fld dF
primer®l] )3} repeat motif9} primer sequence ¥ PCR product sizeE 3 110 YE S
=

¥ HdhK 2)¢] PCR SF 55 agarose gel
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=
MS markerE F3A|7]=H A X x} 2~ A 2] (screening) dFATE FF
o] gl¥ primere] thalA< Aol g Fo LAF5o /MA] 3l genotypingdte] 7t
marker locioll ™3¢t polymorphism % allele & XA}
(2) FRA E
16S ribosomal RNA 72+ PCR 8 23, ZXA4 9 g4t 2714 Fxzke] 2y

o] &elE 2t} 16S ribosomal RNA 32 PCR AHES A|3HAE A Hpall ¢ MbollZ Attt

ol

3t PCR 4HE©] 16S ribosomal RNA 3 A}Q1A] 52 H]E 0] &<l PCR (nonspecific PCR
production) A+l Belstddth AREL AVF 7G5 dold A GAHE sized)
AHEo] YElF o ZA B A3 PCR AHELS 16S ribosomal RNA 2210 &¢lx it
(L& 18).

(3) 971AY B4 <& 165 ribosomal RNA f37 &<
16S ribosomal RNA ##HAE PCR WHE o] 20}l PCR AHE9] oA} size 313} A
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32 17. MS marker Hdhka 12} Hdhk 22| gradient PCR Z1}.

Fig. 17. Gradient PCR on the MS marker Hdhka 1 and Hdhk 2.
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11. MS EAX}Q| UI= motifel A=A

