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SUMMARY

| . Title

Development of Aquaculture Technique for Marine Omamental Fish**

|l . Objectives and Importance

According to the top 10 prospects in the 21th century suggested by the
World Future Society, the human population of the world may be stop
expanding from 2035, but the number of pets will be supposed to increase
dramatically in the future. In other words, the pet industry in Korea will be
perspective for the future due to the following reasons a) pets can contribute
to children's emotional development, b) they may provide one way to solve
the social problems with regard to the increasing unmarried adults, nuclear
family, aging society, and the estrangement of human being, and c) the
number of devotees will be expected to increase because our government
started to adopt "5-day working weeks arrangement” and thus more people
can make use of their leisure time to enjoy seeing a variety of beautiful fishes
at home.

The aquarium industry, one of the main pet industries is valued almost
US$ 15 billion and it is estimated that 1.5 and 2 million people keep marine
aquaria in the world. For this hobby, living marine animals are trading
throughout the tropics and the trading amount is estimated to be US$ 200-330
million dollars annually.

Unlike freshwater aquarium species, where 90 percent of fish species are
currently farmed, the great majority of marine aquarium fishes are stocked
from wild caught species, and thus over-harvesting causes wild stock
exhaustion especially in the popular marine aquarium species. In addition, as
every country supplying marine organismsto pet industry tend to make strong

_13_



regulations and restrictions on the exportation of those fishes, the necessity of
marine ornamental fish aquaculture techniques become persuasive.

There is little doubt on the importance of aquaculture industry including
both food industry andornamental industry. The latter is valued more than
US$ 15 billion and thus more and continuous efforts have to be made to
develop this industry to gain economic profits of the aquarium industry in
developing countries.

The potential of marine ornamental industry in Korea are recently
recognized and several cities (Seoul, Busan, Gangneung, Yeosu, and Jeju) are
promoting to construct the large-scale public aquarium by using foreign
capitals. Besides this movement, however, all kinds of ornamental species are
imported from foreign countries, and there have been only few studies on
ecological characteristics and breeding techniques of these fishes so far.

Althoughtropical fishes as a pet has more than 60 years of history in
Korea, we spend more than 10 billion won every year in order to import
marine ornamental species from foreign countries. The reason for it is due to
unconcern of people and the government on the development of aquaculture
technique for marine aquarium fishes unlike marine food fishes. Many experts
are guessing that the real demands for marine ornamental fish industry are
coming within 5 years, and expecting that the artificially produced species
made from the aquaculture production can be exported to foreign countries.
However, artificial production technology for marine ornamental fish is just
beginning stage in Korea and thus need to be developed as soon as possible.

Ornamental fish market in Korea is mainly dealing with tropical
freshwater fishes, goldfish, and fancy carp. The size of the market is about ten
billion won as the volume of annual business these days, but it was more than
100 billion won before IMF, financial crisis.We are expecting that the size of
ornamental fish market in Korea will be recovered to be that before IMF soon
and will grow rapidly in the near future. By the way, as most of expensive
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marine ornamental fishes are relying on importation and thus their
expenditure tends to be on the rise.

To develop the aquaculture technique for the marine ornamental fishes,
this study has been performed with the following objectives 1) making
astandard for target species; 2) arranging the lists of potential ornamental
fishes distributing in Korea according to the standard; 3) investigating coastal
fish species collected through fishery; 4) developing aquaculture techniques
including acclimationfor artificial culture, reproductive control of breeder,
reproductive ecology and physiology, and seed production 5) making a
large-scale production of more than 2 species.

Ill. The Content and Scope of Research

1. Searching, collecting and acclimation of marine ornamental fish.

Searching and collecting the potential marine ornamental fish, and
establishing technology for their artificial breeding in the captive condition.

2. Studies on reproductive physiology of marine ornamental fish.

Investigating sex maturation and reproductive cycle of marine ornamental
fish.

3. Studies on reproductive ecology of marine ornamental fish.

Stock rearing, rearing system, ecological investigation in the captive
condition, reproductive ecology.

4. Artificial seed production of marine ornamental fish.

Living food production, reproductive cycle, artificial hatching, larval and
juvenile rearing.

5. Large-scale seed production of marine ornamental fish.

6. Technology propagation and economic analysis for commercialization.

Organizing a symposium to propagate the developed technology for related
industry, participating in the exhibition, and economic analysis
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V. The result of research

1. Searching, collecting and acclimation of sea omamental fish.

1). Searching and classification

128 potential marine ornamental fish species were classified into
taxonomic groups such asa sort of moray, butterfly, pipefish, scorpionfish,
goby, damselfish, hogfish, gunnel and puffer.

2). Investigation on the fish fries associated with drifting seaweed.

Total of 56 species were observed from drifting seaweed in coastal waters
near Tongyeong City, Gyeongnam province. The size of collected fries with
net were varied from about 1 cm (damselfish fry) to about 34 cm (scarbreat
tuskfish). and the dominant species in fish collectionwere damselfish, yellow
chromis, fourstripe cardinalfish, scarbreast tuskfish, pudding wife, cocktail
wrasse, multicolorfin rainbowfish, heavenly damselfish, butterfish and
juveniles of

3) Acclimation for domestication

Three species including white girdled goby, gunnel and net knot filefish
were successfully domesticated for 2 months after collecting from drifting
seaweed.

2. Reproductive ecology of marine omamental fish
1) Establishing a standard for selecting potential marine ornamental species
The standard for selecting sea ornamental fish can be varied according to

the different points of view. However, the standard was here established based
on the level of popularity in world aquarium trade.
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2) Investigation and collection of fish selected and intended to be
developed as ornamental fish.

(1) Investigation on fry associated with drifting seaweed in coastal waters
of Samyang, Jeju Island.

The fishes collected from the coastal waters of Samyang were 54 species,
which belong to 33 families and 8 orders. Order Perciformes showed the
highest abundance with including 33 species and 20 families.
OrderTetraodontiformes6 species and 4 families, whereas Order
Scorpaeniformes held 8 species and 3 families. These three fish orders
included 87.0% among the total number of species sampled.

The fish species intended to bedeveloped as ornamental fish were three
species of the genus Apogon (A. lineatus, A. kinesis, and A. semilineatus).
They covered 94.4% in total number of the Apogon individuals sampled in
July.

The sampling species in the Family Pomacentridae were Abudefduf
sordius, A.vaieiensis and Chromis notatus. Whitespotted pygmy filefish,
Rudariys ercodes, wasthe highest abundant species for a long time from July
to December, and it was appeared 97.2% in the total amount of appearance
species.

(2) Investigation by using fish traps

22 species and 12 families of fishes were sampled by spring fish trap in
Samyang area. Among them, some fishes such as pudding wife, striped catfish
and damselfish can be attractive to ornamental fish mania. It was possible to
collect pudding wife and striped catfish all the year.

(3) Investigation on the fishes collected from the tide pools or by fishing.
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The investigation at the tide pool had been conducted from October 2001 to
July 2003. The fish species intended to be developed as ornamental fish were
indo-pacific sergeant, yellowtail sergeant, black spot sergeant, barred flagtail,
stripey and wormfish. These species inhabited tide pools from June to July
every year.

21 species of fishes belong to 16 families were collected by fishing method
between fall and winter, and these fishes were composed of low-valued
ornamental fish species exceptpudding wife which we consume as a food fish.

(4) Feeding adaptation and domestication breeding

Stablefeeding adaptation of the fish collected from the outside is very
important for the artificial breeding in the captive condition. The general rules
for feeding adaptation are as fallows:

(D After classifying based on their body size, it would be effective that
more fishes are accommodated to let them compete each other for food.

(@ The larger fish collected from the wild, the longer time took for feeding
adaptation.

@ If you have the fishes showing successful feeding adaptation,
non-adapted fishes can be held in the same tank with adapted fishes to learn
feeding behavior of other fish.

@ The feed must be slowly provided to the fishes that can recognize the

fish food under the stablemosphere. It would be better to avoid loud noisy due
to sudden actions or speaking near the culture tank.

_18_



(5 The water quality should be maintained as good as possible during the
feeding adaptation by the removal of food and wastes settled down to the
bottom after feeding.

® The fisheslike Banggai cadinal fish (Pterapogon kauderni) is inclined to
adapt well to the new type of feed when the live foods are supplied to them,
but it was veryto transfer feeding preference from living food to artificial
feed.

3) Seed production

(1) Family formation

Most of clownfish, beyond 5 cm in total length, reaches the stage of family
formation to mate with their sexual partner. During this period, some
individuals are often dead because of territory and influence competition. At
the stage of family formation, the tank should be accommodated with various
sizes of fish of big, middle and small size, and it would be better to avoid
keeping the similar size of fish in the same tank. Also, if you find any
disregarding fish at the stage of family formation, it would be better to get rid
of it as soon as possible. In addition, continuous careful observation is
required because family formation is sometimes consisted of only female if
there is no individual competition between family members.

(2) Spawning and care for eggs

The successfullymated female and male were not distinctive in most of
morphological features, but in their body size. With the exception of A.
clarkii, the mean body size of the males was about two-thirds of the female.
Mating can be successful in the case that male and female fishes are friendly
and enter a nest together, whereas mating should be reviewed if they behavior
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separately and attack each other bitterly. Near the spawn timing, female and
male showed the special behavior of cleaning around the nest. Most of the
first spawning was occurred at sundown, while 2-year-old breeder stock
spawned their eggs in the morning.

Spawning was conducted for an hour. After the female spawned 10 eggs in
a row along the nest, the male fertilized the eggs by following the female.
After spawning, the brood fish take care of the eggs alternatively by supplying
oxygen through water currents generated by movingtheir pectoral fins and
mouths. However, the male mainly take care of the eggs whereas the females
hardly did. Egg predation by breeder is sometimes occurred in either case of
having some problems in their nutrition or showing low rate of fertilization.

(3) Amount of spawning eggs from different species

There is a tendency of increasing in the number of spawned eggs during the
early stage of spawning period, and the amount was different according to the
size of brood fish. A. ocellaris having the small body size spawned from 121
to 520 eggs, while the number of spawned eggs were from 138 to 623 in A.
melanopus having slightly larger body size than A. ocellaris. Comparing to
these two species, relatively larger species spawned much more eggs, for
example, the amount of eggs were from 103 to 1,257 in A. polymus,and from
583 to 2,258 (mean 1763.9+427.9) in P. biaculeatus that is the largest species
we studied.

(4) Characteristics of eggs

The color of eggs in all species were distinct scarlet, but it can beorange
color approaching to white color when the breeders have some nutritional
problems or they are cultured at improper condition. The normal feature of
egg colony was oval and round shape, but the rate of fertilization is usually
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very low when the attached eggs are distributed sporadically at the wide area.
The individual egg has oval and peanut-like shape in its external
morphology,and was separative-adhesive type attaching to the substrate with
the attach gauze locating at one terminal side of egg. The sizes of eggs were
not much different between species. The mean length of long axis of eggs
were 2.23+0.06 mm in A. ocellaris, 2.31£0.06 mm in A. melanopus,
2.46x0.13 mm in A. polymnus, and 1.99+0.03 mm in P. biaculeatus (largest
species).

(5) Spawning cycle

The four species of clownfish were spawned several times annually and it
usually takes 18 to 20 months to become sexual maturation. During this study,
we found 32, 23, 17 and 4 times of spawning from four pairs of A. ocellaris
breeders 27 times from a pair of P. biaculeatus 23, 13, 11 and 3 times from
four pairs of A. melanops and 8 times from a pair of A. polymnus. However,
their spawn was discontinuous because the female was sometimes dead due to
the serious injury received during the course of spawning. There were some
differences in the mean spawning intervals between species and even between
mating pairs of the same species. The spawning intervals recorded from four
pairs of A. ocellaris were 28.9+29.7 days, 15.8+12.1 days, 20.1+34.7 days,
and 24.3x17.2 days, respectively; 20.4+12.3 days from a pair of P. biaculeatus
and 10.1+3.1 to 21.7+13.1 days from four pairs of A. melanopus.

(6) Egg separation and artificial hatching

The time taken from spawning to hatching was different according to
species and water temperature. In all four species, the eggs were hatched out
within 1 to 3 hours after sundown. At the water temperature of 28?, hatching
began at 6th day after spawning inP. biaculeatus, at night of 7th day after
spawning in A. polymnus, at night of 8th day after spawning in A. melanopus
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and A. ocellaris. The eggs had better to be separated from the original
spawning place 2 days before hatching to increase the hatching rate.

(7) Egg development

The speed of egg development was little different depending on species and
water temperature. The eggs were hatched about 117 hours after fertilization
in A. polymnus, 125 hours after fertilization in P. biaculeatus, andhours after
fertilization in A. ocellaris. Egg hatching was not occurred underthe daylight,
but occurred occasionally in P. biaculeatus even during the daytime.

(8) Growth of clownfish juveniles

The juvenile growth of 4 clownfish species was similar until the 20th day
after hatching and then these fish grew much faster than before. At the 120th
day after hatching, an average total length (TL) of juveniles was 41.3 mm in
A. polymnus and 34.4 mm in A. ocellaris. At the 150th day after hatching,
high growth rate of juveniles was maintained and grew to be TL 52. 4 mm in
A. polymnus, TL 41.1 mm in A. melanopus, TL 34.5 mm in A. ocellaris, and
TL 32.46 mm in P. biaculeatus.

(9) Survival rates of juveniles

The considerable amount of juveniles were dead during the process of
transfer of the juveniles from hatching tank to breeding tank or at the first
feeding time. Also, the juveniles was sometimes dead due to over-feeding of
copepods or Artemia, and thus this time, 5 to 10 days after hatching, seems to
be the critical period of clownfish juveniles. The survival rates estimated at
10th day after hatching were 75.22% in A. ocllearis, 90.84% in A. melanopus,
97.55% in P. biaculeatus, and 49.54% in A. polymnus.

Although mutual cannibalism was sometimes observed until 30 days after
hatching feeding, the survival rates were slightly reduced but not much
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influenced by mutual cannibalism. It revealed71.56% in A. ocellaris, 76.57%
in A. melanopus, 87.52% in P. biaculeatus, and 40.06% in A. polymnus. At
60th day after hatching, survival rates were not changed much for a month
revealing 71.56% in A. ocellaris, 74.41% in A. melanopus, 86.56% in P.
biaculeatus. However, A. polymnus showed continuous mutual cannibalism
andthus its survival rate was reduced to be only 29.48%.

3. The study of reproduction physiology in sea omamental fish

Based on the stage of gonadal development and monthly change
gonadosmatic index, the reproductive cycle of Chromis analis, Plotosus
lineatus, Parioglossus dotui, Chasmichthys gulosus and Sagamia geneionema,
eligible for marine ornamental fish habited in Jeju coastal water were
investigated by histological examination. In the C. analis, mature stage of
male was June to August and spent stage was appeared from September,
while ovary of female has a few early mature oocytes, but perinucleolus
oocytes occupied the majority of the ovary. No ripe stage of oocytes were
observed. In the P. lineatus, mature of male was December to May and spent
was Mar to July. Mature of female was March to June and spawning was June
to July. Fecundity of mature female ranged from 525 to 1,176 eggs, positive
related to total length and body weight. In the female of P. dotui, mature and
spawning was May to June and July to August, respectively. In the
Investigation of spawning thythm based on the lunar cycle, spawning occurred
first-quarter moon, last-quarter moon and new moon. In the C. gulosus,
mature of male was November to January and ripe and spent was February to
April. Fecundity of mature female ranged from 3,348 105,346 eggs, positive
related to total length. In the female of S. geneionema, ripe and spawning was
February to April. Fecundity to mature female ranged from 914 to 1,121 eggs,
positive related to total length.
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4. The development of artificial seed production technique in marine
omamental fish
The targeted aquarium fishes were damselfishes, seahorses and two
sharks in this study. And these potential aquarium fishes were reared in the
Jeju Fisheries Research Institute (Nam-Jeju hatchery) of NFRDI. They
included yellow chromis, butterfly fishes, angel fishes, lion fish and sharks
etc. Sampling has been attempted by using various net typesfrom June to
November during the experimental period. But survival rates of the fishes
sampled from the wild were not so good. To secure the breeder of seahorses,
we tried to catch them in the southern cost of Korea or imported from the
foreign countries. Culture techniques for some potential aquarium fishes were
developed and the larval raring was successful in some fishes including two
sharks, Triakis scyllium and Cynias manazo, and two seahorses, Korean
species Hippocampus coronatus and foreign species Hippocampus barbouri.
In Korea, most of marine aquarium fishes were imported from
oversea. Incoming costs of marine aquarium fishes were consisted of the
original price of fish and several transportation and fees. As results of this
study, the price of marine aquarium fish itself is 54.9+4.3% and total
including fee (freighting cost, document fee, handing fee, fuel & surcharging
fee, securties fee, banking and packing cost) is 45.1+4.3%. Therefore, the
international marketing value of artificially produced aquarium fish is very
high.

