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SUMMARY

[. Title

Development of seed production techniques and ecological studies of filefish

(Thamnaconus modestus) and red seabream (Pagrus major) by eco-culture system

IT. Objective

The ecology of aquaculture ponds consists of many interdependent physical,
chemical, and biological processes. The ecosystem is extraordinarily complex, and,
until recently, aquaculture in ponds was viewed as a "black box" system in which
outputs with little knowledge of the processes linking the two.

The filefish, Thamnacounus modestus is widely distributed in the Korea coast,

southern Japan and extended to east and south China sea (www.fishbase.org). This

fish are quite useful for the dried slices of fish, antifouling organism in the seawater
net cage and natural enemy of large Jelly fish. Presently, the population of these
species are chronologically reduced from late 1980s (320,000 metric tons) to 2000s
(1,000 metric tons) due to overfishing. Therefore, seedling production of this fish has
been required continuously from 1990s. The some restricted factor for mass
production of this fish were discussed to very small size of newly-hatched larva
(2.14 mm in total length) and their small mouth size at full opening.

The present study was aimed to the acquisition of fertilized eggs with good quality
through broodstock management, search for first feeding organisms and production of
seedling in mass scale by various hatchery system.

The red seabream, Pagrus major (Temminck et Schlegel) belong to the Sparidac of

Peciformes, which are distributed from the Korean and Japanese to the East China

_14_



coasts. In Korea, this fish popularly sell as valuable sports fish as well as
aquacultural fish at market. But red seabream had high abnormality rates in inland
flow-through tanks, ranging from 10% to 50%.

The aims of this study were to determine phytoplankton abundance, zooplankton
diversity and production and survival of filefish and red seabream larvae in ponds
treated with organic and/or chemical fertilizers.

Also, this study was analyzed how zooplankton populations related to various
nutrient levels in fish larval production ponds. Zooplankton samples were collected
twice per week using an 100 gm mesh Wisconsin-style net from all experimental
pond. Composite samples were preserved using chilled 4% formalin. The 1 ml
sub-samples were removed from the original samples with a Hensin-Stempel pipette,
enumerated and identified according to Pennak (1989) wusing a phase-contrast
compound microscope. The sub samples were averaged and the number/ ¢ for each

sample was calculated.

Ill. Contents and scopes of the study

1. Development of seed production techniques of filefish and red seabream in
seawater pond
This work was performed to investigate seed production techniques of filefish and

red seabream on various pond environment and diets.

2. Ecological analysis of experimental ponds and development of environmental
friendly pond culture system
This work was performed to investigate determine phytoplankton abundance,

zooplankton diversity and production and survival of filefish and red seabream larvae

_15_



in ponds treated with organic and/or chemical fertilizers. Experiment was conducted
in eight small ponds (1,000-1,500 m’) and on large pond (10,000 m®) at Marine
Research Development Institute, Soonchunhyang University, South Korea (36 41' N;

126 18'E) from March to June 2002 and 2005.

IV. Result and Discussion

A broodstock management for acquisition of the good quality filefish eggs, which
involved changing the water temperature management (rise slowly for 40-days from
12°C to 16C) and photoperiod. The mean diameter of fertilized egg was 0.625 mm
(3,300 individuals/ml). Total spawned eggs was 170 millions from 500 adult fishes
(450 g in body weight) for 59 days. Larval rearing was conducted in 50 ton tank at
a stocking density of 6-12 larvae per liter. The feeding regime consisted of
Chlorella, rotifer, brine shrimp and artificial feed.

First feeding organisms analyzed from stomach content in the 5-day-old fish reared
in the larval tanks were eggs and newly hatched larvae of rotifer (about 100 /m in
total length). The survival rate of this seedling fish from this study was very low
and the highest survival rate was observed (9.5%) from the group fed by rotifer +
brine shrimp + artificial feed. High mortalities in the experimental groups occurred in
the first week during transition from endogenous to exogenous feeding.

Ponds treated with chemical and organic-fertilizers produced higher numbers of
copepods nauplii, copepods and polychaeta, especially during the critical a 2-weeks
period after stocking; phytoplankton levels were also initially higher compared to the
control ponds.

During pond culture of fish fry, natural production of copepods an copepods

nauplii is often relied on for the fish's initial food source. Fertilizers are commonly

_16_



added to production ponds to increase the zooplankton forage base for the fish fry.
A Dbetter understanding of zooplankton population trends and how they relate to
nutrients is necessary for more efficient fertilization strategies.

The stomach content analysis indicated that juvenile red seabream show a
preference for copepods nauplii, copepods. Copepods are the most important
zooplankton in influencing ultimate fish productivity. Larger number of copepods
nauplii and copepods were significantly correlated with higher productivity indices.
This suggests that fertilization programs should concentrate on increasing the numbers
of copepods nauplii and copepods in ponds throughout the production period. Red
seabream had 61% high abnormality rates in inland flow-through tanks. By contrast,
low abnormalities were observed in larvae reared in pond. The abnormality rates
were 0.7% produced from seawater pond system.

