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SUMMARY

| . Title of Project

A study for outbreak of jellyfish bloom
II. Necessity and Objective of the Project

Jellyfish from spectacular population blooms and there is now compelling evidence
that jellyfish blooms have increased in many parts of the world. Blooms have been
linked to over-fishing of fin-fish, climate change, eutrophication and species invasions,
but in many cases the causes are still equivocal. The ecological, economic and societal
impacts of blooms are enormous. For example, they have been implicated in the
decline of commercial fisheries; they block the cooling water intakes of coastal
industries and ships and reduce the amenity of coastal waters for tourists.

Mass occurrence of jelly fish play hazardous effects on the many aspects. To lessen
the negative effects, clarifying the cause of large standing stocks could be proper
answer to the problem. Studies on the life history, physiological and ecological
characteristics of jelly fish should precede to understand the movement, dispersal after
mass occurrence. High standing stocks of jelly fish is commonly coincident with the
eutrophication or hypoxia and overexploitation, so studies related to jelly fish pose a

major role in solving the environmental problems of coastal area of interest.

lll. Research Contents and Scope

(] Study on the life history of bloom forming species

* Analysis in the full life history of Aurelia aurita in laboratory and in situ (Masan
bay) experiment

* During development time of Aurelia aurita, understanding the effects of temperature
and salinity on the attachment rate of planula larvae, development of polyp, and
its growth rate.

¢ Clarification of the effects of temperature and salinity on the asexual reproduction of



polyp, and ingestion rate and duration of prey
L1 Physico-ecological study of jelly fish bloom forming species
* Respiration rate and survivorship of Aurelia aurita in the hypoxic layer.

* Assay of biochemical composition and fatty acid of Aurelia aurita

Investigation of rate and timing that ephyra is released from polyp attached to the

artificial solid plate

Comparative analysis between development and abundance of polyp according to the

surface characteristics

Correlation between neritic red-tide bloom and jelly fish occurrence

00 Understanding the mechanisms of jelly fish mass occurrence

* Variation in predation rhythm through daily observation of gut content of jelly
fish

¢ Correlation between environmental event and jelly fish mass occurrence

* Precaution of potential jelly fish production in the coastal waters

V. Results

As a light effect on the development of planula larvae was assessed under various
experimental conditions of red light. Light intensity of 213 yM with red light was
favourable conditions to the settlement of polyps.

During life history of Aurelia aurita, polyp increased rapidly their number by
asexual growth, leading to large abundance of standing stocks. Assuming that asexual
reproduction is very close to the jelly fish bloom, effects of temperature and salinity
on the asexual reproduction was investigated as the possible controlling factors. As a
result, the conditions of 20, 25 and 20, 30 psu influenced the rapid increase in
polyp. Oxygen consumption rate and survivorship of Aurelia aurita was determined
under the mixed conditions of temperature and abundance. Jelly fish was more
tolerant to hypoxic conditions than common fishes as a result of mortality experiment
to the diverse conditions of oxygen.

Ingestion rate of Aurelin aurita to Artemia and ambient zooplankton as prey was

dependent on the exposure time. As ingestion rate increased, Artemia inside gastric



pouch was digested within the time of 30 to 60minutes.

The concentration of carbohydrate, protein and lipid in oral lobe and gonad of
jelly fish was higher than those in the body. As a result of fatty acid analysis of
14cm whole body, saturated fatty acid occupied 52.9% of total amount, MUFA was
13.1% and PUFA was 34%. Most of saturated acid consisted of C16:0(23.6%),
C18:0(22.8%) with higher value of 18:0. The composition of PUFA showed low
proportion of 20:5n3 (15.1%), C22:6n3 (0.1%), and C20:4n6 (0.04%) except 20:5n3.

High abundance of copepods were high in January, February, November and
December, while low in March and April during 2004-2006. Concurrently, high
abundance of jelly fish were found in March and April due to the release of Aurelia
aurita ephyra. Diameter of Aurelia aurita was short at ephyra stage in March and
April, was matured in August and September. Gastric pouch content of the jelly fish
included mainly copepods which showed different abundance with month.

To understand the settlement and development of jellyfish bloom causative Aurelia
aurita, artificial substrates were deployed at various depths, and settled polyps were
observed and enumerated by collecting after proper exposure during 2005-2007. Large
number of polyps on the artificial substrates was found in the lower depth and
spreaded out through whole water column. Immature Aurelia aurita showed low
number of polyp or no occurrence in March, April, May, June and July, whereas
polyps were activated in October and November.

Artificial substrates on which polyps were settled at Masan bay were transferred
into Jangmok bay with relatively less polluted environment. The results showed that
strobilation started in March and ended in April. Polyps of Aurelia aurita showed
large number on the various types of substrates such as concrete fracture, styrofoam
buoy and glass fracture.

As results of two hour interval investigation during 25 hours in Masan bay,
station 1 was vulnerable to the sewage rather than station 2 based on the salinity.
High concentration of dissolved oxygen was observed in surface waters at day by
phytoplankton production, whereas low concentration was found in bottom waters by
decomposition of organic materials. Thus, high concentration of silicate, phosphate and

ammonia was found at bottom in stations 1 and 2. Especially, high concentration of



ammonia was determined at station 1 indicating that sewage is directly input the
station. Spatio-temporal distribution of nutrients at station 1 was influenced by
intrusion of sewage by river and remineralization, while the station 2 was mainly by
remineralization. Average chlorophyll-a concentrations at surface and bottom in station
1 were 6.87 48 4" and 332 /8 {7, 542 48 4" and 1.90 48 (" in station 2. Nano-sized
phytoplankton dominated the total chl-a concentration.

The cell density of microalgae was larger at the surface than at the bottom during
the study period, while there was not a clear relationship between the level of sea
and the variation of cell density. Microalgae identified were classified into five groups;
these were Bacillariophyceae, Dinophyceae, Ciliophora and Euglenophyceae,
nanoflagellates. The cell density of nanoflagellates, which were smaller than 54m, was
the largest among the cell densities of microalgal groups at the surface and bottom of
all stations. The cell density of Dinophyceae was the second Ilargest. One of
Dinophyceae, Heterocapsa triquetra, predominated microalgal population at the surface
and bottom of all stations. Heterocapsa triquetra dominated 62% to 90% of microalgal
population, which excluded nanoflagellates, at the surface of stations 1 and 2. Species
once dominated over 5% of microalgal population at the surface of stations 1 and 2
were dinoflagellates, such as Gyrodinium  fusiforme, Heterocapsa triquetra and
Protoperidinium cerasus. The dominant species over 5% of microalgal population at the
bottom layer of station 1 and 2 were Cerataulina spp. Pseudonitzschia pungens,
Amphidinium  spp.,  Gyrodinium  spp.,  Heterocapsa  triquetra, ~ Katodinium  spp.,
Protoperidinium cerasus, Scrippsiella spp., Mesodinium rubrum.

The variation of mesozooplankton community according to tidal cycle in the fixed
sampling near Masan Bay was studied. Twenty-one mesozooplankton taxa were
identified in sampling stations. Predominant species of mesozooplakton was Noctiluca
scintillans of protozoa. Dominant species of copepods were Acartia omorii and
Paracalanus indicus. Mesozooplankton abundance according to tidal cycle in sampling
stations showed considerable fluctuations with a range of 4.4 times (Station 1) and 4.9
times (Station 2).

Large number of jelly fish distributed in surface waters from 20:00 to 23:00 and in

bottom waters after 02:00. Abundance and diameter of jelly fish varied with stations.

_10_



V. Application Plan of Developed Results

O Base information of policy making for coastal area environmental improvement, fisheries
resources, and integrated coastal zone management

O Educational information to enlarge the understanding of fisherman about the relationship
between engagement in fishery, overexploitation and coastal environmental destruction

O Base information to set up the infrastructure for prediction and alarming of jelly
fish mass occurrence

O Base information for the reducement and control of jelly fish mass occurrence

O Using as a fundamental approach to the environmental impact assessment for the
utilization and development of national territory

O Uasing as a indicator species to detect of ecosystem change according to the

environmental and climatic changes

_11_
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20059 89 169 wlAghelx REQENTIE AYsle 307 £ 5T, A
29psue] sj5ol N EAsd Aol AU WAL 1m A2 AZ %) d5H

E B3 Artemins T4 ATt ArteminE 42 Ehe] Y (gastric pouch)o] 7}
5 AAAES R E fRPuA st A 108vith #ESA Artemind] 23AHEE 23}
I AR S A}