5. Economic analysis of commercialization
During the first year of business, five species of clownfish were plan to
produce. If we secured 10 thousand fertilized eggs of clownfish and their
survival would be 40-45% in course of seed production and also another seed
production from cleaner shrimp, candy shrimp and 2 seahorse species would be
successful, we expected that there was a loss of 240,500 thousand won mainly
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due to the investment for many facilities and equipments. However, It are
expecting that we can make a profit of 194, 840 thousand won during theyear of
business.

V. The plan on its application in the result of research and
development

Section 1.The purpose of research
Development of culture techniques related to seed production has been
attempted through the sampling of breeder, acclimation for domestication,
understanding of reproduction ecology and physiology for development of
culture technique of sea ornamental fish.

Section 2. The result of research and its applicable area
It is possible application of industry, education, leading and policy with
development of culture technique on5 species in sea ornamental fish of
global popular, have being research about 4 species set in production stage
after the study of made a basic, It is push on industrialization with the
participate in research, it is possible application as lecture text and data in
college, will be application as leading data to other industry and aquarium.

Section 3. The expecting effects in theapplication of research results

The present time, The market of sea ornamental fish consist in a large
number of import and distribution traders in domestic and have not the
domestic business with technique transfer possibly, it will be push on venture
business with application in result of developed by researcher. it will be
expectation with the effect of reduction out foreigncurrency with the sea
ornamental fish import, at the stage of development trial in several nations,
we have the purpose of prior occupation profitable point in world aquarium
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trade by transfer to export industry and than export to Chinese market with
the promote to large scale aquarium and Japan.

Section 4. Problems and difficulties in the application of research results
Although we tried to transfer developing techniques to domestic
business of sea ornamental industry, they are mainly relying on import and
distribution business with the ornamental fishes from the foreign countries
these days. Consequently, the support of 2 hundred million won from the
government is needed to found a venture business and to cover the cost
oftechnique development for more valuable species.
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o AA waw gyel Auge Y Fr WEEA Bn A2t HAAI} Fi,
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Frow A% FHoRd £ F 592 bobge gHBES

ksl
5 Q- AMBE 25 A5AE
of B Holubl § Aol petityl WAEI N Ao ww gk olv] I, f1,

ARG v Ao £, ANPIAE AE Ao B BUL Holwm o,
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Nl

& A pet’&oé«] A el T o] Ao 7HX = of USS$ 1509 (15%4)
@5t (Bartley, 2000), & A A Al 150%kel A 298wk 1589} wj =gl A vk 60%F 7h-7} &l
FEAS Easte Aom JAHJ ”0}0]‘” HAES &5 T o 792 o
F 29739 3" 2 ZFATE e AAAY AR Ao m A Ao el 2 A3
%31 9l tH(Wabnitz, et al. 2003).

FHAF IS Qe dosste]e] ¥y &2 1930 Sri-Lankaol A w-$- 42 If

B A AT 592 1950 Akololl Frol= k(e sketelst A )7t BolAl= A
I A et ol MEd A4S vid EFIAR, slaFHaTde F Ut
Az FABZAFAE T - Frol e oF 10%%2 FAstaL UAtHWabnitz, et al
2003)

GMAD(Global Marine Aquarium Database)~ UNEP-WCMC(United Nation
Environment Programme World Conservation Monitoring Centre) , MAC(Marine

Aquarium CounciD®} F&U= + 993 (o, [AKKIL Indonesia Coral, Shell
and Ornamental Fish Association], [PTFEA: Phillippine, Tropical Fish Exporters’
Association], [OFL: Ornamental Fish Internationl], [OATA: Ornamental Aquatics Trade
Association]) AlelolA FEAE T2 AEZ 2000 wHE] AT o] AL ofFolE %
S A SRR RS AT SES RobA ZEIAOR o FHRAF A w3 A
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ol AR AFRE Fotst= Fo] ZheehA A 191 FH 2003d Abele] ARE A
213t A3E ®H Tablel® Z}

Table 1. Total number of fish in ornamental fish trade

worldwide (GMAD: Global Marine Aquarium Database)

Total fish traded Total fish traded
Year (exporters' data) (importers' data)
1991 - 530,612
1992 - 639,070
1993 - 541,063
1994 - 467,715
1995 - 550,028
1996 8,540 812,661
1997 5,268 629,847
1998 15,739 1,326,953
1999 642,961 1,383,106
2000 1,695,414 605,532
2001 1,122,217 434,760
2002 94,084 17,481
2003 4,183 -
Total 3,588,406 7,938,828
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Table 2. Main source countries of marine ornamental fish

* No. of fish exported * No. of fish exported
Origin . ** % Origin . ' ** %
(exporters' data) (importers' data)

Philippines 1,523,854 43 Unknown 3,556,772 81
Indonesia 943,059 26 Indonesia 316,355 7
Solomon Islands 416,262 12 Fiji 237,872 5
Sri Lanka 183,537 5 Philippines 81,294 2
Australia 173,323 5 Sri Lanka 60,220 1
Fiji 131,746 4 Solomon Islands 25,732 1
Maldives 78,018 2 Maldives 22,165 1
Palau 63,482 2

Total 3,513,282 99 Total 4,300,410 98
* Total number of fish traded as derived from exporters’ and importers’ data for the

years 1997 to 2002 in GMAD.

x% Percentage of total trade for individual countries is also presented.

GMADel Sl dHolgd m=d Ear]e] 49 F 1471015 A *ﬂﬁl’“oi L
dow FEPAEo] At dHelgdd w2, 199793 20021 Atolel] &7k Ea17] ¢
T vhEleT 98%E A, JdkvlAel, E2E A, LY 25, A4, %QES’% 2t
Fol A &Heta Ath(Table 2).

1997-2002 %8| #7552 "=, 9=, UEd
, = dradgEare 9%s 2HA 6
I dh FEGAES] ol e divh diE $Fo] T8%% FYxo] d Aojgtal wElnt
A THTable 3).

1997-2002\3 %, MAId ez 71 ®ol AYHE JF 10FS B Chromis viridis,
Amphiprion ocellaris, Dascyllus aruanus, Chrysiptera cyanea, Dascyllus trimaculatuss
o] I tH(Table4, overleaf). Y JAE©] A& dHolHo m=w, 1997-2002 &<+ & 10
oS ot EE FaAH=L7]9] 36%°l Eata AUt

1997-2002d &<, A. ocellaris, Chromis viridis, Labroides dimidiatus, Chrysiptera

cvanea, Paracanthurus hepatus, Pseudanthias squamipinnis= EU| 7} Bo] £ ¥

oFEoltt. FEPAEY dHelgd waw, & 100]F2 1997d % 2002 A}Oloﬂ EUZ
98 RE E37]9 37%°] &t
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Table 3. Main importers of marine ornamental fish

* No. of fish imported No. of fish imported

Destination (Exporters' data) ** % Destination (importers' data) ** %
USA 1,462,347 41 USA 3,054,273 69
Unknown 788,230 22 United Kingdom 874,557 20
Taiwan 244 454 7 Netherlands 264,976 6
Japan 223,613 6 France 103,234 2
Hong Kong 152,738 4 Germany 99,955 2
France 132,439 4
Germany 119,739 3
Netherlands 117,248 3
Italy 70,686 2
United Kingdom 48,911 1
Total 3,360,405 93 Total 4,396,995 99

* Total number of fish traded as derived from exporters’ and importers’ data for the
years 1997 to 2002 in GMAD.

x*% Percentage of total trade for individual countries is also presented.

Adukx o g RAXE= YRt F94E5S KB, Pomacentridae £°] %95 A3}
i gen, AdE BE Bl F 43%E AAGTHGMADC Fl=deolH). 1 9

Acanthuridae, Labridae, Gobbidae, Chaetodontidae, Callionymidae, Microdesmidae,

Serranidae, Bleniidae”} 9l
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Table 4. Main ten species in ornamental fish trade worldwide

No. of specimens

No. of specimens

Species (expoters' data) Species (importers' data)
Amphiprion ocellaris 145,015 Chromis wviridis 322,587
Chrysiptera cyanea 111,705 Zebrasoma flavescens 198,869
Dascyllus aruanus 103,948 A. ocellaris 166,119
A. percula 101,092 Dascyllus aruanus 164,094
Chromis viridis 99,451 Pomacentrus australis 161,796
Abudefduf spp. 78,945 Chrysiptera parasema 156,069
Dascyllus trimaculatus 78,536 C. cyanea 121.657
Paracanthurus hepatus 74,557 Dascyllus spp. 116,861
Dascyllus albisella 73,726 D. trimaculatus 102,650
Chrysiptera hemicyanea 61,914 Labroides dimidiatus 86,885
Total 928,889 Total 1,597,587

Total for number of fish are derived from exporters’ data in GMAD for year 1997 to

2002. Species common to both datasets are in bold.

1997-2002\3 %Y,  Chromis Dascyllus
Chrysiptera cyanea, Dascyllus trimaculatus+ A|AA o2 7} o]l A= ofFolt}
(Table 4). &4 FAE] A& dolyd m=m, 1997-2002d &<t 5 109FS ehd

viridis, Amphiprion ocellaris, aruanus,

SlFpdolRE oF 9028 BarlFel FAs M e waolEw vyl A g
w3 Q7)) FAFE FHol T 24P ANTAYL

zdsan o A% ¥ FFol £Eam Uk orld RAAD
FRAAST @A HEF Lusas 49w sY o2 YuIviek o FA 7
AW SOz AWE FHFHA 29 Frhshe W

of aquarium 4F<]
=9 o] I3ttt (Bartley, 2000).

A4l =W fErtEe] A U= 5 o FHAAREA = Tl BT 771
o] AAbaro| A A 7 A r]=S FAEa MAC (Marine Aquarium Council) €]

o=
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7bedh A o] FoR AdE = oF T AFALdE TAHeE Sy
Aoto A AHEE 7O, Triakis scyllium >=A 2] &
Diodon holacanthus M8 %, Dascyllus trimaculatus 317}, Hippocampus coronatus &
I FYGFOERY A=Al Aejd, A ETE, AVFEE, HA|S FA oA o] FH o
AAA A ZF3S W Q= Clownfish $ol4 Saddleback clownfish, Amphiprion
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L

Fig. 4. Breeding aquarium of Maroon clownfish. A: rearing
tank(85x45x30cm), B: filter tank a: inflow b: outflow c: nest d: sand

and gravel filter, e: protein skimer, f: circulation pump.

23ty Aoj= x7] FEHO|AES AR EIH  Brachionus rotundiformis®t & v o}
Artemia franciscanas 71 Ho|AIERE stal I ETE Tigriopus japonicus®t V| A~HR
ZFE FHTLE g ASFEU vAAEAHA 2AAH(EY EUHEV])eRE ALSEY

th(Bromage, et al, 1995). dlntFe FH 9 wlolA FI s = AoE FE4E3e] Anil
et al,, (1999)¢] AbSHWHS Farsto] AFS3FS T

6. FolFe AFFTEAL
AoAfeid s LaE AAE RAOR AE AolE Fra 0y BAYEFEG
SUA Aol RS FEstel AolE Fusgvh Fuy Aol

% 150m)ol A AF&aE g
= AR, FAR, MEAEE o &3t Adsise ARNA AS st

M bed sy Rdel R BuEE mPaeE, &350, SAYE, AYs ugEd

& o ANxFFAF Ax BES V22 & AFIE 2] 95 B

ol=E AR, WA 2 BRg ol AN aeln FATe 3 APL AN A
= AR AFS gL, oA

Bouin's &9%o] mAS F ygtAdHAH o5 5 m= AH

haematoxyline®} 05 % eosin ©]% AW oste] vHlu FA3 T AMEFHU|HowE 7]

_47_



qp

Fig. 5. Hatch tank. A: hatching tank, B: storage tank,
a: outflow, b: Over flow, c: sprayer, d: spray line,
e: circulation pump, f: Auto control box, g: 5 um filter,

h: regulator of water volume.
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(W) BellA] o] gd o] FxA 9 XA
(h) o Elol=F 3 WA
(2) SFadol AUAS 2 AHRA
7h) XA
(W) AA ol Ab%
Y. a74+
(D) AFBEAREATY 55
FEvtet Ajtel AAstE ofFE AAAY v VE F& EF

EN - of
[ENT

Family Muraenidae + %] 3}

B

1. Gymnothorax kidako (Temminck et Schlegel

2. Muraena pardalis Temminck et Schlegel &+ %]

Family Plotosidae 2% 7l 3}

3. Ploto4 lineatus (Thunberg) & Z7)+*

Family Monocentrididae & 7% o] 3}

4. Monocentris japonica (Hottuyn) & 7% o]

Family Zeidae & i7] 3}
5. Zeus faber Linnaeus Yil7]

6. Zenopsis nebulosa (Temminck et Schlegel) W& 317]

Family Syngnathidae 2 al7]3}
7. Hippocampus coronatus 3f 7}
8. Hippocampus histrix Kaup 7} 3l n}x
9. Hippocampus japonicus ¢35 3)m}bx
10. Hippocampus kuda 3] a}xx
11. Hippocampus trimaculata 737}k
12. Urocampus rikuzenius Z=38jjn}

13. Doryrhamphus japonicus Arga & Yoshino -z 7z12] 2 117]
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14.
15.
16.
17.
18.
19.

20.

21.
22.
23.

24.
25.
26.
217.

28.
29.

30.
31.
32.
33.
34.

35.
36.
37.

Family Scorpaenidae &3}

Helicolenus hilgendorfi (Steindachner et Doderlein)

Pterois lunulata Temminck et Schlegel & |73«

P. volitans (Linnaeus) A& v] 73«

Scorpaena miostoma Gunther =713

S. onaria Jordan et Snyder %7+l

AN

S. neglecta Temminck et Schlegel  42H4t

Family Triglidae 7 th}
Chelidonichthys spinosus (McClleland) 4 dj

Family Cottidae

SN2

Furcina osimae Jordan et Starks X 3]tH

Pseudoblennius percoides Gunther =
S

=}
P. zonostigama Jordan et Starks © % 3l

Family Apogonidae

05}

Apogon doederleini Jordan et Synder A=< AlH]

A. cyanosoma Bleeker w4
=

o

A. endekataenia Bleeker 4H =<

Hl=

AvlE

A. semilineatus Temminck et Schlegel =%3}&

Family Serranidae u}&] 3}

Epinephelus fasciatus (Forssal)

Fole)

Franzia squamipinnis (Peters) S 7u}g =

Family Chaetodontidae

Chaetodon adiergastos Seale

Chaetodon auriga

Chaetodon auripes Jordan et Snyder

Forsskal

Chaetodon lunula (Lacépéde)

Chaetodon modestus

ua] 37
-] a7
ZHA U E] 3L 7]+

S g

Temminck et Schlegel

Chaetodon nippon Dbéderlein H] &=

Chaetodon wiebeli

Coradion altivelis

Kaup
McCulloch
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38.
39.

40.

41

42.
43.
44,
45.
46.

47.

48.

49.

50.
ol.
52.
53.
o4.
90.
o6.
ofl.
98.
99.
60.
61.

Heniochus acuminatus (Linnaeus) FE57H8 5 xx

%k

ot

Heniochus chrysostomus Cuvier =4

Family Pomacentridae 3 =% ¥

Chaetodonplus septentrionalis (Temminck et Schlegel) ZEE
kk
Pomacanthus imperator ( Bloch) $24%& *

Family Kyphosidae 3=7+4 o]}
Girella melanichthys (Richardson) 7171w &
G. mezina Jordan et Starks ¥Wol| &
Kyphosus lembus (Cuvier) 3&7+4 0]
Microcanthus strigatus (Cuvier) W&

Labracoglossa argentiventris Peters 2 30]

Family Oplegnathidae &5

Oplegnathus fasciatus (Temminck et Schlegel) &

O. punctatus (Temminck et Schlegel) &%=

Family & 72k}
Cepola schlegeli (Bleeker) &&=
Family Pomacentridae A2 & 2
Abudefduf notatus (Day) AR
Abudefduf sordidus (Forsskal) =AhE
Abudefduf vaigiensis (Quoy et Gaimard) 3} E @ 1L7]x*

Amphiprion clarkii 2 E7ke =

Chromis analis (Cuvier) =%AgE *
Chromis fumea (Tanaka) AT =

Chromis notatus (Temminck et Schlegel) A}&]&

Chrysiptera parasema *3l%] &

Dascyllus trimaculatus (Ruppell) AEE *
Neopomacentrus violascens (Bleeker) HA2HE
Pomacentrus coelestis Jordan et Starks o gE *
Pomacentrus bankanensis Bleeker UFEE*
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62.

63.
64.
60.
66.
67.
68.
69.
70.
71.
2.
73.
4.
5.
76.
7.
78.
79.

80.

31.
82.
83.

34.
85.

36.