Results of this study suggest that pond management effort (including the amount
of fertilizer used, the type of other fertilizers such as alfalfa, animal manure and
treatment timing of fertilizers) should be shifted to maximize zooplankton foods
during the period of 4 weeks, before and 2- weeks after stocking of fertilized eggs

or larvae.
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3E 6. =AE &3t FE TR BAAL £4
g = ¥ = =94 AEW A (9
z54 z 2 105,000  700,0007}2] x 150 = 105,000,000
g A 40,774
2 A 7,000
Fiv], HE 1000 A1AH] 10,000,000 x 1/10 = 1,000,000
AlAdn) FuiFEAlE 5 ’ D)
Owjl :}}g 8 6,000 6,000 x 1,0008) = 6,000,000
2 A 25,050
TR 5250 350970 x 1.5¢ = 5,250,000
AU & 4,000 254, 234 5
800,000 x 5¢ = 4,000,000
AR 2,000 400 kg x 5,000¢ = 2,000,000
2= i AR 1,200 400 kg x 3,0009 = 1,200,000
=3 A7 4,800 191 x 1,200,0009) x 4¥ = 4,800,000
A7 8 800  200,0009) x 4% = 800,000
v 8 1,000 s}shHlsE, <23k 5 1,000,000
AR 2,000 20% x 100,000 = 2,000,000
oFF, FUA 2,000 2% x 100,000¢ x 103 = 2,000,000
T2 2,000  500,0009 x 49 = 2,000,000
2 A 8,724
71 EHAFE 8- S) 2,524  31,550,0009 x 0.02 x 4 = 2,800,000¢
o Fagd Al 200 1,000,000 x 1/5 = 200,000
A7 e 6,000  1,500,0009 x 4¥ = 6,000,000
=T Z249-A& 10500034 - 40,7747 Y = 64,226,000 4 (61.2%)
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2) pH, DO, Salinity ¥ 9% W3}
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35.7%, FHE AoAxe Bt 7dHsE HEFdo] ta A YEETH2
g 30) A =A7} 1.10~1.40 m (H 124 m) & 7} kA=
M, B =& 05~1.60 m(E T 1.13 m), C =AE 1.10~1.60 m (BT 125 m), D
=AE 0.6~150 m (H11.08 m), E =A7} 0.60~1.20 m (HT 0. 97 m)Z LteEb

T 30). ol A%, LW @ AuAC] BE FAEEFAES W Ato|

b

il

ao—ﬂio =il

o 719" Aoz FHHM HY FHE FAE AWM= 4= =9 92
=

_75_



124
10 4
o 0% 0 114
SN 10 4
9 /r’¢ '/ E‘ g g/ Qi%
- i "\i/’y 94
81 \v 81
M
z 7 2 e
Q
A 5
6 4 4]
—@&—— Apond —&—— Apond
5 o B pond 39 o B pond
———v—— Cpond P ——-v-——  Cpond
— ——- Dpond ——v-—--  Dpond
s — % — Epond 14 — & —  Epond
- o
3/8 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/8 3/18 3/28 4/2 4/7 4/124/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28
Experimental period Experimental period
40 q —e—— Apond 200 -
[e] B pond ——@&—— Apond
38 4 ——-v—— Cpond 180 4
—+—v—- D pond
36 4 — . — E- pond
160
34 4 ~
= E 140 +
s 32 A \5
2 £ 120
E 301 g
] 7]
P g 100
&
26 - 80
24 A 60 -
22~
e 0wl
3/8 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/8 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28
Experimental periods Experimental period
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O™ 30 ARV T 4 APxAe 28 W

AN F JUdd W3l F ol FAE©Nitrite, NOy) 55 A =47 0.008~
0.045 mg/l, B =X7} 0.013~0.044 mg/l, C =A7} 0.009~0.035 mg/l, D =A7}

0.008 ~0.039 mg/19] EXE YelAdch( 2™ 31).

A2+ (Nitrate, NO3)9] FEE A =27} 0.012~0.097 mg/l, B =%]7} 0.02~0.09
mg/l, C =47} 0.015~0.088 mg/l, D =7} 0.012~0.075 mg/lE Thh =& BIE

JERRQAR o]s Z4Z0z AU AuA o5 ta WEZ JAL Ao

gETH(2E 32).

['ﬁ':_,

212+ <d(Phosphate, PO, )S A =27} 0.004~0.045 mg/l, B =%]7} 0.009~0.4650

mg/l, C =47} 0.001 ~0.042 mg/l, D =327} 0.005~0.0610 mg/12] E¥XE YeRIA
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THZE 33).
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Concentration (mg/ € )

Concentration (mg/ € )

0.10 q Apond 0.10 4 B pond
0.08 0.08 4
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0.00 T T T T T T T T T T T T T T 0.00 T T T T T T T T T T T T T T
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0.00 T T T T T T T T T T T T T T 0.00 T T T T T T T T T T T T T T
3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/18 3/28 4/2 4/T 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28
Experimental period Experimental period

a9 31 A9V T 4 AP =AY NOy ®Hs)h
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Concentration (mg/ € )

Concentration (mg/ € )

0.20

020 B pond
Apond
0.15 4 0.15
0.10 0.10
0.05 - 0.05
0.00 T T T T T T T T T T T T T T 0.00 T T T T T T T T T T T T T T
3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28
0.20 0.20 4
C pond D pond
0.15 0.15
0.10 4 0.10
0.05 - 0.05
000+ 000 t—/—mm———————
3/18 3/28 4/2 4/7 4/12 418 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28

Experimental period Experimental period

a9 32. AV T 4 AP =AY NOy WSt
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Concentration ( mg/ € )

0.5

A pond B pond
0.4 4
0.3 4
0.2 4
0.1 4
n I N A I

Concentration (mg/ € )

