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SUMMARY
I. Title

Technology development of the hatchery-based seed production of Silver pomfret,

Pampus argenteus

II. Study purpose and justification

The silver pomfret (Pampus argenteus) belongs to the Percida order the suborder
Stromateina, and family Pampidae. The species inhabits water at depths of 40~130m and
can be found in the Yellow Sea, the South Sea of Korea, and the East Sea of China.

The silver pomfret is a popular fish for food, due to its low calories and high
protein, which results in an increase in its demand in Korea. The harvested yield of
the species was estimated at about 24,191 tons in 1975. However, in 2003, the yield
had decreased to about 7,496 tons due to the reduced fishing zone resulting from the
agreement between the Korean and Chinese fishing industries. Starting in 1996, the
importing of silver pomfret from China had begun and the quantity of imports has
been increasing, owing much to an increase in demand and a well developed
distribution channel. The quantities of imported of silver pomifret reached up to 777
tons in 2000, and 1,409 tons in 2003. The increase in silver pomfret importation may be
continued for a long time.

This research was carried out to assess the ecological behavior, to develop
artificially reared seedlings, and evaluate the possibility of a new method for
cultivation of the silver pomfret that would be able to increase income of the fishing

industry from Mokpo.

IlI. Contents and scope of the study

The technological development of artificially reared seedlings and biological aquaculture
were studied from August, 2005, to October, 2008. This study included the examination of
the release of GnRH from the brain along with genetic analysis, physiological and ecological

research, and the development of natural and artificial hatcheries and farming techniques.



IV. Result

1. Environmental sampling of silver pomfret

The sampling of silver pomfret was taken from the areas of Jeungdo, Jaeundo, and
Imjado. These sampling sites showed significant fluctuation in seasonal temperature;
25.0C in August, 2005, and 54C in February, 2006. These results suggested that the
fluctuation of temperature change is significant. Salinity at these sites were 29.2%, in
July, 2006, and 34.2%, in January, 2006 which implies that there is no significant
changes in seasonal salinity. The average salinity of these sites was 32.9%, DO values
of the sampling sites were lowest at 6.3mg/ ¢ and highest at 8.8mg/ ¢, with an
overall average of 7.9mg/ #. The concentration of chlorophyll-a at the sampling sites
was lowest in December, 2005 and January, 2006 at 1.9ug/ ¢, and highest at 3.8ug/ ¢
in March, 2006. The overall average concentration of chlorophyll-a was 2.6pg/ ¢ and

the fluctuation is not considered significant.

2. Physiology and ecology

A. Distribution and migration

The silver pomfret inhabits water at temperatures ranging from 9~26C and can
be found off the shores of Korea, Japan, Kuwait, the East China Sea, the subtropical
sea south of China, and the Indian ocean. The species were divided into West, South
and East-Chinese origins. The species’ migratory route starts in the winter (December
to February) in the East China Sea and then move to the South-West Korean Sea for
spawning from May to June when the water temperature rises. They move back to
the East China Sea in September for the winter. Their migration leads them inshore
of Korea in June to spawn, and then leads them out to the open sea in the fall.

When the fries have reached 30mm, they also move out to the open sea.

B. Taste
For analysis of the contents in stomach, 156 silver pomfret (9.3~28.5cm) were used
and then separated into 2 groups, under and over 20cm body length. The stomach

contents of pomfrets under 20cm included mainly copepods, such as paracalanus,



calanus, and acartia. Polychaetes, hydrozoa, and algae were also found in small
amounts. In the group of over 20cm, decapoda, chaetognatha, hydrozoa, and fish were
found to be the main contents, but polychaeta, copedos and amphipoda were also

found.

C. Sexual ratio and body length

The sex ratio was analyzed during the period of gonad maturity, from May to
July in 2006. The result was 181 females (65.1%) and 97 males (34.9%). The maximum
length found was 26.7cm in June, 2006, and the minimum length was 9.3cm, found in
January, 2006. Monthly averages of body length ranged from 15.5cm in January, to
199cm in July. Fish at a young age were present when the water temperature

increased (May) in two distinct cohorts.

D. Growth, mortality and entry type

After an analysis of 732 fish, the maximum and minimum lengths found were
26.7cm and 9.3cm, respectively. When the data was applied to ELEFAN program, the
theoretical maximum length (Ls) and growth factor were 354cm and 045,
respectively. Seasonal differences of the growth factor (C) were 0.26 implying low
seasonal fluctuation. The winter point (WP) was 0.67 and the migratory formula was
calculated for In(N) = 219 t + 648 (r’=0.83, P<0.001). According to the fishing curve
method, the total mortality factor was 2.19 yr'. The entry type showed one regular

distribution, which indicates that the silver pomfret appear for fishing once a year.

E. Monthly change of Gonadosomatic index (GSI)

The GSI average of silver pomfret was 2.0 from January to March, 3.51 in April,
and 531 in June for females. In July and August, the GSI value began to decrease
and exhibited lower values (2.0) from September to December.

For males, the GSI value decreased (<1.0) from January to March, and significantly
increased (>1.06) in April. The value slowly decreased (<0.4) again from May to

September.



F. Monthly change of Hepatosomatic index (HSI)
The HSI was low (0.92~1.00) in January and February. The index increased to 1.10

in March and was highest (1.28) in June. The average HSI was 118 after the
spawning period but decreased again from October to December.

For males, the HSI decreased (0.90) from January to February but slowly increased
in March. The index reached up to 1.26 in July. After ejaculation, the HSI began to

decrease from August and continued decreasing from September to December.

G. Monthly change of Condition index

In the condition index, females showed a low value (39.5~41.0) from January to
March. In April, the index increased up to 42.7 but decreased from May to August.
In September, the index increased again and peaked from November to December.

For the males, the index was low (36.5~37.6) from January to March. In April, the
index increased but slowly decreased from May to August. After ejaculation, the

index increased again and reached up to 39.0 from November to December.

H. Population maturity value

The population maturity value for both male and females less than 12.0cm in
length was 22.2% and 18.8%. For body lengths of 12.1~15.0cm, the value was 56.3%
for males and 55.6% for females. In sizes of over 18cm, both male and females had
100% values. Therefore, the biological minimum size was 12.1~15.0cm (50% of

population maturity).

3. Ecological Information

Unlike the general fishes, the germ plasm of pomfret, a kind of compressed fishes,
is curved along the spine of back and positioned, surrounding some parts of intestines.
Also, the germ plasms of both sexes are unbalanced on both sides but almost
balanced right and left. The distinction of sex of these plasms with the naked eye is
difficult as both sexes take on white when they are immature however as they grow,
it comes to be easy to distinct as the female starts to take on yellow while the male

takes on milky.



Meanwhile, according to the result of monthly change of reproductive cell, the
pomfret’'s 1st growth period appears when the ooblast cell in the germ plasm starts to
develop into the oocyte in September when the water temperature becomes lower and
its 2nd growth period appears from October to December. From next January to
April, the ovary arrives at the maturity in earnest and it arrives at the final stage of
maturity or spawning in May. After that, the pomfret will be in excellent spawning
period up to June. When July comes, it degenerates and absorbs the oocyte cell left

after the spawning and it arrives at the anestrous in August.

4. Genetic Analysis

According to the result of AFLP with 3 primer groups of pomfret, pampus
argenteus and Chinese pomfret 15 fishes respectively (E/ATG-M/CCC primer
combination and E/AGC-M/CAT primer combination), The Chinese pomfrets showed
a different DNA band pattern from that of a pomfrets’ group or that of a pampus
argenteus’ group. Also, the diversity of pomfrets’ group and pampus argenteus’ group
was high.

Regarding an average genetic diversity(GD), a pomfrets’ group showed 0.2573, a
pampus argenteus’ group showed 0.3058 and a Chinese pomfrets’ group showed the

lowest value as 0.0444.

5. GnRH Identification

The distribution or manifestation of gonadotropin releasing hormone (sGnRH) of
salmon were identified by immunohis to chemistrical method in the brain of an adult
pomfret, which followed a reproductive cycle. During the breeding season, the
sGnRH-ir immunoreactive cell bodies were distributed in the ventral telencephalon
and the front and the rear of suprachiasmatic. The immunoreactive fibers were
observed widely from an olfactory bulb to a cerebrum or a between brain but they
were not identified in the mesencephalon or the hindbrain that had no nerve fiber.
Certain sGnRH-ir nerve fibers related to reproduction were found in the front area of

hypophysis but most of sGnRH-ir nerve fibers found in wide area of brain did not



form any bundle of fibers. The sGnRH-ir immunoreactive fibers stretching out from
sGnRH-ir nerve cell bodies to hypophysis were clearly observed as a bundle. The
sGnRH-ir increased till the breeding season. Also, it was distributed most widely at
the largest quantity during the season and when the season was over, it was
identified most poorly in the limited area. Thus, it was considered that the sGnRH

could be a role of reproductive coordinator in a pomfret’s brain.

6. The Capture of Natural Pomfret and House Breeding

A. Capture

To capture the pomfret’s fry, the fixed net fishery (Gaemakee) method was used.
There was some difficulty in capturing the fishes but it had less damage on the
fishes than other methods. During using the method, the water temperature was
16.5~18.9C and the salt was 31.5~324%, The fixed net fishery method uses the
difference of flux and reflux of the tides to capture the pomfrets it is restricted by
time and tide time as a net is installed on the low-depth area. In 2005, during the
capture season, from September to November, totally 3 captures was carried out. As a
result, totally 497 pomfrets were captured. The largest size of captured pomfret was
13.2cm and the smallest size was 8.6cm. An average total length was 10.5cm and an
average weight was 19.0g. From May to June in 2007 and 2008, the spawning season,
111 natural brood pomfrets whose longest length was 32.4¢m(610.2g) and the shortest

length was 22.8cm(161g) were captured in a small stow net and set gill nets et al.