20059 8¢ 169 shatwleld REBLERARAS APstel 3UF & 25T, A
20psus] srol A Azl Aol ATk Lz AL 42 F2o 5004 A9 4
Aol 2 Fusgt 2uE 29 Anele 1y Be AYT 3, A @
A e d2T VNS HEAT FRwN BE 00me] FEEFIE YET FEEY
2EE AWs] YYFY YT ), dhET el FYaATh 1w 4879 o)
ZFolA 1004 332 A5l RAr) R SolH FEEFAEL ASeArh AR
AAFE B 52 25C, G 29 ~ 0psud FASATh A HEL SR o5 o)

ol HgSEses 4ssA TA4R

opakRtol Al ARG HELEINTGYE G5 70T 2447 FAAR £ 14470 5
A FAAZE A S BAANHAA st 70CH A REtaT Asted BAL 9std
Ao AJ8E 3o 02N perchloric acidE 10m¢ A7lsle] M Eo] &A st =&
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2000; & & 1998). 84 &F38lEo] AAHHE AlR| chloroform : methanol (2:1, v/v)E
WA o 027 PAS 4D 39T, 53 FRTE AP 0L, QAR
(2000rpm, 10¥&)3te] &%) chloroform & Attt F2d AFL Aa7lA & A
AZAN F e A0 FUE WAA de 00N AT F2E ADL
chloroform : acetic acid (100:1, v/v) 2mlell %<1 & Sep-Pak cartridge (Waters)E o] &
3 FAXA, 3AZ, AXNAE 39T (Norman and John 1986). FAXEL &
5171 9138t 10mee] chloroform : acetic acid (100:1, v/v)9} 5mée] chloroform : acetone
(80:20, v/v)y& A&t FEAL, TAZEY FTE st 8Me| acetoned 8mLe]
acetone : acetic acid (100:1, v/v)& & FE&23IGt. AA 2 E+ 5Me] methanol :
chloroform : water (100:50:40, v/v/v)E A &lglo] EZg Aot SAAAE, FXZ, AAZH
o] H =2 Dittmer and Wells(1969)2] wWol wisity. & A @A go] 2m2] dichromate
solution (25g KoCr,07, 1L HSO4) S ¥& % 455 59t
2l one FREFE W7
FOo2F 1mg/me] palmitic acidE AF&-3IH T
Aol AHFL Bio-Rad microassay kitE ARg-3slo] A #@sH L, bovine serum

albumin (BSA)E 7|F 0.2 ARSI T

of)
ot
b
=
B
O
=2
x
1

e

% BEE 350me N =S

A
o

3, 7]

o

3159 A% phenol-sulfuric acid W (Dubois et al. 1956)2 ©]-&3ld ). 10
o] X g 5014£2] 90% phenol §H& Hrlsle] HolzE X, 5mio] AR NS Hr}sto]
3087 AL vk A7)al spectrophotometer (485MM)E o] &-sto] HEFslch 71F

2= 0.05%9] glucose o]-&3}Htt

sisele vhamel A ARl Bole JeE 4P
A FREE ARID FE AAS AR AA &
lobe), H2FE Eelstel Mz ¢33 FHHAG

T zA&Ys7ld BHSIIT. ALY F7
A

FE2 54 Az M5 FEEXEY Hges 21 EFE S0 12

A7 B ST ¢ The 285 RS 208 B4 A7 g, 058 %9 NaClg 5m



S A7HE o 58 F< 2000rpmel A A4 B E AT Aol drEo e A

Zo0g 2% 048 N2 7122 4% 29tk EFA% vwge] £33 05 N NaOH

—

2 ¥ 8-S 3 & BF3MeOH<S %ol Fatty acid methyl esters (FAME)E 4417
t} FAHA AMEE staagnE Y (GC, YOUNG-IN M680D)E o]&3ta] B
32mee] AF kAR olF AZoH, RAZXAL FY £Xx 270Co]i, 100CAHA 28 F

oF X% A7l e B F 5CH 28 100094 250C7HA] LEs2 =2y g 712
AzvfEaRFAA V& JA3E 37F ¢ Supelco FAME standarde} ¥l dte] W2 LS A

(!

7h ARAdA nEgEsa] AudA

HEd=sivele] 489 = Lucas (2001)9] Hieh & A7EHe] HHAA 4F (7
T FATY, 2005)0 oaf & dHA AT (Fig. 3-1-3). sizae ¢t o] SlofA
A A BAE HEY FAY e FROERYH HEHol ¢
dapel Aol Hol ZebEdt fALE EAY (Hickman et al,
1979). E2t=et A (planula larva)e A@E7] Wl a4 &£& FF3tthrt w8719
apge] F-Hste] 1HYE-S sk £ (scyphistoma)o 2 WEjgth FYHL YAste A
ANE EZAES Feie] JFEA (strobila)2 WHEjstia FEA S HA o] PEAA o
FA (ephyra)S W&tk WEdE odu FAL 44, dEsd g
o 2 d7eA 4 A 9AE WHIE AFAAA AT & A
(Fig. 3-1-4). RgdEdadde 23 dANN FAYHNLE AAF7T F7hstden 74
Ay 2lo] WHH T stolon, budding, podocyst o2 ygstAan (Fig. 3- 1-5)

N
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Fig. 3-1-6. The number of succession for the metamorphosis from planula larvae to

polyps on Aurelia aurita according to the different intensity of red light.

o 42, 9%, $ENL (DO)Y Wl Be u-g
1) Feol e npREdRd EuEe 449 A 49

RETES e Sehsa FA4L AL (5 ~ 20T), 5T, 10T, 15T, 20T, 25T, 30T

Bk e=oln woFsle Eo2 2RI AAGE AFE A3 20CoN 209 F 1
MAZY FZste] 748 Zol R&AST} (Fig. 3-17). Wik &% 5209 ALdHe 59
ol 2 JfAZF AR en O & AP7IESE FEAS AAee F18HA skt WG
L5 5CgME Zeted Ao VIR B&eA g1 2% =0k

10T WY 25X s 158 Fo 2HA F&st1 209 Tl o/ A 7 F-2stAch
15T wlg exoAMe 159 Fol hA F338ta 209 Fele 54A7F 38t

o
oo



20C9] Wi LxoHE 109 Zo 27)x] FEFsla 159 Zo|e 370A7F B3sigon
20d ¥ 10744178 F-&3qirh 25T ulYg oAM= 108 Fo 34 2Fsn 159
Foll= 574A7F st e 20¢ & 5/0A7E FAS AT 30T WY exdAE 59
Fol 37HA FAsta 109 Fole SHAZ FastAon 159 F 570470 Fasigon
204 Fell= 7HA7F Rk

2 HY AL go] X9 Wy}t A BAH 5T o] 257} ofF
2E vty ZdEe fAo] EQez Bawgsied A{EA gos

L
)
e
rlo
ol
&

12 — ——
—6— Room Tem.
10 - —4—5T
—A-10TC
L ~B—15T
2 L
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(=]
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=
g
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Days

Fig. 3-1-7. The number of succession for the metamorphosis from planula larva to

polyps on Aurelia aurita according to the different temperature.

Fed WE RELEAGY FYY BT H402 4FFYL MK 250 s

AT (Fig. 3-1-8). 2719) 714 wWe 4ze 43 30T % 1501, 713 =2

x..‘y

342 10C9 15C 2%, &9 7 2§94 ¢ A= 43S Hole 20T ¢ 25C 2%

©% Yotk
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Fig. 3-1-8. Growth of polyps on Aurelia aurita according to the different temperature.
2) A g HEDGENAD SZeteet Ay 2 4%

4 g BEDEdny SetEeg f49 TPeE RAHEIE AASFE B
3 dde g 2o (Fig. 3-19). s A4S FYg 10, 20, 30, 40psus] &
o 20psuclA 13AA7} EYPoz BA-wehste] oF 43%9) Wel&< Mgk 30psus] 2
FRol e 2AA7 BHoR Feste] 40%e] Weee Mok 20psug] VP79
30psud] AP WElgo ApolE 3% AL uho] U ggron, B3 4Y A% F
154742 & 20psu AP TR} 30psus] AFTFA ¥ WS Uk 30psus] 4
BT A% AFAF 29 FRE 2w st dojdAw 20psue] APTFE ARAF 9
9 RE BREdest dojur] AFact. o9 e ARE MEERI vy S
FAel A e R Ui HgyIzte] Yo AL YehE Ao Rtk 10psu
X

o X

Ir

997} dopsu AT AL Tehzeh Aol Edos RAdetx 2Tk 10psu A
7ol A% Behwe) f4o] HAL d0psu AP Te] Tk fAe B2 U W
o} (Fig. 3-1-10).






Slo} 22 AelA RELER Y Fetedl AL §4 E97F o= AE 7
A=l @Rl 20psud FHAdte Aty AitteME RA-yesie] EHoz YT 5
Aqee & 4 ok 2 Be o @ fFYez ROl W0psu AR FAI AL

=

A3} 10psugt 40psud] ZehsEel A2 FF-deste A7 T gy 9 s=
o wE HEDESE EHe 4% HEe Tgsg Aol FAHEE 20psust
0psudl EHE Yoz Pt FE w=e mE BREIGENIGY EFHY AAL
20psurt} 30psuc]A W] doju= AL FASAT (Fig. 3-1-11). €& F= 30psud]
wl Ao A Artemins Hol2 Fojste] 1397t widd 23 AW 73 385umE A 20psu
of wickAol A ujokest Eo W A 35mrY A deEsth w7t S 20psu
o] mjFAo A vt Y HF A ET 30psudd A WG THY B AAe] 2A
et B2 ulF 79A9 20psue] E7 B A 7o] 240mE A 30psud] EFH B
A7 233mBth =4 el E FAT ole 20psudl A Mz A Aol s o
Ehd dA]F Aol

o

450

400 | J é
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300 |
250 |
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50 -

Days

Fig. 3-1-11. Development of polyps according to the different salinity in Aurelia

aurita.
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=

3) £& Bigle] e REYEsge] £Po LAY

T2 Wakel REEEd Y] FAAAY £ Alolo FAAHE dolry] 9% A
I R EE 25T X 20TE HSAIAS o TP s AAF} F7reke

4 4 AT} (Fig. 3-1-12). 20T AP= 10 /HA e EHo] 109 Fo) 13 /HA =
Fi 309 Fol= 31 AR F718td 310 %o F7HE veldo] 449 2T F

T2 7S Uit 25T AF 7= 1074419 E50] 10 Fol 12 74A
ti 309 Fell& 28 AAZ F7bste] 280 %9 F7HgS Jehich 15T 4
10 7HAe] )0l 199 Fo 11 AAE F715te] £ WHslo] wat T2 0]
e gEoH, 308 Fo UANE AN e ALY S AARA
79 25C AP HEf ofF @& F/ME BT W 30C A¥E7Y A