A7|AMd 9 PCR A8 37|

-
Table 11. Repeat motif, primer sequence and PCR product size with MS marker
loaus repedt roif e 5Fowad ner 5Revere podut sz
HKA (A HCIA; 21 | CMTATTCCTGAGIGIGGIGT 21 | CACAGTEEANTCTACATCTA 262
HHe (GDs; 18 | TAGROEECAGICIGIAA 21 | ATTGICTTGACTIAAEGETA 287
HH3 (TG 21 | GTCAONACOMCOMCIGT 20 | GIOMOMACAGICTCTA 42
HH6 (AR, 21 | AOMCAMCAMCONACTGA 18 | GCTACTONGGGETEGMAT 244
HHK7 (TA35)(AF(TECATILTA T g 19 | COOAGTAGIACTTGIGG 21 | ACATACACTCAOMATAGEOA 175
HHB-1 (T8, 21 | QCTTCTGAIGONATTCETAG 18 | QEONOAGICCAGTCIAG 146
HHKI2 (O 17 | ACANCGTCGIGTGT 21 | TIGCTANTTATTGGETTCTCA 179
Hehk2- (O 19 | COTOACAGTIAONONC 21 | ACTAIGOEAGITAGAGICC 201
HhKO31 yc)s 21 | GIGACTAGTGANECTTTACC 17 | GOEOACHMAECTGAIA 253
HHKO8 (0 21 | TAGONGATAMGACTAGONTT 18 | GETTATGOCTTTTCCTAT 149
HHK35 (FO1o 21 | AGAGTATGROGTCAMTAA 21 | TTCOHCENTACTCTONA 120
HHK36 (GNAG)s 21 | GGEIGIAGETTACAGIAG 21 | GOMTCEAMTCTANANT 338
HHK37 (GNxs 20 | GAOGTGAGIGAATACGGET 21 | CICTTGIATTTGICTTGTTAG 143
HHK38 (G 16 |TTTTGIONTONGGG 17 | AGGTTGCTGGACACA ot
HHKA0 (O 21 | CTGGAGEGTATTACMCAOC 19 | TCTTTAGAGAGGCTTCAIC 207
HHat cicAcycic 21 | TICANAATACCCIGGIG 18 | CETAGIGEOAGICCTTTA 124
HKA3 (@D 21 | CAOOGARCNACACHGATTA 20 | ACTGIGCTANCEATGGAGA 182
Hhka4 (T 21 | CTTANCTATCOAOOGAIGT 21 | ONGEMAGICAICAGSETA 161
Hehkas e 19 | CHGTTGIONCONGTT 21 | AOGTCIOCTCTAGCTCIAC 260
Hehkab (A1 TUAQATIAD, 21 | TAAGHAOGAOGETAMOA 19 | QETGARGTCAMTAEGATT 26
Hehka7 (A4 21 | QOOCTCTOGAMTANCTCTC 20 | GAOOOMCAOMGAONC 21
HhKA8 (GDAGDs 20 | CCAMTCTTATACSEATGT 21 | TAMGOAGATALGACTAGOATT 161
HhKE0 (1O, 17 | CAGRCAOGTATGCAOAT 21 | GAACOACCTOMGIGICACTA 123
HHG1 (O 21 | GICAOGTOONGAGATTATTA 19 | GTAGTCCEEAOMAAGT 124
HhKG31 (TG ~T1Q, 20 |GITGITGITGITGITEAC 21 | COACOCTAITERGTTCAT 132
HKE3-2 (TP ~(TTSs 17 | QRCCTGITINFA 21 | GROMAGTAOONXCOATCTCA 279
Hhis4 (130, 21 | TTGAATONGAGONGOAIC 17 | CONGEANTCORGIGT 30
HNKG5 (AQ(ANAAQ. 19 |ATAGIGITIGRECOAGIT 21 | GOOCTATACONGAATGAA 178
HNG7 (AGC04(A0AC0A0AC33 A0, 16 | CAOOO0ACAONATS 21 | ACACAOECAGATTAONC 243
HhKE8 (GMe 21 | GONGIGCTTCIGAAGTTATT 20 |TGIOGAGAAGIGACTEC 219
HHG0 (AOAIAO; 18 | QECCTGCTTTTGITITCT 21 | ATTTCRGATAOMGIGIGAOA 250
HH61 (O 20 | ACGTAGOMICHOCTA 21 | AGTTTATOMGEGONTTONA 214
Hhk64 (AOg 21 | TGAICTGIGTANGOOCTTIC 21 | TITTOATGGIGCTCCTGITAT 249
HhK7 11 (TOETACATA), 19 | ACONTTCOMGAGTTGTTT 21 | TCTAITTCOMGTTTTGAIGA 134
HHK71-2 (TOTATA 0 17 | TONGEOAGOCTCICT 21 | ANGICTGIGGECTCICTAIT P
HhK72 (GDATIGNATCA G Gl 21 | ATGETGATCOOMI TAOMAT 20 | COOCECTOMGAIACCTTAC 242
HhK73-1 (5010 21 | TGAAACTGCITTIGIATTOA 20 | AONGIGIGOATIC 184
HHK73-2 (A0 20 | COAGATGXGEANTTTOGIT 21 | CoACCHOGTONATTATT 308
HHK76 (TO)s 21 | CACAGAOMCGIGITTAIGS 21 | AGCAGITTCTIGIGICACIT 194
HHG2-2 (10 20 |CIAOMCAGONGIAOG 21 |GITTACAOONATGCIHG 239
B3 | (TO,TAGIATO 1019, <105 | 19 |GCIGITCRAGIGAGIGAGT 21 | ACNAGATAGCCTCTTOCTC 167
Hhke4- (T8 21 | CACCOOGTANATGACTGATA 20 |CACTAOSHCTATTGIG 164
HHKB6-1 (AO,~AQ~AOs 21 | ASTTGTTGAGCITICIGITG 21 | GWACTTOACCACIACTTG 133
HhKB6-2 (A0,~A0,~AO6 20 |GITGITGACCITICIGITG 21 | ACOMCAGAMCTTONC 120
HHKB7 (TO, T3 T ~T0)g 21 | TAITCNCCOGTGATATANTG 17 | ANGICIGIGROCICIC 103
HHBS | (TOL(TAIG),TAGTATO, TGy ~T0s | 21 | TEIGOSTAGIGAGAGTAMT 20 |ATAGOCICTTOCICTCAOAC 119
HEhKBO-1 (1010 19 | ACAORCAOACTCAOACATA 21 | CAOACAEEONGACACTTAC 100
HEhKB9-2 KOy 20 | CAOACEOACACTOACAOATA 21 | ACTAGITTTGCTTOCTTGCT 170
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Fig. 18. Gene expression of 16S ribosomal RNA of small
yellow croaker catched from Mok-po
Yeong-gwang, jeollanam-do in korea.
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Fig. 19. Gene identification of 16S ribosomal RNA cutted
by restriction enzyme of small yellow croaker
catched from Mok-po and Yeonggwang,
jeollanam-do in korea.
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Query 1 CCTGCCTGCCCTGTGACCATGAGTTCAACGGCCGCGGTATTTTGACCGTGCAAAGGTAGC 60