B. Conveyance and Delivery

The captured pomfret’s fry in a fixed net were delivered to a neighboring dock
after being put in the vinyl bag with some clear sea water and packed with oxygen.
In the dock, they were put into an aquatic plan to of vehicle and delivered to a trial
farm. At this moment, the liquefied oxygen was provided. During the delivery, 274
fishes died. The adult fishes captured in a small stow net were delivered to a
neighboring dock after being put in a water room of ship. To the farm, they were

delivered in the aquatic plant of vehicle and the liquefied oxygen was provided to them.



The medical washing with OTC 100ppm was carried out to prevent any bacterial
infection caused by a damage of fish’s body during the delivery. The time for all

processes from the capture up to the entrance into trial was minimized.

C. House Breeding

223 delivered pomfrets, captured in the fishery with a fixed net, were put into a
PP round aquatic plant of 6m diameter. The water temperature for breeding was
16.8~19.1C, which was 0.2~0.3C higher than that of capture area and the salt was
32.4%. For the prompt stabilization of fry after putting them into the aquatic plant,
made the illuminance for the plant lower with a blackout curtain. The fry in the
aquatic plant of trial farm was stabilized and started to swim as a group within 24
hours. To prevent any bacterial infection caused by a damage of fish’s body during
the capture or delivery, the medical washing with OTC 150ppm had been carried out
for 2 days after putting the fry into the aquatic plant. For the stable management of
fry in the plant, the habituation to prey was carried out by providing the living
shrimps and krill twice or three times a day and the habituation to these kinds of
feed was completed within 72 hours. After 30 days, the habituation to assorted feed
was started. The assorted feed was given to the fry first and the living feed was
given later. As a result, the habituation was successfully completed. With the above,
the pomfret shows a tendency of preferring to the sinking feed, which is easy for
them to eat, than the rising one as the pomfret’ sunder jaw of mouth is smaller than
its upper one. From November when the water temperature for breeding falls to
under 12.0°C, heat the plant with a boiler and keep the temperature between 12.0C
and 16.4C till the spring when the temperature rises again. Also, keep the DO
7.5~8.5mg/ ¢ by providing the liquefied oxygen. The adult fishes captured in a small
stow net were put into a FRP round aquatic plant of 2m diameter and managed in
the same way as the pomfret's fry, captured in the fishery with a fixed net, were
managed. By installing a refrigerator in the plant, keep the water temperature

18.5~18.9C and by providing the liquefied oxygen, keep or manage the DO 8.0~9.5mg/ ¢ .



D. Growth rate

Pomfret were obtained fish average length 10.4+13cm and average weight
18.2+5.8g from house breeding. Randomly of 20 fish measured off growth rate at a
quarter year. In 2006, average length 11.2+1.1cm and average weight 21.8+6.0g from
March, average length 15.0+2.0cm and average weight 51.9419.4g from September.
Growth rate from September was higher than from June. The trend of growth rate

shown lower by winter season. Optimal temperature season were spring and autumn.

E. Induction Test for Spawning

According to the result of fry captured in the fishery with a fixed net in
October~November of 2005 and bred 93 fish(Total length of fry was 15.5~26.0cm and
the weight was 61~231g) by June of 2007 with the naked eye, it was unavailable to
find a fish that arrived at the complete mature stage of brooding and to find a fish
that arrived at a natural spawning stage. Among the brood fishes captured in the
fishery with a small stow net, selected some fishes which were active and matures,
made them calm down with an aquatic anesthetic(AQUIAS) of low consistency and
injected misture of HCG and LHRH-a or only HCG. After getting brood fishes back
to the farm by using a ship or a vehicle, put them into the aquatic plant and tried to
induce the spawning. As a result of hormone treatment, the female showed a certain
reaction and the mature of germ plasm was developed rapidly while the male did
not show any particular reaction. In any case, both sexes died within 36 hours and

no natural spawning happened.

F. Death Rate and Survival Rate

Among the pomfret captured in the fishery with a fixed net in September and
October of 2005, 115 pomfrets of the 1Ist captured, 92 pomfrets of the 2nd captured and 67
pomfrets of the 3rd captured died. A total number of dead pomfret was 274 and the
death rate was 55.2% while the living pomfret was 223 after being captured and the
survival rate was 44.9%. During 2007. 7. 12~2007. 8. 12, the marine Amyloodinium sp. was
parasitic on some of living pomfret. To save the fishes, the medical washing was carried
out with 80~100 ppm formalin. As a result, the fishes could be relieved from the
Amyloodinium sp. but many pomfrets under the size of 15cm died. Around the early of
April, the high water temperature continued and it impeded the recovery of fishes so all



pomfrets weakened by the Amyloodinium sp. died. In May and June of 2008 respectively,
the natural brood fishes whose maximum total length was 32.4cm(610.2g) and minimum
total length was 22.8cm(161g) were captured in a small fishery with a stow net and put
into the trial farm. The result was that 41 pomirets(36.9%) died within 12 hours, 60
pomfrets(54.1%) died within 24 hours, 10 pomfrets(9.0%) died within 36 hours and finally
all pomfrets died.

7. Production of Larvae Fishes

A. Surroundings of Trial Farm

From 2005 to 2007, we captured the brood fishes in a set gill net and a drift net and
carried out the artificial hatching egg which had been reared of fry pomfret in Muan.
However, because of the high water temperature or the parasites during the summer
in 2007, a mass of larvae fishes and brood fishes which had been bred died so the
place was changed to Jido-eup in Shinan that would be a better place for a trial
business such as an infection rate of parasite, the aquatic environment and the
conveyance of brood fishes or fertilized eggs. From June of 2008 to August of 2008,
the water temperature of trial farm was measured. We found the temperature

19.7~28.8°C, which is lower value than that of the previous farm and the specific

gravity 32%,.

B. Securing the fertilized eggs through artificial egg collection

The artificial egg collection was carried out 21 times for 3 years and totally 2,767,500
was collected. Among 2,767,500 the fertilized egg occupied 1,125,000. The fertilization rate
was 40.65%. We used a dry method or an isotonic method as the way of fertilization. In
2006, we captured the brood fishes in a set gill net and a drift net and carried out the
artificial egg collection 4 times. The result of fertilization by using a dry method showed
521% of fertilization rate. In 2007, we carried out the artificial egg collection 7 time sand
the result of fertilization by using a dry method showed 23.9% of fertilization rate. In 2008,
after capturing the brood fishes in a small stow net at the Yeonsan station, we carried out
the artificial egg collection 10 times. The result of fertilization by using an isotonic method

showed 51.2% of fertilization rate.



When comparing the fertilization rate according to the fertilization method, the
fertilization rate by a dry method showed 10.0~71.4% on an average rate of 33.2% while that
of an isotonic method showed 32.4~69.7% on an average rate of 51.2%. Thus. the fertilization

rate by an isotonic method was higher and more stable than the rate by a dry method.

C. Egg Development

The fertilized egg of pomfret was round and after it was fertilized, an average
size of fertilized egg became 1.54+0.02mn(Mean+SD) within 4 hours and it had an oil
globe. The egg development was observed at the water temperature of 20.0TC. The
fertilized egg formed the perivitelline space and the blastodisc within 10 minutes or
20 minutes after the fertilization. From 2 cell stage up to 64 cell stage was within 5
hours, the morula stage was within 6 hours 40 minutes, the blastrula stage was
within 8 hours 25 minutes, the gastrula stage was within 12 hours 57 minutes, the
formation of kupffer’s vesicle was within 20 hours 18 minutes, the formation of lens
within 35 hours 25 minutes, the formation of organ was within 39 hours 40 minutes
and finally started to hatch within 42 hours 10minutes. The hatching was completed

within 44 hours 30 minutes.

D. Hatching Rate

The quantity of egg collected through 21 artificial egg collections for 3 years was
2,760,000. Among them, the damaged egg was 1,120,000. The fertilization rate was
40.7% on an average and the hatching rate was 42.0% on an average. The yearly
hatching rate was 44.9% and 54.1% and 35.2% in 2006 and 2007 and 2008 respectively.

The result of research on the hatching rate of pomifret’s fertilized egg depending
on the water temperature showed that the rate was the highest at 20°C test zone
accounting for 65.0+6.6%, 52.0+2.6% at 23°C test zone, 50.0+5.0%, at 16T test zone
and 21.7+14.2% at 26 test zone in order. The result of research on the hatching rate
depending on salt concentration to find out the optimum salt concentration for the
hatching of pomfret’s fertilized egg showed that the rate was the highest at 35%, test
zone accounting for 47.0+4.6%, 27.0+5.6% at 30%, test zone, 18.0+5.0% at 27%, test

zone and 9.0+4.0% at 25%, test zone in order.



E. Supply of feed for the Larvae or Juvenile

To keep the illuminance for the marine Chlorella sp. and to keep the feed of
rotifer, we provided the feed from the time when the fertilized egg hatched, keeping
the quantity as a hundred or 2 hundreds of thousands cell/m¢ by the 25th day The
rotifer was provided by the 10~15/m{ from the 2nd day when a yolk absorption was
completed to the 10th day and 8~10/m{ was provided up to the 25th day. From the
20th day to the 25th day, the Artemia nauplii by 3~5 /mf and the rotifer by 8~10 /m{
were provided together. From the 26th day up to the 35th day, the Arfemia nauplii
was provided exclusively. The assorted feed of 250um was provided from the 18th day
after the fertilized egg hatched and from the 25th day, the feed of 300~400um was
provided. From the 50th day, the assorted feed of 1lmm was provided 5~6 times a day

and the article of feed was provided step by step by being adjusted the size.

F. Decrease and Die

The decrease rate of the larvae hatched from the fertilized egg showed: 2 days
8.8%, 10 days 35.1%, 30 days 44.7%, 90 days 10.1% and final survival rate 1.3% in
2006. Then again in the year 2007, 2 days 10.6%, 10 days 41.1% and 30 days 48.3%,
26th day after they hatched out however, all the pomfret larva died from parasite 3
days after the marine Amyloodinium sp. attacked. In the year 2008, the mortality rates
per each certain raising day period are: 2 days 10.2%, 10 days 42.3%‘, 30 days 31.4%,
90 days 8.8%, and final survival rate 7.3% and that increased as against other years.