= 10 7R o] o] 109 F71A FAEAAS oFA GskE B ol 169 Foll& 3
% =

o X oy W o
N
B g o
3oy e
oft

N

=t
N
<
'®)
ruz

AA7 ZM 7TAARE MAFY FAE Hola A7te] AT F4E == A7} o)A
30 Foll= ATl Aohdsich. olsh e AnE REUBsTE T AS I
exo) FAY A5 o3 AAGFY a7t olFe] A F YuE AL veha
35
——15T
30 - |[-W—20C
—A—25C
_é 25 ' . 3-30C
&
& 20 -
[-]
5
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=
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0 I 1 [ ] |
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Fig. 3-1-12. Change of polyp abundance on temperature variance in Aurelia aurita.
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4) G Wl e REEE e -6 T4

HE 30psu2 siFoA 7]1¢d RELSEIHIE £8 10 AAH-E 10, 20, 30, 40psu
o sl &A WS e 5 2oh (Fig 3-1-13). G 10psuz &3 10 A=
2% o 2% 3tk G 20psui &7 10 A s FARYE dte] 229 Fd) 14 A
Az Z7r8tg.om, 30psuz &7 10 A E 229 Fo) 18 MAZ ZF7}st ) 40psuz
271 10 AAE 29 Fd 11 AAZ F/45tGth 27] 289 71AE 30psud] HEGE3)
o] FH9 7442 S27F 20psust 40psu Bk wgroi} 309 o]Fo& 20psudiA
st HEgEdne] EYo FAMA 27} 30psudl A st EH FANY &5
Hol WA A 28 AFQ 69U T 20psudl A s 29 £ 75 AA =
A A A T RN s 750 %) MAG F7HE BEI 30psuchA wlFd
"ol v 56 MARA AF AR F B 23] 560 %o MASF FUME RA
40psucl A HlFE YL 69U o 22 AR E 220 %] F7+E RQTh

fr

80 —— ;
g—Q—lOpsui
70 " —m—20psu|
. |

30
60 - —A— psu|

[~ 40psu

U
=
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|3} L
[—4 [—}

e e e e e

Days

Fig. 3-1-13. Change of polyp abundance on different variance in polyps.
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5 REGEsTE Y &&E444 (DO) 2vlE

HEgEddert de A7 £842FEE 10T |
ng/ Lo A 47 A2+ F W 508 mg/L2 ZFAEl o] FzF BF oF 403 mg/lo] £EAA
7} 7HastAY (Fig. 3-1-14). 10To|A APE F2ALETE AZE Hagho] A &3
M Fadte AEE BT, Aol AESE HAe] & (HF A7 1eom) sjvielr AA
of A2 (T A7 ldcm) A HT} Be ko] AE AuEe Ao eyt BHFE 3

74 20ome] siutEle AY gz 20tERt R AU E 2 AT vE Be g
NHEE AHBIETH

20T AN BELGEINIGY} Ae AFTFAA EENLTEE AP 274 BT

=2
775 mg/Lo X 74 Azt F WG 390 mg/LE Aastglon, o 7zt B <k

F

o} oF 3.85 mg/fo]
#HAaE B (Fig 3-1-15). A3 A& 2412 T §&84AFEE H 489 mg/i2 F
A3 7HA3 Wb 24A)17F ZRE 74X 7 A e 099 mg/le] 7AS HYth olE

kot levhelg We RolHE 27 204HE

Eo| g Holugr) 2043t o] F 73AZtAA] WA dFF FHE B

Lol 20A17F Fof) 1.63 mg/Lo 2 FAS] ZAFYI 26417 T 140 mg/LE 7AEY
7} 45A17F Zof| 1.74 ng/i2 ThA Z7}EATHF 73A7F Fo 097 ng/lE Aash )
ol& 20A13F Fofl A itAhFEe o] TrEAH o, oA VR SR EY 4th AH|

HAstE Aol Holx] gttt sigelEe] A A4z
HA FAE £ JeE B AeE AlgHT
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Fig. 3-1-14. Variation of dissolved oxygen by Aurelia aurita in 10 C.
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Fig. 3-1-15. Variation of dissolved oxygen by Aurelia aurita in 20 C.
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Fig. 3-1-16. Variation of dissolved oxygen in different abundance of Aurelia aurita.
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0F AR W FEL BT Agsgy sz
2A17F Zof) 224 mg/L-S B,

2 o] &5, 2 F o 178°] § AYA SEALFTET}
21 mg/0d W FHAch (Fig. 3-1-17). B2 4F A7 223 408 5 FHAZE Ho
ggton, 1 & ¢ 1AMFE ¢ FHso AF5E 146 mg/L oA AlESIATH
zuEgoe] FolRtt F ¢ @& §EIaERY AY F Uee BT FELS AT
AWEAT A FFAN dog FATTE o 208 H A% o APgSGa ojd &4t
T 124 mg/Lolinh =Eivle oF 4AZ AT W FHAR Hof &2 gov,
% 25%0] o AuA Agslga §EAATEE 114 ng/eolich 2y REEES
de A3 PPAAA FA @R FFolA L] FHNT Agel AHd oF 2
b

T A ezl 2 ng/f FEFE Abgelr] AFelal, kv vr b e £E

2
N
)
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Fig. 3-1-17. Variation of dissolved oxygen by Aurelia aurita with fish

2. nEgE g 44
1) HELEsioa] o Artemia 44

REGEI I Y Artemia 32 AP ALL-F sFdle AAHL 13cm, 12.5cm, 9.5cm
oAt Ztzte] AGFoes REGEN I 2T Artemia2] 420 AJzto] A UHA
ga3tA o] Fo] o (Fig. 3-1-18).

A7 125 =719 RELEHTI Solde AFT (&% 500)
AA 7t F 66,0007 (/504) o]lert 4A13F F oF 24,000 WEA Zratgen 12
AIZE Folle Q] oF 4,000 AT T 24413 Tolle AL BE Artemin7} RE
gEs el A A=A

A A Z7] Artemia

o

{o
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Fig. 3-1-18. Variation of Aurelia aurita abundance (inds/50f) as time passes in
control and experiment (M1: 12.5cm; M2: 13cm; M3: 9.5¢cm).

RBEGE e AA 13en A7 A9 27| Artemia A F7F oF 69,000 o] A1t
REGES g A HAEHE Artemin®] 71 F7HFHA 4AZE Foll= oF 39,000 /HAZ
Zastgh. 2y 5A7F Fole Artemia®] 7} 47,000 02 F7tetE FAS Bt

BHEGES G Hol HAA BolatA Hole A= 9 Wl Artemiart
7S A ASIAZIA] RS ArteminE FXHA O sl Fog2 W (Fig 3-1-19)3tE
A W&o vepd dzoltt. o]FA W& Artemind} ¢ Fol SESHA gHolE

Artemia THA] REDES 7 a8ty 12417 Fd& <k 20,000 /WA2 Artemiadt
Wekal 2447 el A BE Artemiar} REDES A AN A A4 H A
BEdYEs|ae A4 95em AFFe A x7] Artemia 7NAF7F <F 68,000 o)L

U REgGE&ao A AASEE Artemiad 7 Z7V8PAA 3A17F ol <k 52,000 7
A2 722sAch 224X FoE Artemia®) $7} 66,000 02 F718lATh olE B
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U mgggsgedl dasE $EEFAEY S F745HEA 6412 ol oF 4,000
AAE Fastgeh et TAL Fole SEEFAEY 57} 530 o2 FASE WA
& Byth HEgEAtest 442 A% 1243 FelE of 1500 AAe) FBF
SEW Gehn A3 Folt Ad BE FREFAEC] e 445
o 300 A AEe] FEEFAEC YT
HEYENTY H73 Bon Y7 A9 27 FLEFIE AAGI} o} 8600
fovt REgEsAAlA HAHNE FEEFAE 7} FrlUA 12403 Fole
1300 AL gastsch 290 2447 Tt FREFAEC] o 100 AA FE
sk,
Aol WA 2o gzre 49 279 5
Azre] AVEA F
AT} A st
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Fig. 3-1-21. Variation of zooplankton abundance (inds/50f) as time passes in control
and experiment (M1: 10cm; M2: 11.5cm; M3: 13cm).
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ol ngaEasa e sty TANR

1) g=3tE, @, A

A
o

i)
M

A srE BAe) ASE nEwEsvEe A7 1659 17on o, BE, g, A

Hag difste] 4748 5% AFFe FHSAY (Table 3-1-1). HELE 3=
grstee ol Za glen, dger Ad, @fd & oY (Table 3-1-2). &3
Tl AR FEAL A el i Aolg R BFEEL FE Au e
AL Bol TirEo] AEe BT @fEde FAHE T M AL FEe By
sty ol ddgst AL gkt REEEdA A dRst e Ade F
Z FTAAZNY, ez dAAx, FAA] HF A EE FR AZL A4
2ol ®eol] drHo eS Bin

Table 3-1-1. Diameter and weight in Aurelia aurita using biochemical analysis.