FECEEEEEEEEEEEEEEEEEEEE R e R R EEET
Sbjct 1 CCTGCCTGCCCTGTGACCATGAGTTCAACGGCCGCGGTATTTTGACCGTGCAAAGGTAGC 60

Query 61  GCAATCACTTGTCTTTTAAATAAAGACCCGTATGAATGGCAAGACGAGGGCTTAGCTGTC 120

LECEEEEEEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e
Sbjct 61 GCAATCACTTGTCTTTTAAATAAAGACCCGTATGAATGGCAAGACGAGGGCTTAGCTGTC 120

Query 121 TCCTTTTTCAGGTCAATGAAATTGATCTTTCCGIGCAGAAGCGGGAATATCAACATAAGA 180

LECEEEEEEEEEEEEE TR E e P e e e FrHr
Sbjct 121 TCCTTTTTCAGGTCAATGAAATTGATCTTTCCGTGCAGAAGCGGGAATATTTTCATAAGA 180

Query 181 CGAGAAGACCCTATGGAGCTTTAGACACCAAGACAGATCACGTCAAAGCCCCCTAATTAA 240

FECEEEEEEEEEEEE PR EEEEE R e R R TEEEEE e
Sbjct 181 CGAGAAGACCCTATGAAGCTTTAGACACCAAGACAGATCACGTCAAGGCCCCCTAATAAA 240

Query 241 GGATTAAA-CTAACTGAGCCCTGTCCTAATGTCTTTGGTTGGGGCGACCACGGGGAACTA 299

LEEPEEE TEEEEEE PP e e e e e e
Sbjct 241 GGACTAAAACTAACTGAGCCCTGTCCTAATGTCTTTGGTTGGGGCGACCACGGGGAACTA 300

Query 300 CAAAACCCCCGCGTGGAATGAAAGCACCACCCTGCTTTTACAACTAAGAGCCTCCGCTCT 359

LECEEEEEEEEEEEEEEE PR R R e e CEEEE e e e Hr
Sbjct 301 CAAAACCCCCGCGTGGAACGAAAGCACCACCCCGCTTTTACAACTAAGAGCCTCTGCTCT 360

Query 360 AATAAACAGAATATCTGACCAACAAGATCCGGCAACGCCGATCAACGAACCCAGTTACCC 419

LECEEEEEEEEEEEEEE R EEE R PP R E R FEEET
Sbjct 361 AATAAACAGAATATCTGACCAACAAGATCCGGCAACGCCGATCAACGAACCGAGTTACTC 420

Query 420 TAGGGATAACAGCGCAATCCTCTTTTAGAGTCCATATCGACAAGAGGGTTTACGACCTCG 479

LECEEEEEEEEEEEEE T e e e e e e e e e e e e e e e e e e e e e e
Sbjct 421 TAGGGATAACAGCGCAATCCTCTTTTAGAGTCCATATCGACAAGAGGGTTTACGACCTCG 480

Query 480 ATGITGGATCAGGACATCCTAATGGTGCAGCCGCTATTAAGGGTTCG 526

LECEEEEEEEEEEEEEEEEEE TP E R e
Sbjct 481 ATGTTGGATCAGGACATCCTAATGGTGCAGCCGCTATTAAGGGTTCG 527

a7 20. &=7|, Larimichthys polyactis (Query)2} T M|, Pseudosciaena crocea (Sbjct)2|
16S Ribosomal RNA R& A HI|Mg H|W 4.

Fig. 20. Comparison analysis of 16S ribosomal RNA gene sequencing between small
yellow croaker, L. polyactis (Query) and large yellow croaker, Pseudosciaena
crocea (Sbjct).
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1}, #%7) S0]%9l GnRH 349 £74

(1) GnRH9] &3

Aol A §d, #¥1% = gonadotropin releasing hormone (GnRH)2 ¥%9] AFH %
2R H3tFA dYPol A8t gonadotropin® FAd# FHIE ZH3TH(Norris,
1977; Schulz et al., 2001; Weltzien et al., 2004). GnRH+= F71¢] gonadotropin®] %/ 7}
THIE XFEshed, o EZAF 32 E(follicle-stimulating  hormone; FSH)$!  gonadotropin
hormone I (GTH 1), A 3452 F(luteinizing hormone; LH)S! gonadotropin hormone
II(GTH M)¢|th(Kah et al., 1993; Norris, 1977). Al’d3tH9] GnRH Al ZAUEHIA Lo &

Ae AL AHEOE ASEE T HE JENZ S22 o3 A¥H FFAUFAQ
Aol o3k JHo| oM olFHOoE FAHS Wil Uv= AMdo] HEFH o=

4=
< = A th(Barraclouch & Wise, 1982).