At the stage of becoming a larva from the fertilized egg, the decrease happened.
At the stage of larva that the first feed was provided after an yolk absorption, a
mass decrease happened during 10 days. When the feed was changed to the Artemia
nauplii on the 20th day, the 2nd mass decrease happened. After the mass decrease,

the small ones continued as the fish grew.

G. Survival Rate
The survival rate of larvae hatched after collecting the fertilized eggartificially by
the time when the length reached 3.0cm was that 1.600 of 125200 promftets were

survived in 2006, accounting for 1.3% however, any of 130,400 pomfrets was not



survived so the rate was zero in 2007. In 2008, 15,000 of 205,800 pomfrets were
survived accounting for 7.3%. The result of survival rate of larvae depending on the
salt concentration showed that the survival rate became higher as the salt
concentration went higher. The survival rate at 35%, test zone was the highest as
93.3+5.8%, 90+10.0% at 30%, test zone, 60+10.0% at 25%, test zone, 50+10.0% at 20%,
test zone and 36.7+15.3% at 10%, test zone in order.

The result of survival rate depending on the density of breeding was 83.3+7.6%
at 20 fishes, 73.3+10.1% at 25 fishes, 62.2+10.2% at 15 fishes, 60+20.0% at 5 fishes and
53.31153% at 10 fishes. With the result, we found that 20 pomfrets in 104 was the

most efficient breeding circumstance.

H. The Growth and Feature of Larvae or Juvenile

The aquatic environmental condition for breeding the fry or the larvae of pomfret
was following: the water temperature of 19.7~288T, DO of 7.5~9.8mg/ ¢, pH of
7.8~9.1, the salt concentration of 32~35%, NH; of 0.18~0.84mg/ ¢, NOs of 0.03~0.19mg/
¢, NOy of 0.012~0.082mg/ ¢ and PO, of 0.26~0.71mg/ #. The length of larvae hatched
from the fertilized egg by breaking the egg shell was 3.52mm and it grew as 3.96~4.15
mn within 1 days, absorbed an yolk and floated with the head downward. On the 5th
day, it became 4.65~5.03mn. It started to eat and moved vertically. On the 10th day, it
became 8.13~9.43mm. It responded to the external stimulus and ate many Rotifers. Also,
a mass decrease happened. On the 15th day, it became 9.68~10.84mn and its ability to
swim increased. On the 20th day, it became 9.73~14.26mm. It ate many Artemia
naupliis, swam on the surface and a mass decrease happened. On the 25th day, it
grew up to 11.83~15.89mmn. It stayed 20~40cmin the water and eating the assorted feed
was observed. On the 30th day, it became 11.97~19.69mn. It ate the assorted feed,
swam throughout the water, the difference of fishes got certain and the phenomenon
of eating one another appeared. On the 40th day, it grew as 13.85~22.64mm. It swam
as a group against the current of water and responded to external shocks sensitively.

On the 50th day, it became 18.72~32.76mm.
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Table 1. Annual catching production of Silver pomfret in recent 7 years in Korea

(&9« M/T)
Years 1975 1980 1985 1990 1995 2000 2003
Capture
. 24,191 14,169 9,294 10,390 10,896 7,838 7,496
production

—
)
o

Fati oAt S, 2003)
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Table 2. Amount of silver pomfret imported in Korea

(&4 = M/T)

Years 1996 1997 1998 1999 2000 2001 2002 2003

Imported 29 413 334 363 777 1,265 1,667 1,409

(3] = ALE Z29] =), 2003)
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3. §o] oA 9 53 GnRH %4 §3

R ER I
B Ay A" Wol (Pampus argenteus)= 2005 H-E 2007d 59 Aol upe} Ak
& A71(38), AEr(GYE)e A FY(109)E TRt 2zt gdAdE ARE Ad A
ol&ste] ¥ F 3P, 500~800ge] AA <tFE

A &3 Ao 8~10mtE] W Hol HE A=A

M

ﬂ!l

o de 2SS ol & o] Holxo GnRHe] wd A+
Hol2 Ax|woA] T Esle] AoldE AMAE LAYE Ao
4% neutral buffered paraformaldehyde (NBP) £oollX A stal HE Z &5l 244

7t B T34 o™, 30% sucrose §H oA HEAS WS e Al 23
£

g
s mestith Ao 209 A5AAAA FY Lel= So) Fgrow, ol A
WolZRE U 20-40749] &etol=E FAY AAFoEA @A HYel mE AR

B2k Aolg Hassgch Hole Hxzxo Uig GnRHe| WgzAssdae 7|u

o 2 avidin-biotin-complex (Vectastain) horseradish peroxidaseE A}8-3F Hsu et al.

r[o

(1981)2] WHLS skt mGnRH (Incstar co.)= A T Y8951, sGnRHE E 320 Aida
WFEREE, GnRH-IE FolZ g 71-g3la A o|iZetthst Miller MIAIZHE 7|5 23k
ow, 4 4rle] 24AHE 0.02 M phosphate buffere saline (PBS), pH 742 1084
33 A" sAct v Eo] vksS HA35H8l7] el normal goat serum$ 508 E<F A2 s}
Ak 2 & Al 74x] 12 GnRH &4 (PBSel 1:50008]& 2 34N 1y AH =37 ¢
A sta, 4T F5& AR A 1243 5<¢ v-g AFHT 14 A Z+ antirat GnRH
(mGnRH), anti-salmon GnRH (sGnRH), anti-chicken GnRH-II (cGnRH-II)& A}-8-3} %t}

ool 225 PBSZ 33| 102704 Ald s §, Q1A peroxidase 45 AA|8}7]
st 0.5% periodic acidE 5%3F Aglstg vy PBSe] 1:200~1:5000. 2 3]23F 23} &)
¢l biltinylated goat anti-rabbit antisera® A2 50& &F<F A&l & thA] PBSZE 3
3] 1087 MAslHt 1 U8 avidin-biotin complex (ABCkit, Vectastain)® 14|17} F

—

& WAL &
Al
=

ZZg PBSE 2 A& 3kar, 002 M PBS g o 2 thA] AHTE ke
Al8FH T} 0.05% 3-3 diaminobenzidine (Sigma Co.), 0.04% NiCl, 0.003%



H,0, PBS &+5do] 10837 w8-A1A GnRH ¢4 A3AZA s} AZH/FE LA HT
3l

fru
of
o
ol
2
Su)
MK
z

g, E93E AZ F canada balsam

2 AR49e FAsATh WS wgol oF gAe rFos ARZI 1) 13 ¥

4 HAH GFH B

B AT AFgH o, Pampus argenteus®t Gull, P. echinogaster= Z'g AQkT 4t
T e oA, o), P. chinensiss F= SHEAI(EMH) &A1 &<t 7] A Aol A
A

A718te] AFLP 240 Zh2} 15vhe] 4 & ALg-SHch

-

1}. Total DNA®] £& 2 A

A& oo Total DNAY Asahida 5 (1996)2] #Hol| uwlg} TNES-urea ¢%-8-<4(10
mM tris-HCl; pH 8.0, 125 mM Nacl, 10 mM EDTA; pH 8.0, 05% SDS, 8M urea) i}
proteinase K (Sigma, USA)E Al&3ld A =gnrlodx EFsldx, $£3€ DNAE TE
buffer (10mM Tris-Cl; pH 8.0, 1 mM EDTA; pH 8.0)c] &3iA1A A7l AHS-H A

t}. DNA A9 9 adapter ligation
Total DNA 2 pg& EcoRI A|3a A (Promega, USA) 10 unitZ 37CoA] ¥H-&A1Z]
%, 0.7% agarose gel AolA A =g Attt Aetd DNA 1/10 3M NaOAc
o} 2vje] 100% olet22 FH7lslel DNA THEES FAsAT. A Msel Algtas
(Promega, USA) 2 unit® H7}3to] 65T A 4A1ZF T2t vHEAIA o5 HAds & 2
woz HAAA 3% FTHRFN SHAA Itk F FHY AT £42 Hdd 9

o] Zt7} 1 unit T4 DNA ligase (Promega, USA)$} EcoR I /Mse I adapterE 3 7}3te]

&

o

Z BA7) 50u7t S2s 2R § 15T oA 1247 53t ligationA] Z T



2. PCR $&x71 9 A9

Ligation® DNA 5ul, EcoR I primer, Mse I primer, 1 unit Taq DNA polymerase
(iNtRON, Korea), dNTP, 10X PCR ¢+58&4-8 F7Fstel PCR W& F 50uz =4
g F 13 FF WS AAsAY. PCR ®3212 94T A 30, 56TollA 60z, 7
2T A 60231 cycles F 203] WHESIHT. W3S TE &F-8&4o2 500 3]4s}t
22} PCR whg-o] a2 ALgstgry. 849 540, EcoR I selective primer, Mse I selective
primer, dNTP, Taq DNA polymerase, 10x PCR ¢+58N4-E FHF 207} HE=F FU1ste] 2
Z} PCRE 3\t WHS-2712 touchdown PCR¥YS ©o]-8-3}ed 94CoA 30%, 65C~56T (3]
3 0.7CH ZFAa)ol A 30%, 72Tl A 60%37F 128] AA] F annealing 25E 56 CollA 302

aAske F 2438 ®bE ST

= PCR w29 20pu0f 6402] for mamide dyeE #H7}3F & 95TolA 587F 714
stat. 2 £ 3uE vlg] 55CZ 78 ® 5% denaturing polyacrylamide gelel] lodingst
T 1,600 VoAl 2A17F B9t AV|gEsle] DNA ©@HE &3 0, silver staining kit
(Promega, USA)&2 A8ty datE A3

B A79] AFLP RAfol] A8-3t adapter & primer] 7|42 3 3¢ Yehfiglor, of
% AAT-CAG, ACG-CAT, AGT-CCC % 3709 primer £33 o83l AFLPE 33313 th

wl, AFLP A3} H4 i
Silver staining® gel Aolx Fog HH F<ld DNA

r$t

HE2 M= FFo w
2 0 B¢ 12 %At matrix codeE A &, ZF JAe] FAFE matrixE
UPGMA (Unweighted Pair-Group Method using Arithmetic means)@ 4]3le] Zrzh-&
T 338} (clustering)s}il o] & EUlZ AlF% (dendrogram)E 21Ad3stsith ZF HAddE el &
A& FAIE (genetic similarity, GS)&= Nei9} Li (1979)9] &4 A3t 24 AL

ok ooldd A2 FEEFEHE TR NTSYS Z2amsE o833ttt (Rohlf,

I

1992).