%] 7 (cm) 4 T35 H(g) AEH(g)
&% (umbrella) 1/2 93.6 2.5
1 16.5 At (oral lobe) 15.3 0.5
A 21 2~ (gonad) 17.3 0.5
&5 (umbrella) 109.4 3
2 17 A}l (oral lobe) 14.1 0.4
A 2] 2~ (gonad) 29.8 0.9
3 16.5 A (body) 173.1 46
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Table 3-1-2. Biochemical Composition in Aurelia aurita. (unit: mg/1 of 1g jellyfish
in dried weight)

g3 Rl A4
BN 2 A4 444 A" dAA
Size P Wx BE Ax W@ "Wx ¥E 6z 9y 93 97 93
165¢ pody 926 030 354 161 032 006 289 231 008 010 0.88 0.02

{fgi 3525 077 10.00 153 1.02 020 465 426 030 029 134 153

gonad 2038 059 3098 11.79 134 057 843 160 396 554 338 026
17cm body 471 159 487 110 076 013 265 025 0.09 008 077 045

fggé 1337 466 2383 1038 173 017 923 003 018 026 218 0.17

gonad 11.60 3.01 1165 278 103 015 488 239 113 196 205 0.89

16.5 Vgg%,e 573 079 460 181 046 007 539 09 005 004 112 022

Atk EA44 AHEE BEGEIATEE A7 14, 15 1850m ojn, £F, drty,
A2 AEe A7 3% AFFE SANEY (Table 3-1-3). A Fe) 9] 33t
g & 49, 59, 69, 897 994 A3t B4 Y. fukuda and T. Naganuma (2001)¢]
=Eg B2, AA AW (TFA) FolA E3FA|HAE (Saturated fatty acid)o] 43~50%, 8}
o] B¥stA A (MUFA)o| 16~23%E Vel T 7 olate] B X8t x4kak (PUFA)L
24~34%5 JEpdT R Bugo. ®=3 23 A4 diREe Cle:0 (22~29%), C180
(13~18%) 18)lx Cl40 (2~4%)2 e}y, 3 PUFAY FelE 205n3 (10~16%),
C22:6n3 (3~7%)& VER LT, C20:4n6 (3~9%)< JEMIQTT Rugch 1dem & AA
B8 B AFoAe AW (Saturated fatty acid)o] 52.9%, 8hte] B-E 3R
2F (MUFA)o] 131%E Jehz & 7| olate] BXalAubat (PUFA)L 34%E el ol
Y. fukuda and T. Naganumawyl R 19} FA}8k gt H9E BT} (Table 3-1-4). E3H
E3} Auake] glREL C16:0 (23.6%), C18:0 (228%)S JEhfo] 18:00] ThA: &L L
Bzl #3 PUFAS el 20:5n3 (15.1%), C22:6n3 (0.1%)& Webigla, C20:4n6
(0.04%)& VERf o] 20:5n3L At E Ta e @S UG ©x 499 oz
Y. fukuda and T. Naganuma (2001)¢] =53 wjmsir A, E3lxwits PUFAL =74

ofr

o

il



UEsal, MUFAE SA Yebsth B A3 vetlize] FoE2 t& AWty 3%t
< JehSla, E3] 27171 ZS& A9 umbrellad] AL =& E¥3 AukS A E
g, 2717F & Aeele dagst AdadA o w2 238 Ake yehidg. Y.
fukuda and T. Naganuma (2001)= 5¢€3 8¥€d =7 TFA] ti3t AN =d, =717}
A e Aol AohE BE Aol B9 ek

Table 3-1-3. Diameter and weight in Aurelia aurita using the fatty acid analysis.

%73 (cm) 4 5 () D5 (g)
&% (umbrella) 1/2 109.9 45
1 185 &% (umbrella) 2/2 96 3.9
A (oral lobe) 20.6 0.9
A 21 2= (gonad) 151 0.7
% (umbrella) 80.2 3.2
2 14 Yt} (oral lobe) 6.9 0.3
A 2] 4~ (gonad) 8.1 0.2
3 15 44 (body) 162.4 6.3
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Table 3-1-4. Fatty acid analysis in Aurelia aurita (18.5cm, 15cm and 14cm in
umbrella diameter).

18.5cm 15cm 14em
Fatty acid  Umbrella Oral lobe Gonad Umbrella Oral lobe Gonad Whole body
i Avg. SD Avg. SD Avg. SD :Avg. SD Avg. SD Avg. SD : Avg SD
C10:0 000 000 000 000 000 0.00 004 008 004 005 000 000 : 000 0.00
C11:0 (035 048 115 151 067 095 i 144 130 221 294 1175 1406 | 193 259
C120 | 063 029 020 007 043 061 ; 107 031 119 044 079 060 056  0.18
C130 ; 054 016 095 072 079 012 ;095 022 096 065 624 570 ;107 115
Cl40 059 014 062 036 053 002 026 014 049 003 046 034 : 022 006
C150 | 075 067 042 040 021 030 : 063 038 08 044 079 001 : 055 034
C160 344 79 201 89 188 97 i 240 62 143 60 138 02 i 236 441
C170 i 221 070 221 101 207 113 i 207 060 259 131 184 041 : 181 040
C18:0 : 233 60 287 134 344 211 : 273 83 336 161 344 638 i 228 483
€200 | 012 020 000 000 000 000 : 002 003 000 000 000 000 : 003 005
C22:0 023 040 000 000 021 025 005 009 007 010 000 000 : 006 006
€230 (006 010 003 005 001 002;015 005 05 070 052 073 012 0.09
C24:0 038 065 001 001 000 001 :020 024 009 012 000 000 : 014 013
Cl41 | 044 076 028 049 026 008 ; 017 029 026 037 000 000 | 036 044
C151 | 042 072 036 063 039 035 : 048 057 072 075 036 052 : 039 056
Cle1 520 511 137 074 016 006 } 305 290 152 161 093 114 i 389 3.9
C17a | 072 059 121 042 193 137 : 088 051 064 001 257 157 i 122 093
C18:1n9c§
Clganee ] 14 237053 081 091 129 1205 134 0% 055 077 081 ;28 197
c20:1n95: 169 247 163 133 105 133 083 123 15 216 073 103 112 1.65
C22:1n9 : 017 030 099 084 000 000 : 076 102 062 08 000 001 : 085 1.00
C24:1n9 | 479 040 832 1133 187 131 i 213 202 188 237 1009 96 } 241 043
C18:2n6¢ | : :
Cisamst | 127 021 122 037 123 019 § 112 018 147 023 126 080 : 112 024
C183n6 | 070 015 085 045 083 043 : 088 029 116 055 094 026 : 047 018
C183n3 | 064 027 028 024 017 024 : 023 002 022 015 000 000 : 058 051
202 184 099 087 076 179 016 215 022 066 080 148 209 099  0.88
Cégfgﬁ 043 017 000 000 029 027 :109 019 017 024 000 000 : 062 015
C20:3n3 | 493 378 740 389 485 685 1018 475 712 379 735 1040 150 446
C20:4n6 | 020 035 000 000 011 015 013 022 012 017 000 000 : 004 007
C20:5n3 | 889 137 195 124 92 130 | 156 148 571 515 134 035 : 151 134
Cc22 000 000 000 000 000 000009 012 002 002 000 000 : 000 001
C226n3 } 000 000 042 073 000 000 : 000 000 132 18 162 229 : 010 018
Total : 100 100 100 : 100 100 100 : 100

Saturatio | : :
AL 35 148 543 253 581 301 § 582 160 570 216 706 266 i 529 107

n 3 3 ]
MUFA | 176 49 151 99 234 112 | 104 27 251 216 155 116 i 131 31
PUFA | 189 148 306 166 185 189 i 315 149 180 01 140 150 : 340 101
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Fig. 3-2-3. Diagram of experimental adhesive plate.
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2. A4As)

7} vpie] 52, ¥, $ENAFE

ZAA G 0 #WEE B, 2004dE 564 ~ 254 T (FF 17.0), 2005 &
518 ~ 253 T (HT 143 C), 2006l 450 ~ 275 T (F& 128 )9 e #HY=
JehA it (Fig. 3-2-5). d&< wslE 2004d9E 198 ~ 33.0 psu (HH 302 psu),
200539 = 268 ~ 33.1 psu (B 14.3 psu), 2006\ d9]= 284 ~ 329 psu (HT 31.6
psu)e] kel WHE JERNUT) (Fig. 3-2-6). £F AAE 2004doE 217 ~ 7.30 ng 47!
(HF 515 mg £7), 20053 095 ~ 152 mg ' (FF 7.42mg 1), 2006dE 6.63 ~
126 mg £ (BT 9.98m )9 el WMYE JEhNAT (Fig. 3-2-7). Aubdog 429
A5 A= Zol7t i JleH, ole A A7V dxuith g4 Aolrt Y] Wi
HEL 2o vl A=’ Ao|7} o AA yehded, o) RAF A Go] Yt
AL o] AP A A AAM Y Fg FHol FFE W) oty JF =g
ZAF A1718] Apol 2 ghel W 3 HE e Aolrt 2 A vehdth E3] 20061 8¢ <
S AZoA AaaZo] YrehuA] @gked, olE 20068 o Ex2AL AatiZo] o
e A7 68 ~ 99 Abolo] & @b RE o] ROl Wi AFA =L HUS B

}E

. A% £% 49%E Pold S T
7 GEds] AdeiA, see 27 890 4d 2 THlE R §& AT 4
e, 9¥% Az 4858H AN £F 2ol TS dehls] AFsicr) 793 8
o] sEo WATL A% AN, ole BN ABEFAES R4 2 §

7Ble W, AZdAMe F718 Bl ¢ && Atie ARV Fuis)E
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Fig. 3-2-5. Depth profile about temperature on inner of Masan Bay in 2004, 2005,
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o vt B g Es e e FEEFIE

upagtol X B ESoelel a4/ BAE £437) A8k 2004@%E 20063
7HA 2AHE AR E AREESATE 20049 2€9 AQE 7 {E 3,776 (ind./ ™) A o] Ao
Y 39ole 374/MA 2 A Fastdd. 490 3007) 4, 59 863MA 2 FI ELA w64
of 257744, 78lE 94F 7HF AL 7BAAC ARHUTE olg go] F7e wlEEY
1087k ¢ 1LO0OZHAl wivke] 2747 7F AP AL 119l LO87/HAZ F7hste] 1294
T 3,0007/45 o]do] AMAHAT (Fig. 3-2-8). 22 7|3t RELGE Y AAFE 299
13 (ind./100m)7R A2 HAE veldlen 34 19007442 A% HHE el (Fig
3-2-9). 340 HEDES Y AAFE HNE vehd AL Fig 3-2100] vehd AA
H HAo] o 29mmel e} fAe F FHOE 1 Frt FUHE Aolth 4€0] HW
A REGEINFY MAF= 965MAZ A4St 59 416704, 6¥ 11971 A2 7438
o 7€l U7AARE S8k T 8l HA S AATE Uitk 9€d A St
ste] 10€ 9 5750A 2 F7hskal 11¥€d= tA] Z4ske 101A 2 Zastad. 1244