K

Fe=ov Aok 1459 AMNZ HYE GnRH isoformo] EA|3}1H (Vickers et al., 2004),
AEAAFIAAE 8% <2 GnRH isoform¢] &A= th(Adams et al, 2003). HFFFE] =4

& 3k £ GnRHOE 27 32 37019 GnRHE o] A8ttt R HAl GnRHE L A48

-

#3 GnRH (hypothalamic GnRH)ZA] ¥H3l5A] AT 2 &9 A= o AL As5S
zA%t. F WA GnRHE-> chicken GnRH-TI (cGnRH-TI) Fo.2 ojFol|A E{FF71A
e ES AEHoE HEH oH, g HFFE T Ads R AHYs
(sexual behavior)s ZXZH3= ZAo=Z LH A JThH(Suzuki et al, 1992; Yahalom et al
1999; Millar, 2003). =g+ Al ¥4 32l sGnRH= 4487 A4 35 (homing behavior)ol
#Asgn G A AT (Amano et al, 1997). GnRH A= olv|i=4t 107]1 2 o] Fo %
GnRH 75t ojye} ShRtoll 23719 ofwieito g2 o]F o]l signal peptide$t FH9
obw]:=4t 5671¢] GnRH- associated-peptide (GAP)E codingdt H9E& E&sta ot
(Matsuo et al., 1971; Burgus et al., 1972).

GnRHE 942 FeAdoz AA7A 3 7149 GnRH analogueSeo] S AL 4
Sealfon et al.,, 1997). o]F 4ol oA A3
SHste AL FAd UM FaF AtEelt @A <

AHoE ofr] FHRE FRAWAA 5@ oFL Yol ofF, WY, FAAE, W

1>
=
M
R=7
W
o2
)
bl
N
fr
2
S
>,
ofo
i)
fot H
E
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E 12, HFSS0AM ZAE GnRHE 5/ ¥

Table 12. Classification and kind of GnRH in vertebrate

o A €]

ax GnRH o}v| =4 A ¢ % (species)
mGnRH: Q-H-W-S-Y-G-L-R-P-G ~ AFFTE=(1F7F A 9))

L

cGnRH-I: Q-H-W-5-Y-G-L-Q-P-G

TrpGnRH: Q-H-W-S-Y-G-L-W-P-G

A
o
(2
)
L2
AL

GnRH-1 A3} sbGnRH: Q-H-W-S-Y-G-L-S-P-G AEE o7
hGnRH-I: Q-H-W-S-H-G-L-S-P-G %o
dfGnRH: Q-H-W-S-H-G-W-L-P-G EUd
cfGnRH: Q-H-W-S-H-G-L-N-P-G 7]

GnRH-2 % X ¢GnRH-II: Q-H-W-S-H-G-W-Y-P-G EEXHFTE

GnRH-3 ¥ > sGnRH: Q-H-W-S-Y-G-W-L-P-G AF, TR F
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Larimichthys polyactis (3 71) caacactggtcctatggatggctaccaggt

Sciaenops ocellatus (%1 ], Drum) cagcactggtcctatggatggctaccaggt
Micropogonias undulatus (Atlantic croaker) cagcactggtcctatggatggctaccaggt
Oreochromis niloticus (V4 8 21 3] o}) cagcactggtcctatggatggctaccaggt
Rachycentron canadum (‘g A 71) cagcactggtcctatggatggctaccaggt

Dicentrarchus labrax (European sea bass) cagcactggtcctatggatggctaccaggt

Cynoscion nebulos (spotted seatrout) cagcactggtcctacggatggctaccaggt
Mugil cephalus (5 ©1) cagcactggtcgtatggatggctaccaggt
Sparus aurata (Sea bream, = 1|) cagcactggtcctacggatggctaccaggt
Verasper moseri (=3 7} A+ 1] ) cagcactggtcctatggatggcttccaggt

72l 21. 0{&F Salmon type GnRH gene2| {7|AME H|ul.