5k TFPGA (ver. 1.3; hitp://iubio.bio.indiana.edu.au/tpga/) Z 2138 ARE-5te] (Miller,
1997) Hof Yu] % Ssgole] it o|FHTE (heterozygosity, HE)#F HiF 43 t}9FA] (genetic
diversity, GD) %< 7381tk 2 #ezte] Hardy-Weinberg 83 (HWE)S #A3s17] $ste]
542 B35 (genetic differentiation, Fst)S 2418}t (Wright, 1951). Fst x| tigt -4
AACP) 29 dF@F-34 28 (random allelic permutation) ZHE-E 10,0000 o4 WHE-sle]
F3)EAek o1t 249}e Ardequin EZTH (ver. 2,000, Stefan et al., 20008 AHE-3FITh



= 3. AFLP &2 4] A}£-3) adapter ¥ primerd] €714 E

Table 3. Adapters and primer sequences used for AFLP analysis

Sequence (5 — 3')

cory T CTCGTAGACTGCGTACC
Adapter R AATTGGTACGCAGTC
oo 1 F GACGATGAGTCCTGAG
R TACTCAGGACTCAT
Preamplification EcoR 1 GACTGCGTACCAATTCA
primer Mse 1 ATGAGTCCTGAGTAAC
E/AAC GACTGCGTACCAATTCAAC
E/AAG GACTGCGTACCAATTCAAT
E/ACA GACTGCGTACCAATTCACA
cony /ACT  GACTGCGTACCAATTCACT
E/ACC GACTGCGTACCAATTCACC
E/ACG GACTGCGTACCAATTCACG
Selective E/AGC GACTGCGTACCAATTCAGC
amplification E/AGG GACTGCGTACCAATTCAGT
) M/CAA ATGAGTCCTGAGTAACAA
primer M/CAG ATGAGTCCTGAGTAACAG
M/CAT ATGAGTCCTGAGTAACAT
Ve | M/CCA  ATGAGTCCTGAGTAACCC
M/CTA ATGAGTCCTGAGTAACTA
M/CTC ATGAGTCCTGAGTAACTC
M/CTG  ATGAGTCCTGAGTAACTG
M/CTT ATGAGTCCTGAGTAACTT
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Table 4. Culture condition for the fertilized eggs of Silver pomfret

WT DO H Salinity NHs; NO; NO» PO,
() (mg/e) F %)  (me/¢) (me/¢) (me/ ) (mg/?)
19.7 8.8 7.8 35 0.18 0.03 0.012 0.26




o o] Aol AHS A
1y 22} (Chlorella sp.) &7

3|2k Chlorella sp.o] H7be F3apoj o] Abg ol Aoz Ha F2 2] ol
FA D ARSSY] A B LS 571 At 8% 73 95 $5H 10~20%
cells/m¢ ] BEE FASIHA 25U FFsHAH

2) 2E}l9 (Rotifer) &7

H3l zpoje] x7] Heol FFL §3 & 2¢AFE Rotifers FFsIRCH, TFF
2 AMESzd 2€97F 10~150A48/m #7 JEE od 2~33) F
37|17+ 25974 A] A% TSR

il
ol
2
3R
+
=
Q.
=
G
it

3) &E|u]o} (Artemia) F5

Artemia naupliiz= 28~30ClA FE3AA d2HS AAL £ 2 2 & 3~5 A/
e FEZ, £33 F 20~35Y It TH

ob
8
=

4) WIFALE T

7] MigAEE @] RgE T 9% 184dRH 250m AV|E FHIHAL, 4
% 259 FE 300~400um A7VE 1~2A7F 7HA SR Fo] stPen, 3} 504 o|Fo= 1
mI71e] WiFAIEE 1Y 5~63] Hol 391, A% dAEE ARYAY] AVE 2Hs
o FFAct

Zo| A Holrt E w7tA] A&HAHOZ AR, AL
B3l & 7AdARAANE AFdoz #sigon, of Fof
= did 23] (07:00, 16:00) F#F2] 20~30%% A& FE BFSE vt A5 WHS AL

P
%
v}
-{n:

3} 209 EE AR dF 55 A f4 ez B
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o Aeolg AL AFeHT. Ao E 27 8| Glass beakerell 10%), 20%, 25%, 30%o,
35% & 570 A1FTE AAste] SRtE o 10U3F AR EHA 2AFSI T Holo A3
oM G F=7F Aol e viAE dFE YR dotrua ok

odry

AU wE AESE AN 20080 st #Eldt WA 25mm =79 H]
o E tide g APEHAAA APt AolE 107 &F of=2¥ x| 5, 10, 15,
20, 25u}E] NS =3 57 AYTE AAste] 30Uzt 3ukR o2 AFsgon, ELS
AR QA AU E P o s dolH iz s

7) Aol AFEA
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A7 (5, 10, 15, 20, 30, 40, 50, 90 E 7of £, Mo, FedAd & Eol¥ 3%
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%5 o] A Aol AgHA =4

Table 5. Culture condition for the juvenile Silver pomfret

Salinity ~ NH; NO; NO,

WT DO o
P %) (ng/2) (mg/ &) (ng/2)

(C)  (ug/ )

PO,
(mg/ #)

19.7~288 75~100 7.8~81 32~35

0.18~0.84 0.03~0.19 0.012~0.082 0.26~0.71
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1) &9}5 (Order Percida)/MEoHzs (Suborder Stromateina)/ ¥ {3} (Family Pampidae)
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. Silver pomfret
5) 4¥H : Mana-gatsuo

3
6) =3

f

=

: WA|, o, Wof, Weko], W

. guss 57

.

CEEREE

A=

ol

o] 44 WAXT D. X-39~46; A. VI-34~380]

d

B 50| 23 mAATI} A%E BRI

oF
=)

&K

B
p

e

A

b, 4B, FYoE

K<
i

dej ol oes

L
T

5

Al
&

T Wl A

C

o

Hole 9~26

5

297 =

St



HolE 2 Xolo] A|@FzdANY FAS #EI ZAd, d¥ BYA/YA =27
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AQED HNFETE] Aol= oF
Ao 2 Vet €8 ¥3 82344 FLS 20061 8¥9) 63mg/ £ = 7 ki, 20054 12
Ho| 88mg/ ¢ E 7HE B SEAAFS HAFom B 79mg/ L ATHLH 3, o).

2006\3 1900 1948/ ¢ 2 7FE 23}
31, 20061 3L 3.8ug/ ¢ 2 71 Be Chlorophyll-ag RAFHOW HFE 26ug/ 0 &

il el 2 A4

20053 8€¥~2006\d 79 XAZIZE B WHole & BUIAE BAsIeH, o4 AWl
o] FEL AALTF Bl gl olze AJ7IY 2006 5¥~7H AAE o]&sto] A
Sgth o] A7l Bt F 278UiAe] AulE FESG AR IA AAe BUAAE HA 9
65.1%5 AAFFF e, F3 A= I7NAZ 349%2] vlE&E XA A= YElTh A
AEAN A7 HAFL 20060 6L 26.7cm Fow, 20061 1€l 93cme] HAAF /A



I 23390k € 97 A7 HYE 2006 194 155em=z ZHe A So] Bo] 28
gon, 200603 7€ FI 199cm=E 71 & A Eo] o HYT AFFEL F
ot 5EHE ouNAEC] Fd3 FEEA 248 AZERZ FHEEHE Y
FRon, ddke] Fodt MNASE BDHe AFTL 997 AEHUW ARl AL
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o
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fllo

H

£

o A3, A 2 7R3

20053 8LRE 200613 7L7tA FA|ZF EoF Hole & 7AAE BAslgon, F
WAL 267cm o™, 93ecm] HAG A7 EHsAT AFAEE AGAF 10mm
tAo g e § ELEFAN =2 addA F4g9 AZd4 H5e4E 3183 von Bertalanffy

7 2R AR AR WEE (OL 026024 2uiso] AHaie APAE Fol
A WA AH WEEe] =x e Ao dehgon, Aol g = 41719 FAR
o]

(WpP) & 0672 FA=ENen, ols 4% vidss ngez 4949 43242 19 59 2
ok A% wIANSTE olgste] QAT de AudE I 2 AR sFele A
(N)Z o]-&3le] =A% AL In(N) = 219 t + 648 (¥=0.83, P<0.001)Z 4=t 24
Agel gk ARz Aol olzs A ol ARE Vel =YshA &2 Ao A
HEZ ALtedA A Jom, ofgAd Aol Al UF G A5 =3 A9 HUh
mEbd ojEE FAYel o8 FHE HAANASE 219 yro2 FAHJHIE 6).
ELEFAN Z2o] o3 34

oleldt ks Wolsk Pd B el hgde] dojdnis A AH F YT 7).

o
i B

g A%, AFsaA, 329 F3

AL AFW)te BAE
Hol7hk o] AR Fo LAT2E /HE & F A FHR AR, AT BANLE W
= 0.0099L°*%¥* = 0.