Pomacentrus nagasakiensis Tanakar b P

Family Labridae & 7]}
Bodianus bilunulatus (Lacepede) A3 7]
B. oxycephalus (Bleeker) A&7
Bodianus diana QA3 EE7]
Choerodon azurio (Jordan et Snyder) = 4%
Cirrhilabrus temmincki Bleeker -8 %]
Halichoeres tenuispinnis (Gunther) = 7]
H. poeciliopterus (Temminck et Schlegel) & %] =) 7]
Labroides dimidiatus (Valenciennes) 5F+& H4A&=# 7] *
Macropharyngodon negrosensis (Valenciennes) =38} 2 7]
Pseudolabrus gracilis (Steindachner) A& 7]
Pteragogus flagellyifera (Valenciennes) ©]#=j 7]
Pseudolabrus japonicus (Hottuyn) 3= 7]
Stethojulis interrupta #1727
Semicossyphus reticulatus =35
Thalassoma amblycephalum 5% 7]
T. lunare (Linnaeus) =A% 725 g)7]

T purpureum (Forsskai) B¢ g)]7]

Family Stichaeidae &7§°]3}

Dictyosoma burgeri Z1E W X &}X

Family Pholididae 3= W =2Fx] 3}

Pholis crassispina (Temminck et Schlegel) % ] &2}
Pholis fangi (Wang et Wang) 3] =2}%]
Pholis nebulosa (Temminck et Schlegel) =2}

Family Tripterygiidae H = ek x] 2}
Enneapterygius etheostomus (Jordan et Seale) 7} =2}%]

Tripterygion bapturum Jordan et Snyder g &H| =2}

Family Blenniidae 7 W =2 x] 2}

Ecsenius namiyei (Jordan et Evermann) X%778]H| X% 2}X]
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87. Entomacrodus stellifer lighti (Jordan et Snyder) # & W %2}%]
88. Istiblennius enosimae (Jordan et Snyder) o 7] %=2}=]

89. Omobranchus elegans (Steindachner) <F-&Z W %E2}X]

90. Omobranchus punctatus (Valenciennes) = 4| %= 2}%]

91. Parablennius yatabei (Jordan et Snyder) W= *
92. Petroscirtes breviceps (Valenciennes) = W %2}

93. Petroscirtes variabilis (Cantor) 7| ¥ =2}

94. Plagiotremus rhinorhynchos (Bleeker) 7§ = W] &= 2}%]

Family Eleotrididae 7%= 5 %] 2}

95. Parioglossus dotui(Tanaka) 5445

Family Gobiidae 5o 1}
96. Acanthogobius flavimanus (Temminck et Schlegel) 2 W5
97. Synechogobius hasta (Temminck et Schlegel) &4
98. Chaenogobius castaneus (O’Shaughnessy) Y5
99. Chaeturichthys stigmatias Richardson <445
100. Chasmichthys dolichognathus (Hilgendorf) %%
101. Chasmichthys gulosus (Guichenot) ¥ 5
102. Istigobius hoshinonis H]@4 5
103. Luciogobius guttatus Gill 7| &#%45
104. Luciogobius koma (Snyder) ZAln}a%
105. Pterogobius zacalles Jordan et Snyder THAl 52445
106. P. elapoides (Giinther) <UAFTZHLF =
107. P. zonoleucus Jordan et Snyder A=
108. P. zacalles V™=
109. P. virgo =945
110. Boleophthalmus pectinirostris (Linnaeus) %% ©]
111. Scartelaos gigas Chu et Wu Y% % 9]
112. Periophthalmus modestus Cantor 5 4]

113. Tridentiger nudicervicus Tomiyama =945

o
41
*

114. Tridentiger obscurus (Temminck et Schlegel) 7 4%
Family Cyclopteridae =X 3}

115. Aptocyclus ventricosus 4]

116. Eumicrotremus orbis %X]
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Family Zanclidae Z!di&3}

117. Zanclus cornutus (Linnaeus) Zlt)E=*

Family Acanthuridae %5 &3}

118. Prionurus scalprum Valenciennes &

Family Monacanthidae ] =] ¥}

119. Paramonacanthus japonicus (Tilesius) A %3 %]
120. Rudarius ercodes Jordan et Fowler Z1&ZF X] *
121. Stephanolepis cirrhifer (Temminck et Schlegel) %]

122. Paraluteres prionurus Bleeker 53 %
Family Ostraciidae A +&5-3}

123. Ostracion cubicus Linnaeus=% 7 & Hx
124. Ostracion immaculatus Temminck et Schlegel X5 5+
125. Lactoria cornutus (Linnaeus) 25

Family Tetraodontidae -3}

126. Tuakifugu niphobles Jordan et Snyder &7
127. Tuakifugu obscurus (Abe) -

Family Diodontidae 7}A] &3}
128. Diodon halacanthus 7}X] &%

2) A¥ 2 =34+
b FFa2EFY A3

gol A Art ojdd) olFe W B4 BAABl G AT
EoEAe o4 ¥E £ 15-18m oIt FPPA FE2 23-24T el
om, FYRE 15mAth 48} Yol oldmels), AFE, =FAUE, A
B, ARE, AZAANE, ZEHE 5 29 oFE0] Wl Bxsm A

ol ALE 9Astel 9 A4 39 AYEE YT A% AY A
VFE HAANAY. 29 2B e X 19 23542 2old 172 o
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13

4-7
4-7
3-13
2-5
1-3
10-15

A

Korean name Total.length (cm) Number of fishes
2] 5

Table 1-1. Ornamental fish collected by underwater net in Moon Island
Species name

Apogon endekataenia
Apogon semilineatus
Chromis analis
Chromis fumea
Chromis notatus
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Table 1-2. List of fish species collected from drifting seaweed in Tongyeong

during sampling period( 1998. 47 1999. 3). (* unrecorded species in Korea)

Range of
. Apr, Jan,
Species total ‘98 May June July Aug. Sep. Oct. Nov. Dec. ‘99 Feb. Mar.

length(nm)

Conger myriaster 81.6 —_—

Engraulis japonicus 41.6-54.0 R

Konosirus punctatus 120.0 —_

Histrio histrio 10.5-147.3

Mugil cephalus 26.9 —_

Tylosurus acus melanotus 219.5 —_—

Cypselurus heterurus doederleini * 26.6 —_—

Cypselurus sp. 48.3-51.1 —_—

Parexocoetus mentomento * 61.3 -

Gasterosteus aculeatus 19.3-31.2 —_

Hippocampus kuda 28.9-32.3 —_

Syngnathus schlegell 23.9-192.7

Urocampus rikuzenius 95.9 —_—

Urocampus nanus * 47.1-50.2 R

Sebastes inermis 144-519 -

Sebastes pachycephalus 15.6 —_—

Sebastes thompsoni 12.8-36.6 @

Sebastes vulpes 21.5-21.7 —_—

Hexagrammos agrammus 7.5-138.8

Hexagrammos otakii 16.0-54.7 —_

Furcina osimae 44.6 —_

Pseudoblennius cottoides 28.3-44.3 I

Stereolepis doederleini 31.3 —_

Priacanthus macracanthus 41.7-51.1

Coryphaena hippurus 39.1-68.1

Seriola dumerili 35.4-123.1 [

Seriola quinqueradiata 12.9-135.4 _

Trachurus japonicus 26.5-584 R

Chaetodon modestus 25.0 R

Girella melanichthys 33.4-48.5 —_—

Girella punctata 16.1-27.4

Kyphosus bigibbus 81.8 R

Kyphosus lembus 43.7 N

Kyphosus sp. 46.2 —_

Microcanthus strigatus 15.8-20.9 —_

Oplegnathus fasciatus 11.0-66.4

Oplegnathus punctatus 25.6-106.6 —_

Abudeduf sp. 24.2 J—

Abudeduf vaigiensis 23.3-48.8 _ N

Zoarchias veneficus 40.5 N

Pholis crassispina 30.6-123.3 — —_

Pholis nebulosa 30.9-114.4 —_

Pholis sp. 29.6-445 —_

Parablennius yatabei 16.8-17.6 [

Petroscirtes breviceps 10.7-81.9

Blenniidae 17.6-18.3 —_ .

Siganus fuscescens 149.3 —_

Siganus sp. 26.9 —_—

Scomber japonicus 54.7-61.8 —_

Rudarius ercodes 5.1-43.1

Hyperoglyphe japonica 414 —_

Stephanolepis cirrhifer 9.0-123.8

Thamnaconus modestus 17.9-76.2 R —

Paramonacanthus japonicus 20.4 —_

Psenes maculatus * 47.0 N

Psenes cyanophrys * 85.0 [—
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Table 1-3. Monthly occurrence of the ornamental fish collected from the

study area (Ind./volume of from drifting seaweed (m®))

SpECiES Apr.'sh May Mayv.a Jub Aug. Gap. Oct. Hov. Dec. Jdan.'’ Feb. Mar.
Rudarivs sreodes 22.25 _ B0.58 0.8 014

Feirozcirtes brevicens 9.0% 1.29 95.61  107.02 173.98  0.84 016

Fholis nebuiosa 22,22 15.58 | A5.71 0.86
Stephanclepiz cirhifer 0.85 0.78 | 7595 95.81 .77

Spbastes thompszon 0.85 = 8810

Hegagrammos agrammys | 57,26 280 084 016 1.14
Fholiz crassizpina 287 B.49  19.0% 0,20
Spngnathus schipgel 1.47 B.93 10.79 1228 1.44 0.1

Hiskrio higlrio 1.90 0.98 .33 3.490 1.748

Hexagrammos olakii 3.40

Dolegnalios fascialis .24 f.84

Spbastes inprmis 1.7 4.76 016

ARS8 198~231TCH AR e, DOE 56~7Tmg/lo] Atk (Fig. 1-1). &l A AH

=95 A E MFALEG00m, 700m)ol =2 AIZ & oF 293k AFS S Ay A S
AE AAES He TL 3.39mm, BW 0.35gol A 5-E TL 54mm, BW 1.74g 7}A A
s tH(Fig. 1-2).

8

B

8

Temperature of water(C)
5 &
DO (mg/l)

e
83

1
SO F N W b~ O O N 00 ©

O | | | | | | | | |
7/6 715 72 729 8/5 812 820 §27 92 95

Days

Fig. 1-1. Water temperature and dissolved oxygen of Prerogobius zonoleucus in
rearing tank.
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Fig. 1-2. Growth of total length and body weight of Pterogobius zonoleucus

in rearing tank.
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Fig. 1-3.  Marine ornamental fish

collected by drifting seaweed.

AFS Al 2 17.1~24.1T, DOE 59~7.7mg/l B o™ (Fig. 1-4), g% 14
103] A o] Aot A¥oj= &4 xR $ukdk § 250ml FRP Az =% 3700 & )
2 g a o] 50~60 ntel® F8egoem HolEE Wi copepodadt rotiferE: T
oetlar, oF 109 o] FHEl= wgALE (500, 700m)E & st tHFig. 1-5). ¢ 504
z =

ol gxely, A(Fig. 16) % AELS A
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Temperature of water(C)
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(6]
T
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6/3 68 6/11 6/14 6/17 6/20 623 7/2 7/6 7/15 7/22 729 8/5 8/12 820 827 92 95

Days

Fig. 1-4. Change of water temperature and dissolved oxygen in rearing tank.

Hg 15 Rearing tank of Pholis nebulosa collected by drifting seaweed(May,
2000).
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Fig. 1-6. Growth of Total length and Body weight of Pholis nebulosa
in indoor tank.

b i e B e ==t S B
Aol 5 oF 2€xt AuolA ALS
A3 549 A5 AR A H
2l TL 73.8lmm, BW 1.12g°ll
AEEH 79 TL 75.79mm, BW
1.19g, 9¥€ TL 76.88mm, BW
1.31g7tA 43s B AvH(Fig.
1-7).

(th B
2002 349 289 A T4

Fig. 1-7. Pholis nebulosa leaning on drifting dotel| WUl 3% (ea)e}

seaweed 3} AQY 2 zyEe B

2, lEe, RRARYE fof

5 Ao RE Hlol X W ALS AYPS AAsta #FolEA Y] ALE TheA S AEst

Atk AbS Al F 171~24.1C, DOE 59~7.7mg/1 M99 o (Fig. 1-4), &5 1
A 1038 A

g R FdAAE M g2 A 8 B BEEES 5Y Ay 9
Al TL 29.36mm, BW 0.40golla, 7¥€dl= TL 52.04mm, BW 238g, 9¥dl= TL
66.81lmm, BW 5.69g7+A A &3tslth(Fig. 1-8).

o APE 2922 59 Ay A TL 24.95mm, BW 0.25g°] 1L, 7
62.0lmm, BW 4.99g, 99l TL 90.00mm, BW 14.43g7t#] A 4&te] 22 F FolA 7}F

S
-3
ol
y—]
=
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A4 we AFe Bevh(Fig 1-9).

(2 2&35A
2002 949 24 A At

sto] FRPzx0 =8 F g~

Lo

I
55 |83t

-/

80.0 6.0
700 | 150
E 60.0 3
< 500 14°%
g 40.0 430 ¢
L >
5 300 {203
© 200 @
100 | 710
0.0 ' ' 0.0
May July Sep.
Month

Fig. 1-8. Growth of total length and body weight of Sebastes thompsoni in

indoor tank.

100.0 16.0
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= 800 |
= 11203
£ 700 | =
S 600 11005
2 500 180 2
()]
— 400 {160 2
S 300t 4'0 §
~ 200 f '
10.0 1 20
0.0 0.0
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Fig. 1-9. Growth of total length and body weight of Rockfish, Sebastes schlegeli in
indoor tank.
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A3}, F 13%F0] HAHAJHTable 2-1). 22 o|F& alxFo YrEe Aol Ayt

(Sargassum horneri), V] oFH| EAFRH(S. miyaber), &G 2ANH(S. macrocarpum) 18] 3l
ZARA(S. ringgoldianum) 2 EANFR(Sargassum spp.)SATE. 3 71El T O 2 A
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A FRAE SATh o1 2o 4D PHERY ohE I, BW R Uy 44 S
B AFH FHEI AL F AAE WA dAA Fasn Ak A F
Z gojgl e Av)el FAo e Ay Ew, 39o= AEF 1m v vke] 1~bkg FA¢ %
o REAL, AV F FF TS Skg AEATE Agte] Agd] me fEFe AW F
7Vale] 4, 59oll+= F FFFo] 2H7; 210kgd} 352kgS YERWT 18]lal 6, 7Doll+= A
71E o]Fo] = 5FZFS 747 778kg# 634kgol L, AE 3 m ol H i 30~40kge] U
9§ fxw wol ehith e 89 EE el dastel 2 AF 1~15m U
o] 5~15kge] =7} BAdth 7FE w2 Fx27F =ddd 5~7d di§] HA¥ R, 5~6
o= 2 dolg7t oF 4070, 79dlE o 70700tk A el 24 ¥EXHOE AE Im,
%% 05~5 kg9 % Wolg7t BdthFig. 2-1).
100 -
80
0135~ 40
;5 60 =30~ 35
< 025~ 30
2 020~25
S O15~20
3 £10~15
L 40 ¢ m 5~10
0~5
20
0
May June July
Fig. 2-1. Monthly variation on the wet weight(kg) of drifting

seaweed from May to July.

AR 717 T xR A AFE oF7Y EF 72 A(Family) FE7HA FAHE 3F
Estalo] F 8% 3331 54Fo|ArH(e] T, 2000). L FoA, Fo]E(Perciformes)e] 20
2 b ok, trs o BojE(Tetraodonti- formes)o] 43 65, Zujo]&
(Scorpaeniformes)©] 37} 8&F S kA3t 0w, olef & 3 Ho] HA| 2dF9 87.0%E

2} A 8 A T (Table 2-2).
Ao ot 233 B o2 E E7FA 17| E(Gasterosteiformes)©] 23 2% 131
=ho

=7+ 2 & (Beloniformes)o] 13 2Zo]dth.  ®T3F o} 7 E(Lophii-formes), M=%

Ko
&3
I
[o
_P_ I
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(Atheriniformes) % #®lthH) o] Z(Osmeriformes)e] Z+zF 13 1£ o2 vESTtH(Table
2-2).

Table 2-1. Species composition of drifting seaweed from April
to May

Division Species

Chlorophyta
Ulva pertusa

Phaeophyta
Colpomenia sinuosa
Ecklonia cava
Hizikia fusiformis
Sargassum horneri
Sargassum macrocarpum
Sargassum micracanthum
Sargassum miyaber
Sargassum ringgoldianum
Sargassum serratifolium
Sargassum thunbergii
Sargassum sp.

Anthophyta

Zostera spp.

Table 2-2. Taxonomic groups of fish fauna collected from March 2001 to March
2002

Frequency of

Orders Families Genera Species
occurrence (%)

Osmeriformes 1 1 1 1.9
Lophiiformes 1 1 1 1.9
Atheriniformes 1 1 1 1.9
Beloniformes 1 2 2 3.7
Gasterosteiformes 2 2 2 3.7
Scorpaeniformes 3 3 8 14.8
Perciformes 20 26 33 61.1
Tetraodontiformes 4 6 6 11.1

8 33 42 54 100.0
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@ A
AT AP AA 6867 MAE HEo®E st = T S AHRWA
F=H| =2t X (Petroscirtes  breviceps)?t 6710l ZAx 43557024 AA NAF9
63.4% 5 AR TE 100704 o] AP E TS AHEW, IE5FF X (Rudarius ercodes)
7} 68470 A, -2 (Sebastes inermis)’} 64270 A, F x| (Stephanolepis cirrhifer)7} 32270 A,
=5 (Opelegnathus fasciatus)®] 14670 A, 18] 32 EE22(S. thompsoni)©] 1237§A17F &3
kATt °olE 6FY oF
7FoAA =4 JNAF
91.3%% A5t th(Fig.