Fig. 21. Comparison of Salmon type GnRH gene sequencing with fish species.
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Larimichthys polyactis (3 71)

Cynoscion nebulosus (52 7| )
Mugil cephalus (% ©1)

Sparus aurata (Sea bream, =)
Morone saxatilis (Striped bass)

Rachycentron canadum (‘g M 71)

Dicentrarchus labrax (European sea bass)

Oryzias latipes (S A+2])

Oncorhynchus mykiss (52 71 % 1)

Paralichthys olivaceus (‘g A])

cagcactggtcccacggttggtaccccgga

cagcactggtcccacggttggtaccccgga

cagcactggtcccacggttggtaccccgga

cagcactggtcccacggttggtaccccgga

cagcactggtcccatggttggtaccccgga

cagcactggtcccatggttggtaccccgga

cagcactggtcccatggttggtaccctgga

cagcactggtcccatggttggtaccccgga

cagcactggtcccatggctggtaccctgga

cagcactggtcccatggttggtacccggga

T8l 22. 0{7F Chicken 2 type GnRH gene2| 27|A H|m.

Fig. 22. Comparison of Chicken 2 type GnRH gene sequencing with fish species.
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o DNA®| linkerE &% 23, linkers &< DNAZ} gel’dol A linker Z7I%HF Xt 5

hElo] E8H02 linker ATHASL N3t
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E 13, &=7|oM E£2[=l 87§ microsatellites2] 2

Table 13. Specification of 8 microsatellites loci divided from small yellow croaker,
L. polyactis

Allele
Ta Allele size
(C) No range
(bp)

Locus Repeat motif Primer sequence (5'->3’) Ho He

F-CAAAAACCAAAACTACGACC
LP1 (AQC)20 58 11 149-175 0.85 0.86
R-CGTTGAAAACTCGCTTGTT

F-ACTTCCAGCCGTTACACA
LP2 (AC)14 56 14  131-187 088 091
R-TCAGACGCTCTATTTTGAG

F-CAGCAGGTAAAACATGACAC
LP3 (AQ)17 58 17 90-148 094 0.86
R-GCTGCAGATCAGAAGGAGAT

F-CTGCTGGTTCTGGATGAG
LP4 (TG)nTC(TG) 55 3 245263 045 048
R-CACACTGAGCCGTCACA

F-TTGTGGTATGACGAGGTAGG
LP5  (CA)xs(CA)is 58 27 181281 1.00 0.98
R-GAAAGTGTTGAGGGTTGGTC

F-AAAGCGTTAAACGTGTTGG
LP6 (AC)AT(AC) 58 19 196252 092 0.93
R-TGGTAAAGAAGCAGCATCC

F-ATCAGAGGAACAGACCCATC
LP7 (AChs 60 13 199259 085 0.87
R-GCAGCAGAACAAAGTCAAAG

F-GCAGTAGCCAGATCTCCATT
LP8 (AO)12 60 7 157-185 0.65 0.66
R-ACATCAAACAGGTCATAGCG
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E 14 QAN 2ET|o A Cieks

Table 14. Genetic diversity of F1 generation of adult small yellow croaker,
L. polyactis cultured in the indoor for an year

Allele size range

Locus Allele No (bp) Ho He
LP1 8 149-163 0.79 0.74
LP2 12 131-165 0.80 0.83
LP3 15 92-148 0.77 0.82
LP4 1 225 0.00 0.00
LP5 24 187-279 0.94 0.89
LP6 17 198-248 091 0.85
LP7 10 205-241 0.77 0.78
LP8 5 157-175 0.55 0.49
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Fig. 23. Mean number of Allele between culture group and wild group of
small yellow croaker, L. polyactis.
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Fig. 24. Mean number of expected heterozygosity between culture group and wild
group of small yellow croaker, L. polyactis.
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LP1

035 r
03 r
025 r
02 r
015 r
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R I [ i B
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Frequency
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015 |

Olosjﬂ‘m‘:.‘ H N /| = =,

131 135 137 139 141 14383 147 149 151 155 163 165
Allele

Frequency
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025 r

02 r

Frequency
o
o
.

01 r
e 0 = HD: = O
227 229 231

205 221 223 225 235 239 241
Allele

a8 25, FAZETHIAM HERAALS HIE.

Fig. 25. Frequency of allele in culture group of small yellow
croaker, L. polyactis.
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15.

M=z ofyo]| E YEES vl
Comparison of survival rate on the various catching method of wild

Table 15.
small yellow croaker, L. polyactis

SEZSE: Axetels  HEvEs W 3
o)zt 55 0 2 oW A wFHA
aEdnss 65 0 !
7} eto) 178 33(18.5%) AEE =5

3 =2 4= 8 8(100%)  ME 7t F&, AT o)

Al 306 41(13.4%)

- 125 -



ag 26. &ZtAdE S8 XAl A= ZE.