von Bertalanffy A4S FA3}7] fste] A HTES Walforde] YT o
ojste] FAT A3 FFH o84 HAHAH (L) 3212em HowW, AAAF (K=
0332, Aol 0du} o] &4 AF ()2 08442 717} FAFH Y}
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Fig. 2. Migration route on the groups of the wild Silver pomfret
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Table 6. Analysis of the contents in silver pomfret stomach

Body length (cm)

Classfication of feeds

{ 20cm > 20cm

Copepoda e *
Amphipoda * *
Mysidacea * *
Decapoda * -
Chaetognatha * o
Hydrozoa * o
Fish o
Polychaeta * *
Veligers *

Algae *

#*% > 50%, ** : 25~50%, * : < 25%
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Table 7. Composition of absolute fecundity an

the pomfret

Ky

Q.

bl

@

relative fecundity by body length of

Body length

Relative fecundity

(cm) Absolute fecundity (per cm) Number
12.6~15.0 29,746(23,461~32,284) 1,126(1,048~1,564) 4
15.1~18.0 46,122(39,906~60,654) 3,326(3,276~3,423) 5
18.1~21.0 66,475(67,268~72,424) 3,516(3,318~3,645) 5
21.1~24.0 74,396(70,058~80,492) 3,804(3,668~3,988) 6
24.1~27.0 98,443(82,305~104,216) 4,123(3,944~4,212) 5
27.1~30.0 114,591(105,528~128,792) 4,408(4,315~4,604) 5
30.1~32.4 134,977(130,468~138,489) 4,786(4,634~5,016) 4
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relative fecundity by body weight of

2 H

Table 8. Composition of absolute fecundity an

the pomfret

Total weight (g) Absolute fecundity Relative fecundity (per g) Number

400.6~600.0 67,584(52,846~78,569) 146(132~160) 5
600.1~800.0 88,483(80,243~99,785) 158(151~163) 4
800.1~1,000.0 128,346(121,478~134,236) 162(159~166) 5
1,000.1~1,200.0  130,128(125,369~134,468) 151(148~154) 4
1,200.1~1,400.0  139,426(135,264~141,434) 148(140~154) 4
1,400.1~1,588.4  154,438(150,129~158,763) 144(136~149) 3
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Table 9. The body length at first sexual maturity of silver pomfret from April to

August 2006
Female Male
Body length (cm)
Number Maturity (%) Number Maturity (%)
6.4~9.0 16 0.0 14 0.0
9.1~12.0 16 18.8 18 222
12.1~15.0 18 55.6 16 56.3
15.1~18.0 22 90.9 25 92.0
18.1~21.0 20 100.0 18 100.0
21.1~24.0 16 100.0 15 100.0
24.1~27.0 19 100.0 21 100.0
27.1~-30.0 14 100.0 18 100.0
30.1~32.6 2 100.0 3 100.0
Total 143 148
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Fig. 10. Seasonal changes of gonadosomatic index (GSI) in wild silver pomfret

captured from the western coast of Korea
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Fig. 13. Ventral view of reproductive organs of the silver pomfret

A, anus; G, gonad; R, rectum; UP, urinogenital pore
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Fig. 15. Photomicrographs of ovarian developmental phases of silver pomfret (A~H)

A, section of the lobule in the early growing stage; B, section of the lobule in the
late growing stage; C~F, section of the lobules in the mature stage. G, H, Sections of
ovarian lobules in the recovery and resting stage. Abbreviations: DO, degeneration oocyte;
FC, follicle cell; GE, germinal epithelium; GV, germinal vesicle; MYG, mature yolk granule;
MO, mature oocyte; N, nucleus; OCN, oocyte in the chromatin nucleus stage; OD, oil
droplet; OG, oogonium; OPN, oocyte in the perinucleolus stage; ONM, oocyte in the
nucleus migratory stage, OYV, oocyte in the yolk vesicle stage, PYG, primary yolk granule;
RFT, residual follicle tissue; SYG, secondary yolk granule; TYG, tertiary yolk granule;
UDO, undischarged oocyte; YN, yolk nucleus; YV, yolk vesicle; ZR, zona radiata.
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Fig. 16. Photomicrographs of testicular developmental phases of silver pomfret (A~H)
A, B, section of the lobule in the growing stage; C, D, section of the lobules in

the mature stage. E, F, G, Sections of testicular lobules in the recovery and resting

stage. Abbreviations: GE, germinal epithelium, ISC, interstitial cell; RST, residual

spermatid; RSZ, residual spermatozoa; SC, spermatocyte; SG, spermatogonium; ST,

spermatid; SZ, spermatozoon; TL, testicular lobule; TLG, testicular lobule germinal

epithelium.
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A7 AE 5, Aol g ddd B3}, 595 AAXETR AH8HA Sertoli AL E
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W lysosomed} HA4rAA W AEZo] M2 dAHO] HAALAH WY AMFEES] FHI - &2

5 o] 2 M| EZ28(phagocytosis)ol]l 2]&] phagosome (lysosome)Eo] GAE A EZH
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FAEJHTE 22, D). o]Fx, ALLF HolA H3E - B3 & HAE phagosmes £
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o oa] E#|Me] o|BL EF lysosomeEd] ola] Ha)xo] phagosomeo] FFAE I
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Fig. 17. The electron microscope photograph which shows the elliptical result affection

of silver pomiret females
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Fig. 18. The electron microscope photograph which shows the elliptical result affection

of silver pomfret females
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Fig. 20. The electron microscope photograph which shows the spermatogenesis of

silver pomifret males
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Fig. 21. The electron microscope photograph which shows the spermatogenesis of

silver pomfret males
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A, FAFR, nF, #4727} &8st WEHE P71 7474 B, 747‘}34&2 Bdg 5

H2u] 27§2] Flagellum lateral Fins7} 238 9+232E JehE Az} mR#HxE; C,
Hi A 7)ol AAiAHTE {}7‘1174 e &d3g 5 ¢ Leydlg AE; D, 1311337]9] ZE A A
Zo} fAFxes tgFo g zE Sertoli AEE; E, WA 7o tuise glARSS 2o

Zt= o]|a# 2 && Zt= Sertoli A3
Fig. 22. The electron microscope photograph which shows the spermatogenesis of

silver pomfret male
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edaioel MAste dtge) o 7z A AVl AHAs) BY, A5H
hei 8

Adeted, olde AAAGS AR 2ol He WA adoR ofA e WEY 2

52 5 & g, Rl B39 o8 4A& Fgo] A FA4L HHm F1Ho
2 W@t a3 oled oAl el WEH BFL AMsE 94 2902E S, B
%7, 5¢ B & e, oF 44296 g5 WHsde AMHe Aoz A 3

t} (Kang et al., 2004; Choi, 2007). HZ oA W] Mg Austs W&y &
&7] A dask e A dFES vlAe WEH TEE BHAELE e
2 AAYD A os) BHAEY vATER 543 A%d J%, 98 53 Bas
o} Fo] A7 7} v A3l Ut} (Payne et al., 1996; Russell and Griswold, 1993).

Wolel GEAE} UBEAL Agett 4AVdE vRne] we wAgRs) T
dtgoH, dREAXE SHAE 459 AZAEZIE SUsHA 4%, EEsdn. 27 F
FU GERAZE GREAZ AN F4T EZE AFsht dFSHS A H
of $@e £¥Sc] F3e] olF Fotol $HEAE (pinocytosis)l o3} 9
AF ERS wolsd F e TEE HgHo] off S WolEole ANl #HEH
Aot olefe AL FHAxd\v] Hexagrammos otakii- (Kang et al, 2004)9} A%
Boleophthalmus pectinirostris (Choi, 2007) SM = FALeHA B2 = Th

Wolo] AAMT A BAAA, o ZALFo] Wy A 27 YFFAEA o
EAzAME A7 AHEE A7 BARel & (S B SAEY
(pinocytotic vesicle)o] AT o} B AR AE A =

A
FAEY & 52 AAEEE 7R #Hd =2 EC] UEUa led olAL &4

ZZE (pinocytosis)ol] o3 wolEHW dFHTEZ (yolk precursor)2 FZHUTE o]
Ede AAUEs} goh 99l € Ay AR 3T, olFe B2FdA F4H
AT ERAQ vitellogenin® & @Y A EZo] BXd e 2AIDRL v F5

H Aoz oAZAY (Choi, 2007).

a5, Carassius auratus (Yamamoto and Onozato, 1965), xE|v]|, Hexagrammos
agrammus (Chung and Lee, 1985) ¥ F=e|v] H. otakii (Kang et al., 2004)2] 43 g3} o
A AR AGREARA AT HFEA HY e B QoA Bk me
B2k oz ZAT. of Ald oF A& AAAuAs N DA B, AL A
F3 B9 B wel9) iR FRAEd P4 FOE dEAEe 489 2
He RNATAEH S84 A4 #do] e Aoz BiFo Sk ojg 2 o #%
%]
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A7) Az 7] e FHA7)AE RNA 2250 Axd el o] EHlEHo| dnts

WRAZ JAd TEo oxAEFol dasiA Hed, dExAEY] wgn ¢33y
Ao A deide B2 dFAEd st Aoz ke FHIHo=R
AAEHA 8rs)ar gtk Nagahama et al. (1983)8 Wi oA FA| XS0 FHuba Lo
steroid AYAHA|E7} BAESI=H], o] HEE0] A steroid hormone?] A2t} Envjd] #o
sithyr B stk 3 Wallace (1978)= AXAMEF FubZoA] ALHE = estrogend]
zZhgol o8] zrollAl vitellogenino] {AFEHM, olEo] FRHE we GRAMEZ 1A
lipovitellin®} phosvitin® 2 Y334 FAFEZDo] Ay BusAu. watr XA X7}
AH dEZ Aol B3R = LAY (B, 1989), steroid TEE-S AP+t o] T E R
TAZAA GG A FAHE SAdctn BHuro] gled, (Aida et al, 1973a,
1973b), Wolel A9= GEAE WelXe] dFPHL dxAxFe] e 3 B«