Sebastes

Oblegnathus ”70’7“150’7/ etc. 2-2).
fasciatus e 8.7%
2.1% a4 10784 = REY]

Stephanolepis
cirrhifer
4.7%

2 MAT AHE oAF
& 3BHEoR  NEZS
pathycephalus), e

Sebastes inermis
9.3%

>

Petroscirtes (Hexagrammos
Rudarius ercodes breviceps
10.0% 63.4% agrammus), A ko]

(Seriola dumerili) 2 W]
=M A (Terapon
theraps) &°| W32 ol
o ada a2 FelA
AR A T

rlo

Fig. 2-2. Frequency of species occurrence (%) of the o (Plecoglossus

dominant species collected from the study area. altivelis), -2 (Takifugu
niphobles) % 5 A
(Macrorhamphosus scolopax) %5 16%°] 1t}

49 49 ASsE A¥Rd, 89 2924 A7F AFEHAJL o] AL AAANA G2
42.6%°l S F3tAtt 1028 AA ] 381%°l @at= MAF7E 3=, ol AL F
=W Edt A7 953 A 7] wEolth w3 49 EERo & 3]
AA e 9.2%2 632vk2] 7 AFEJTE Ty o] v 12¥
= 77 02%9] 53] A& AT 8t Ald ®WEo] FElsAth
@ € o7 =d

FLo] a1 fFxo oo] BWx &y 2001 3¥olE E&H(Sebastes spp.) et Ho| =
(Girella punctata)®] 4% %ol YElY A, 495 H 20 A5 we & 71 1280 =
S7tstAth 39l o] %%‘ o} ‘%]Oﬂgo] Uetsta, 1 5 Eg HEgte] R
A (A 28] =w@AW o) (Histrio histrio)2} %ol (Seriola quinqueradiata)?} 3 =
7] AN AP, EBLEX ](Iso flosmaris), QAW X (Hyeroglype japonica) R <I&7te&

B
DO
S
S
DO
rL
—
o
1o,
X
o
=2
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(Apogon lineatus) 5-& WA 497t 254 331 tH(Table 2-3).
5¥d = Wolrt %ol Z=dsUa, FHE(Pagrus major), ZFH X (Thamna- conus

modestus), 75 (Oplegnathus punctatus) “13 31 2 317 (Syngnathus schlegeli) =
dst7] Al#sttt 5ol HlE) 6ol =d & FUF thA FAcste AES 293, 5¢
I vjzgl Fo] Fd AT WA SHE FEHM AV s AlRe e, e

wol Hla tha =7 F5o] vtk el a 209k o] o] wont Ay # Fol UM

‘:}(Table 2-3).
THol= AA 99 Fo 7FF vk 2550 =33}

>0

1o 28] E(Chromis notatus)

Table 2-3. List of fish species and abundance collected from drifting seaweed during

the sampling period

Number Range of Mar. Jan.
Species of ind. Total Length 2001 Apr. May Jun. Jul. Aug. Oct. Dec. 9002 Mar.
(mm)
Plecoglossus altivelis 1 77.1 1
Histrio histrio 82 13.07140.0 5 17 47 9 4
Iso flosmaris 10 1777224 10
Cheilopogon hctcrur'us. 1 16.0 1
doederleini
Cypselurus hiraii 1 14.5 1
Syngnathus schlegeli 65 51.07140.0 1 53 10 1
Macrorhamphosus scolopax 1 41.8 1
Sebastes hubbsi 3 20.0724.0 3
Sebastes inermis 642 154721.6 21 387 5 229
Sebastes pathycephalus 3 21.0723.2 3
Sebastes schlegell 44 15.8722.8 2 39 3
Sebastes thompsoni 123 15.1729.0 6 110 7
Hexagrammos agrammus 5 42.7780.1 2 1 2
Hexagrammos otakii 1 37.7 1
Pseudoblenius cottides 1 15.4 1
Apogon kiensis 16 19.4727.7 16
Apogon lineatus 1 23.3 1
Apogon semilineatus 1 30.4 1

o] &dsl7] A ZSE AL, & X ¥(Exocoetidae), =H =S, 5245 F(Apogon spp.) B 1E&E
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FAA Sol yetykth Aauv], zAEE 2 G dul =2 X (Omobranchus elegans)’} Zo]
, A FES A QAR EdEsth 8dde HA F U 13F R
=4

TE oA FEEESAZE A MAa2] 61.5%

Number Range of Mar. Jan.
Species of ind. Total 2001 Apr. May  Jun. Jul. Aug. Oct. Dec. 2002 Mar.
Length (mm)
Coryphaena hippurus 2 40.1756.8 2
Carangidae sp. 2 29.2732.1 2
Seriola dumerili 7 35.8755.7 7
Seriola quinqueradiata 44 21.8767.6 07 21 14 2
Trachrus japonicus 10 26.9754.0 3 4 3
Lobotes surinamensis 6 75.37150.1 6
Haemulidae sp. 1 24.9 1
Pagrus major 3 19.2720.5 3
Lethrinus nematacanthus 1 22.0 1
Upeneus japonicus 3 35.5747.6 1 2
Girella punctata 4 17.5720.8 3 1
Kyphosus bigibbus 13 15.4760.0 13
Kyphosus lembus 1 73.8 1
Terapon theraps 5 17.6794.0 1 4
Oplegnathus fasciatus 146 8.7 48.9 1 144 1
Oplegnathus punctatus 36 18.3788.3 11 14 11
Abudefduf sordius 1 19.0 1
Abudefduf vaigiensis 20 13.2773.3 3 1 16
Chromis notatus 63 10.9722.0 51 1 11
Zoarchias glaber 1 20.5 1

Z QAR ey, asaAXL AN MAFIE D2 665, 20474 wol EHEUT. E
st FYFH X (Canthidermis  maculatus),  ®vV] & (Lobotes  surinamensis), ‘%2h&
(Scatophagus argus) 3 7HA¥ 5 MAF7E A2 FE50] @A tHTable 2-3).

108 = 11F°] =dstda, FEH=ex7t AA =3 AT 964%E AFA 6t
A FolAt. w3 Z7VA X (Signaus fuscescens)$t F-H 74 ol (Kyphosus bigibbus)
o] o] gevk AFPH FTELE AUUTE 129o= A7), =#iv] E FEHEGA T 4F
WERTH 2002 1€l LdlEet el FEHEGA e E5 o9, dFEA, §
HE(S. hubbsi) R HA T T 65 AMPHAJATE 20021 d 3€ol= 2001 3E I A
stA, Z2FE v EAA FAxd; v (H otakii) ¢t 7HA 5 (Peudoblennius cottoides) & 6
F o] YEtstH(Table 2-3).

K

o ot

("

o
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Table 2-3. Continued

Species Number of Range of Total  Mar. Apr.  May  Jun. Jul. Aug.  Oct. Dec. Jan. Mar.
ind. Length (mm) 2001 2002

Pholis crassispina 4 33.9747.9 4

Pholis nebulosa 9 24.57173.2 8 1
Blenniidae sp. 2 11.6730.7 2
Omobranchus elegans 38 17.4720.1 3 34 1

Petroscirtes breviceps 4355 9.47103.1 1 23 1797 2519 10 5
Scatophagus argus 4 9.4720.3 4

Siganus fuscescens 2 109.1 7 120.9 2

Scomber japonicus 2 16.8718.4 2

Hyeroglype japonica 61 24.6785.5 59 2
Psenes maculatus 1 24.3 1

Canthidermis maculatus 2 31.0785.0 1 1

Rudarius ercodes 684 6.3766.2 1 665 15 3

Stephanolepis cirrhifer 322 8.8750.5 5 294 23

Thamnaconus modestus 9 38.0758.9 5 1 3

Takifugu niphobles 1 4.7 1

Diodon holocanthus 1 174.3 1

Total 6,867 6.37174.3 32 632 84 82 232 2924 2613 16 13 239

@ A OF
T4 5 F(Apogon spp.) oA AFH T d57EE(A lineatus), =LAV = (A

kiensis) ¥ =%3}5(A. semilineatus)©] ANl 78| WA s4d57F MATY 94.4%7}
AP A 2 Foll vl&l, LA =L vy AT Bdth(Table 2-4).

Z}2] & 5 (Pomacentridae) oA+ &A% (Abudefduf  sordius), dE2]117](A
vaigiensis) 2 A& E(Chromis notatus)®] Z=d3sIG T ¥l F2 1090 2o
SR L A FS i 7ol AMFHAJGT 2 BE AR Dol AA AgwY A
G BF 10 mm AF= A Zokth

W S FolA 2EIAXE 7P Bl ARE Fol

&l

Atk TEHH =ds7] AlE
ato] 12€7b4] o/l V)3t 2 A Edsklal, 84l il

WAa=2] 97.2%7F HERSE

2

718} AFFoRNE  w=wE S (Upeneus  japonicus), T F X (Canthidermis
maculatus) 2 7YX E-(Diodon holocanthus) 5°] UATh T4 tiAdFe 44 &3 &
A3t vws] 2 ouw, B4 AES b o] B8 7~10¥ AX &S A7 A9
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WA= e

Table 2-4. Monthly occurrence of the ornamental fish collected from the study

area

. Mar. Jan. Mar Total

Species Apr. May Jun. Jul. Aug. Oct. Dec.
2001 2002 . (%)
Apogon spp. 5.6 94.4 100
Abudefduf spp. 19.0 4.8 76.2 100
Chromis notatus 81.0 1.7 17.5 100
Rudarius ercodes 0.1 97.2 2.2 0.4 100
Upeneus japonicus 33.3 66.7 100

Canthidermis
50.0 50.0 100
maculatus

Diodon holocanthus 100.0 100

ol }e] AM}E acofalnW AL 7IF T Fx¢ A APE olF=, HFamily) FF
THA 23 3% £t F 8% 333 M4F el

1 % H(Order) Tl dolA = Fo] H(Perciformes)e] 207 33F 22 7 Ekrh
Al XM= F 6867 mhel7F AHEHJ =, FEW =X (Petroscirtes breviceps)
7 670l A A 435570 A7 @ ko] WA JHAIGe] 634%E AA kT 2E =1 )
Ars Ao, 8 292470 A17F A H o] A HAG2] 42.6%°l al Fst3 .

2 3171(Syngnathus  schlegeli), =W Eetx], =2 o) (Histrio histrio) 3 1= 33
A (Rudarius ercodes) &< 3 otelolA 47014 o ol 7|7 wF=d w3, 545
F(Apogon spp.), 7FA1E-(Diodon holocanthus) 2 1| &(Lobotes surinamensis) 52 ©]
TES ¢ E AR &2 VeV fxol wiEth

sy

4 S FS, 2001d 3ERH Ax 2d T S7kske] 7ol HA A ol
M BFe 25650 =dsith

AFE g & Fo HAg 2xgFdelx] offue= J{FESES HW X 25
o} 2oy Bt A o] FHE oF e BT 123 22Fo|glon ugiftite]l ek A Ao
F2A dite] 39y FHAAAE WEddel 2 5 US dem AAHAT o
REEQl ol FRA ofol7t B9 #AE F F e AdoewnE 5dvd i £F
M, A EF Sol AT olF WEHEFeR TarHE &5/ Addgoln]
18-S Slste] Aatxsd Fwo] Axg oA Hdd iy 2345 B9 Table
2-6o 4 B mpel g2t}

o] ZAtolA He7IFet £33 ALHAE AFE A Aol AMAste oF o
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Table 2-5. Marine fish collected by fish pot in the shore of Samyang in Jeju (2003)

Species

Date

May 28

July 31 Oct.10

Dec. 11

Order Scorpaeniform
Family Scorpaenidae
Sebastes thompsoni

Sebastiscus marmoratus

Sebastes taczanowskil

Sebastes inermis

Family Hexagrammidae

Hexagrammos agrammus
Order Perciforms

Family Oplegnathidae
Oplegnathus fascratus

Family Blenniidae
Petroscirtes breviceps

Family Labridae

Pseudolabrus japonicus

Pteragogus flagellifer

Halichoeres tenuispinnis
Halichoeres poecilopterus
Family Gobiidae

Istigobius hoshinonis

Family Pomacentridae
Chromis fumea

Chromis notatus

Order Tetraodontiformes

Family Monacanthidae

Stephanolepis cirrihifer
Thamnaconus modestus
Rudarius ercodes
Family Tetraodontidae
Takifugu poecilionotus
Order Siluriformes
Family Plotosidae
Plotosus lineatus

Order Anguilliformes

Family Congridae
Conger myriaster
Ariosoma shiroanago

Family Muraenesocidae
Muraenesox cinereus

13.8(1)
180.4(3)
52.2(1)

29.4(1)

26.5(4)

192.5(5)
76.4(1)

37.6(1)

210.6(4)

63.6(15)

924.7(3)

31.0(2)

63.2(2)

42.6(1)  421.6(2)

129.5(2)

28.4(5)

137.4(6)
210.6(4)
64.8(2)

124.2(2)
32.5(3)

84.2(2)

121.6(2)
62.6(6)

54.6(1)

75.3(15) 521.8(12)

907.2(7)

70.7(1)

33.2(1)

64.2(2)

58.2(2)

621.8(2)

224.6(1)

Total (Species/Number of fish/Weight)

11/39/
1,807.7g

10/38/ 8/38/
728.8g 2,284.3g

6/9/
1,072.7g
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Table 2-6. Monthly amount of Plotosus lineatus collected by fish pot in the

Seung san harbor

Total length (cm) Body weight (g)

Month Sex No. fish
Mean=S.D. Mean=£S.D.
2001.  Sep. F 26 10.0£2.9 9.1+£10.6
M 12 14.7£5.3 32.8+£28.4
Oct. F 8 19.3+£2.7 59.2+21.9
M 21 19.6x£1.7 57.1£18.6
Nov. F 10 14.8+4.9 33.5+£39.4
M 12 13.4%4.3 24.3+£24.9
Dec. F 21 16.5£4.6 42.4£36.0
M 11 14.8+3.2 27.01£18.4
2002.  Jan. F 18 17.1x1.7 40.6£11.9
M 5 17.0£0.7 37.21 5.3
Feb. F 13 17.2£1.0 36.6+ 6.9
M 7 17.6%£2.0 41.2+£14.3
Mar. F 9 17.8+1.5 45.2111.4
M 16 18.4£3.0 46.1£22.5
Apr. F 8 18.1+2.1 40.4£11.3
M 12 17.4£4.0 39.8+£28.2
May. F 4 20.9+3.9 58.3+£19.4
M 13 19.1£1.5 50.5+11.4
June. F 46 12.2+4.0 17.6%£15.5
M 21 14.0£4.8 26.1+£21.7
July F 16 21.7£3.0 59.0+21.6
M 4 19.9+2.1 51.3+£12.0
Aug. F 17 19.6£2.2 53.6+21.2
M 3 18.6+3.2 46.71£22.8
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Table 2-7. List of fish on tide pool in the intertidal(Oct.27, 2001-Jul.19, 2002)

Species

Samyang

Seo* Shix* Pyo##*

Shisan-ri

10/27 12/28 3/9(2002)

6/28

7/19

Order Clupeiformes % o]%
Family Clupeidae o]}

Sparatelloides gracilis M="4

Order Mugiliformes % o]&
Family Mugilidae %3}
Mugil cephalus %]

Order Scorpaeniformis Z:4jo] &
Family Cottidae =% 7|7}
Cottidae sp. 3l F

Order Perciformis &5
Family Sparidae ="}

Acanthopagrus schelegeli 7373 %

Family Blenniidae | =2} 3}
Entomacrodus stellifer lighti A &¥ =2}

]

Istiblennius enosimae ™73¥| E8}X]

Family Gobiidae &5o]3}
Chasmcihthys dolichognathus A=
Chasmcihthys gulosus E%%

Family Kyphosidae =774 o]}
Girella punctata ol =

Family Kuhliidae &%) o]}
Kublia mugil €9

Family Microdesmidae 3523}
=
‘:li‘

Parioglossus dotui S’4%

Family Scorpididae ¥

Microanthus strigatus HE

Family Pomacentridae A}#]% 3}
Abudetduf sordidus =A%
A. vaigiensis 3| ¥2117)

A. notatus 2 A =

Order Tetraodontiformes &o]%
Family Tetraodontodae Z+%&-3}
Arothron sp. A EEF

Takifugu nipholes &7

*. Seongsan-—ri, **

: Shinsan-ri, ***. Pyoseon-ri
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Table 2-8. List of fish collected by fishing