—_—L— =

Fig. 26. Wild small yellow croaker, L. polyactis captured by
the triangular net.
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JHZ=ZHiel- 1 (20031H)

JHZ=Zd}el-11(2004)

I} Z=2H}21-111(2005A)

a8 27. 244 0|5 ¥ 48 JHEBuielel e W ek,
Fig. 27. Development and supplementation of reconstruction combine for transportat-
ion on the foreshore.
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a8 28. AFEXSel HxT7]9 S5 M.

Fig. 28. Shrimp supplied to wild small yellow croaker,
L. polyactis culturing at the indoor.
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a8 29. M?E 35s5s 25.

Fig. 29. Supply shrimps to wild small yellow croaker,

L. polyactis culturing at the indoor tank.
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JH2}O|HR| ZHE AFEH(S km) A= HFHE0] AlH)
Foreshore state (5 km) from land to Catching field (raising the curtain
raising the curtain facility facility) for small yellow croaker

pu 1T
ZH=tolof Zsl F=7| OpZh x{ =
Small Yellow croaker confined at Researcher catching small yellow
raising the curtain facility croaker, at night

Fig. 30. Catching process of wild small yellow croaker, L. polyactis.
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Mx FHE0| S
Transportation of small vyellow EUW AISTZER 0[S
croaker using the live-fish transport  Transport of small yellow croaker to
vehicle culture tank in indoor

Ul AMEgFEY +SE x| =219 ¥
Small yellow croaker accommodated Shape of catched a wild small
at tank in indoor yellow croaker

O 31 RoiM HEV|Y $5 U HUAISK £

— =

Fig. 31. Transportation and accommodation in indoor with wild small yellow croaker,
L. polyactis.
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£ 16. Atid EHZT| M=ZSHF

AL
+% % AgSe

y T ©

Table 16. Water temperature of catching field, transport and culture tank with

small yellow croaker, L. polyactis

F2(C)
A 27|13k
a%g +% RS @A)

2004.7.16~7.22 235 21.0 214 2.5(C)

2004.7.28~8.6 26.5 21.3 23.7 2.8(C)

2004.8.14~8.22 28.5 214 25.8 2.7(C)

2004.9.12~9.25 227 22.0 23.2 A0.5(C)

2004.9.26 ~10.3 22.6 224 22.3 0.3(C)
2004.10.12~10.19 20.8 19.8 19.1 1.7(C)
2004.10.25~11.2 17.2 - - -
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E17. XoiM &Ax

- =9

Table 17. Catch amount and survival rate of wild small yellow croaker,

L. polyactis

| xfz=2n &=

AL AEF  BEAY FTAF AT AEF  HES
G (e ® @) ) @)

2004.7.16~7.22(1}) 712 159 47.1 696 16 0.2
2004.7.28~8.6(22}) 264 18.8 72.7 251 13 0.4
2004.8.14~8.22(3%}) 818 17.9 61.2 789 29 0.7
2004.9.12~9.25(4#}) 3,703 19.9 76.4 2,782 921 241
2004.9.26~10.3(5%}) 497 19.5 76.2 407 90 6.3
2004.10.12~10.19(62}) 148 20.1 80.0 57 91 6.5
2004.10.25~11.2(7%}) - ; - _ _ ]
e A 6,142 18.7 68.9 4,982 1,160 18.9
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18. AZHREO| 0|88 SEE A FAL A7
Table 18. Hormone injection for spawning induction of small yellow
croaker, L. polyactis
Sex
Injection day Hormone
female male
2005. 5. 11 20 4 GnRH
40 3 GnRH
2005. 5. 24
91 13 HCG
2005. 5. 27 136 GnRH
2005. 6. 7 67 HCG
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a8 32 MEweE JHA.

Fig. 32. Spawning state of small yellow croaker by
hormone injection.
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12 33 fEo= 2AEel £

Fig. 33. Fertilized eggs rising to the water surface.
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E 19 53 25 £33y

Table 19. Hatching condition of fertilized eggs of small yellow croaker,

L. polyactis
WT DO . Salinity NO,-N NHN
(C) (ppm) p (ppt) (ppm) (ppm)
19.7+1.2 11.72.8 701416 274+04  0.025~03 0.0~0.025
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20 T 4N A FEE
Table 20. Production and hatching rate of fertilized eggs of small yellow croaker,
L. polyactis

a 7 2@ 53 % 53 & 531210 -3} 2} o
() (7+=) (%) (mHa) A & (%)
2005.5.13 200,000 130,000 65.0 130,000 65.0
2005.5.26 230,000 120,000 52.2 100,000 43.5
2005.5.29 310,000 200,000 64.5 170,000 54.8
A /31t 740,000 450,000 60.8 400,000 54.1
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o Entyn HEl #Hs)