HAZY AEE KoM dFFAS AT =
As FAsE dgAdel S AA (autosynthetic vitellogenesis)¥ o Xz 2o A A A
H estradiol-178 (Ey7} /& w} (P22 02 o]F 38ty vitellogenin (‘r_‘r:'%%j?iﬂ)O] LA &

2 U] F5ol8) o] 1A =4 o8] dgE Aol dojvbe &
3o el 34 (heterosynthetic vitellogenesis)e] dojybar o] F o) o]
dagdo]l dojy= Aoz #AZHSY I 170 yelhdnle}l Zo], AW A FR A
Eoxe FAA o3 Fx} A%t dRAEA W FdsH, q} sploldA HEE

Zgolzt AME (intermitochondrial cement)’} &3} 53], & v|EZE=glol g9

>

TG Edse AALETY £ cement AR (G A, AW F)o] niEEE=Lo} o=
b olE9] 4 F7PF dolu rEZE=gelE]

Billard, 1984). 7] dP DA dRAEZAM= AA o1y EAQ d&HTA o] W
AlHe] &E (piye B SAIEAE (pinocytosis)ell OF] FAMEAZ Folo} SAEG
(pinocytotic vesicle o} o] AlZlell A A7 A ske T o3 GEFEEIF FAH
1, o7l g=rsted FERA EZEC] SHHNeH, o IFXE do WA (lipid
droplet)Eo] %2 HEZ=HolEd ZUAEAE AloldA £dsI3th o 2RE nEE
Edotet ZRUAXA S| ABH FAd BAshe Aoz FHHAT (Choi, 2007). A E
of ofs) Ay EAZE YA e rEE

it
2
N

mlo
ofh
o2,
rok

g
(oW
g
=3
&
)
o
B
rir
o
X
T
&
ot
o,
o
2
<
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=g o}e] cristae7} MEAEH ] o]5 HYH v|EF =g} (modified mitochondria)7} 3HHA
T2 A (multivesicular body)E #AshH, dEZAEL ojn| AZZAWE Eo2 204
FHATFTEAES ZFHY o & d3ATFAL 5, o]52 v ¥AHA F ¢ E A 1A%
&t He, A 12 G e A2 §9E Al 23}, 33 =27 HdT o9k o] H
ool Yopls Udel ALTHTIAT IR T IRFARFE o)
(Chung and Lee, 1985), # =] (Kang et al, 2004), E7FA0] (Jun, 2003), %<} (Choi,
2007) A= w9~ fFARHAl vEbbe dds BT

FES o E dRAET G-I go] dojue AT s Foll XA

O

|

o

!
i
Lo

WATEE ZAG AW, GRAZ 28se ATAT B/ IFINUA Fet
AAste] WAde YE WA GBY FNES FAN A2 FFA Hu, dEAT

d&ol ol2W, JEY I Jiee AEAR F3ro] #HAgEoa Huso] o
(Matsuyama et al., 1988). Wole] 95 WEAE] WAl Fut AlZAlojo] AlEHE T
AeEe ¢339 712 Fo & BEEHJoY dS5dRAETVE HE A e de F
HY Aoy, rlAgEE Algpdoh T8 AN didde d3e F3te] EAsh WA
) Fe|=e] #¥3 (homogenous layer)oll A &erg kel ¢IE 9ol O o] FYEZ ]
°o]Fd F gl ALZ UENET. o Holdi Yshue o9 Z2 A4S
Matsuyama et al. (1988)°] R 113t ZA}e} 250} (B. pectinirostris)©] A} AN ME o]} TY
g @S #EY = AT (Choi, 2007).

ol AhdA BEFed FAAHH 290l e TEXA YolAe AFAHAY
steroidAl T 28 AAEH M ES] Leydig M X (interstitial cell homolog)7} YE}aL 9l
t}. o|s} e AL Fx=du] (Kang et al, 2004)9} o] (Choi, 2007) )X & &0 s}
#&ZFH 3 Jged, olF Leydig N¥E7F A4 ded #ojsia e Aoz I#A Utk

ol FAFHe F4ske DHAE olFol wE d=vh WA, Anguilla japonica=
17 olde] mEZE=golrt FHS FAse wolgta 9o (Yamamoto and Colak,
1974), 5788 A/ Oligocottus maculosusi=  27)|(Stanley, 1969), 12]il Pantodontidae 2

3o,

[‘

Pantodon buchholzidl A= 97]¢] mlEZ=dolr} FHES AT 3HY (van Deurs
and Lastein, 1973). 1&ju} Hojo| THE JAshe @9le 571 Be 2 o4 Ae=

HolE ¥olE o]F (Perciformes)Z FA& FERE R ATFAA YeElues
upo} o], e H4L4AY (seminiferous lobule)o.2 FAHO] o ®olo G

5
ol 27dad Z¢ AAAES} ARAEEC] W3 o5 AXxdA nEE=go}
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e

7t AW E  (intermitochondrial cement)’} &3¥ 3w, ©]
reticulata)®]  RDME} ARATNNE  =dsgz  (Billard, 1984), FHi-enl,
(Hexagrmmos otakii)9} 501, (B. pectinirostris)®] AQAEZ} AWM ENAME et 717}
olejA eolge] U7t Edsle AR BRIl At} (Chung et al., 1997; Choi, 2007).

Ao 3], (Poecilia

PM

Toury et al., (1997)2 7ZAZF]FH doAFH} ofF 9 AL WA intermitochondrial cement
g F23<et, ©] cement £ &Kol EAste dHHE] FYE o]FA e HEE

I

Hols £o 7 Eojrl Agddtn B3ttt w&EkA intermitochondrial cement:= T
EZ=gote 4L fd 2UEe U ALAEY ARAZE AXxHAM EH3l=
Aoz AtRdEL

Mattei et al. (1993)2 ZAIFolF<o AXIAHL cystdF semi-cystB ] F71#] Fejr}
Joti Rastgon, e AFolFE cystd BAFAA S st cystE &olA] dof

v ASE Haxo] Uth (Gusmao et al., 1999). £ ZAtoX BT, (B. pectinirostris)
£ A2 Te 99 wAE 2E oF FHY gstE A A8 B, 27t
cyste= T W gAY AYMEE JHAE Aoz dFHUTH

Hol A4 W] FAAY (seminiferous lobule)dt 4 Alolo] B33l gles 7HAXE
ol A8 A steroidA Z2E EulAZE 4# A Leyding A|E (Leydig cell)7} =33}
3 goh 2Eeh B oA olF AEY WL Addl wet aeln YAME BDH

HF7)d weh sE2olE EulARe ok 277 Wake Aoz BRaHe| Ut (Payne
et al., 1996). o]e} 2 @AJd #a|xe $AFe] Orzias latipes (Gresik et al., 1973), =#jn]
H. agrammus (Chung and Lee, 1994), F=ev] H. otakii (Chung et al., 1997), %] B.
pectinirostris (Choi, 2007), ol = dHo] A s HiEo] Ut} dHkz oz ol For 1}
Bl Leyding AMlXe 3153 IH-FolA veEe Leydig A} Zol, 1) ¥4 729
g, 2) #F ZA2HE e nEFE=Ye} 3) g FHAR &3 F A FeE 5
AES 7HA7] el oF/9 Leydig MXE XFF9 Leydig Al¥ 9 homologue® X 11
= o] At} (Follenius and Porte, 1960; Follenius, 1964; Payne et al., 1996). AX|E71A] w-&
oJFolA FEAAHE B AIRY ZHZolm RuAMIZEA TEAHI glor
(Follenius and Porte, 1960; Follenius, 1964; Chung and Lee, 1994), &3} & 918 ==
W ZYLEE e P WEZEZCLE e AEZEL 2 RoEE FAstE Al
ZEAA B4 UeEye Aoz 4yA dr} (Christensen and Gillim, 1969; Fawcett et
al, 1969; Chung and Lee, 1994). 8|1 w¢k Leydig /¥ Eo] AAF o FALTA R
7HE A9A ohd, 2 AlEE 2EHElE dAM]se] e AXE deA ok
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oM HAHAY. dutdoz AWAHAEL 153 HFFEY Leydig MEdA] #ZEFH
3 o, AFAAFY AT &F59 FE =, Esox lucius (Grier et al, 1977), E. niger
(Grier et al., 1989), Oryzfa latipes (Gresik et al., 1973), Poecilia reticulata (Follenius and
Porte, 1960), Sebastes schlegeli (Chung and Chang, 1995)& A5}, WFE9] FoA=
Leydig cell o] A& o] E¥sle Aoz HiHo 3t} (Pudney, 1996). ool -2
= Leydig AlX oA A E] #FHNoY, 92 Follenius (1968)= Gusterosteus
aculeatus] Leydig cellEolA= FH 3 7ogt Aol #AHATT BIsHTE Leydig
AZ WA Edste AWd T Hshe A o8 24 Jehves 3eE Ba
o} edl (Pudney J, 1996), & £AtolA ®ol8] Leydig Al¥Ew= BAEA ol Aoyt
AlEebE AA7IRE ol MESFTE AR F71e7] AlFste wijAg ulE AR e wA
Foll Leydig AlX2 3 F7tet Ad o]l 7P & Aoz #FAHJA, iy F
£ Gasterosteus aculeatus (Follenius, 1968)2] Leydig M| X oA &3 Yelys=, ol
131X 31 AZEC] 955 H, MEL7]HAA (cell organelle)59] £ ¢ I &Aool
Aol WoldNE #AFHo FAE BEFE HAh

Gresik et al.(1973)°)] 2]3}H, Sertoli AEZE-L2 G4 oAl AAAEET JAHsS &

dabed o5 AEEL 1) 9LTF 2 ANERE, 3) 2uRol=y BH 3717 7]