Date

Species
Oct.27 2001 Dec.8 May 28. 2002. July 31

Family Mugilidae <3}
Mugil cephalus %] O O
Family Hexagrammidae 3273}
Hexagrammos agrammus =" O
Family Moronidae 5] 3}
Lateolabrx japonicus &% O
Family Carangidae #7jo]%}
Seriola quinqueradiata ¥}
Trachurus japocicus %178 °)
Family Siganidae =7}A] %] 3}
Siganus fuscescens 57}A ]
Family Scombridae il% o]}
Scomber japonicus 5]
Sarda orientalis &%}
Family Sparidae =W}
Pagrus major 35
Acanthopagrus schelegeli 7373 =
Family Trichiuridae 2x] 3}
Trichiurus lepaturus 2]
Family Sphyraenidae A2 117]3}
Sphyraena pinguis XX 1.7]
Family Kyphosidae &&7Z-4 o]z}
Girella punctata "ol &
Family Oplegnathidae &5
Oplegnathus fasciatus =%
Family Pomacentridae #A}2]% 3}
Chromis notata A}2] &

Family Labridae =2}7]3}
Pteragogus flagellifer &1 3= 7]
Halichoeres tenuispinns &3d]7)
Pseudolabrus japonicus 3=7] O O

Family Pholidiade #ZH| =2} 3}

Pholis nebulosa W %2}

Family Tetraodontidae #&%

Takifugu niphobles &7 O

Family Balistidae 7|3}

Thamnaconus modestus =3 = O O

O OO0 O 00
O
OO0 O 00

O o O O O
O OO

oOoo O O O

Total (16 Family/21 Species) 10/ 12 8/9 8/10 8/11

A ofFe] RS sfefelM FdE L= A2 =8ola o] d¥e FX8)
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A1915ke] SR EE ol fe] miio] Aol HNE oUFES ot} AW o F Ei
AEuAolE MEF Fikol AFoAE A%SEF(sodium cyanide) 5 Aol
ek FES A WA FE AFREY] Fa e Aotk
o] AFAAME FUS Al87t ofFd AT glo] FdAd JE=E e Eav]
7F 3-44 5o HolE HA| g JEjdA AP el = AR wekth s ejel A
Mt ol 58 Weud dAel A4ol Fastga gol Hus A Hole AL
Qe o 4a wi Aol Wasu FEAel og TirlE ojw Aol o= 333
= Ao ettt F9 odAERRE PG olF9 ArAs] Ars T
of AEEE= AFES BT T 7HA SHoAA HEE dlgkoh AR oflAFH T}t
An & 5 Qe AAF T £ uAE AERLIARE ATARA 4F S
T olste] HEsk= HAAA UA He= ool sk A5 55 2EHAE W@
e ot kg el WA FAANE Aol g Fa A
Table 2-9. Feeding adaption and acclimation
Month )
Range of ¢ Periods of
0
Species T.L ~ take to Domesticate Aggression
collecti .
(mm) feeding
on
Amphiprion clarkii 867112 17 2hours Quick Extreme
Import
A. polyvmnus 977110 Import 1~ 2hours Quick Extreme
A. ocellaris 187 26 Import 17 2hours Quick Little
Chaetodon auriga 1027 124 Import lday Quick Extreme
C. auripes 146 7 151 778 27 4days  Little late  Little
C. wiebeli 158 7170 778 27 3days Late Little
Abudefduf sordidus 26~ 38 677 17 2days Quick Extreme
A. vaigiensis 34756 677 17 2days  Quick Be gone
A. notatus 31740 677 17 2days  Quick Extreme
Parioglossus dotui 30741 6~ 7 lday Quick Be gone
Rudarius ercodes 12728 879 1lday Quick Be gone
Diodon holacanthus 1627 312 879 17 7days Late Be gone
Safole taeniura 327120 678 17 2days Quick Be gone
Plotosus lineatus 1127220 7712 17 2days Quick Be gone

dek o FoA Folex= oFe AlFFx7E oA AER] F9= HE dAG



A Bel AAE

Table 2-10. Comparison of on necessary time until adaption in feed with way of

feeding adaption

Holal A%

TL Indivi necessary time
Species ( ' ) —dual Methods of take to feeding in feeding
mm
adaption
) 162-312 2 Dry pellet 1-7days
Long—spine
242-336 13 Dry pellet 1-3days
D llet, Hol&Edo] © HE21 =
l4-165 4 Dy pellet melEaiel € w2y 1-2hours
Franch angelfish %
153-168 4 Dry pellet 2-3days
170-182 2 Dry pellet 3-5days
Queen angelfish Dr ellet, ™o]&<%ol® maroon
166-178 &  F ool 1-2days
clownfish 15v] &9
] . 146-151 2 Dry pellet 2-4days
Oriental butterflyfish
144-156 6 Dry pellet 1-2days
Threespot dascyllus 109-114 10 Dry pellet 1-2hours
Ocellaris clownfish 18-26 12 Dry pellet 1-2hours
Shaddle back clown 104-128 10 Dry pellet 1-2hours
3 He 279 ophuld Ed 5& WHe AW o5 AxdUURE Sojor
e HA3] WA Fow <+ Hr},

o] 83 BUW wo Bglo] AFAom Aduoloksir] k87|t FelE %
42 Asts Fokoln oSl W=y HolE webd F Y= w3 s obrh(Table
2-9, 2-10)

RN Eojor EuV]E gdAFHoT HolRL FE AL wf$ FQdn H

o] Edol oA AAokE H 712 ¥JNEE A s|HH b3 2}

b SEF AR Uk vsE 2las AAd o @ ek EE 252 Y
o BolRee bt 4 WUkt Be 4% 4 52T o geke] v b
715 s Aol ERA ol

(L) ofAell A A E dEFo] dFE Hol &l Algto] Wel] AQFATH

() whE A2 gkl wo] elo] ok s ol lokalA %] 419mE o] o)
27] 7h E o RE 2ol £8sle] 1e] HolB Mt A2 B & UE

=3
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2 A%e £Bd AAE 91 ANEA Hv HFole 230
FREAw 3uheoldel gA He A 4YE A

Table 2-11. Results of mating experiment in Percula clownfish, Amphiprion

ocellaris

szl;l:g Group A Group B CGroup CCl DGroup D —
0 10 15 7 7
1 10 15 7 7
2 I (@D 15(2)(@1) 6xx(HT 1 7
3 9xx(1) 12(@2) 6 7
4 8(@D) 123X4(2) 5(DT 2 63X(1)1 1
5 7(1)(@1) 10(@2)x(2) 3@t 4 6
6 7(@2) 8X(2)(@2) 3 4 @)@y 3
7 5X(2) 4(@4) 3 4 31 3
8 5(@2) 4 3 3 2(@1) 3
9 39 4 3 3 29 3
10 39 4 3 3 29 3
11 39 4 20(@1) 3 29 3
12 39 434(1) 2X(1) 3 29 3
13 39 3(@1) 29 3 29 3x(1)
14 39 39 29 3 29 3x(1)
15 39 39 29 3 29 2(@D)
16 39 39 29 3 29 2
17 39 39 29 3 29 2
18 39 39 29 39 29 2
19 39 39 29 39 29 29 °!

() Occurrence of fish with be attacked, ( ) number of fish,
(@): number of dead fish by attack,
¥: pair in mating successfully, 1: isolated the fish with be attacked

Ag Fol Awe 23AA F 1~207F A FA Hn AFEHOR AAZ 0|77 9
@ Elglo] Buobt AAE Fa(FR 4e B TS 5ot 2ol AuA Hr )
ol i 7H 239 AAE FF7h AAF Bh "o FadN AL oF AAE
2 whebue gl Wk W olw Alge] fal FE W HolFAY Fx o] £2 4
om 74 A wgels Fobeh £ golurh TAw Abgel Aol ASHW ni g



A g7 BF 4ot A4S itk Fxdd oy miglE 8] FFo] dojus o
TAE BeE AAE Co DAlA BHeE AAH vE F2E FA sA4AFYH 555 1 F
Ron oFA T AL v NAES 22 YHoZ SAFTH F4L vyd JAE
7Nl FAF Bs A5 FelA e FAE dEo] #EEM A HEFAH R deE A=

3k ek A Hu A2 S ] vbE S e WYel "

2b7] Gell 22 FFo] EAlstE AAReRE ARS s7] wigd ZREASCAA Fdrx
of 3 wiglwt 712715 AU Premnas biaculeatus®] 7%+ FJAHAISS sle Bk
&t school@d S HolWA Ad bdims H48A XstAAR A Sem o] gt A

A717F ok BHEU~10mm F=9] AHAES AAVE 98t 273w F&atd o
2 clownol wate] A M5S ALste] Ele B HAE s Ed 2]
Adel 1249 A7) A7k Sl A& FAFEsd A4 AEE Solat vt
Ui AALA ol e4s 2FMAE A AR glo] wopsela dA =F
el Aol HAXr] wEddl Aer  FIHJY. Amphiprion  polymnus<t

AAA R ape] g ek 28 nsM =
gdol F3 HelolM 4

Amphiprion. melanopusS % #3719 olg 2
=222 HolAo 28 Y Amphiprion polymnust

e
ot
o
)
K

S

%Eﬁ}b Ag Ao FiE FAE BHE FAAAY BAAY] dFoME U Ft

FrgstHa mel FRoY Fo] RE bl AT Abdade] mAg Fo R
o% 2272 AAHE A A+ A7 2t 28l Amphiprion ocellarist 7FA €
Tl mAAE 2u 7k dEa v A7F AAARE 2 vke] 3FS giFio] AN
dHE @A AW Amphiprion polymnus®] 745 1vA&=e] nAdolE dHga A=
A7 A} Aol wEtHE FERU o migl ngolFe] IntglE dEste] v
2 v e 2 JasiA ga A4S dPon ge =z e v &

< Holg HE Wy S Z dele #AE olE Asdes dE WoAAd 2o EMYY
5 A 24 A A= AS = 5 UK (Table 2-12).
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Table 2-12. Results of mating in Maroon clownfish, Premnas biaculeatus

. Results
Experimental
) Total length(cm)
aqurium Initial day 5days 10days 15days

5.7

1 =1 JofR= of jof

9 g? ex el ex &
5.2

3 L6 e jof )
5.5

4 = 0 jogef jof )
5.4

5 4.9 s o
5.6

6 4.1 2 °°
5.4

7 ) e s e &
5.7

8 @® @@ @®
3.9
5.6

9 ®® @® OJO;
3.4
5.7

10 4.0 °® © ¢
5.7

11 11 o100} ©® OJO; 4
5.8

12 19 ol ©® o
5.6

13 59 5 ®s 5® \ 4
5.7

14 a8 e =2 =2 =
5.6

15 10 ©® @® @® 4

U AE,@ FA2MA ©F o 2oA A, @ S, ¢ FAV|AF

)

S 2N Amphiprion ocellarisE& Ar& 7| Ao oAt ob4=9
4 o
A

of FARY A Aol 7l Hlste] F=al HIREgHH 1] s}
=

my 4 X
WA
flo

L 22

o
o o

obze

Al

- o E‘
Folxl Aolghar AASE = Ql= AdHolth. AA7|7F ol Fo1x Amphiprion
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Fig. 2-3. Change of amount of Percula clownfish, Amphiprion ocellaris with

spawning

frequency.
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Fig. 2-4. Change of amount of Maroon clownfish, Premnas biaculeatus with

spawning frequency.
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Table 2-13. Spawning amount of 4 Clownfishes

Frequency Species
of Amphiprion ocellaris A.  melanopus A. polymnus Premnas biaculeatus
spawning (Percula clownfish) (Red and Black clownfish)  (Saddleback clownfish) (Maroon clownfish)
Adults P1 P2 P3 P4 T1 T3 T4 TS 01 M1
1 143 203 147 329 249 148 311 212 103 583
2 121 211 178 371 224 138 441 490 741 916
3 149 243 181 403 161 211 583 501 920 938
4 153 219 193 411 183 249 520 523 967 1500
5 157 194 179 396 373 221 572 999 1846
6 152 223 211 431 239 568 1084 2028
7 158 284 243 439 342 571 1257 2012
8 171 382 249 349 311 314 1008 1829
9 178 359 391 403 171 419 1927
10 154 413 419 312 201 472 2043
11 185 401 421 225 231 451 1956
12 191 398 397 254 472 1943
13 178 399 356 234 398 1999
14 191 348 410 443 2043
15 203 368 452 452 2256
16 161 379 467 423 2173
17 183 384 411 418 2211
18 197 343 436 442 1541
19 209 411 511 1329
20 211 391 519 1254
21 184 403 545 1891
22 194 431 623 1943
23 148 443 558 2042
24 419 571 2113
25 348 1948
26 378 1534
27 461 1826
28 403
29 451
30 449
31 511
32 520
Total 3971 11770 5741 1910 3349 2950 11597 1726 7,079 47624
Mean<S.D. 172.7 367.8 318.9+ 382.0 304.5+t 226.9 483.2 4315 884.9 +347 7 1763.9
+23.7 £87.6 116.2 £33.2 100.9 =£57.7 £82.8 £147 +427.9
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Fig. 2-5. Change of amount of Amphiprion melanopus with spawning frequency.

Table 2-14 Comparison on eggs of 4 specise, Clownfishes

Characteristic of eggs

Shape of egg

Species Egg diameter (mm)
Shape  Color Characteristic colony
Long Short
Amphipri
MPAPIION 9 9340.06 0.92+0.03 Oval  Orange Separate-adhesive Round, variation
ocellaris
A. melanopus 2.31+0.15 0.94%£0.04 Oval Orange Separate—-adhesive Round
A. polymnus 2.46%x0.13 0.96%x0.02 Peanut Orange Separate—adhesive Round, Variation
Premnas

1.99+£0.03 0.88%+0.03 Oval Scarlet Separate—adhesive Oval, Vzarialtion

biaculeatus
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Fig. 2-6. Premnas biaculeatus's pre-hatching eggs attached to the substrate (L),
Amphiprion ocellaris’s oval egg clutch attached on a jar(M), Amphiprion
polymnus’s round shape egg clutch outside a flowerpot.

(th) AFgF7]

4% 9] Clownfishe 9 t3itdd gt FTo2A A5 o271 7HA = HE 18-207H
4 A7t 285 o] —TL AN A AFEEE Clownfishe] AtekF7]E HWH Table 2-159
Ak ol A ocellaris®] 75 49 AtaEFolE RESL olE F F 323, 233, 17
3], 43] 9] A&7 ES 7HA AL Uth. Premnas biaculeatus= 55 2739 Abgto] Aot
442 Amphiprion melanopus© Z+7+ 233], 13, 113], 33]¢] Aitets 3o A
polymnusv 17%°] 839 AbehS st o} Aol AaEFo] 2 FAAo R AbEhe] A

TS AT

¢

Table 2-159F o] JAFxHI AFHA F2x4 3ol A |4 sbekato]l = Hoo|

A gkotal Ater & vpe At 7+ A S Amphiprion ocellaris® 7% 7FE AAE 1314

Qo] Abgto] Al&E = A% AAA T S Abgho] dojd H o= 7-8Y wholl Abgho]

ALE o AS7| T AA e FdASE A S 7Hﬂ]t£i ZFol 7} 1ol Amphiprion

ocellaris 1(°]3}P1, 2, 3,...... olgtal ghr})2 2894297, P2+ 15.8+12.1Y, P32 20.1+34.7
O 1-

A, Pat 2431729024 e QA FHAE JoE ASAE pdem Adel A3
‘]

o AUAE AZAFE AT AGFEE hEGEA AGFLEE &1 B4 U

4 o] ate]l HEE AL & & A

cbgtoimle] gk Mgk FAoY A= Fw:oly Abgk oy #FS 9ste] T
Y& 7I2AYAY AFs BYAs A ST onrt ¢S HowAnd A Ak
71bE S RES WEA HiE oAt g2 cownfishdl % 28 Aoz ey 17
U = AaAS vusiEd Aol Amphiprion ocellaris©] W]dFe] & oicl

Premnas biaculeatus= 20.4+12.3Y 3}
A vlaA o ARFRIETE E=odTh
o] ﬁ%ﬂ]/ﬂ Clownﬁsh«] Abgka) zbo] Beold 13049 &% = Alzte] wE Algex
Za‘ﬂr *—';3, ’1‘_%/\]7“’] stolel 4% 9] Clownfishe] 3% =

OAlel 24 F=2 15:00~18:004] A}olell 60.00%
18300“*21300/\}0]i/\1 26.15%, 12:00~15:00A}°] ol
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Table 2-15 Reproductive cycle of three species Clownfishes

Frequency Species
of spawning Amphiprion ocellaris I-Dremnas Amphiprion melanopus
biaculeatus
pr P2 o3 e " 1y 1
clownftish
2 73 24 150 16 52 34 21 11 13
3 45 53 22 50 35 25 13 8 17
4 21 8 10 14 10 49 17 0 12
5 12 13 12 17 17 12 10 9
6 22 19 16 21 10 14 9
7 12 60 17 18 12 10 10
8 41 26 14 16 29 11 11
9 13 15 10 40 25 12 12
10 28 14 11 50 11 11 11
11 68 13 16 16 10 32 10
12 16 15 7 12 12 9
13 131 10 10 15 13 19
14 47 11 9 39 9
15 12 9 17 10
16 8 30 10 15 10
17 14 9 10 9 11
18 18 12 16 11
19 11 13 18 13
20 15 9 11 9
21 8 10 10 10
22 14 8 12 11
23 11 10 17 9
24 13 11 11
25 11 9
26 8 21
27 10 22
28 12
29 10
30 10
31 11
32 11
Mean=S.D. 289 158 20.1 24.3 90.4+12.3 21.7 147 10.1 14.0
+29.7 £12.1 *£34.7 *17.2 +13.1 £6.3 *3.1 £2.6
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10.77%, 09:00~12:00A] Ake]eol] 3.08%2] xtghe] dojytt).