Table 21. Egg development process and morphological change of small yellow

croaker, L. polyactis

Ll R s

Ty FE A

A

=3 F)
9] 7% (Perivitelline
SRE | »5A F 9vg B4
space) A4
B B A OL= =)o 2 piul & A
107'_‘ > 'Lo S ] Tr?-a 3 U—~§— H‘I_. 570 HH E‘J_'(BlaStOdiSC)
20% > ujul Sy AR 47
1~2At | > TFEFAAA G A% 4x 7], 84 £ 7)
3427
25~3A17F | » 316, 64-cell phase)
(Molura stage)
>AA7] 271N FAT) B
X 7]
4~9AI1ZF | pAIERO R TIEZE FZb] FESIA W
(Blastula stage)
AxE 94
> 3+ (invagination) 3} gl & 4 Juj )
10~154] 2t ] _
> 370 el wWiAl S E, S E, 2l d)d A3 (Gastrula stage)
16~22A12 | > AQA 9o £31=2 Ho} A FA4 AR A7
> 2t el A1 WA
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23~32A] 7k ) 712Y A7)
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122712 | > 3k F G2 EFT7

- 145 -




1
04
w

102 =
20= TAIZE

1.5A12¢
2t 2AI12H
2.5A12t 3AIZ2H

4AI2H
] 5AIZH
8AIZH Al ZH

TOAIZF
12A12¢
14A24 15A12¢

- 146 -



16AI2¢ 18AI2¢ 20Al2¢ 22Nl 2¢

23Al2H 25A12¢ 26Al 2+ 27Nl 2t

32Al2t 35Al12¢ 45N 2¢ 48 A2+

50A12t 5912t B60Al2t 122 A12¢

a8 34. =719 H HYntE.

Fig. 34. Egg development process of small yellow croaker, L. polyactis.
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15 days (6.420.0mm)

20 days (10.1£0.2mm)

30 days (22.1+0.4mm)

40 days (27.340.7mm)

50 days (45.940.9mm)

a8l 35 gFo| ME e Hal

Fig. 35. Morphological change on growth of small
yellow croaker, L. polyactis.
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O3 36. X[0f(7.0cm)Z MASH AT

Fig. 36. Juvenile small yellow croaker, L. polyactis.
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Fig. 37. Total length growth of the larvae and juvenile of small yellow
croaker, L. polyactis for 70 days.
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a8 39. FAF M M4

Fig. 39. Gonad state of small yellow croaker before
GnRH hormone injection.
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T3 40. FAFE MEHE(D).

Fig. 40. Spawning cavity of female small yellow croaker
after hormone injection.
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02 M. FAF  MAA

Fig. 41. Gonad of female small yellow croaker after
hormone injection.
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E 22 322 FAAY|Y A £ET MM

Table 22. Production of spawned and fertilized eggs by hormone injection time

Injection

Hormone  Injection individuals Spawning Spawned eggs Fertilized

(Conc.) day day (ind.) eggs (ind.)
female male

2006. 4. 28 5 1 2006. 5. 1 8,495 3,624
2006. 5. 10 5 1 2006. 5. 12 15,613 6,713
GnRH-a
(0.1mg/ ke) 2006. 5. 20 5 1 2006. 5. 22 12,491 5121
2006. 6. 8 5 1 2006. 6. 11 5,315 1,136
2006. 6. 22 5 1 - - -
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Fig. 42. Separation of fertilized eggs of small yellow

croaker in the beaker.

- 159 -



-

a3 43. Alsx0 =& sdEEL

Fig. 43. Fertilized eggs of small yellow croaker
accommodated in the culture tank.
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2 44, 231X10].

Fig. 44. Larvae of small yellow croaker.
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Fig. 45. Change of water temperature for the early days of culture in
2005 and 2006 years.
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Jgl 46. 2E| 1.

Fig. 46. Morphology of Rotifer.

O 47. ¢H|Ojo}.

Fig. 47. Morphology of Artemia.
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a8 48. HolM4 A

Fig. 48. Before feed feeding.

O 49. 2E[T 44,

Fig. 49. Rotifer feeding.

a2l 50. 2hEojof M Al

Fig. 50. Artemia feeding.