£ negEssesl AWEA Lok

HEdedigele] A7 29 Bt 172me] A7 APEHJAL 3L A= A
A @5 29mme] oyt AR AU odFet FAL 5L7A A st
A7l W 244mme] o2t} S5URE 6¥7tA| Alole] HEEEveE wEA G
t %“& 2173 135.4mmof] @&}t 79 Hit A7 1544z F7}15 § 8¥olE HT 3
7go] 8sm7tA] A ATt 99l A Frbskh 109, 11¥dl= Hd H7A 127m,
130m2 Wske] Fo| zx) ke

2004 2] B JfAlse 274F7 AFHAANU 3L F
AL BRELENAY ooz fA0] dFF UM 2478 Holz X4%
2 Al ETh 395E 997HA 824F 9 AASFE 1,000 ZRA olstol A S3HE

< REgeEday ddgst fAol RN JfAFe Hast AT BE FAol St
st AA T o B 8AFE TASEA Ued d4es Az 1083 114 A

18 RESEsv] A4 W&ES A 23 1084 = 2477 Bd 10704, 1149
2AA BEE QAT (Fig. 3-2-11).

20043 10€, 119 AP HELENF] Gl e Paracalanus indicus$}
cirripedia & cypris larvae7} %o] Yelstt (Table 3-2-1, Table 3-2-2). 53] 10€l&
Paracalanus indicus7} 3j3tg] 1/AA] F 20 JRA|7ZFA] yEbsa 1196 = cirripedia &
cypris larvaez} sfltg] 1704 & 25 74 74A] ElS T
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Fig. 3-2-8. Variations of Copepods abundance by netting in 2004.
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Fig. 3-2-9. Variations of Aurelia aurita abundance in 2004.
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Fig. 3-2-10. Diameter of Aurelia aurita in 2004.
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Fig. 3-2-11. Copepods abundance on the inner gastric pouch of Aurelia
aurita in 2004.
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Table 3-2-1. Gastric pouch’s content of Aurelia aurita in October, 2004.

Species AN
12cm |16cm {15¢m [16.5¢cm {15cm |17.5¢m {14.5¢m [16cm |13.5¢m {11cm {13em
Size(diameter)
Penilia avirostris 1 1
Calanus sinicus 2 1
Paracalanus indicus 4 | 6| 3 20 4 5 2 1 10 4 |1
Temora turbinata 1 2 1 2 1
Acartia erythraea 2122 3 2 2 1
Oithona sp. 2 2 1 3 2 1 2 |5
copepodite(Others) 3 1 1
copepoda nauplius 1 1
appendicularia 1 1 1
polychaeta larvae 2 1
cirripedia and  cypris NERE 9 | 10 ) 3 ) 1 |10
larvae
bivalve larvae 2 2
gastropoda larvae 1 1
Total number
9 |14 |11 28 | 15| 25 10 10 ] 19 9 |17
(inds/medusa)
Table 3-2-2. Gastric pouch’s content of Aurelia aurita in November, 2004.
Species "\ Size(diameter) |15cm | 10cm |11.5¢m | 19cm [ 10cm | 15¢m | 19cm | 16cm [17.5¢m | 15¢m
siphonophora 1
Podon leuckarti 1 2 1 3 1 1
Evadne tergestina 1
Paracalanus indicus 1 4 1 1
Temora turbinata 1 1 1 2
Oithona sp. 1 1
Corycaeus affinis 1
copepodite(Others) 1
cirripedia and cypris
5 1 1 15 | 1 4 |25 | 21 15 9
larvae
bivalve larvae 2 2 4 1
Total number
) 8 1 2 23 | 5 5 131 |2 | 18 | 14
inds/medusa)
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20059 AT 227 AAGTE 18] HAAZA F 12,6574A 2890 1 &
7} #asle] 5482704 3€olE 1L184/0A 4¥elle R2AAEA HAE YA (Fig
3-2-12). 599l 149970 A & Z7batgThzt ohA) 79 4470A), 89 32704, 109 30744 =
AT 119de 8013/MAE A F71ste] 1294 431670A 2 ZAasgc. e
71 REgEsay ASse 194 202 HAE Jehlon 29ds FFAo o
Fska 39l 3637041, 499 55070A 2 F/18t4t} (Fig. 3-2-13). 59 & 87)
A= MAG izt 3435 Qolth e 79eE 32974, 8L 587 A= Ay
Aom ThA] Zhaste] 1096 282704, 116 12070 A, 129 267047} A3
Esv)ele] HF A4 149o] 155m, 290 220mm =X A 7}
L 3ol B #7A 35mo| ofFet Aol MHYEHUATE 3Y o|F HELEF
el B HAE FUhshe] 49 51m, 59 FF A7 436m, 79 PF HF 87.5m, 8
9 Fo A7 143.8mn, 109 H F A 163z HE JehA} (Fig. 3-2-14). 11L&
Zaste] P A7 152, 12€elE Ht A7 145mmE el ot
20050 REEETGE Y A7 UWEE T 847 MASe 289 HaF 244, 72
o W 87/4A|, 8ol W /A, 109 Hat 2770A, 1€ F 45704, 12 HF
5670 A 7} #Z= A} (Fig. 3-2-15).
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Fig. 3-2-12. Variations of Copepods abundance by netting in 2005.
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Fig. 3-2-13. Variations of Aurelia aurita abundance in 2005.
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Fig. 3-2-14. Diameter of Aurelia aurita in 2005.
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Fig. 3-2-15. Copepods abundance on the inner gastric pouch of Aurelia aurita from
February, 2005 to January, 2006.

20059 =AM 2259 AASE 196 HoE dehidol 29, 392 shd
AN E Zoz asty 48 E 7P He 9 274F7F ARE vk o] A7l REE
Edgge AASE 194 HAE vdehfa 39 g fAY By a1 £ F
A3 271 st 4€= 55070 A0 ol= @) 20059 3YRE 597X 8.74F AT
Hae REGENGEY 87 94T #do] e ALE Agdr. 3 74, 84, 10
ol He o 2777 ARE AL RELEday MASe AAd Frtd o
dEez 22t7E AAsdtta AZ4d. ol REggdEdaae 97 WE=dA 2
ZH5o MAF7E Tt AdAE & 5 ATk

20063 =AM AN A AFH 277 AMAF= 1€l 687071, 24l 2641704, 3
Lol 43NAE g23ET (Fig 3-2-16). o] 3 7+A AFL 200437 20053 ) Ax}e}
Zsteh 490 27b57 30704, 52l 157hA 2 M B AAFE el s, 6€
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21670 A 2, 78 & 2,2437§ A 2 713 R( T

2006 19 REGEIH I AA7}F 3A4A, 280 6704 AR Ak 2004d, 20053 ]
ZAbeb ulEtA 39l ojuel Aol AAEHEA 220074 2 FA3] FFFAAL 4499
= 3,0007) 7] o2 59 Zaste 2,100/ M Ak (Fig. 3-2-17).

2006 REGES DY B HAL 190 141mmo)x 29 ¢f 180mE F7}EFR o™
390 ouet FAol WEEEA FHo A 23mE ey itk 4= 32m, 5=
18mz FERGTE (Fig. 3-2-18). 20061d 3€3} 499 owe} WAL 200437 2005
dazt BFAART o Fked, olE 20008 owiet fFAel LAAZIZT 200413 3 2005
drg o =239e% veidle Aoz dddn
Eavele] A7 WEEA fztFr #FEHUGY BREEEdgert g2
F9] 7R AAgddu Ayzslede FErt dARL BEEssidert 24T
Artemia® 97} WolA 23A171=0 <k 308 A 608 A= AT
s, HEGES TS ARste A7E sty AT ] A HEEAA FH
g gol B & gl AL oF AT ol A4 AezA &F T A2

o AA & ° B Aolgx A7Hnh
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Fig. 3-2-16. Variations of Copepods abundance by netting in 2006.
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Fig. 3-2-17. Variations of Aurelia aurita abundance in 2006.
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Fig. 3-2-18. Diameter of Aurelia aurita in 2006.
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Table 3-2-3. Appearance time of life stage based on natural sampling data in

Masan Bay.

dEHA | e | FEII 54

1. Planula (!jr?a) 78 - 2% REIINEA
2.
Scyphistoma e HE O 288y
5~167| T /2448

3. Strobila 1% 2§ -480)

&f= THYEy
Y4y

4. Ephyra 89 | 28 -4%

5. Medusa =] 43 - 2§
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Zh vl RESESgE EH9 14

PRAE ZAPG A A REEE Y EetEe fA0] nF-HEste Yoz W
Asks Ae #E37] s AR 4PE AAE A7 2005 7€ 2090 A X5t 79
259l g FREe A5 ot 17] (ind./2125cm)e] Fgo] HAegt} (Table
3-2-4). 79 259 A5t 89 1o 43 HAT e REGENA EHo] #F
=2 erskeh ey 8¢9 196 AX et 16 35e FaHe Ao R ofHd
oA B 107449 ZHo] BAHAT} (Fig. 3-2-19). 84 16U o] AA)5le] 84 29Ul 3]
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Table 3-2-4. Density of appeared polyps on experimental adhesive

plate of Masan

Bay in 2005.
1 2 3
A | mRERs | o4 | 2RERS | 44 | 2AEAs
(em) |(inds./212.5cf)| (cm) | (inds.212.5cd) | (cm) |(inds./212.5ci)
2005.07.20- |20 0 20 0
165 0 140 0
07.25 287 1 275 0
50 0 30 0
2005.07.25- 97 0 115 0
08.01 197 0 230 0
282 0
2005.0801- |22 0 30 0 35 0
112 0 110 0 135 0
08.16 207 5 205 5 240 20
30 0 70 8 50 0
2005.08.16- | 105 23 150 112 105 18
08.29 175 9% 220 387 175 166
250 513 305 1429 258 410
20050829- |20 2 30 20 28 7
160 185 135 261 123 166
09.14 250 1121 255 1401 238 624
2005.09.14- |2 L 30 6 30 12
170 204 170 349 170 323
10.03 270 1026 300 1023 310 6096
> 005.10.05- 20 11 20 67 20 60
115 12 90 151 120 197
10.25 215 825 190 1476 195 1230
~005.10.25. 25 2664 20 2592 30 609%
135 1686 110 3126 130 3084
11.15 235 1692 210 5360 235 3138
20051115 30 615 20 549 20 504
120 716 120 480 120 285
11.30 205 1533 210 1578 215 840
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o