3/18 3/28 4/2 4/T 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28
0.5 4
C pond D pond
0.4 +
0.3 4
0.2
0.1 4
N \/'/\_/H—o—./'/‘\'—a
S S T e e I B e e A T T T T T T T T T T T T T T
3/18 3/28 4/2 4T 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28
Experimental period Experimental period

2y 33 ARV B A A@=A9 po,” W
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Concentration (mg/ € )

Concentration ( mg/ £ )

0.20

Apond 0.20 1 B pond

0.15 1 0.15 4

0.10 0.10

0.05 1 0.05 q

0.00 T T T T T T T T T T T T T T 0.00 T T T T T T T T T T T T T T

3/18 3/28 4/2 4[7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28
0.20 0.20
C pond D pond

0.15 4 0.15

0.10 4 0.10

0.05 - 0.05

0.00 T T T T T T T T T T T T T T 0.00 T T T T T

3/18 3/28 4/2 47 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28

Experimental period

a3 34 AN T &4
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3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28

Experimental period

AP == NH, W3}



concentration (mg/ € )

Concentration (mg/ € )

5 -
B pond
A pond p

44 4
39 31
2 24
14 1
0 T T T T T T T T T T T T T T T 0 T T T T T T T T T T T T T T T

3/8 3/183/28 4/2 4IT 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/8 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28
5 57 D pond

C pond

4 44
3 34
2 24
14 14

T T T T T T T T T T T T T T T 0

3/8 3/18 3/28 4/2 47 4/124/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/2

Experimental period

==

—571—

19 35 A 7|7k 7]

82 -

3/8 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28

Experimental period

AH=A]9] chlorophyll a &3},



22P A% TH R =49 pH WH3lE 79~8.7, DOE 7.8~9.2 mg// 2 HEHS
RS ek

FH3 A #tds BEEn 1xpdwe HlE] A

fu

\=]
=
H= BT o= ARIAR AMEE SAAR B2 dFS T2

=

pay
lo

10 4 10 §
84 8
64 6
)
Z g
8
4 A 4 -
5 ] 5 ] —e— Apond
—@— Apond O Epond
O+ Epond —v— Fpond
—¥— Fpond
0 T T T T T T T T T T T T T 0 T T T T T T T T T T T T T
3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 5/20 5/25 5/30 3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 5/20 5/25 5/30
Experimental period Experimental period

a9 36. 2PV T THA 2P=A9 pH B Do W3}

e =A9 pH W3lE 7.8~8.5 DOE 73~11.3 mg/ ¢ 9 WEZHS Y

10 4 o
—~ [e]
g4 I = =l 10 1
8 4
6 S
z £
E) Q6
a
4
—e—— I-Apond o] —e—— 1-Apond
o B pond o B pond
——-y—— Cpond ——-v——Cpond
5 —=-— Dpond 5 —=—v'—- Dpond
— —#®% —  Gpond — —#®% —  Gpond
— —0—— Hpond ——o——  Hpond
0 T — —— 0 T T T T T T T T T T T

T T T T T
3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 520 5/25 5/30 3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 5/20 5/25 5/30

Experimental period Experimental period

a9y 37, Ad7 % =

o

= A3¥x=A°] pH ¥ Do W3}
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THA FHAYNES AET A =X A9 ol kA (Nitrite, NOy) =T 0.008~
0.03 mg/l, E =47} 0.013~0.022 mg/l, F =7} 0.009~0.022 mgl& thA o=
A EIXE Jehdchag 38). AAG©Nitrate, NO5)Y FEE A =X|7}
0.009~0.07 mg/l, E =27} 0.01~0.06 mg/l, F =7} 0.012~0.072 mg/|Z T4 =
& B3 E Jgydth g2 Yok Ammonium, NH,) ¥EE A =27} 0.0150~0.048
mg/l, B =47} 0.0130~0.0610 mg/l, C *=%]7} 0.0120~0.0730 mg/l, D *=%|7} 0.01
1~0.050 mg/19] E¥= Yehdtt. <14+ (Phosphate, PO, )S A =A7F 0.004~
0.05 mg/l, E =47} 0.009~0.060 mg/l, F *=2]7} 0.008~0.05 mg/l1°] EXE )

At

0.10 5 0.5
—&— Apond —®— Apond
O Epond O Epond
—¥— Fpond —v¥— F pond
0.08 1 0.4
g S
2 006 A T 03
B s
=
8 5
5 0044 © 0.2
S S
“ z
0.02 0.1
— — 0.0 T T T T Y T T T T 7 7 T ?
331 4/5 410 4/15 420 425 430 5/5 510 5/15 520 525 5/30 3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 5/20 5/25 5/30
Experimental period Experimental period
0.5 0.5
—e— Apond —@— Apond
0+ Epond O Epond
04 —¥— Fpond —v— Fpond
0.4
£ 034
2 g
g g 03
1=} =}
b5} b5}
g o g
8 8
8 8
= S 02
Z 0.1
0.0
0.0

T T T T T T T T T T T T T T T ¥ T T Y T T T T T T T
3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 5/20 5/25 5/30 3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 5/20 5/25 5/30

Experimental period Experimental period

Y 38 THA AAE=A9] Noa, Nos, NH; B POs ¥ 3}
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ol