O

ol e
4 2

olr
By

5]

rr

T8 7IAE AR RuHY Qlth Chung and Lee (1994)& =@ w|, (H. agrammus)o) A,
Chung and Chang (1995)-2 Sebastes schlegelio| A], Choi (2007)% B. pectinirostrisol| A Z}
Zte] Sertoli A|Z WellA mEFZE=d oL, ZHAEA, &5 AWHE(ZHZE FA
SAZAM)H v FAA dAEol BRIl doiyr] AAste AA7IRE XA
5] Aol F7HE 7] AFete] Asrlel FA7E AEE vFA7)7HA] Sertoli Al EE ] AE
2 WellX golstA #FHAT BuHol flon 53], d<rld g7 2834 A

Sof Sertoli MZ o] EAske AL AAE Fo] Y AAT] FARNE 9% F
A

o)

Gresik et al. (1973)2 %A} Orzias latipes2] Sertoli M UlolA H3} < AAMEE
o] flazgol 3 HAEAEo] dojute S BESNATUL Bt ojeh ¢
e ol sertoli ME WellA ZAaZZA 93 myelin-like organelles] J3 F&#
of B3, HAHs JHEES LoldlA #ZE & dNow, phagosome 7}7tolol= 2t
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o4 A (residual body)et AWz Eo] UYeti e s #FL  USdTh olef Zo]
Ho] A& o Sertoli A3 2,
BAEE HAEFE A 28] sertoli A7} 53}, FHAA tha BAIEE A A &
ke 715 she Aoz ddE o
AQFAHE she AFAFY AAEL T2 A5 HEZEZOLE Zte 1 HE
Zte AR E zte YA (primitive type)oll &3t} (Franzen, 1970; Grier, 1981;
Poirier and nichosn, 1982)1 R %o} it}

qREe] AdFAES st AFoR ARAA YEhds nviel o] Wo (P

argenteus)©] A type> AP A YA F (primitive type)oll &3}H,

e
Rl
>
o
o
m
rlo
r (
ox
©

L

u
iy
s
rr
o,
rlo
=
o
i
e
I
ob
rir

i

Q2}
A Fol zte diHFR B FRE Hola SIth E3Z Wo] A= EE AEFOFO
ALl HAE ZA B AH 2ol AV gle AR YeHY (van Deurs and
Lastein, 1973; Yamamoto and Colak, 1974; Yip and Bols, 1982; Poirier and Nicholson,
1982; Chung and Lee, 1994; Chung and Chang, 1995; Chung et al., 1997, Choi, 2007).
of Abde dutHo g AFolf{e dol dio] EAsy] WEel FA TRl AAZE 9
27t gle A #Ho] e AL Alsdh

olFelA Azt FHE A ©HE oFd w2 gE2d. WA, Anguila
japonica= 17 o]+ MEF=dolrl £HE FASE 99dn 9o (Yamamoto
and Colak, 1974), % =7l

Pantodon buchholzi+= 9712 vlE
Lastein, 1973). ¥ ZAlo A Hoj

o
mh

o
2

<1 Oligocottus maculosus~= 27} (Stanley, 1969), 1¥|i1
Fegolyl FHL FAItar 3T (van Deurs and

57 me 2 o)l e Fdske AeE AN

At}

AAHE FZA Yeh}Es flagellum lateral find 2}2}r]E  (Characiform), o]&-
(Cypriniform), ™ 7|5 (Siluriform clade)& A &3t tJRE A4S st oJFoA
Bl 9loy (Jamieson, 1989; Park and Kim, 1996), t)3E AP-AHLS st o F 9

&l

A= axonemal lateral fing 7}x|A] ke AOoE HIHo] 9lt} (Jamieson, 1989;
Chung and Chang, 1995; Lee, 1995). ¥ 7oA, WHole AH e Fo2 AR
= 2719 lateral fing 7HAl& olF= #TaHo] B ALY A= Jamieson (1989)9] 4 i}e}
o A gkt

2
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4 Wo] Mol 54 GnRHe| Ba 3
7}. 54 GnRH ¥ 54
AA7HA d# 2 GnRH o] §4 g FolA 71 tixdd /F 2F 2 o7
A AEHE A7FA BYe] GnRHY &3] (anti mGnRH, anti cll GnRH and anti
sGnRH) & o]&ste] ®o] HolA o Fej7t SHHEAE Gotdla, =3 AFI=R
A2 #EEE 54 GnRH7F ojd A2 A4 24 HEAE Fdofsie, Hole ¢
FERAIA HlA LddE 54 GnRHE o]&&taa gt

i1}. £0]F GnRH (sGnRH % ¢GnRHII)%A

"oz Asishol ofs FaH ol Mz M G =
9. @A7A QA GnRH FolA Al FFel A Bl ¥ =de] 488 A}, 2%

A
e
r" r
[

AA A % FHEREY AFHFe F2 5% $¥, 4B 2 I (Tectum)E
etk 2 99 & A9 AolA GnRH 19 W19 wkgo] Al Faael 274
A7F A UERAITHIE 24, B2). mGnRH &0 el A8 %4 vhge
Holz grott AANFAE GnRH 19 tistolE w2 etttk a5 %

&
-

A5l cGnRH [o] thal A 2173479 BE Ao 714 #4830

>
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a9 23 2@7] ol Me| FFUW BAE
Fig. 23. Diagram of paramedian sagittal sections of the flatfis brain, and the distribution
of sGnRH-ir on breeding season

Stars represent the ir-perikarya and dotted the ir-fibers. The most anteroir group
of cell bodies observed in the preoptic area. Bipolar cell body(arrows) of the preoptic
area(POA). Tract of ir fibers extending from the preoptic area to the pituitary stalk
through the mediobasal of telencephalon(T) and detected ¢cGnRH Il-ir fibers in the
tectum OB olfactory bulb; ON optic nerve; OC optic chiasma; Tc Tectum; C cerebellum
; Pit pituitary gland; OT optic tectum; MO medulla oblongata; SC spinal cord
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a9 24, Ab@7] Bol Mo A9 sGnRHS cGnRH-9] T
Fig. 24. Brightficld photomicrographs showing sGnRH-ir cell bodies(Al, A2) and
sGnRH-ir fibers(B1) in the anterior optic chiasma and c¢GnRH Il-ir fibers(B2)

in the tectum from on breeding season
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Oy 25, AANGRA Y3 4= L= FF optic chiasmaolA] TEEE sGnRH-ir A EA|E
BoF= Fadu3 A

I'ig. 25. Brightfield photomicrographs showing sGnRH-ir cell bodies observed in the
preoptic arca(Al) and anefrior or posterior in the optic chiasma. sGnRH-ir
fibers detected in the anterior optic chiasma(A2), the pituitary stalk(A3)
through the mediobasal of diencephalon, telencephalon(A6), olfactory
bulb(OB, A5) and saccus vasculaosus(A4, SV) on the breeding season

=118 =



T8 26, AAMZFAA AT @S == FHE optic chiasmad] 4] FEEE sGnRH-ir A ZA=
HelFE e A7)

Fig. 26. Brightfield photomicrographs showing sGnRH-ir cell bodies observed in the
preoptic area on breeding season(Al), before(A2) and post(A3) breeding
season. sGnRH-ir fibers detected in the anterior optic chiasma, the pituitary
stalk(B1) and saccus vasculaosus(Cl, SV) on breeding season, before(B2, C2)
and post(B3, C3) breeding scason
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Az syl ot
¢GnRH T o] dhalo] Fdut-&& Bof ofe] F/o] GnRH peptide7t EA8HE AJA

st ok HSo] & AE ofFolA #AFJAT GnRH I (Powell et al, 1986; Yu et

e
2
“‘“‘}J
r
&
3
T

HzAo A sGnRH # ¥+ oz},

al., 1988, Okuzawa et al., 1990) & T} o] 2458 FHuwAd 9o, mGnRH+=

il
f
i

EAHA & Aoz FHaad.

w80l Hod e sGnRHE} cGnRH TI7F M2 oh& A Yol A= sGnRH
B oFaq, AN, NSy, AZ-AAEE R s A o)A, GnRH s 439t A%
Al we go] AEHYTE B3] GnRH e HateAdaE A8 DAA ggron,
sCGnRH7F o] the Bonch Ay, A5, 9 Hsiizor] 2o ko] AZHY T,
cGnRH IIE= ¥ AAe] WA HAA oy} 53] dgor e 2 E43ge
BastgthKim et al, 1995). 2@} ddolr} #Rolsl g & Holye ks
cGnRH 17} @7 gl vhs g o|th(Kobayashi et al., 1992, 1994). 53 ZFolF = oA
Ay or o8 FR9 GnRHe £2E 493 g, 9] (masu salmon)o

M sGnRH 94 AZATAZY F447, 549, 221 A¥9 25, AN 29 =

rE 2w
2 X o

2

© AR NA Ao o2 IIAA ThFE el A Fxsta 53] HspgAld AR A
A=lojth cGnRH 11 A AAAZA = S A (tetum)A] Foj 4] FHHY oM,
AAH o2 sGnRH 44 A7Z4dw12 571 «GnRH 1T 984 234/ Et 24 gtttz
B AT (Amano et al, 1991). |5 AFAEL sGnRHE GTH #u]o] z2dx} #at ofy
ot AAxAAZA 285t GnRH e AA2dAEA 3 Ag8ite AL AAE
(Amano et dal, 1997). =3 FEE F FF7 25 GTH &4 8= Byt ojye) 4l
AzAARA ZAgste Aoz Budd (Kim et al, 1995). B AFdA Hole =dt
= 22 W sGnRHell tigh ¥4 whgo] g8l 3 24 Widold 22 I
1 A AuvrAon Yt thKah et al., 1984, 1986). cGnRH I dojof|x] o]
ofell Mz o] I7f AHolA wh A E AT whebx] ol M e sGnRH= A2 247}
ZA], cGnRH [I& 214AG BEdzxor 33 288 2oz A glirie] v 7
Folf o AHLASEE2E B E2E A ds fAE AoE AZEAG

gk Wezzstagye] st & dye Wole] ) 2Ao)A sGnRHe A 4574
upe} =) Aozt Fg #Ql &tk ol sGnRH7F Wo] o] HREoA W7o I

A3 A F718ka W Ade)A ExFS 1tk o] A2 sGnRH7F A2 3 WA sl

T,
0

by

=

X

o kT
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oje] AHRRE FHojFo e AEdti s Wl
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1 15 30 45 M

1§ 27. primer combination E/ATG-M/CCCE ©] &8 AFLP fingerprinte] ®|i
1~15 lane; Pampus argenteus, 16~30 lane; P. chinensis,
31~45 lane; P. echinogasler.