Fol 129 590 343t BASYTh (Fig. 3-2-22). 3718 FZor 40
Aaglol I BT ol AN B B AAY EHo] #RHA

2005 08.01-04.16 HO508 16-08 20
HUE - H-UE -
H-DN | HDN §
M-UF | M-UE 1}
M-DN MDN{
L-UE | LUP
LDN { LDN
20 25 0 100 200 00 400 500
WO508 2009 14 H05.09 14 10 03]
H-UF H-UF
H-DH H-DN
M-UR
MON{ | M-DN
L-UF L-UF
LDN LDN
0 M0 400 @0 $00 1000 1200 1400 160 0 1000 2000 3000 2000 8000
005 10.03-10 15 WO510 2511 15
HATR
HDHN
M-UF
M-DN
LUF
LBN
0 M0 4m 600 WO 100 1200 g 100 MO0 W00 4W0  SOW  e0o
Individual Individual

Fig. 3-2-20. Density of appeared polyps up and down faces of adhesive plate at
different depths from August, 2005 to November, 2005.
(H-UP : Top-up, H-DN : Top-down, M-UP : Middle-up, M-DN : Middle-down, L-UP

: Bottom-up, L-DN : Bottom-down)
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Table 3-2-5. Density of appeared polyps on experimental adhesive

Bay in 2006.

plate of Masan

1 2 3
A | wRERs | 74 | 2AEas | 74 | 2855
(cm) |(inds./212.5cif)| (cm) |(inds./212.5ck)| (cm) |(inds./212.5ci)
2006.01.03- |20 0 20 0 10 0
110 0 110 6 90 0
01.15 19 6 185 9 170 0
2006.01.15- | 1 % 1 76 0
162 P 185 11 0
02.04 - . 5
2006.02.04- |22 0 30 0 20 0
g5 0 115 2 95 2
02.14 175 0 198 2 175 3
2006.02.14- |29 0 25 0 20 0
35 0 105 0 135 0
03.09 175 0 170 0 220 0
2006.03.09- |2 0 3 0 30 0
80 0 110 0 105 0
03.30 160 0 195 0 190 0
2006.03.30- |2 0
110 0
2006.0428- |20 0 25 0
110 0 105 0
05.30 180 12 180 2
2006.05.30- |20 0 > 0 30 0
120 0 90 0 105 0
06.20 200 0 180 0 190 0
2006.0620- |20 0 30 0 40 0
140 oA 110 0 115 0
07.14 230 0 200 0 190 0
2006.07.14- |92 0 30 0 35 0
140 0 105 0 110 0
08.09 25 71 185 6 190 3
2006.08.00- 35 17 30 120 55 1
110 33 120 48 135 17
12.05 190 7 205 31 215 13
20061205 55 0 45 15 18 27
131 0 133 6 98 13
2007.01.09 21 24 208 18 183 155
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Fig. 3-2-21. Density of appeared polyps
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LN
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Individual

up and down faces of adhesive plate at

different depths from November, 2005 to August, 2006.
(H-UP : Top-up, H-DN : Top-down, M-UP : Middle-up, M-DN : Middle-down, L-UP

. Bottom-up, L-DN : Bottom-down)
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2007d 14 9ol AA|ste] 24 2o #EAG Ao ME THo| BFHAAT 2
2 2dRE 7d 9UZA AAHO e FAREAME FHol BIHA Ut
(Table 3-2-6). 14 9ol HA|3te] 24 2% #AT FAu ofgAcl s Fo] BEHA
BRI e AWl B oF SAA, 5 A BT ANAIE FFHS (Fig 3-2-22),

295 6971x] AA 3 gete] 12 AR E EHo] #AHA gtk 29%
B 6471Ae REgEsuae A7 & #2597 ¥ Aoz fAdolv HHez A
sotA] & sjue] @A AlZ|ZA 2006139 Ao} 2007'd9] ATt A FAR AF
< BSth

Table 3-2-6. Density of appeared polyps on experimental adhesive plate of Masan
Bay in 2007.

1 2 3
A | mAEAT | 74 | waEus | 74 | wAERs
(cm) |(inds./212.5ci)| (cm) [(inds./2125ci)| (cm) |(inds./212.5ci)
2007.01.09- 20 2 45 6 55 6
135 2 128 5 131 2
02.02 120 0 214 0 211 0
2007.02.02- | 0 60 0 62 0
155 0 153 0 152 0
03.02 247 0 248 0 247 0
2007.03.02- |22 0 28 0 38 0
119 0 116 0 125 0
04.13 206 0 208 0 215 0
2007.04.13- 47 0 38 0 36 0
132 0 126 0 128 0
06.12 222 0 229 0 217 0
2007.0612- |22 0 20 0 56 0
138 0 137 0 145 0
07.09 227 0 227 0 243 0
2007.07.09-  |—>2 4 2 2 o0 L
139 7 133 0 142 6
08.10 225 a1 22 32 232 o7
2007.08.10- |20 0 40 0 20 0
123 0 120 0 105 0
09.06 205 0 200 0 185 0
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Fig. 3-2-22. Density of appeared polyps up and down faces of adhesive plate at
different depths from August, 2006 to August, 2007.

(H-UP : Top-up, H-DN : Top-down, M-UP : Middle-up, M-DN : Middle-down,
L-UP : Bottom-up, L-DN : Bottom-down)

shibte] 4AsgE AR Ul @5oe] 2AY Y BT AANFE o)
gt} 8z 53 BAge] BF AL NFoE FRFL ANIAT. 2009 79

93 8 190 Ego] BAHA Aych. 89 169
Aol wyol F7hety] Ak 88 299 Hat W04,
9¢ 14¢ T 420714, 108 3dole H 1,004 A 7R 713t A T 109 2590 #F
& AW Y] AAGTL AF 1A 102 39T FANAAT 4 B
S92l wAHt 53 119 1590 A FARAA BF 33707447 B2
o) ZAIT FIA b Be Edol vehgrh 119 0ol BF 7994A 2 248
o} (Fig. 3-2-23).
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Fig. 3-2-23. Density of appeared polyps of adhesive plate in 2005.

20061 1€ 15 #&AS FRAE Ho 270A ¢ Yol vt (Fig. 3-2-24).
ol 2005\ 11l #zd ZFHO o Hlg| ofF A Aoz HELESH I A9
MAF7E A7 848260 o) TAse Edsd FA9 471 298 ALE AR
"rh 2¢ 49 #EG FFgele B A EFYo] BHAHUL 2¢ 149 FT U
Aol Eol A F 597HA FAT] LA YL AT EEtH o 397 442
gEd g e dqIzrt BAsE AVEA FAYAS douA gug Aoz 4%

gy Zey 59 39l #ET REARoA HF A EHo| TAT AL FolF A
gojt}. oje}g AFAE 49 289%H 59 39 Aol REQES| T A7 AR A
&3] FAA44E Rt B FE Jal, wiE J|E9] wpakubel A AMAEa W BE
gEagz] FHo A3 FAENCE RIAAAAN FYo] TSI 44T £ 3l
o oldl i3 FrHAoRE AL FEoolo & Flojth 6dd THolE REAHAN
He #FE F UAL Y 82 9¥o] A HaF HA ] FHo] FEHJUY. 84 9
o dA et 1249 59 3|ate] @Eg ERvde Fg of 37RAY EHol #FHU
20063 129 590l 3]st AFG RFwe] Y AV BT oF AR e
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Fig. 3-2-24. Density of appeared polyps of adhesive plate in 2006.
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02 HEHET. 7 ~ 88 AT FA opwelM WAy A EHL 94, 104
of HEA LA Wyt HEAX FUHL AAFE FUtesAT 11Ydle A FEA
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obHANA o @2 AT TS
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Day

Fig. 3-2-25. Density of appeared polyps of adhesive plate in 2007.

vl REDES v o ue 1A

vhabgke A 20051 10€ 2598E 1149 15Y7HA] AX 3t REYEsge] 3ol
G BEgkg 2006 39 119 w2 23 JEAVF dAe ATt (Fig. 3-2-26). &
A GAEL 229% AEPT, 119 1595E 112 304717 AR st o] LAF
AH-g 39 2190 #FF AT 455% Axe FEA YAeS BAH (Fig 3-227). F
1de] #FEPES o AA £H9 23% A=r EAE FAsHAL 49 10
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Fig. 3-2-27. The frequency of succession for the metamorphosis from

polyps to strobila on Aurelia aurita.
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Fig. 3-2-28. Variation on Aurelia aurita’s polyps and ephyra in March
and April, 2006.
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Fig. 3-2-29. Cumulation abundance for Aurelia aurita’s polyps and ephyra from