- 166 -



Fx7] FAGE AT oE XF9 Zol8 YH Holrt MR tE2Y. agERE T
kil

N 0
»
o
W
(@)
>
(A
o
2
fr
ol
o2l
[E
>
L
i)
W
(@}
>
N
o
_‘a
%
Y
o

U, F3iAo)e] AR mE s

Fohegg’s membrane)S AT H34E Aol AAo] 234:015mEA FF FUHE
1.33£0.09 mf, &7 FHAL 015:0.01 mS 7FA L Ytk AJZko] UYWA=, Rslzto]e]
A dE et B F7)E Hap ST S

2
7F AL frAtet R 6 Al 1 A717F 733% sk, 8dAel= f7UF &E FE

W
+
o
o
a1

o

tH1d 52).

th. ®3&
1) 24
T(224, 15, 20, 25, 30C)°ll W& Fx7] FET] s I AdFL AP
WETF7F 51.1% =2 7P =skow, 25T AlAF7} 445%, 20C A @7t 37.8%, 15C A&
T7F 35% o2 UEsth 28a 30T AP Foe F37b AE o] FojxA &t
g 53).

"

Qe

oo

27 ppt AFTFE Yol F3E&S SAS A, 30 ppt AF T 497% =

- 167 -



A AREEQ 27 ppt FIHE15%)0] HlE) thAh =e Aoz vehydth ukd gz} 30

o] B3lgo] 0%= e
T 27ppt ©1%F 30 ppt
2 ZAbs7] fsiA = 30

o

- 168 -



Area ([nm)

I
o

Fig.

2.0

1.5

1.0

51.
51.

W Egg O Oil sac

a a a

1lhr 15hr 30hr

Rearing time (hrs.)
x| e AIZHE 37| B3

Size change according to elapsed time of fertilized
eggs of small yellow croaker, L. polyactis.
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Fig. 52. Growth relationship between yolk sac absorbtion and oil
sac of hatching larvae of small yellow croaker,
L. polyactis.
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Fig. 53. Hatching rate of fertilized eggs of small yellow croaker,
L. polyactis by various water temperature.
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Fig. 54. Hatching rate of fertilized eggs of small yellow croaker,

L. polyactis by various salinity concentration.
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Fig. 55. Survival rate of juvenile small yellow croaker,
L. polyactis by various water temperature.
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Fig. 56. Survival rate of juvenile small yellow croaker,
L. polyactis by various salinity concentration.
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Fig. 57. Survival rate of the juvenile small yellow croaker,
L. polyactis by various culture density.
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Fig. 58. Total length comparison between 2005 and 2006 year of
the larvae and juvenile small yellow croaker, L.
polyactis cultured in tank for 60 days.
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Fig. 59. Body height comparison between 2005 and 2006 year of the
larvae and juvenile of small yellow croaker, L. polyactis
cultured in tank for 60 days.
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Fig. 60. Culture of the juvenile small yellow croaker,
L. polyactis in the culture tank.
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Table 23. Response and mortality rate of the juvenile small yellow croaker,
L. polyactis to the low water temperature stress
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Fig. 61. Survival rate of the juvenile small yellow croaker,
L. polyactis to the water temperature stress.
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Table 24. Water temperature condition at releasing waters of juvenile small

yellow croaker

WT DO H Salinity NO,-N NH4-N
(C) (ppm) P (ppY) (ppm) (ppm)
254 712 7.33 278 0.05 0.0
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Fig. 62. Releasing event for juvenile small
yellow croaker.

7 63. X7 SEdn IREE &Y.
Fig. 63. Explanation of trait and migration

route of juvenile small vyellow
croaker.
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a2 64 FHEI| X0 LF-1XHEEHOLZ]).
Fig. 64. First-releasing of juvenile small
yellow croaker 30 thousand.

a2l 65 &A=x7| X[of YF-2XK72H0t2]).
Fig. 65. Second-releasing of juvenile small
yellow croaker 70 thousand.
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Table 25. Free distribution of juvenile small yellow croaker

244 FA U FAG A EEFFFEE) 7 (en/y)
2005.11.22 3737524 A 59 3,000 14.6/32.3
y F4Fx A &3 3,000 14.6/32.3

” 274 T H 3,000 14.6/32.3

2006. 4. 4 SAFERA BASFAA 500 16.7/50.7

2006. 525 HAFEA PSS 600 18.0/62.4
2006. 7.22  &3i7tFE AFFAATAE 30,000 7.4/3.8
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