JHy b x7)e] H2 ofudA s FE LFAI Abgre] dojuX|gt Abgho]
=HH A 2 do] A s Amphiprion ocellaristd Red and black® 728 Zo| A= 4t
AL AEEHE HAxF Aol Aoy Agte] oo w FAAE Ao Hol
o] 200599 A$-Amphiprion melanopusE°] 24 10N AGE2E AFHA| S g7
ETw Rt w3 Amphiprion ocellaris G A 1241 F & okd7|= oju|Eo] e}
AR o] molAHA Hole Aoz Azte

T,
%o T Y
9 o 2 o

() &9 A7 AT F 3

At & BEbA AQdge T3 FRo e =2t 45 BRF F3ke S
1-3A17F ool R3latglon Hax e A QASE Premnas biaculeatus7y 7V wkgl
T2 28CoANA BE 644, Amphiprion polymnuss= 7L A Wholl Y3132 2t Amphiprion
melanopus®t Amphiprion ocellaris= 847 Wro & 7} =4 318t tH(Table 2-17)

Table 2-16. Frequency distribution of spawning time of 4 Clownfishes

Species Amphiprion A. A. Premnas Total o
Time ocellaris  melanopus polymnus biaculeatus

AM: 0:00~06:00 O O O O O O
AM: 06:00~09:00 O O O O O O
AM: 09:00~12:00 O 4 O O 4 3.08
PM: 12:00~15:00 6 4 1 3 14 10.77
PM: 15:00~18:00 27 20 7 24 78 60.00
PM: 18:00~21:00 16 12 O 6 34 26.15
PM: 21:00~24:00 O O O O O O
Al 49 40 8 33 130 100.00

Fig. 2-7¥ #Zo] t&d &2 ojnEo] #AFstARE 53] F7 o] Lol &o] 7tEA =
Hul 2 Ald FAdste] g F/FE doA AAFFS st ¢ veg 1 doly
Abg 5 A XS 48 o] HoWE e dE S shdon dFHL FA oA Ak Hozl
AA A A FAS At 5 FAHY 2oz et FAE s wdstAY FH 7 2ol
A FHRAT FE F9E AoA oF HE Ay HgAE AASE dEs AT

At 3UF Qboll MAAZE A HARYE FHY RAAdE oS s A F3)
7V 7V AE Premnas biaculeatus®] 7d-%-ol= 7R BT 5354 & dFlo] 7S U
A Aol 2 kA =gn| 9} et oz IS A FALs = st

e RekA 4L oln So welE 2o HR olule] wEa Rs A7 &
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Table 2-17. Water temperature and hatching days of four specis, Clownfish

Premnas
biaculeatus

A. polymnus

A. melanopus

-2
N
8
~
T
Q
S

Amphiprion

Species

at 9-10 night
at 9 night

25T

at 7-8 night
at 7 night

at 9-10 night
at 8-9 night

at 8 night

26T

at 8-9 night
at 8 night

27T

at 6 night

at 7 night

28T
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Fig. 2-7. Eggs care and

biaculeatus(L), Amphiprion ocellaris(M), Amphiprion melanopus(R).
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Table 2-18. Comparison on hatching rate with separation timing of egg clutch

transfer in clownfishes

Number of  Number Hatching

Separate )
Number of eggs in of rate(%)
. days after ) .
Species ] eggs(A) separate time hatching

S"(Zwm?g 2eA 95MB) larvae  C/A C/B

e (ind.) ©)
3(P1) 211 104 11 5.21 10.58
5(P1) 194 97 64 32.99 65.98
5(P2) 419 261 190 45.35 72.80
6(P3) 391 317 288 73.66  90.85
6(P3) 436 392 342 78.44 87.24
6(P1) 157 87 56 35.67 64.37
Amphiprion 6(P3) 249 182 139 5582 76.37
. 7(P1) 184 31 17 9.24 54.84
ocellaris 7(P1) 149 19 7 470 36.84
7(P1) 153 26 16 10.46 61.54
7(P3) 421 326 278 73.16 85.27
7(P3) 411 339 286 69.59 84.37
8(P3) 403 364 292 72.46 80.22
8(P2) 382 247 113 29.58 45.75
8(P4) 461 313 165 35.79 52.72
5(T1) 431 295 147 34.11 49.83
5(T1) 349 258 121 34.67 46.90
5(T1) 373 236 124 33.24 52.54
5(T4) 572 496 183 31.99 36.90
6(T1) 431 252 188 43.62 74.60
6(T1) 403 264 209 51.86 79.17
Amphiprion 6(T4) 419 385 286 68.26  74.29
melanopus 6(T4) 451 402 326 72.28 81.09
7(T1) 312 186 148 47.44  79.57
7(T1) 225 180 117 52.00 65.00
7(T4) 443 258 199 4492 77.13
7(T4) 452 289 207 45.80 71.63
8(T4) 623 372 211 33.87 56.72
8(T4) 558 277 216 38.71 77.98
4 1943 1116 984 50.64 88.17
4 1956 1204 953 48.72  79.15
4 1504 984 448 29.79 4553
5 1846 1288 1172 63.49 90.99
Premnas 5 2028 332 213 10.50 64.16
biaculeatus 5 2012 417 302 15.01 72.42
5 938 360 331 35.29 91.94
6 1829 146 104 5.69 71.23
6 1927 62 27 1.40 43.55
6 2043 157 94 4.60 59.87

Amphiprion
5 1008 943 862 85.5 91.41
polymnus
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of EA7I7F 54 o]l ¥ 69 olFo] EElate A Hrp I Lo F7
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jF2o] B S o] Fa Utk
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T T 2A%F 20%0] st 4AE7], 3AIF Fol= 8AIEZ7](Fig. 2-8, B), 3AI%F
40=Fl = 16A13E7], 421 7F 20259+ 324 £ 7](Fig. 2-8, O)2 TE3stdt}. wato] 7
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Table 2-19. Egg development after fertilization of saddleback clownfish, Amphiprion
polymnus (Water temperature 26.0£0.5C)

Time after Symbols Features of eggs
Developmental stage . ) .
fertilization in Fig. 2-8 andembryos
Fertilized egg 0 min
2 cell stage 1 h 40 min A
4 cell stage 2 h 20 min
8 cell stage 3 h 00 min B
16 cell stage 3 h 40 min
32 cell stage 4 h 20 min C
64 cell stage 5 h 00 min
Morula stage 5 h 40 min D
Blastula stage 7 h 30 min E
Gastrula stage 16 h 20 min F
Early embryo formation 23 h
Lens and ear vesicle 35 h H 13 myotomes stage
formation
Eyes pigment
Heart beat 54 h Y 'pg
formation and 24
myotomes stage
Pectoral fin formation 99 h J Eves glittered
Embryo just before hatching 150 h K, L
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Fig. 2-8 Microscopic view of embryonic development of saddleback clownfish,
Amphiprion polymnus. A: 2 cell stage, B: 8 cell stage, C: 32 cell stage, D:
Morula stage, E: Blastula stage, F: Gastrula stage, G: Early embryo formation,
H: Lens and ear vesicle formation, I: Heart beat, J: Pectoral fin formation 99h,
K and L: Embryo just before hatching. Scale bar=500gm.
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Table 2-20. Egg development after fertilization
biaculeatus (Water temperature 27.8+0.5C)

of Maroon clownfish, Premnas

Simbols  Time after
Developmental stage in Fig. Features of eggs and embryos
fertilization
2-9
Fertilized egg A 0 min Oval in shape
2 cell stage B 30 min
4 cell stage C 1 h 10 min
8 cell stage D 1 h 40 min
16 cell stage E 2 h 20 min
32 cell stage F 2 h 40 min
64 cell stage G 3 h 10 min
Morula stage H 4 h 10 min
Gastrula stage J 10 h 40 min
Body formation M 23 h 40 min
Eyes formation N 27 h 50 min
Body rotation P 41 h 10 min Ventral pigment formation.
Develop of blood i i
) ] R 77 h 50 min Pulsation began.
circulation
Before hatchery S 125 h 50 min

Amphiprion ocellaris®] & W34S Table 2-213 Fig. 2-10914 ®H3i= wle} 2}
T 28CoA +4 F 84 el Fslstm F37)3F Fele= Yol glojas ¢ Hrh
ool S~ & #EgE WHE Ao wEAE dS F Hox = MAIE]
B wed &S #EsteE Bt TRl EQbehA ¥EE FoE asith wAsE et
o] oF Mol W3} ¢rol HAHAL clownfishiF £°] A9 A8 R3lyo veox=
RgFE A9 Hl=elt
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Fig. 2-9. Microscopic view of embryonic development of Maroon clownfish,

Premnas biaculeatus.
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Table 2-21. Egg development fertilization of percula clownfish, Amphprion
Ocellaris (Water temperature 27.8£0.5C)

Simbols  Time after
Features of eggs and

Developmental stage in Fig.
9-10 fertilization embryos

Fertilized egg A 0 min Oval in shape

2 cell stage B 50 min

4 cell stage C 1 h 20 min

8 cell stage D 1 h 40 min

16 cell stage E 2 h 30 min

32 cell stage F 3 h 10 min

64 cell stage G 3 h 50 min

Morula stage H 4 h 40 min

Gastrula stage [ 11 h 30 min
Body formation J 24 h 20 min
Eyves formation K 30 h 20 min

Body rotation L 49 h 30 min Ventral pigment

formation.
Develop of blood

i ) M 103 h 50 min Pulsation began.
circulation

Before hatchery N 151 h 50 min
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Fig. 2-10 Microscopic view of embryonic development of Percula clownfish,

Amphiprion ocellaris.
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(vh) A=l e] 4%

o
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kA o 2 Clownfish9
H|3lo] vla A =2 <

F 143 olvel

3Alol= U8 BASS EE ofFol H|dte] ofn]e A7)
313k ztoj g A] 2 Ho|tH(Table 2-22). H-3+= HE 3l

nEo] HaaAu Aol wedt 2~3d4E et A%

o o

70.0 (

—e—A. Ocellaris —O— P.biaculeatus
60.0 —+— A.melanopus —— A.polymnus

50.0
40.0

30.0

Total length (mm))

20.0

0 10 20 30 60 90 120 150

Days after hatching

Fig. 2-11 Growth of total length from hatching to 150 days after hatching

of four species, Clownfishes.

Table 2-22. Comparison on 4 species’s larva of Clownfishes

Characteristic of hatching larva
Total

Species length Oil-gloule Egg vork Feeding after hatching
(mm)
Amphiprion )
] 4.50%+0.14 0.31£0.02 0.81£0.06 Rotifer
ocellaris
A. melanopus 3.54%£0.23 0.28+£0.04 0.62%£0.04 Rotifer
A. polymnus 4.584+0.21 0.26x0.03 0.64%0.05 Rotifer
Fremnas .
] 3.23x0.12 0.25+0.02 0.58%£0.08 Except larva with egg yolk
biaculeatus
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A 7] wjoll o]H 3 Agell= Ao AlF o] 29 % ot HE & ot rotiferg vt
2 A & FA oW Z7|FHAE dojutr] gk Faixtols A FE4E 7HA L
ow B Fom FZElv= A9 o Ho| 1E AHdANE FxY AT T AhaE
Al Fadsta Mol %58 dth A HolZ M= rotifer7t APt Fo webd 5~7Y
o] X B Artemia naupliusE Z 42]3}lc}.

4% 9 clownfishe] #3F & A& BW Fig. 2-113 o] F3 T 20447NA &= &
= Tol A9 fFAFS S BAA AAE B Amphiprion polymnus® Amphiprion
ocellaris® 7ol tha W=7 yepylth ey 209 o] F9 A4S o] 2% Aol
wE A 2P o] FE3t & 1208 A= Amphiprion polymnus.®] A4S 41.3mm= 9%
shA whE AAS 33, Amphiprion ocellarist 34.45mm% U AT 459
clownfish= 73} 309 o] FHEH= oo ko] wWolxA tix4o= wMeE J4&
W 1504 A o= Amphiprion polymnus.= 524mm=zE A% wE AFS #43
Amphiprion melanopus’} 41.1mm=E Amphiprion ocellaris® 34.5mmZE #| X1 29 =
Al 3F A

ON

o
=
al

bacs

[
-

(Ah) AR oY BE

Clown fish F-statoie] Qo] we BE&o] Wste it A5 Aols AFxRE &
7l HAI Heols wFHsE AAS AFste]l AT AAACE EAHJe Fi 5
5~102Ael 9] Aol 52 FF copepoda®t Artemia®l 45 HAF HE A= @
ol Mol F3t F 1047hA7F 7 2 ARTIE JAEHUT T AEE2 HI

10 A o) Amphiprion ocellaris= 75.22%, Amphiprion polymnustT 49.54%, Amphiprion
melanopus?} 90.84%, P. biaculeatusv 97.44% %A Amphiprion polymnusS A 2] 3}aLA]
= 1F =2 AEES KA F3F F 309 AR = 71.56%, 40.06%, 76.53%, 87.52% =
FaaAddel o A AJA T AEs] bBE AbSo] Zhesstal 609 o] Fell =
71.56%, 29.48%, 74.41%, 86.56%= Tx°] HA wiv A&EHE FAAGH 2Ed 2
o3t HAIE S-S Hol= Amphiprion polymnusE ALt = =2 AEES HIoH
EE Fol 60 olFol= AL AAddE = 7 A tH(Fig. 2-12).

(o}) Clownfish® Schooling @4

Clownfish®] 54 <o syl Ax]oj7]e =2 Ho|= schooling A4 Premnas
biaculeatuse -3} 15~16Yo] W of-io] 2712 3 W=y} AAEY o o] Al7]d
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Fig. 2-12 Survival rate from hatching to 150 days after hatching of four
species, Clownfishes.

o] migtolu} =zl mAgEE HAAE 10vAE, A= F2He A7) 3
= A E 2% clownfish®] schoolingd o] F=2 %A YEEtH(Fig. 2-13,

Fig. 2-13. Schooling of Maroon clownfish, FPremnas biaculeatus.

Premnas biaculeatus®] schooling @42 AAsHA A HHo2 Yely=d olzst &

P& AAlel w3k Ao gle Eghe] Aviel wek wpro] A=t AS FAE= A=

A} O
o =
2@zt AgE G4 A= AS & F dsd AFEEA ASE F2 Fx
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Fig. 2-14. Schooling of small size and middle size of Maroon clownfish,
Premnas biaculeatus(L: TL: 3cm, R: TL 5cm).

=
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= A Al A2 FE S o]Fo] dddE Eoprhrl= duk(Fig. 2-15). &3kl w7
U A2 22 45 A5 school A ©f WREA AstA o] FojA i HolE
u A7E JAS s HE ol Aste S B ATk o
schoolell ©H& FxolA By 2 JjAIS 1vie] ¥Wolwd o5 AF7h Ay wropAr
@E% x5 71] sAsty o] marehd vEINAZE robMal e EAebd 3~4v] 7}
S B 4 Atk o] g school #/4-& ojFwitt BT Z7]7A o0
WA Amphiprion polymnus®t Amphiprion melanopusl| X+ 73 %
) o}

_ﬁ
X

Tigriopus japonicuss
Fetete] gt on A FHAAE 9ty fElve ddE AR sE WO
AEE o8 A5E ALY A4 R APL AAske] A b A shelAe] AEq

Q& W] AhgHal

=3

A Feol A=l ot
Hol Abs xAlolo] A de Atw Q=
A ofud wh whg eIt FEee B =
< Yegte IMFI71E dlsddeld 52 53 g ik maxds F A4

i
Rt

Aol wjg- A= AS & F Ut

aHy 2wl 7wk EHAR 283 AUz FEoR A% gie £
o Y5y #Heet dAuEo FE X8 il AdE AAF oloE Aikst= A
st Ao e FA8A % A AVIZE sz Feol wd IsE T4
t}.(Baquero, 1999, Michael Tlusty, 2002, Wabnitz et al., 2003).