11, March, 2006.
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Fig. 3-2-30. Change of temperature and salinity in the pier (depth 1m).
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uhakRE Ao A 2me] A H Thyet A Folr 2EEZE Fo] IWdA 7}
T Be 7o E9o| LT W, 6 well IHNA 71F ATk (Table 3-2-7). $-3 vt
FTHEE Y 2L vy & xo)E HYY. B3] 8 27 (Fig 3-2-31), 2EZE
ol =7} (Fig. 3-2-32), £aE %7} (Fig. 3-2-33)oA B 9 EYo] w3t
Aol F9E 4] 2mol] EYPEYL O FFoA Bt vlmFd EA el (Table
3-2-7). ol FAW 6 welle FF (54 20cm), £4 1m, 2mo]] A3 A FFoA &
Hol AR &gk, FA Imo M+ Ao Fg 8 7jA /1000w, olAdo] Hg 1 A
/1000w TSR, FA 2mo|AE S FF 11 7| A /1000w, o} A HHF 57 A
/1000 S FTE o]9 Ze F4AE ZHIA P4 20059 8¢9 RAAY Hye:

=
stk 54 2mel AN TS HARS FUWA 4L wY, 6 well & 9
wol 11 7} /1000, oo 57 A /10007 WAFET, A Jey M B B

A= = AulZl= SlE 20, of™ 17 /A]/100cr 2 A FiAo g e fo Ty LA
= Bt AdAdM s SIE 35, of™ 51 sfA/100cme] Eo] HAYsHTE o] b
oM AT EHY JRAFRT 52 FAOIAN frE] 2719 QW 64, ofAH 224 )
A /1000w BT} wgith AE|R2E Fo] zzhe AW 28, oldiw 245, AW 318 7)A|/100
arel Fyo| WAy, EAYE 27
ZYo] B A

2 AYoA 53] {8 27, 2EEF Fo] 27, 2AE 27N FYEAo] o
B FEuE HE Blud s3ith ol Al A AXE WA e} 4 Aol B
o] AMgEE 2EZE Rolrt dug] EP R HAXYL AAsE Aotk FAH
A, ofgiHe] & glo] B Y NASFE vws BY, 2EEF Fo] 2ZbA
gy 197 AA/100er 2 sfoie)e] SebEet fAo] M Asste AR JEhgt (Fig
2-34). ZE|RE Fo] 7] oo F WAZ BL 59 FHo| AF AL Fy 2%
olx, TAYE ZZAN BHF 122 /A /10007 A HA 2 wo] WA vl = 7
dl7lel A i 19 A /1000r2 7} Ao o] EPo] BASIYT EefaE Fo] 2
B AF Y= 50 7hA /1000w wiwke] F o] WA

Ao Aol A sjuty] FHEAYL QA &3] B & e 2 A7 A

o

rlo
f

A 52/ O}E}H\t\ﬂ 4-'9/ qutd 264 7}]5(4]/1000[“:9’]

(6%
1

A ouEA He 5% B W ATHoT BEold

#
FYE 27N B £8 RAh ot 29 sl7e] bloomo] AN L] ©E YL



ANA AAA Rt D A7 & Aoz AARETH

Table 3-2-7. Density of appeared polyps with various kinds and

position of experimental adhesive plate.

G A
TE | FA(m) FHA FF 9 A B AA 2
(inds./100ci)
HAH 0
A 20 6 well e 5
L= 0 6 well Rk 8
%’T‘ 10 we
o}z 1
AH 11
6 well ST 57
A 52
FaYE =7 o}z 49
“@w 264
S 28
A~ 3 9
FHZE T oam 245
¢4 318
S H 44
FRPQME 7
= 200 - =
Feheg ol A 16
=7 o} w 80
AL 12
= A
= ol w 48
[e]
ag z2a A 64
ol H 224
Skl 20
2 A7) e —
ki) 35
AdAED ) o -
AN L

- 103 -









A3 A 3ve 4 WE 2 Ef A
R

FRAEA Tl FH TR &ete FIEFIAEQ duile FHE Azt
K

Rgld e 25X #5& dAstAen, o8 8 dukd Fas 9

1

4-a, &

20073 5¢ 29 11:00 (T1)%-¥ 14:00 (T2), 17:00 (T3), 20:00 (T4), 23:00 (T5), 59 34
02:00 (Te), 05:00 (T7), 08:00 (T8), 11:00 (T9) 7}A] 3A|7+ Ao E F A ZAAF
(Fig. 3-3-1)ol| Al 93] ZA}s}I4 )

rir

Fig. 3-3-1. Sampling location of mooring station in

Masan Bay.
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. 444

gorddo Alg AL dAA Watman GF/F Jd#AZ2 AE oS A5 dAFH
& AFste] 50me] ZetiY viald ¥ol WE HAsIAth dSAF= Y4 (Parsons
et al, 1984)0.2 AEE HAAA LA FEE SAHINAY dHE Are As dYE

F27]91 FIA (Flow Injection Analyzer, Quickchem 8000, LACHAT Co)& B3} T}

molybdate solution)& 7}ste] =gt ] HElM A8 HES e &
ARAF (Oxalic acid solution)d g o922 Fg2lol= FYAeF (Stannous chloride

reducing solution)o] 2]3jA] WA H A& 820nm FHE FH3I o}

g AEFTY AAEE A9 BRI e EY7E H7bd A9k (Molybdate

color reagent)©. 2 YxH o g g A7l & o}AHZ WAL (Ascorbic acid) .2 3 AlA

Ay AMEFT FEUokyd Aae @714 AotaaitEe (Sodium hypochlorite )

o AEt Hkste] RiIgolils AT F slE (Pheno)# Fujdl UERIZHA=
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(Sodium nitroprusside)® 748 F2A9 A A= AL ol AHATA s
Ao F A A & AFEA7] (autoanalyzer)ol A Ho) F4 A< 640nmo)
q FBEE SPA0
9 A4 Az P opAAA da
Sl AE Fo AW4 DA D obAAY AAE EASI Joke] ARE Aty B
& 59 AA A AAE obdaA AR FUAANAT o] FYE ANEE dFHoE
EHYolr| = (Sulfanilamide)9} ojxpR o2 A3}
Eddgddolyl 89 (CoHuN2HC) 3 §HA]A EEA gl oz grEo] 520nm I
H2 25340,

o[o
3
R
)
BN
o
o
ro
o
ot
oX
o
Hu —io{l

= AEEFIEY F9F (dynamics)E BTt ZA3] olsfstr] AsfA 27 Fxo o}
SA4E Fostaa stk webd B dFdAE HEEZFIAES 3
A7|2 BEF/ete] BEASAT (net-size (>20/m), nano-size (<204M), pico-size (<3/4)).
AR GE5a-ac AFE S5FAlE 500ME F8 HdF oA (GE/F filter, A7 25mm,
Whatman, pore size 0.7/ & 73} Gt} ALE-H AHRAEE GEL FE 8 0% oA E
10meo] EofdE B7]0l W& F 47 FF oA BAIGT FE5H &9 Foll 4o 3
= AAE AAS 7] 8] dAEE A7 F A5 AE et FFZA 7] (Turner Designs
10-AU Fluorometer)E o] -&3}o] 243 Pt 27 9=
mash, 3.0um (ISOPORE MEMBRANE FILTERS) o] % 2| & o] &3 A a4H 4 Alg JF
FE I= FE (< 60mmHg)E AHE-SiA A3 A5 FFZA V& o] &5t i F FB%
(FSU : Fluorescence Unit)Z 5743t} o] FZ k2 o€ FE&H | o8l S AA
FELa gH HE FalA A7 HFL 0 B AT

B

48 ZA3}7] 91314 20 Nytex

. MAZF F24 L AFF A
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1UNZE FS R miHER AEF 2 AT 2AME fE v oA 4 (K
A DI AdE (BFE 2) 270 ZHAA 2007d 5€ 29 A 11:00%E 5¢ 3¢ A
11:00 744 st ALY ¢ vl 3AIZtukt) & 93] a5 A4t 500m &
glogdll ol go} 05 % Lugol's Iodine solution (Willén, 1976) &< o & 3173} t}.
AN EE AGEZE o] &3t EFFH AFAAM gl FARAE AT A=
20 NEEFIAE UERZ AFHEH E37HA Fol&8 A3 Al FFEAE A% A
FUY PHZFE T ol FHAA F5dE dojua o 50mE FHEHoH thA
g SE o] IAAANA HFTHOR o 20ME AFEE FHE FH FAs WAE s

Yool HBSATE 4R EFAEY FFEHE A5 HFA

=3
Sedgwick-Rafter counting chamberd] E4HAIZI FH F&dv|Fdoz (x200) A9
(Sournia, 1978). A& AL 400 T+ 1000 s &M o]FojHy HuEHE o) &

(A, 1994; Cupp, 1943; Dodge, 1982; Tomas, 1997).

gt 44 (Hydro-Bios Kiel 438115)& -3+

= FAF AAF7E 10074A o) A2 =9 AEE #H59 Bogorove ARl ¥
s 2-&m 7 (Stemi SV11 ZEISS Co.)#} #3388 n]7 (Axioskop ZEISS Co.) 3lelM 54 1
Agste] @AAE F AASF (inds/m)Z SR = RS vm B8 98t
o] Shannon and Weaver (1963)2] & oA A4+ (H)E 734t

i

v slvtele] EdF Wst
2007 59 29 11:003-8 5¥€ 3% 11:00744) 3A1zbebct A 137 20|14 s)ju}e] S A

A3t shshels g0onxs0on, FE 5Mo] EEL o] g3t FEi AZOE Yol A
Ak A2 A5y APE 9ok ESL wEzA W FeolA WS 3wES &%
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144 ~ 171C (7 155C)S LeERRY

2o} (Fig. 3-3-2).
JEQT, ©F AJzFel T2 (14:00) ~ T3 (

CREEE

T 32.2 psu)

i

=
=

3

i

T, GEL 309 ~ 327 psu (
Alell (T1, T9)ellA 7}

o

o}/
.z_o
B
ol

K

, AH 02:00 (T6)F-# 05:00 (T7)74A] 2 &g Wehlidoh BH

el
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i
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AL Aol aA I
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SRR