>
=1

o\

T AA

T

N=a 1-A =AoA9] o} A2 Nitrite, NO)) FEE  0.02~

o

o
ﬁ
N
L
o
o
S

0.070 mg/l, B =A7} 0.008~0.06 mg/l, C =A7} 0.01~0.04 mg/l,
9~0.05 mg/l, G =A7} 0.009~0.05 mg/l, H =27} 0.01 ~0.07 mg/1¢] EX= e}
WATHZ ™ 39). ZAA(©Nitrate, NO3)8 =< 1-A =4 FE=  0.009~0.065
mg/l, B =A7} 0.01~0.06 mgl, C =A7} 0.01~0.06 mgl, D =A7} 0.02~0.06

mg/l, G =27} 0.01~0.04 mg/l, H =7} 0.02~0.06 mg/1®] ¥ZE RN SITH

087 0579 —&—— 1-Apond
o B pond
—e— l-Apond ——-w—— Cpond
o B pond i —-—g—-- D pond
0.4
0.6 ——-%v—— Cpond — & —  Gpond
’ —-=v'—- Dpond ——0—— Hpond
s — % —  Gpond s
b= —-—0O—— Hpond Z 03
£ £
5 =
S 044 3
= &
8 3
3 3 0.2 A
Z Z
0.2 A
0.0 - T T Y T T T T T T
3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 5/20 5/25 5/30 3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 5/20 5/25 5/30
Experimental period Experimental period
0.5 - —e— 1A p(:‘nd 05 5 ——— 1-Apond
© B po o B pond
77;77 ([;pozll ——-¥—— Cpond
- - pol — R
| > - D pond
0.4 — - —  Gpond 0.4 — & —  Gpond
— —05—— Hpond — —0—— Hpond
£ £
:g 0.3 A ‘é‘ 0.3
g 5
2 151
3 £
3 o
Q o
£ 024 . 02
jan}
z £
0.1 4
0.0

- N v
3/31 4/5 4/10 4/15 4/20 4/25 4/30 55 5]0 5]5 5/20 5/25 5/?0 3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5 5/10 5/15 520 5/25 5/30

Experimental period Experimental period

a9 39. 35 A¥=A9] Noy, Nos, NH; 3 PO, W3}

dw Yok Ammonium, NHy) TEE 1-A =4 FEE 0.02~0.06 mg/l, B =47}

0.03~0.07 mg/l, =7} 0.02~0.06 mg/l, D XA 0.01~0.04 mg/l, G =A|7}

7}
0.01~0.06 mg/l, H =A7} 0.02~0.06 mg/1¥] EXEZ vteldet. <14+ (Phosphate,



PO/ )E 1-A A FEE  0.02~0.06 mg/l, B =A7} 0.01~0.05 mg/l, C =47}

0.01~0.04 mg/l, D =%]7} 0.01~0.05 mg/l, G =X]7} 0.01~0.06 mg/l, H =A|7}

to

0.02~0.08 mg/19] FXE YeAh AF%=A 1-A 2 HE Aol A] oAb, <F

2

Yol kel Slo] B MEedS Hol ALA o8 AEEC & FFS A

AP Ade AL, A2 L B

f

TAE dom(1d 40), AXETE £ F
AY7|E ol &3ste] AR A AAFEFE Gastropoda spp.ot FA|FEES crab

2 polychaeta 7} - H o2 E¥3T A= ASE YEIHTHAE 9). A =X A=

b

Gastropoda spp. 870 A/m*, B Aol A& 870 A/m’, C =X A& 57 A/m°, D =X

N sAAA/MES] EHFES BPom 1 SO Z polychacta, AlFAELE =

.

MALEo = HIFAA T AL FH AEES HO Aoz AlgdHU. 23

Arbell AbgE AE AF (A) B FE F =A44 AE B).

a9 40. FE F

e
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£ 9. A=A FHF AXTE AAF RAF / m’)
) Experimental ponds
Species A B C D Total
Class Gastropoda
Gastropoda spp. 8 9 5 5 27
Phylum Arthropoda
Young crab 3 8
polychaeta 4 2 3 11
Total 12 13 10 11
Total species 3 2 3 3
Experimental period : 8. March ~ 28. May
o 2 B AMETE HEkEAL
DHA P FEo] APz AMFES E¥X= JAFEF Gastropoda spp.of
young crab ¥ polychaeta larvae7} {02 E¥X3 Ath EFHA L FE =X
o] AFHAELE AZUYES FUHo| Frtstalen, 84 Arg e AA] 5
bste] B P 9 Ao RIFs GFL WE ACE 2ALHIHE 10).
® 10, 2AX B BE A =4 HAZ YNPE 24
28 A AZ(%) aze COD
=v >0.062mm  <0.062mm IL(%) mg/g.d
A 27.32 72.68 2.9 27.3
E 23.56 76.44 10.2 43.4
ulr = ;‘q
24.25 75.75 4.0 61.1
1-A 26.32 73.68 3.7 39.9
B 22.98 77.02 33 7.5
C 21.15 78.85 8.3 45.1
= D 23.35 71.65 10.2 53.6
G 25.74 74.26 4.6 354
H 19.52 80.48 2.7 15.2
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2. 714 "B AHlo] wE 37 W3l AL

A7 Eg 2dS TEETFIELS Acartia sp./t FHETS o] F+ copepods<}
copepods nauplius”7} EE AF=X A SHZHOoZE ZFHIJPOW I Yoz
Noctiluca sp. polychaeta, jellyfish, egg, gastropoda % Podon leuckarti (cladocera)’} =
Attt FEETAEY dEF AoM= 42 239 7FH 59 18U Atelo 7HA
ol EdEAH