53] dE-=i7kol A coral reef & EEse o o&¥HE Al WH: o &
E™ sodium cyanide(A| ¢t YEF)E A}i’ho}oi FxH Ao g HEu7|E I3
= °l o] &HAT Ei17]9} coral A TS Fv AW ofvet &
R oA 2 OE ATANA %D 5 Qo] R WEA U
231 QItH(Michael Tlusty, 2002, Wabnitz et al., 2003). & ol ¢} e AT ELS
Ak ¥l S Al AAAZ v F8F o] APS AEWA AdY FAFE BESE
71918 2t S BASte] Adstal vk S m7b Aol At S, o g
Fol A, Be 4 AARH} 8 s A A Aol HQsivhal fdketa wpA o
2 of ofFeo BEH A AZ Y A v FAE AR Bo] AUEHE oF
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o b5 A ZEste] A2 AT "FA](gonadosomatic index: GS )5 AFESHATH A4 =
AstA Ml AE3 AAAES Bouin's £90] A & dgAdAH o 5 pmE
AH S WHE9] Hansen's haematoxyline® 0.5 % eosin 0]% o Mof o]3to] HlnL A
g 5 A=sdndos HAsAT
. 43

1) =F A2 E(Yellow chromis, Chromis analis)
GSI : Rl el FAAT L GAFFAZEA G GNA A - AFSEFA
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TE5E F71et7] A &ate] 8Ll 0.79+£0.259] S UERHLh ol F v 7
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Fig. 3-1. Monthly changes of gonadosomatic index GSI) in C. analis.
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2) %% 7] (Striped eel catfish, Plotosus lineatus)

GSI: AlFAckel Al 2001 5¢¥FH 20023 4¥€7-A] A% 16.8+1.9 cm, A539.1£8.6
gl &F, P. lineatuss €= 10-30vF8]® & 230vtg] & A Hsteo] A2 AR
(GSD el WstE ZAbgh A3 Fig. 3-29F 2o bA 9 GSIS] 9W¥ Wste F20] s
3= 59l 12.87+6.1990 12, 699 19.95+6.72% 7} w=kar, o] & 7o) 9.29+539% 2
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Fig. 3-2. Monthly changes of gonadosomatic index(GSI) in P. lineatus.
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71 (10-39), 4%71(3-69), A&71(6-749), H3} B 3 E57)(7T-99)1 e, FA2 A4
F71(8-124), 4%71(12-59), BA71(6-74), H3} 3 JH57(7T-8€9)= zAHAH (Fig.
3-3).

Table 3-1. Composition of fecundity total length of P. lineatus

Total length Number of eggs Number of fish
(cm) Range Mean examined
15.0-15.9 631 631 1
16.0-16.9 525-746 639 4
17.0-17.9 744-754 749 2
18.0-18.9 618-960 778 3
19.0-19.9 600-1176 897 4
20.0-20.9 846-1198 1025 3
22.0-25.9 1054-1070 1062 2

Table 3-2. Composition of fecundity body weight of P. lineatus

Body weight Number of eggs Number of fish
(g) Range Mean examined
28.0-34.9 525-650 610 4
35-41.9 618-756 724 5
42.0-48.9 600-960 780 2
49.0-55.9 822-990 906 2
56.0-62.9 846-1198 1033 4
63.0-69.9 1176 1176 1
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Fol A A (C1-5) =

0§

=
=

=G H 7 SdE Zi Al (Table 3-3)

Table 3-3. The experimental fish used for this study

Sex

Body weight(g)

Total length(cm)

Fish
No.

Date

97
53.4

22.5

-1

2002. 8. 14

18.3

44

16.8

66.8

21.5

47

18.3

48.2

18.7

99.5

23.8

C-1

2002. 7. 24

59.1

18
18.3

63
88.3

23.4

34.1

22.8

F(female), M(male)

oF

} 9 tH(Figs. 3-4, 3-5).
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Fig. 3-4. Ovary of P. lineatus. Fig. 3-5. Testis of P. lineatus.

Fig. 3-6. HCG treatment individual.

3) SA WS (Parioglossus dotui)
GSI : AFAt A 2003 5EFEH 9¥€71A] AH 26-47 cm, A< 0.2-09 g2 &
AdsS 9y FA(7Y)E 820 v F 137vkEl & A sk GSIe] WstE xALS
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A= 7+7; Fig. 3-73 2 oA e GSIE 5¥ 3 6¥€el 2H2F 1056355, 14.24+1.090] S
i, 79 19(Ig)el 2359443302 Hugts yEHth 79 7GR E GSIZY
4 191l mls) wrekar, 79 14U (R E)l = 1654465002 THA] A
st 79 7L (G nlE] Ekow 7Y 214 (EFE)o = 53645412 7Y 14U (HE )
v 8] SATHP<0.05). 79 289 (A Y)elE GSIZF tA]l et ot 79 214(E&)ol v

B GSIE Az #Aaste] 990 02120345 74 gk
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Fig. 3-7. Monthly changes of gonadosomatic index(GSI) in P. dotui.

Ao A% W 579 dae AEAd FES 4% 34 400-450 pm]
Aaedoz 7hS AU T (Fig. 3-8A). o] % As@Eo] AFAEAEA dAhsd U g
TS Ao QY AEZMEZT o] Holqlo] AHEHS B, e A e Ao S
Eol H3l F5EA Fig. 3-8B). At&S vkl dae AFA4 2oz o Fox
A2 AT 7F AP H A YA S-S FAAEE A, o dRAMXEES] BESA At (Fig

Aaayg el HelE vbd Axso] 715 Ad At (Fig

S dolel it (Fig, 3-80). 2187]e] Ait 2949% meh GAEE] s
o T8 (Fig. 3-8F)
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Fig. 3-8. Histological changes of ovary(A-C) and testis(D-E) in P. dotui. Fl: follicle

Sg:

testiculat lobule,

epithelium, Mo: mature oocyte, TI

germinal

Ge:
spermatogonia, Sz: spermatozoa.
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Table 3-4. Composition of oocytes developmental stage in ovary of P. dotui

Developmental stages of ovary (%)

Date  Chromatin-  Peri- O1l- Yolk Migratory Empty Atretic
nucleolus nucleous droplet Primary Secondary Tertiary nucleous folicle oocyte
8.0 46.7 10.7 34.7
15 May 2.4 51.8 3.7 42.1
6.5 48.3 8.3 36.9
O 4.6 50.2 6.3 38.9
5.4 49.2 7.2 38.1
2.1 27.7 3.8 66.4
14 Jun. 3.2 31.3 6.8 58.7
2.2 27.0 5.7 65.0
O 1.1 25.9 2.9 70.1
2.2 28.0 4.8 65.1
1.8 22.9 11.0 2.8 61.5
1 Jul. 3.2 37.6 5.4 50.5 3.2
3.6 32.5 63.9
. 2.9 45.6 1.5 50.0
2.9 34.7 4.1 1.1 41.1 16.2
27.4 40.3 29.0 +
7 Jul. 19.5 46.9 3.5 8.0 12.4 ++ +
11.8 47.3 33.3 +
O 10.5 15.8 14.0 49.1 + +H+
17.3 37.6 4.4 10.3 10.4 12.3
11.2 49.5 4.7 34.6
14 Jul. 20.5 25.0 54.5
16.7 37.9 45.5
O 15.4 25.0 3.8 55.8
15.9 34.4 1.0 1.2 47.6
7.1 55.7 8.6 18.6 +H+ +
21 Jul. 13.0 26.1 10.9 45.7 + ++
10.2 61.1 3.7 17.6 ++ +
G 9.8 21.3 6.6 59.0 + ++
10.1 41.1 5.3 2.1 4.4 30.8
8.1 53.2 3.2 15.3 +H+ +
28 Jul. 19.3 35.4 7.2 21.0 ++ +
12.9 38.6 1.9 2.9 43.8
. 6.8 25.0 11.4 5.7 51.1
11.8 38.0 5.9 11.2 23.7
11.6 15.5 7.0 3.1 62.8
12 Aug. 9.5 34.5 6.9 5.2 44.0
18.6 30.4 4.9 2.9 43.1
O 23.5 19.1 13.2 44.1
15.8 24.9 8.0 2.8 37.5 11.0
13.9 83.5 +H+
11 Sep. 14.1 85.9
22.7 77.3
O 11.9 88.1
15.6 83.7
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4) A5 (Gluttonous goby, Chasmichthys gulosus)

GSI AF= <dgtelA F==2 wAajel el o3te] 2001 12958 20029 11€9 714
e 10-307kE] ¥ & 461ntE]lE AR st A AT HAF(GSDE] 9 WEE ARG 2
I A9 GSI= dAe] #a AF27]d Fo=+s 11¥916.3 C)FE st Al 4she
AFe71Q 190 67551032 FANA F/HSHATE 28el Bl 456+0.792 et
th olF 3€e] oA 649+147E AT HUgs HIJow, F2 e dAo] AofXA
= 4958 TFAas] AlZSe] 0] 23+1TCE 24272 6-8€° 0.42+0.06-0.41+0.07
2 A3 AAFS JEUAT. FAHY GSIE A fA13 Ao r 193 3¥o) zZhz
0.28+0.10, 0.32+0.04%2 A% H#S LA, 495 H s ch(Fig.3- 9).
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- 112 >
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g 103 E
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% 102 @
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2 1 0.1
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0 L L L O
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2001 2002
Months

Fig. 3-9. Monthly changes of gondosomatic index(GSI) in C. gulosus.

A7) A
43 @ Az, A5 4477
W abe](2-49), B9 2 Fx
S7)(11-19), e 2 P71 (1-49), 5 2

s lar, Ao A, AR7I(1-114), 4

A71(4-74) 2 & 5 A vh(Fig. 3-10).
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Fig. 3-10. Monthly changes of gonadal developmental stage in female and male of C.

gulosus.
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Table. 3-5. Composition of fecundity total length of C. gulosus

Number of eggs Number of fish
Total length (cm) )
Range Mean examined
10.0-10.9 1049-1652 1350.5 2
11.0-11.9 2462-4092 3394.5 5
12.0-12.9 1883-5338 3855.2 7
13.0-13.9 3348-5346 4689.9 5
14.0- 5203 5203.2 1

5) Hl9# 4 (Hairychin goby, Sagamia geneionema)

GSL 2002 1€5¥ 200293 1297H#] A% 86+1.3 cm, A% 56+2.1 g vlg-4d
AAS vl 10-157F A F 144vtE] A WA 2T HFAFGSDe HstE 2AMS 4
I GSI= dFo] #H A7 1€98H 4.01+0.83004 F7Fst7] Al #Fste] 449
11571922 A% HAWgs Bdvrt 29 ot o] AojAl= 54 0.59+0.16%
378 el 69%H 128744 070£05622 FLke fA3Th (Fig. 3-11),
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[ 112 >
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7 10
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Months

Fig. 3-11. Monthly changes of gonadosomatic index(GSI) in female of S.

geneionema.
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BAF7): GSI A48 Watsh ANaude] 2488 HAS BUE G gAFIIE
1

(2-44), H8 = FA716-99)=

TA5 19PH 4944 AGH A F ABEAC Qe 45T AA dave
gate] TAFE AU 24 AA F Ak A 710-80 cm WA Hohe

: A4 81-90 cm Wlol &= AAEE L0767, 24 AA F A
0 cm W9lol &bt AASS B LI200AL, Aol g ue
= A= B (Table 3-6).

M2 X2

Table 3-6. Composition of fecundity total length of S. geneionema

Number of eggs Number of fish
Total length (cm) )
Range MeanxS.E examined
7.1-8.0 900-928 914.0£14.0. 2
8.1-9.0 976-1,204 1,076.0£95.2
9.1-10.0 1,002-1,240 1,121,0£84.8

offel HFEY] A4S WA 299 A T Aol JF WRUUE, dem £,
P, G, Holo EAlClY B B 299 Fr14 Wk o) Aus v, 53 7
sk geol 4FE BES FEA Aol dgel we AEolFolA musw glr}

(Devlaming, 1975; Nishi and Takano, 1979; Asahina and Hanyu, 1983; Aida, 1991). &=

& o5 4EF ek FRAAR W2 LI Fed g FAel me} o) F

o] Ab&A 7= , = SHANEE, SHALEE, FANGE, FAMNEE, & F
Adsg oz FEsta Arh(Aida, 1991). AE 7hsg siFadolz AR wwxteE,
LN, TAES, A9s, vtgid Y AAFIE A A, =gAEE dAY A5
Abgrel Jbe Aemds Fol B e oy, FAe A 7-8€ Adssta, 9YH-E
W A o] #EE ARG EoR FAAAY aga &30 AF7]E AV £
o] st dgo]l Adoxe= 3¥FE GSIgtel AA F7isetar, dRAMXES] AExde
gol 457 AZAste] g0l mal Aol JH X1 Al7IQ1 6-8dol Abekgk JHAZE
ZE)o] FobA AgFor FAHHET. TAYEL 7-89 Ad#ste sAMNSE, AYE
b 2 2-49 ) Abete] EAAEE R A4

BT 2 aga G5 2 RS ofFe A wg sbghe] of
DA #Hodst=Aed diste] @ AF7F olFoX i U A=,  Chamichthys
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dolichognathus< ‘353t o] EFHdola FF7|7F BAFHoZ 28l YALE
FAZA A HeS FE38 3 (Back and Lee, 1985), 5E-$8, Lepomis macrochirus&
a2 FAdFrle] B 2ol da F Abghe] $ofstal th(Lee and Kim, 1987).

w3l Gillichths mirabilis®} G. roulei®] A2 Wy} Abgho] o] 9] oJgko] =1

Aojgte addoz Z&3rh(Joyeux et al, 1992). £F7N= 5o #HAqste Fo90L
A
¢}

dgolw Fo] BFHor g, AEF Fg A ddFF7| 7 BAEA
Zgate] AL B s 2Pty Az oy ol o FEAF adle] A
A7) vAE Ao B P ; ARl A

(3

O
-

As ol FolA
2bgto]l dojudt) o5 59, H7MAIA|F9) Siganus canaliculatus(Hoque et al., 1999)<}
S. spinus(Harahap et al., 2001) Al Algko] dojup= WA S guttatus(Rahman et
al,, 2000)& A3, S argenteus(Rahman et al, 2003)2 3}&lo] Akgko] dojudt}t HAo]
<1 Epinephelus striatus (Smith, 1974)= 219, E. merra (Randall and Brock, 1960;
Lee et al., 2002)«= HFol 4Atgho] dojdtt TAYS A5, AbgkA7]d A4, 314, 4l
ol z+7; b E o] #EEo s#dE 5 G5 d&FS weva AztEY B A

.

=

o AR ES TR AAAE HFAY RS B A7 Basvin gEh
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Table 4-1. Observed marine aquarium fishes in the coast of Jeju Island

Fish species Sampling month Catching method
Yellow chromis 6 ~ 11 Hand net for coral fish
Butterfly fish 6 ~ 10 Fixed shore net
) Hand net for coral fish,
Stripey 8 ~ 10 )
Fixed shore net, Hook
Orange seaperch 8 ~ 10 Hand net for coral fish
Bluefin searobin 1 ~3 Fish hook
Hand net for coral fish,
Lion fish 6 ~ 10 )
Fixed shore net
Yellowstriped butterfish 6 ~ 11 Hand net for coral fish
Wrasse fish 6 ~ 11 Hand net for coral fish, Hook

A9 L g F2 gAY Swel dste]l Asedh B oFH 5

1% B Be wWor AW sk FAvE AUE N8 EWoR A
FeY £ WolA] ofmle A% Jbed FEF Huols 4Y Ade] 278 Ao
2 gtk R o duEe 3, A, AUE 0|08 59 5o PHow

Fig. 4-1. Marine aquarium fishes sampled in Jeju Island.
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Fig. 4-7. Compared female and male in growth of total length of seven banded
shark.
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Fig. 4-8. Compared female and male in growth in total length of dog shark.
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Fig. 4-9. Compared total length, body length and weight in growth of seven banded
shark by food types(fresh fish; A, moist pellet; I, dry pellet; @).
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Fig. 4-10. Compared with survival of seven banded shark in total length, body length

and weight by food types(fresh fish; A, moist pellet; I, dry pellet; @).
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(3wl Hippocampus sp. cf. coronatus®] 3%°] #HZ % AHE 4-2).

Table 4-2. Ecological study on the seahorse habitat

Specific name Site A Site B Site C
Lateolabrax sp. [ o
Sparus swinhonis [ [ o
Sphoeroides niphobles o o o
Tridentiger sp. cf. trigonocephalus [ ) [ ) o
Aulichthys japonicus [ ) [ ) o
Leiognathus sp. cf. nuchalis [ [ o
Lateolabrax japonicus [ )
Syngnathus schlegell [ )
Pseudoblennius sp. o
Hippocampus sp. cf. japonicus [ [ o
Hippocampus sp. cf. histrix o
Hippocampus sp. cf. coronatus o

o

s17) 9iske] 7 2AL AR 154 33 Fud A, 4
ANA 2bEsiek 1obel, A BlA AEsivt Ivbe] aelm g CAM AEsieh 1vtel,
A siet 2okel, (F)siet 2okelot ol g sl 2k AR ColA bY Rkt (1Y 4-1D),

vk Wols BEHMOE Fusts] sl vk MR FAHE Ay B A
de 2R A%, 24 A4 Ash BAAE 1399 slnp (s anhrh 2 1714w
#2E v, 2 A COlAE Skl AN Row deld 3% vk (5
ul, FhAlelel, el BEOE 93 bsetgln, BaE AASE SAAR G 2 4R
sl $A7 FHOR S Be WEE FASAT (29 4-11).

of Ak slvtel A m: Adgol HE A 43 C G67MAT TE 24 A

% A
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A ol 2o
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rﬁ

QLA AAS7L A %] gEed Ao R AvETh (19 4-11).
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70 67
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- LS |
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Fig. 4-11. Compared with individual numbers and specific numbers of coexisting
fishes and seahorses on each experimental sites. Each bars presented black;
number of seahorse, brown; observed seahorse individuals, fold line; number of
co—existing fish, white; observed co—existing individuals,
gy, 3 A BRI EAlF W T FE vud AoAe 23H AV 6F
B7} 5% 29 C= 8F o= ColM va =2 &4 ofF 71 3250y (1 4—11).

sivkel AAANA FH EA ofF 53, EA oAF AANFT BL5F dAvte] A4 1
S8 gaAd bs4el 9k AL U & At

gte] CollAl AZA A =gttt oA At
A =R A oF e AR T ol ;59}7] ) o] T}
Wab opyel Zh A AAE sfnke] S vj& Ed Sjvke] TS Hlug A A
S Bol vt ColA WS %L dvkel 2 vlgo] waAAL. 53, dvtel FF
22 A (0.178%), B (0.248%)0] ¥ 3te] ColA = 1.321%2 w9 =4t} (13 4-13).
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Fig. 4-12. Comparison on total specific numbers, individual numbers and
fish weight on each experimental sites. Each bars presented black; number

of species, white; observed total individuals brown; total weight.
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Fig. 4-13. Compared with coexisting and total weight in rate on total number

of appearance fish.