Fig. 27. Comparison of AFLP fingerprint patterns using a primer combination
E/ATG-M/CCC
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3 10. Wold 3% 9| AFLP w7 4
Table 10. Summary of the detection of AFLP markers of the three species in the genus Pampus

Information of AFLP markers P. argenteus P. chinensis P. echinogaster
- Total number of primer
- 3 3 3
combinations
- Total number of bands 155 103 156
- Average number of bands 51.67 34.33 52
- Total number of polymorphic 139 30 153
markers
- Average number of polymorphic 463 10.0 510
markers
- Average percentage of 89.68 29.13 98.07
polymorphisms (%)
- Average genetic similarity 0.725 0.939 0.761
- Average heterozygosity 0.0402 0.0415 0.2854
C e 0.2573 0.0444 0.3058
- Average genetic diversity +0.1325 +0.0244 +0.1570
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Table 11. Pairwise distance and Fst calculated between three species in the genus

A
i

E 11 AFLP 48 F3 Hois 353k Add fAfA2 2 ezt

Pampus by AFLP analysis

Species P. argenteus P. chinensis P. echinogaster
P. érgenteus — 0.6530 0.2397
P. chinensis 0.7286 — 0.6294
P. echinogaster 0.3300 0.6868 —

Pairwise distance, Ds (above); pairwise genetic differentiation, Fst (below);
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£ argenteus

s §F

T
T §b

54

F. echinogasier

B, chinensis

0700 0.525 0.358 L3175 §.000

(B) Genetic distace within species

r
oE
2
o

1% 29. UPGMA clustering W0l o] 8" 47 Al vo]gE 7%=
3% AT LA AR HoFe ¥
1, P. argenteus; 2. P. chinensis; 3. P. echinogaster.
Fig. 29. Dendrogram showing phylogenetic relationships among three species in the
genus pampus based on genetic distance data constructed by the UPGMA

clustering method
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Fig. 30. Schematic diagram of catching station in living area of the wild Silver

pomtfret. CP : Catching point.
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Fig. 31. Capture methods of nature silver pomfret
A. Drift gill net B. Set gill net C. Small stow net on anchor D. Fish fence

— 132 -



o
A+
K
=
ok

B

B

2005

o},

R

SEPIE PR

F

3]

&
=

=

bk GALEY HolE e 724

[

[e}]

Ftow, Az Al

o

ok Q.
2

ol
o] OTC (Oxytetracycline HCL)

(<

P19

I

s

(o]
fo2]
=4

‘.IF

A}
A 7

ol
=

3]

P
s

lo] OTC (Oxytetracycline HCL) 100 ppm &2

101 o]

A

S

2.

371 4]
150ppmeo. 2 1Y 2A17H¥ 2¢

&

bof o] iq]

S

|

(o]

= 2
= B

=3 °]

o

K

o

o

o

3}

<

[e]
OZ“

-

7l HA &4

L

7}

7.5~85mng/ ¢/ =

stk 547 S5

=

=

S

=
=

=

]}

A

st DO

©

5t

3

A+
L1
o H

=

=

=

3z|dos =4 #g

L —

d| 2k

A
- 133 -

oll %

bl w7hA)

S

+od

o171 4

==
=

10~153] 4, 5371

=
=

-
T

]

Az AA7l 5L Siphono 2 A A

e FAA ) HAL

=

BE AR
ul



£ 12 A4 Yol AXAF B AgSEd 5o g
Table 12. Water temperature, specific gravity of catching field, and culture tank with
Silver pomfret

Water temperature(C Salinity (%)
Capture period
Capture area Culure tank Capture area Culure tank
2005.10.13(first) 18.9 19.1 32.4 31.1
2005.10.14(second) 18.7 19.0 324 311
2005.11.13(third) 16.5 16.8 324 32.4
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Table 13. Catch amount and survival rate of wild Silver pomfret

. Capture Average Avgrage Mortality Survival Survival
Capture period ‘ length weight (fish) (fish) rate
(fish) (cn) (® (%)
2005.10.13(first) 196 9.7 15 115 81 41.3
2005.10.14(second) 189 10.1 16 92 97 51.3
2005.11.13(third) 112 11.8 26 67 45 40.1
A 497 10.5 19.0 274 223 44.8
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Table 14. Breeding result of natural captured broodstock pomfret

At the start of maintenance

Date 2005. 10
Number of fish 20

Total length(cm) 10.4+1.3
Body weight(g) 18.2+5.8

At the end of maintenance

Date 2007. 8
Number of fish 20
Total length(cm) 21.7+2.7
Body weight(g) 145.6+48.3
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Table 15. Gonad maturity in rearing broodstock

Sample Body length  Body weight Gonad weight

Division ] GSI
(fish) (cm) (©) (8)
Female 3 21.3~23.8 160.5~172.8 3.01~3.32 1.87~1.92
Male 3 13.8~14.2 - 54.3~58.6 0.25~0.29 0.46~0.49
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Fig. 37. Gill and skin of parastitic Amyloodinium sp. silver pomfret (x 40)
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Fig. 38. Result of gonad maturity in silver pomfret
A. Maturity female B. Female of gonad weight
C. Maturity male D. Male of gonad weight
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Table 16. Environmental condition of spawning areas

) . Water )
Times Analysis areas . Salinity (%)
temperature(C)

Younggwang-gun
2007. 5. 23~24 Nakwol-do 16.9~17.0 324
Shinan-gun Limja-do

2007. 5. 26~27 Shinan-gun Limja-do 17.2~17.3 324

Younggwang-gun
2008. 5. 15~16 Nakwol-do 16.2~16.5 324
Shinan-gun Limja-do

2008. 5. 23~24 Shinan-gun Limja-do 17.1~17.4 324
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Table 17. Result of gonad maturity in silver pomfret

. L Body length Body weight Gonad weight Samples
Times Division GSI ]
(cm) (®) (&) (fish)
Females 29.8 512 38.3 7.48 13
First
2008.5.15~16
Males 27.5 349.4 7.63 218 12
Females 31.8 608.7 1109 18.21 13
Second '
2008.5.23~24
Males 28.2 351.5 10.7 3.03 12
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Table 18. Hormone injection for spawning induction with Silver pomfret

. Females Males Injection
Times . . Hormone
(fish) (fish) concentration
HCG 1,000IU/kg
2008. 5. 31 20 30 + +
LHRH-a 30ug
2008. 6. 01 23 38 HCG 1,000IU/kg
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Fig. 40. Annual water temperature change at catching station of wild Silver pomfret
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Table 19. Hatching rate of fertilized egg

Time of Fertilized egg Nonertilizedegg Fertilized rate
Years _ Egg (cc)

sapwing (cc) (cc) (%)
5. 25 250 150 100 60.0
6. 03 120 70 50 58.3

2006
6. 11 470 250 220 53.2
6. 13 350 150 200 42.86
Subtotal 4 times 1,190 620 570 521
6. 14 1,500 150 1,350 10.0
6. 23~24 60 30 30 50.0

2007
6. 30~71 790 350 440 443
7. 2~3 70 50 20 71.4
Subtotal 7 times 2,420 580 1,840 239
6.3 370 120 250 324
6. 14~15 250 100 150 40.0
6. 16~17 990 690 300 69.7

2008
6. 1920 370 160 210 43.2
6. 21~22 220 110 110 50.0
6. 23 340 120 220 35.3
Subtotal 10 times 2,540 1,300 1,240 51.2
Total 21 times 6,150 2,500 3,650 40.7
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Table 20. Hatching rate of fertilized egg

. Fertilized egg Hatching Hatching rate

Years Times (ea) (fish) (%)
5 25 67,500 27,000 40.0
6. 03 31,500 17,300 55.0

2006
6. 11 112,500 50,600 45.0
6. 13 67,500 30,300 45.0
Subtotal 4 times 279,000 125,200 449
6. 14 67,500 6,750 10.0
6. 23~24 13,500 4,050 30.0

2007
6. 30~71 157,500 110,250 70.0
7.2~3 22,500 20,250 90.0
Subtotal 7 times 261,000 141,300 54.1
6. 3 54,000 43,200 80.0
6. 14~15 45000 27,000 60.0
6. 16~17 310,500 15,500 0.50

2008
6. 19~20 72,000 50,400 70.0
6. 21~22 49,500 34,600 70.0
6. 23 54,000 35,100 65.0
Subtotal 10 times 585,000 205,800 35.2
Total 21 times 1,125,000 472,300 42.0
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Fig. 43. Developmental stagy of stagy in silver pomfret
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Table 21. Egg development process and morphological change of Silver pomfret

Time of development
(After fertilized)

Developmental morphological change

Stage of development
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Fig. 44. Hatching rate of fertilized eggs of Silver pomfret by various water temperature
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Fig. 52. Culture of the juvenile Silver pomfret in the culture tank
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Table 22. Decrease rate of fry and juvenile

Hatching Second 10th

30th

90th

Years ) Final(%)
(fish) days(%) days(%) days(%) days(%)
1.3
2006 125,200 8.8 35.1 44.7 10.1
2007 141,300 10.6 41.1 48.3 - 0
2008 205,800 10.2 423 314 8.8 7.3
Total 472,300 10.0 40.0 40.0 6.5 3.5
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Fig. 59. Releasing event for juvenile Silver pomfret
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