A =29 7% copepods WAL E WAL 411~78,535 MNA/E, H 14,83570 A/
EoF Hit 6,801/MA/EFTHIE 11). I ©3S=F copepods nauplius 7} 1,338~

2322970 A/ 202 et SEZIYIE HHo= ZH%E  copepods 2

ofN
o

copepods nauplius 7} 49 2U7IR] A &EH o 2 F717}F o] Fo] Hoy 4¥7dd= F

A%k A7) o] Fo] Ao webA 49 7L FrHHoR dEu g SAAES Al

st Ay o] FUIAE B 59 3d9 Hax|l 78,535 JA/ES 7IESIAT ©]
T O] ZFA7E o]FojH o o= FEAoje] ZAd 93 A" RAo=Z dAdH

T} T3t copepods egg® FAH T = eggZl 2,754~3823570A/=, H 3,672/ A=
jellyfish 7} 862~8,872 7WA|/%, H 1,7027) A/%E, polychaeta, Noctiluca sp. =S 2

MAEEE BT

B =29 $-HHo 72 EdI F+ copepods, copepods nauplius 2 polychaeta$d
O3 12). 27|75 copepods &= Hit 24,575 7WAI/E, copepods naupliuse

5,126 7§ A/, polychaetat= 20,215 /NAI/Ee] B E HYPow, 49 12¢¥€) copepods
2 coperpods nauplius®] WAD=7F 7HF HA FdHo] FrlHoz a4, B3I

AlBIRE A3 o] % FUFEAE HAAd.
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LAV T A A 28 2T 24, 9% 3 2=
2419 HEF(NAF/E)
(8/¢)  Copepods Copepf)ds Noctiluca sp. Polychaeta Jellyfish Egg
nauplius
3/8 8,253 3,022 11,322 160 1,163 -
3/18 3,071 5,540 4,676 774 862 -
3/28 14,343 17,364 2,094 1,633 3,316 5,562
4/2 18,144 17,795 - - 7,214 -
4/7*% 5,882 3,286 - - 8,872 -
4/12 6,278 3,113 - - 2,255 -
4/18 9,099 1,338 - - 1,862 2,754
4/23 11,183 2,181 - - - 8,537
4/28 29,270 23,229 - - - 38,235
5/3 78,535 14,401 - - - -
5/8 35,661 5,663 - - - -
5/13 2,400 3,246 - - - -
5/18 411 1,838 - - - -
5/23 - - - - - -
5/28 ; - - ; ; -
it 14,835.33 6,801.07 1,206.13 17113 1,702.93 3,672.53
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AESZFONAF/E)
ZALY
(2/9) Copepods Copep.ods Copepods - Nociluca Polychaeta Jellyfish Gastropoda Cladocera
nauplius egg sp.

3/8 8,253 3,022 - 11,322 160 1,163 - -
3/18 56,404 3,266 - 82,535 4202 4,133 - -
3/28 8,228 4,364 - - - 2,692 - -

4/2 5,251 5,791 - - - 1,948 - -

4/7 2,008 2,175 17,665 - 60 1,454 - -
4/12%* 1,656 915 - - - 1,326 - -
4/18 9,878 1,413 - - 110 1,344 8,224 -

4/23 22,171 5,834 - - 263 1,576 - -
4/28 24,372 1,010 - - 353 - - -

5/3 51,751 19,506 - - 4,008 - - -

5/8 23,286 2,184 720 - 1,095 - - -
5/13 36,002 2,703 - - 14,163 - - 24,883
5/18 73,686 14,362 - - 81,684 - - 70,746
5/23 35,682 4,638 - - 87,615 - - -
5/28 10,002 5,718 - - 109,526 - - -

it 24,575.33 5,126.73  1,225.67  6,257.13 20,215.93 1,042.40 54827 6,375.27

*FESYAE AR S F AFHFEE 138 ~19Y), &4 (4.8kg), EH(3.6kg)AlH]
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Ty 2R 53 SR opiule) AW xdsts AAEEE A

x
ol
r

Zoothamnium sp., Epistylis sp.,”} 25C=E F&0] A5slHA A=A
A= 7] Al&stRom o]Z QI3 copepods”t wASHA TAEHE
wEbA o] 1% I E Fol7] A AEHZHR] FEEZTIAEY AHE 2Y

HYS Tl FEaBYES A3 soF & daido] e AeE AddEn(H

9 41, AR ZFF2) Epistylis sp., 2 Zoothamnium sp.,oll 7+ ¥ copepods.