- 1338 -



rate of individual
@
o
8
!

mA 8B m=c

Fig. 4-14. Compared with individual numbers of each fishes. A, Lateolabrax
sp., B; Sparus swinhonis, C;, Sphoeroides niphobles, D; Tridentiger sp. cf.
trigonocephalus, E; Aulichthys japonicus, ¥; Leiognathus sp. cf. nuchalis, G;
Lateolabrax japonicus, H, Syngnathus schlegell, 1, Pseudoblennius sp., J;
Hippocampus sp. cf. japonicus, K, Hippocampus sp. cf. histrix, L;
Hippocampus sp. cf. coronatus.
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Fig. 4-15. Comparison on weight of observed fishes on each experimental sites. A;
Lateolabrax sp., B; Sparus swinhonis, C; Sphoeroides niphobles, D; Tridentiger
sp. cf. trigonocephalus, E, Aulichthys japonicus, F; Leiognathus sp. cf.
nuchalrs, G; Lateolabrax japonicus, H;, Syngnathus schiegeli, 1, Pseudoblennius
sp., Js Hippocampus sp. cf. japonicus, K; Hippocampus sp. cf. histrix, L;
Hippocampus sp. cf. coronatus.
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Fig. 4-16. Growth of seahorse Hippocampus coronatus larvae(A; day 0
day 7, C; day 14, D; day 21 and E; day 28).
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=l
(6]

A)
= vadE 2ET] FRUCdAM A549 Holges Eo, AtE 4

294+ 10
dA el G A Ak 2y 47vkEl o] Ho coronatus®] Aol= ArE AE 284
AA v 2w =aT] ARgeRllA w22 SN AEE BAT(IE 4-16)

H. coronatus®] Aol A& A& 7UA 78.7%, 1497 74.4%, 21497 70.2% 18]l

- 135 -



284 A 51.0%9] "% =2 AEES RAHY 4-17). 53] A& 4 234 A 7FA] 70%
ol aFe] mj- eFAF Al AlS-o] 7}EdAT. H. coronatus®] AolE A& AS vpbR | E
t} Tigriopus sp.& FHTORE & "AAE BUEY] FERUAA wg H542 Ao

FFo] AEHATH

100
o0
. &
3270
*@&)
§5D
5407
3D
ZO,
10 |

S T T T Y SR

0 4 8 12 16 20) 24 28

Day after hatching

Fig. 4-17. Survival rate of seahorse Hippocampus coronatus larvae.

H. coronatus®] *t= 2% 2}o]= Head length’} 2.31mm, Snout length’} 0.71mm,
Trunk length”} 3.88mm, Tail length’} 6.67mm, Height”’} 10.26mm 123 5% @ (Wet
weight)©] 0.0058g°] %1 thHn=2).

H. coronatus® *FZ Ao 9] % (Head length), % ©] & (Snout length), &% (Trunk
length), "% (Tail length), A7 (Height) 18]3 F% 3 (Wet weight)2] 54 A3= 19
4-189  YerHAT.  H coronatus Aol %, Head length(Zt&  F%
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Fig. 4-18. Growth of head length(A), snout length(B), trunk length(C), tail
length(D), height(E) and wet weight(F) of seahorse, Hippocampus coronatus larvae
during the 28 days.

500 ' _e—HL(mm)
—s—SL(mm)
400 F|—a—TL(mm)
< —o—TalL(mm)
2 300 | = H(lmm)
o —— W W (g)
g
S 200 [
S
U) —
100 | = - -
0
0 7 14 21 28
Days after hatching

Fig. 4-19. Growth of each parts, head length(A), snout length(B), trunk length(C),
tail length(D), height(E) and wet weight(F) of seahorse, Hippocampus coronatus.

23lmm)> AtE F d® 149474 26mm A=l HEY FERE Zo] 4 ##T
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T v 2y s F dE 2194 o] FHE HlwA wE o] wEE o] 28U
= Ao|7} 3.84mm=E %

H. coronatus #}o] 9] —zr%olx, Snout length(’&% A% 07lmm)S & & 4% 7d
A7EA vl wE S BRPou, 14UA] o] FRE = ulg =9 Ho] AFS Kol 28
AR = Zdol7F 1.32mm= A FSFATH(1H 4-18B).

H. coronatus #F°19] B% 7%, Trunk length(AF& 23 383mm)< AFS717F 5 A%
A Aol AFo] #FAF o AE F IdH 28UA = 7.64mm=E A FSFATHIH 4-

H. coronatus #+o12] v]% Tail length(At& 2% 6.6/mm)%E AFS7]7F 5 Wl
X0z AFHE Hol E F d¥ BAAAE Aol7b 1352mm=E A S ATHLH
4-18D).

H. coronatus #°19] A%, Height(2tE %5 10.26mm) %= AFS7]17F 5 vl %] ] 43
o2 AAAE He AE F d¥ 28dAd = Aot 21.60mm=E A G THLH
4-18E).

H. coronatus #Aolo] %% Wet weightys FAMEE = 714 e A% FAHE 1
ded AHE AF 0.0058g0 Bt E Zel= 7R 0.0126g, 149 0.0179g, 214 A
0.0218g ¥ a1 284 A= 0.0287go. = vl w=A AAsATHLH 4-18F).

H. coronatus Ao1E o2 2847te] AlS7|7F 5 74 1A o w2 =3 67 &

a2
o

(54, FEolR, BB, VA, AY, 2FHS AP 0
A7L oS el Mo BuET] FEYAA AEHe Aol Afe] AseAd 2

ow AotEn(d 4-19).

2=+ 3dv} Barbour's seahorse, Hippocampus barbouri® <1FZEDZAAL
7l ME 0 AVS FERUlA Ad ww|sk JRA T EweE =7 Sk A 7F 1567 9] F
ol & At=3t T dE 2497bA 90%° =S AEES BAT. H barbouri A
ojo] AEES MA3] FHAasty] AlFtete] A 39Y Aol = 64%, 829 Aol 31% 18l
LAl = 18%= Ao 145 o] Fol= 15% ol o= qtdd Feolth(1d
4-20).

=¥ H barbouri® Aol F%(head length) 2.489mm, %5 ©]%(snout length)
1.281mm, %3 (Trunk length) 3.618mm, W% (tail length) 3.926mm, #]3L(height)
767lmm 183 5% F(wet weight)©] 0.0028¢= A& & o4& 41LdA7MA = Ao &
A FgEoA wlg nbd o] AR EHAAN 419H o] FHE = 1 Aol wAsHA

7 a7l AlZFstel dE 145dAld = 54 12131lmm, FF ol 517Tmm, wE%
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Fig.

4-20. Survival rate of seahorse, Hippocampus barbouri larvae.

o A rep B
Pt :
Poel i3
o | C o D
. 2
e F
ﬂé 30 °=
; 20 | % J/
id ol § oa
Fig. 4-21. Growth of head length(A), snout length(B), trunk length(C), tail
length(D), height(E) and wet weight(F) of Barbour’s seahorse, Hippocampus
barbouri during the 145 days.
19.949mm, 74 25152mm, AL 46.642mm 1#]3 S35 02481g0.% QG =3
SAYE T F5ES 145dAd = 199 86u7tA AASIATHTH 4-21). Sfnt
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#oo] = Whg-2 Wolu g

9) AFFEANE AT Fu o|F A%

A= 7HA 57l A A A 3 o]

[ =N

Barbour’s seahorse, Hippocampus barbouri= "o}

Holo} e w29}

1

dstel MAIG o FW Mg A

Table 4-3. Sampling area, specific name and size of aquarium fish on each

catching method(presented three development steps, secceeded larval rearing

species; O, expecting species in the furture; A, false fish species; x)

Common name Specific name individual survived pairs possﬂ?le Spa_wnmg step
spawning time
marine cat fish Plotosus lineatus 259 45 0 45 3 A
lion fish Pterors lunulata 150 38 0 0 0 VAN
peacock lionfish Pterois volitans 155 53 0 0 0 VAN
gold reeffish Chromis analis 200 0 0 0 0 X
orange seaperch Pseuda@éﬁ@s 350 0 0 0 0 X
squamipinnis
banded shark Triakis scyllium 70 24 2 0 2 O
dog shark Cynias manazo 9 0 1 0 1 O
coral seahorse M'ppocgmpus 162 0 0 0 5 X
japonicus
crowned seahorse Hippocampus 3 0 0 0 1 O
coronatus
barbour’s seahorse Mppacamgus 73 21 3 11 5 O
barbouri
oceanic seahorse Hippocampus 77 17 5 7 4 A
Kuda
yellow seahorse [ﬁppgcazﬁpus 50 0 0 0 0 X
histrix
. Amphiprion
tomato clown fish 18 7 3 6 0 AN
frenatus
yellow tail blue Chrysiptera 288 70 o 1 0 A
damsel parasema
blue devil Pomacentrus 239 112 1 3 0 A
caeruleus
Chrysiptera
goldon belly damsel 272 25 0 0 0 VAN
parasema
blue damsel Chrysiptera sp. . y5q 88 0 0 0 A
cf. taupou
domino damsel Qascy]]us 54 26 3 10 0 VAN
trimaculatus
yellow tail chromis Neopomacentrus 65 3 1 3 0 A
nemurus
orange top damsel PFomacentrus spp. 52 0 0 0 0 X
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Table 5-1. A breakdown of facility

) Unit of
[tem Area Quantity Amount (won)
cost(won)
Vinyl house | 400 pyeong 1 bundle 150,000 60,000,000
Founding )
) 400 pyeong 1 piece 50,000 20,000,000
construction
Underground
250 mm 1 day labor 10,000,000
water
Control
30 pyeong 2,200,000 66,000,000
hounse
Total 156,000,000
(W) 8 & 717]
WY AEASY 52 2 #A2E A HA4se] g 9 7]7]& Table 2-249F %

(th) =2AI4

HFole] ojmabE Ak Fsb 8l FEaiolE §A 798t oy 7 279 3
glo] =x7F ¥e o] "aslt} Table 2-25% 2 W3 4292 e AT
() A&EE I 74

ol AAZMA diFEol SRR FdHL de dAHoR TGl =
AmdE ot FYE L dom AR HARbHolth o7 E @A o] ATelA 7]
zo] /ME oAFS FAHOE il V| x2ETIEe] o= AE gH o] Jpsido] w&

FUS o w2 HF3YY = Clownfish 1553 Angelfish 5%, Gobiw 453 3j

Table 5-2. Equipments for production of marine ornamental fishes

(Unit: thousand won)

Item Standard Number Unit of cost Amount
Pump 750w 50 unit 100,000 5,000
Pump 3kw 2 unit 300,000 600
Air pump 0.75 3 unit 300,000 900
Boiler(30kw) 4,500
Generator(5kw) 3,000
Heater 2kw 30 unit 120,000 3,600
Microscope 5,000
Protein skimmer 40 unit 250,000 10,000
Tool 10 unit 150,000 1,500
Tank support 25 unit 500,000 12,500
Total 46,600
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Wb 3%, Tela SN b A717h B8 Cleaner A SR 3%¢ dldoR 59
2w A TYPe] 28R FAe BF 2520089 oAtk
Table 5-3. Rearing tanks for seed production (Unit: thousand won)
[tem Standard Number | Unit of cost Amount
Glass aquarium |45x50x65 1000 60,000 60,000
660x460x500 10 700,000 7,000
FRP(round) 2.4x0.7 10 600,000 6,000
1x0.7 40 150,000 6,000
4x1x0.5 20 400,000 8,000
Filter system [Ix2x1m 20 600,000 12,000
Pipe lane PVC 5% 600,000 3,000
Air system A AL S 1,000,000 1,000
Total 102,000

(vh) Alg¥ 2 22 F

oFAlo] glo] A= iR R A AlEH| 7} A= H| o] AUk T AFS o A=
oA W oAte] AREZA et F X ! -
At HA7kA et F-shArol o] mHAA AL
212008 910 29w 2o thebyh

i
2
=
Lo

Al
o
=
o)
oo
Al
£
Sl
é U
M

=
=
ox
ofl
rot
£

[

Table 5-4. Costs of buying brood stock (Unit: thousand won)
[tem Size Unit of cost Number Cost
) 100x15
Clownfish Over 5 cm 6000 i 9,000
species
100x 3
Sea horse Over 10 cm 10,000 ] 3,000
species
. 207 x5
Angelfish Over 10 cm 100,000 ] 10,000
species
) . , 1007 x3specie
Shrimp Breeding fish 9,000 2,700
S
_ ) ' 1007] (4species
Class of gobi |Breeding fish 5,000 ) 500
Total 25,200
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Table 5-5. Feed and consumption goods

(Unit: thousand won)

[tem Standard Unit of cost Number Amount
) 10x20kgx2tim
Cost of feed 10 kind 20,000 . 8,000
Chlorella Enriched 75,000 30 2,250
Enriched 150,000 30 4,500
rotifer 100 million 450
Artemia gold 20,000 100 2,000
1amelu(Ov5§f§fI§ght) 32%2 100 40,000 4,000
Total 21,200
(vh) 179|
AA ZE/igs v ES aulge] QSR 7| e As aelA] F%kal 7]
o] JiE As ol&ste] A fAFE T QRS AT o= B AATL
Fela Ax71=s A Urteld et ek agFEES Yol dashA
T 2o g w R AA Aite] s A=ukS AZGSH Table 2-28¥ #Zo] of
186,000 ¥ o] &g ¥t}
Table 5-6. Labor costs in marin ornamental fish aquaculture (Unit: thousand won)
[tem Number Unit of cost During Amount
Labor cost 5 persons 1,800,000 1Z2months 108,000
Technical service 5 persons 1,000,000 12months 60,000
Office work service 1 persons 1,500,000| 1Z2months 18,000
AA 186,000
(A AAF 2=
oA 71X = Aitel 2e¥E FHES AL o] Hrel Ao wet FaE = Al
(25AH, WalAl, =911y AFRIRE ) Adstirt. 72 RS A3 A7A7F &
< Holy o] Ao webA Jh2Wy] wHaA e tE 5 AR 7= A7 CsA
€& WE o8 A5E ANSAS W AT 12,000: o] A ET
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Table 5-7. Taxes due (Unit: thousand won)

Item Period Unit of cost During Amount

Cost of electronic - 1,000,000 6months 6,000
Nov. Apr.

May-0Oct. 300,000 6months 1,800

Cost of water 12months 100,000 12months 1,200

Cost of 950,000  12months 3.000

communication
Total 12,000
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Table 5-8. Analysis on profit and loss

Revenue (1000 (thousand won)

Expenditure (thousand won)

) Calculation
Item | Species ) Cost Item Standar Amount
basis
Primary
year
(5species) Clownfish 5000x50,000 250,000 |D Cost of facility 400 pyeony 156,000
(2species) Shrimps  6000x10,000 60,000 |@Equipment 46,600
(2species) sea horse 10,000x1000 10,000 ||®Tank 103,000
Buyi t of
WBuying cost of o) e 95,200
breeding fish
®Feed and
consumption 21,200
goods
®Tax due 14,700
(DCost of labor 186,000
300million
@lInterest 1 10,500
(Blnterest on a loan (3.5%)
Total 320,000 563,200
Revenue —Expenditure -243200
Second
year
Feed and
(7species) Clownfish 5000x70,000 350,000 |[consumption 21,200
goods
(3species) Shrimps ~ 6000x20,000 120,000 ||Tax due 14,700
(2species) sea horse 10,000x3000 30,000 ||Cost of labor 186,000x0.05 195,300
Repair(D~@) 330800x0.2 66,160
Interest on a loan 10,500
Total 500,000 307,860
Revenue - Expenditure +192,140
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Table 5-9. Total expenditure of marine ornamental fish aquaculture

500pyeong Cost of Buying cost Feed aqd Cost of Cost of
Sum of cost . of breeding | consumption taxes and
(standard) Facility fish good labor interest
Amount (won) 563,200 305,600 25,200 21,200 186,000 25,200
Rate (%) 100 54.3 4.5 3.8 33.0 4.5
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