=X A E3#3F F+= copepods, copepods nauplius Z polychaetass O =2 EFGE

(& 13).

m>~

18] 7] 759t copepods = it 14,790 7 A|/E, copepods nauplius=
12,046 7HA/&, polychaetat= 6,348 7 A|/=2] MALEE HFomM, A 2L B A9
B3l copepodse] MAEZ=+ A HAAT copepods naupliuse] 7NAEE =4 Y
3379

=R AfAHE T=

<

FIE T FHHez Z3I FE  copepods,
copepods nauplius 2 polychaeta TH(E 14). A& 71752t copepods &= Hit 29,989
WA /=, nauplius= 16,384 7WA/=, polychaetar= 13,927 7/WA/=2] MALEE HY
t ol A, B H C 3A¢ Blusid 7 =2 AR EE Biloew o= {71E

MEol vl e e BgdoR AN fEoe BudEn.
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F 13 ARV F C =Ad 23d s=2EEY T4, 28 % 2w
2a19l AZ LN A 52
(2/9) Copepods Copepf)ds Copepods  Noctiluca Polychaeta Jellyfish
nauplius egg sp.
3/8 8,253 3,022 11,322 160 1,163
3/18 4,804 105 - 3,700 - 6,808
3/28 5,433 7,701 - - - 18,117
4/2 3,674 5,332 - - - 3,420
4/7 16,263 16,892 3,126 - - -
4/12 8,601 3,103 - - - -
4/18 21,174 2,098 24,276 - - -
4/23 26,333 2,301 4,608 - - -
4/28 6,455 6,423 - - - -
5/3 8,128 432 - - - -
5/8 40,809 1,802 890 - 2,301 -
5/13 17,911 6,154 - - 12,705 -
5/18 22,226 32,196 - - 59,353 -
5/23 9,048 16,154 - - 12,356 -
5/28 22,691 76,991 - - 8,506 -
ez iy 14,790.87 12,047.07  2,193.33 1,001.47 6,358.73 1,967.20
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F 14 A7 F D =40 2¥E s=EFE T4, 28F % 2N

A1) HEFONA /=)

(2/4) Copepods Copep.ods Copepods - Noctiluca Polychaeta Jellyfish Gastropoda Cladocera

nauplius egg sp.

3/8 8,253 3,022 - 11,322 160 1,163 - -
3/18 15,302 2,661 - 60,026 37,626 2,456 - -
3/28 6,866 2,956 - 13,324 376 7,141 - -
4/2 9,088 7,526 - 8,921 128 3,226 - -
4/7 21,466 19,236 1,960 - - - - -
4/12 6,226 7,448 - - - - - -
4/18 83,274 6,916 - - - - - -
4/23 39,167 3,571 6,863 - - - 431 1,401
4/28 3,576 308 - - - - - -
5/3 8,122 432 - - - - - -
5/8 61,088 2,481 - - 1,466 - - -
5/13 53,496 30,076 - - 25,541 - - -
5/18 17,096 63,891 - - 76,914 - - -
5/23 96,539 72,536 - - 62,936 - - -
5/28 20,238 22,701 - - 3,763 - - -
H 29,986.47 16,384.07 588.20  6,239.53  13,927.33  932.40 28.73 93.40
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2) 4
2%

=3
PreAo] wWe Z7|HoWEREZ TR 93

©
29
off
ol
filo

o)

&3k copepods 2 copepods nauplius H-& &

o] U= copepods % copepods

#ES 2 49 129 Vo2 E o o] AFHLE FE A

g wAo] JAF A7)Z B, C % D =xe] A 22F WEFe] A Ao H]s

Density ( Inds./1)

Density (Inds. /1)

100 80 -
—e— Copepods A pond —8— Copepods ) B pond
0+ Copepods nauplius O+ Copepods nauplius
80
60 -
60
40
40
20
20 A
0~ T T T T T T T T T T T T T 0 T T T T T T T T T T T T T T T
3/8 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 3/8 3/18 3/28 4/2 4/7 4/12 4/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28
100 4 120 -
—e— Copepods C pond —e— Copepods D pond
O+ Copepods nauplius O+ Copepods nauplius
100 +
80
o
~ 804
60 - =
%
E
= 60
2
40 4 '
oy
a 404
20 A
20 A
[e] O- °
ol o 000 Moo ol oo - 2d
3/8 3/183/28 4/2 4/7 4/124/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28 3/8 3/18 3/28 4/2 4/T7 4/124/18 4/23 4/28 5/3 5/8 5/13 5/18 5/23 5/28

Experimental days Experimental days

a8 42, A3 =AM 9] copepods 9} copepods nauplius®] HH-F &,
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o) A=F} ul

Podon leuckarti (cladocera)”}
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S Acartia sp.7} $HES °]F = copepodset
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o lojM= 49 5HE 2044kl 7HE wol

T
i I

d WA Bk

213

=
=

=

L

| 275 40

Noctiluca sp. polychaeta, jellyfish, egg, gastropoda
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4) LH A FTEAAL =F|(A, E, F)
=2 A9 7% copepods WA D= W= 1,326~226,816 7| A/ton, H 62,3457}
A/tonE 7]1ESFHTHEE 15). I Y2 F copepods nauplius 7} 370~ 180,0007} | /ton

02 UEWHY. TEZHIE T +HHFSE =3 copepods E copepods nauplius

24+
o Copepods
(€/9) Copepods ) Polychaeta Jellyfish Cladocera
nauplius
3/31 92,188 180,000 - 3913 -
4/5 14,239 56,630 - 2282 -
4/10 1,326 370 - 587 -
4/25 6,739 5,565 413 1022 -
4/30 2,022 10,413 435 - -
5/4 18,826 4,044 - - -
511 90,957 45,913 50 - 2,434
5/15 108,000 9,043 125 - -
5/19 226,816 15,872 650 - -
5/25 100,500 882 5,000
i 66,161.30 32,873.20 667.30 867.11 270.44

49 129 T=EHIAE AEF A2 wieF A

A E dME $HHoE S FS copepods, copepods nauplius 2 polychaeta
O] ATHEE 16). A F717HE < copepods & Ht 39,672 7N A|/=, copepods nauplius
24,968 A= MA D=5 HIT 49 10989 copepods Z coperpods nauplius®]

NALDEZE 74 AA 2@ = Wi F AFste] F7HH oz #f712 BlEE A

il
14
3R
MR}

A%} o F F5A
F

=A] F oA 32 copepods, copepods nauplius, jellyfish & cladoceras™ o 2
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e
o
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th(E 17). A

47,846 NA/ES MALE=E H YT}

& 71782t copepods = ¥t 31,790 7N A/, copepods nauplius

Eo16 A7 F A Bl 2UE FREFEY 24, FUL 2 UEws
A1) HAE=FONA /=)
(2/9) Copepods Copeplods Noctiluca sp. Polychaeta  Jellyfish Cladocera
nauplius
3/31 80,869 104,783 - - 3,043
4/5 50,625 25,625 - - -
4/10 4,239 696 - - 217
4/25 4,152 5,413 109 239 -
5/4 13,391 24,870 - - - 260
5/11 82,434 4,609 - - - 348
5/15 42,000 8,782 300 2,696 -
5/25 80,500 8,882 4,800
it 44,776.25 22,957.50 51.13 419.29 465.71 304.00

49 29 AEF A} W5 F AT

%17 AR F =A Fol 288 SEIPEY 24, 289 2 e
A1) HAEZFONAT/E)
(2/9) Copepods Copep.ods Noctiluca sp. Jellyfish Cladocera
nauplius
3/31 53,894 224,000 - 315 -
4/5 77,500 56,250 - 7,500 -
4/10 913 239 - 1,978 -
4/25 478 521 891 - -
5/4 9,543 7,630 - - -
5/11 49,304 35,739 - - 4,522
5/15 31,435 10,521 - - 1,826
5/25 80,500 8,882 4,800
H 37,945.88 42,972.75 632.33 1,399.00 906.86
49 129 FEF AstE vl F A5
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5) #F& TEBEAL =A(1-A, B, C, E, F)
FE TR o]FoR =4 1-AY AN E TEEFIAE T $HHL=E
(o2 i3]

Z=d3 T2 copepods, copepods nauplius 2 polychaeta®] ITHIE 18). A& 7|75t

it
Lo
=
i_:“
i}
k1
Ll
g
s
v

copepods = H 36,265 7HA|/=, nauplius= 59,090 7} A/

¥ 18. AV F A 1-AY HE SEZHE x4

O

AZFONAF/2)

ZAY
(2/9) Copepods Copep.ods Noctiluca Polychaeta Jellyfish Cladocera
nauplius sp.

4/5 16,957 293,261 217 - 1,086 -
4/10 110,112 158,508 - 9,768 2,886 -
4/15 140,729 9,845 - 142,756 2,751 -
4/20 10,913 7,565 - - 1,391 -
4/30 2,652 - - 16,522 6 6,000
5/4 1,413 544 43 - - 2,174
5/11 3,217 2,087 - - - 11,349
5/15 4,130 913 - - - 7,217
Ht 36,265.38  59,090.38 28.89  21,130.75 1,015.00 3,342.50
HxTE &89 =4 BY A¢ FEZHIE T THHALE 1T T2

copepods, copepods nauplius 2 polychaeta®] ATH3E 19). A& 7|7Hs <t copepods &

Bt 21,155 7§ A/E, nauplius= 27,465 7R A/

rm
{0,
ki
|
4
R
ko)
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3E 19 A7 T =4 Bl £3H TEEEEY T4, S9F ¢ 2=
Z ALY AE=ZFONA /=)
Copepods Noctiluca
(2/¢) Copepods . Polychaeta  Jellyfish Cladocera
nauplius sp.
3/31 28,795 237,682 - - 636 -
4/5 15,696 6,304 - - 1,478 -
4/15 37,217 4,957 434 - 3,044 -
4/20 53,304 3,391 - - - -
4/25 7,130 4,109 108 1,109 260 -
4/30 37,056 12,559 - 1,181 684 -
5/4 9,652 3,957 - - - 1,261
5/11 17,304 2,347 - - 43 130
5/11 1,283 3,326 - - - 4,565
5/15 1,782 - - - - -
5/19 23,488 23,488 - 2,048 - -
Bt 21,155.18  27,465.45 45.17 394.36 558.64 541.45
wA) C HAART FEA ANE ASHon @ 49E adw AAnt &

Aol Thah Eol 28U K 20014 He= uie 2ol 39 31de 8747 {4
o] 2558627/ A/E0E Wo] EdH ZS #F T & Ak 1YY 4¥Y 5Yoe F
AeA FAe Fart olFol How 4¥ 10dde &4F AAY AAFTE
15578670 A /2.2 G484 7t < @] #FEHATH

S FHENAANA FERFE 8747 it Bagt Fas ol Ao=Z 1

Ha ok 28y g A34d AFNA

49 1592 AFAN @EFo] FAH obAd 49 2090l £74F fA4o|

Q1321770 A/ E 0.2 Al F71E AT 49 259 g A] FE5HA ol ol F
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24
(2/9) Copepods Copep.ods Noctiluca Polychaeta Jellyfish Cladocera
nauplius sp.
3/31 88,620 255,862 - - 12,413 -
4/5 19,654 9,843 - - 13,438 -
4/10 155,786 15,781 - - 8,687 -
4/15 4,913 1,956 21,174 - - -
4/20 12,522 213,217 10,522 - - -
4/25 3,000 19,522 5,913 174 - 1,609
4/30 87,014 2,896 2,317 - - 1,592
5/4 34,304 - 44 - - -
511 261 848 - 22 - -
5/15 783 1,087 - 2,978 - -
5/19 384 2,848 - 5,120 - -
Ht 37,021.91  47,623.64 3,330.83 754.00 3,139.82 291.00

=2 DolA $HAHoRE FHT F2 copepods, copepods nauplius % polychaeta©]
A THEE 21). Copepods = Ht 27,229 7§A/=, naupliuse 12,439 7§A/=2] QAL

E Bt =7 GolA +HFSRZ I F2 copepods, copepods nauplius 2

H

polychaeta®] QITH3E 22). Copepods & 1 11,531 7B A|/E, nauplius= 4,811 7RA|/&
O MACBES B g AdA5A F 7P 2 dEF @S Bt =4 HolA
FHHo 72 FdI T copepods, copepods nauplius F  polychaetaATHEE 23).

Copepods = it 32,279 7RA/E, nauplius= 16,442 7§ A|/=2] WAL EE EH AT
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321 ARV T =A Dol ERE SEIHEY T4, 29F ¢ 2rWg

419 HEFONAT/E)

(2/9) Copepods Copep.ods Noctiluca Polychaeta Jellyfish Cladocera

nauplius sp.

3/31 21,600 40,500 - - 950 -
4/5 16,650 5,936 - - 3,909 -
4/10 30,609 4,696 1,478 - 458 -
4/15 14,522 36,348 1,130 - 87 87
4/20 111,483 25,047 - 1,737 167 579
4/25 19,435 3,869 870 - 14,087 565
4/30 31,274 1,990 - - 2,736 435
5/4 869 608 - 43 87 130
5/11 42,609 1,913 - - 173 347
5/15 1,261 3,130 - - - 22
5/19 9,216 12,800 - 53,504 - 256
o 27,229.82 12,439.73 289.83 5,025.82 2,059.45 220.09

£ 22 AQNN F =A GOl 28Y FESFES 24, 28 2 2w

. LN E)

(2/4) Copepods Copep.ods Noctiluca Polychaeta Jellyfish Cladocera

nauplius sp.

4/5 39,391 1,739 - - 1,391 -
4/15 13,478 6,435 5,478 - 783 -
4/20 37,217 28,609 3,391 - 174 87
4/25 10,500 2,282 108 - 152 -
4/30 1,761 848 87 - 65 -
5/4 608 478 11 - - 141
511 478 239 - 130 - -
5/15 130 174 - - - -
5/19 224 2,496 64 3,480 - -
o 11,531.89 4,811.11 913.90 401.11 285.00 25.33
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ENY
(2/9) Copepods Copep.ods Noctiluca sp. Polychaeta Jellyfish
nauplius
4/5 64,218 39,062 - - 1875
4/15 52,261 45,826 348 - 1217
4/20 38,609 30,261 105 737 105
4/25 11,391 913 65 - 543
4/30 39,044 10,783 - - 261
5/4 15,043 7,173 - 23782
5/11 4,652 6,478 - 4217 -
5/15 47,217 4,609 - 1043 -
5/19 18,080 2,880 - - -
B 32,279.44 16,442.78 51.80 3,308.78 500.13

ANEEFA=Y BELE FxFol 43 Asterionella sp., Chaetoceros sp.,

Coscinodiscus sp., Cylindrotheca sp., Navicular sp., Nizschia sp., Skeletonema sp.,’5 ©]
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AEEFIAEY UFES FxFol £33 Asterionella sp., Chaetoceros sp.,
Coscinodiscus sp., Cylindrotheca sp., Navicular sp., Nizschia sp., Skeletonema sp., 5 ©]
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E 24 AYVIRIES APeAo] 2AF HBEFAEY 2EF L DE(cellym)

Experimental ponds

Species A B C D Total
Diatom

Actubictckys senarius 23 75 18 65 181
Asterionella glacialis 13 26 38 77
Coscinodiscus gigas 89 89
Coscinodiscus sp. 9 9
Chaetoceros affinis 63 63
Chaetoceros sp. 38 12 5 55
Eucampia zodiacus 3 3 6
Navicular distans 11 7 18
Navicular sp. 60 60
Nitzschia delicatissima 1 15 3 16 35
Nizschia longissima 18 156 174
Nizschia sp. 9 15 3 27
Pleurosigma sp. 42 42
Rhizosolenia alata 5 5
Skeletonema costatum. 17 38 25 80
Streptotheca sp. 39 39
Thalassiosira sp. 3 78 81
Dinophyceae

Dinophysis avum 20 20
Procentrum micans 89 89
Protoperidinium sp. 65 65
Chrysophyceae

Dictyocha fibula 6 3 9
Ebria tripartita

Total 260 656 132 236 1,284
Total species 13 13 5 9

Experimental period : 8. March ~ 28. May

o 712 HEe Ay B A4y AYes 7
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7175 =

St FEZHIELS Acartia sp.7t $+HF S ©|FE copepodst
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copepods nauplius’} EE AIE=X A FH¥HoT =HI}JPoW I Lo F

Noctiluca sp. polychaeta, jellyfish, egg, gastropoda 2 Podon leuckarti (cladocera)’} =
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