< @8 @s B, A
2 BT 2A A17)9] 242 Bw Ay 03:0027 (T6), £F 143087 (T2)ol
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I

e3h

Ao

Lo
1

08:35%7 (T1, T9), A4 21:02 (TR A o2 e}

Wk ol ZAF A7l BFAA GRS Hauxet HAXI =

719 dAEE A
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,.._mo
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=
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FA 29 Azt W& £e9 wE HYE 139 ~ 175T (BT 15C)8 Y,
FE-2 32 ~ 333 psu (H 328 psu)E E{Y} (Fig. 3-3-3). L9 2% 27 1149
(THAA 7H8 @okm, Ad 18 g8 Agazie] 52 257} v 2AE QY. 9%
A T3 (17:00000 7Hd £ LxE HPon, A 13E g7 T9 (L3 11:00)%
S 22E YT 9EY A9E T3 (17:00)0] 71 @e 22 Hgoen, Y

28X (TS)o A 7Hg & B3 G e 2ot e X% GBEL Fe uF Z
(3198 ~ 324 psw)2 Uehfo] ©re] ke A WA @y Foz AuyEw, A4 F

719 & A5 Yok
e e A9 EIRE ANsS G ner’ olsh)e] FAHE AT (3
S| FAT Y, 2006). B 2A AVIE 59 2ok AFNA olHd @4 UEhiAE QA

A
~ 1147 mgg™ (BT 947 mgt 2 VEhgon, HE L 428 ~ 651 mglt (HHE 5.20mg12'1)9]
e HAE YeE A (Fig. 3-3-4). oM TloA 71 w& g2 e,

o
0,25,
o,
it
i
ol
H
9,
fu

0
%
oo
i
e

>.,
fo

K
HH
o
)
)
ox
o)
p—
o

x4,
A 29 % WalE 868 ~ 10.09 mgf™" (FF 945 mgp )2 JEhton, A& 419
~ 507 mglt (FF 466 L)) Fel WASE YEPNAT (Fig 3-34). X3 BAge A
17 27} A9 §AHA UggAn, Fue A3 104 Jehlol 4EEFaEe] 4%
z70] o £ Ao #HAth AZdM PF ¥EE AW 2004 O ¥ gL B
olgd, ol A 29 F4 (1I0m)o] FH | Gmrtt 7] W) FFEF] 2 o
A ¥ AR wdd






Dissovled Oxygen
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12 4 : BENE Surface
10 -

Concentration (mg I'1)
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Times

Fig. 3-3-4. Mooring data about the concentration of dissolved oxygen of the

station 1 and 2 at surface and bottom.

. ¥

1) e

A 1A FAEL F2oA 128 ~ 355uM (BT 283uM), AZoMe 234 ~
35.9uM (BT 293uM)e] WHE el (Fig. 3-3-5a). E33 AZoAe] T FE
o] Zole AT EFoNA W3ty Fo] ZA YR ol BT FIoA HEERA
9 Aol &EEy] Wid HESFAEY A o]&H Aer AdHAY. £
WAME AFE A vk 7HARZ B 19 AX7F ek dFe He Zo7] 9
Fo stHoA e U7t sAlo] Atk T2 (14000904 E& FEE RAY7}F T4o) A
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o slel FFgoz mad Ty A AZLREE 2Ae] golzt dries gel Wi
b 3A UEA e whE, @ e 24 Zolo] ojslA wsle] o] = vhehskoh

53
ot e GG Fiel BEd wrel U A S g oz wod

AA 20M 8] Frwsle FZo|A 8.69 ~ 25.7uM (B 20.8uM), AZol & 182 ~
27uM (B 2.1uM)9] B E Yeh Ao (Fig. 3353). AA 2= AR 1% g %2
oA FAE Y Ex wWEvl T29 T79 o ¥e 28 Jehygrh & A 7dMs
& B9 F7ol etk AH 13 FH 20A4 BF 2 AF9 HF vEE U
, vpabel AE FA 1o F=7F A vehdh

AA 194 Q1A e FZoA 048 ~ 349uM (FH 1.74uM), AZFo A=
3.13uM (HF 2.10uM)e] W92 Yehido) (Fig 3-3-5b). X

€ B, A3 JA4EY Hd vE7F vk BF 2739 A= xvoiH, A&sl
F7F 12 de 219 T2o9A L ¥5& YEhd v, AFdA e 239 oA
8A] 741 T8AA 7HF && #s Bt AFAX Hdt v57t FFAAMET =

o
2l
N
o
off
ki
(E
L)
rir
=2
OIN'
o
>
o=l
a¥)
1
?
O
of
o
<
[
]
o
(€3}
No
o
=

, Az HE 138 ~
S50uM)e] We12 UEhglYh (Fig 3-3-5b). AA 28 AW 19= 28 B

A 29 TAFE ®H3kel mREAE T29F T7 183 T9ol A
AaTRe 2 AL vEY wHEES HAd A3 19 Y 2
W R, wpibel] A HAH 19X T=rF A o

ehath B8 AF 2004 A% BE7t B39 FERT 4 ¥4 e 3ol 9%
@ B4 22 AT 9Pl e WE, AFAN A 9IRS O 2 W1FS A
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Fig. 3-3-5. Mooring data about the concentration of silicate and phosphate of the
station 1 and 2 at surface and bottom.

A7 1ol FRUIA AaEr EZo)A 000 ~ 67.6UM (FF 31.9uM), A==
el AT (Fig. 3-3-6a). B35 A FAM e H
ZolA grUoly A HF ¥Er/t AZHT o &) oy Ag

E
47t ARACE 2 TS ML 2YL RiFE Rolth FAG ¥ ANGH vhR
=
=

1o
\O
=
t
(6]
W
q
o
<
)
=K
M
o
ot
=S
o
o
o
ﬂllﬂl

T e o] He T2dA 718

=2 JeE Qo A2e H2d) Blsia 5 749 A7t ZA JERA 291



A 29 Frwste FZA 497 ~ 104uM (T 751uM), AZqxE 151 ~
21.1uM (F# 17.6uM)9] HE Jerd et (Fig 3-3-6a). Ad 28 AH 1#3E 98 %
T 9 AZNA dEYoY Hae & WHIlZF A YBhuA agtew, AFMY F

4) A4 A4 F ol AN A&

A 1A g (FadAA + ol A 4y % v=F 180 ~ 10.7uM (H
I 5.88uM), AZL 1.08 ~ 2.01uM (H T 1.61uM)e M9 S Jep gt (Fig. 3-3-6b). X
FTH AFY HE FEE W, 259 49 Hd wEVF AFEY ¢ Bk 9 22

=
A2AR] dEYold Aol mlstd 473 @2 ¥ Ugded, ols 44 da

A &
AFEH, olE AFAA A FFAs] A FAHIAE AaA FFdo] driie}
q Azolr) WRe] ANG Fr} B Uehtbe Ao Budr.
G} FEATIAR TaoN Hg Re FEE HolH, AFNE A
SRS

A 29 FEWMEE F2o|A 123 ~ 347uM (FF 2.60uM), A=o]x 083 ~ 1.31
UM (BT 110uM)] MAS deiAch (Fig. 3-3-6b). 37 2= AA 19 F4d% o3
A T20 T79 W) e 5 Uit BE AZAE A vRe) 27 4
gtk 3 19 33 29 £F 2 AFIN BT FEE AR, AL 0

of AT FA 144 F

o

FBAgol & Ao g eyt (Table 3-3-1). 24 FAHdL QAt4, gtrvjoly A
684, 0.790, 0.786 2.2 ‘IElTH QA2 olwiole}l 0981,
AAEE 09579 & AWEEs U, dEYolel Adde 09702 &

e Bth Aoz Bd, R34 Rl ALyt g JIEe] w2 A4y

4 Rel Y 10E BFOR 4TS FHol FU 299 Aoz wedh

B
N
N,
(3
uiss
=)
1o
o
r <
o,
o,
O
G\

- 117 -



AR ol Aasl ztzhe] Aol 0857, 0.907< it

Yol dAael 0718

ojy

T

oW

o}

H

il

ZHAEY 2209

&

WAt} (Table 3-3-2). A& 13 A 204 gk =

b gkl ot

g

, relE (p<0.05)°]

13_]__

Hole AT 9

Al L.
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ﬁo
B

—e&— Surface
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T
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Fig. 3-3-6. Mooring data about the concentration of ammonia and nitrate+nitrite of the

station 1 and 2 at surface and bottom.
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Table 3-3-1. Pearson’s correlation coefficients between nutrients at the station 1.

SIS SiB OPS OPB NHS NHB NAS NA-B
SIS A#3H)
T &E(p)
SiB  AHE()
T 8E(p)
OP.S A&zt 0.684
o2& (p) 0.042
OP_B  A#3kr) 0.857
o8& (p) 0.003
NH.S #3079 0.981
59 %&((p) 0.011 0.000
NH_B  #3Hr) 0.907 0.718
T2 8E(p) 0.001 0.029
NA_S  A#gh(r) 0.786 0.957 0.970
2 &E(p) 0012 0.000 0.000
NA-B A #3Hr)
9 25 (p)

Table 3-3-2. Pearson’s

correlation coefficients between nutrients at the station 2.

SIS SiB

OPS OPB NHS NHB NAS NA-B

SIS
Si_B
OP_S
OP_B
NH_S
NH_B
NA_S

NA-B

3k (r)
285 (p)
T2k (x)
21 8-&(p)
F Bk (r)
o g5 (p)
F gk ()
o2& (p)
3 33k(r)
o 2-E(p)
3k ()
1925 (p)
23333k (r)
F8E(p)
A #k(r)

2 8E(p)

0.940

0.000
0.781
0.013
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N/P HE BW, 34 12 BZAM 374 ~ 269 (FT 205), A=A 521 ~ 14.9
(B 11.4)9] HE JeRAT (Fig. 3-3-7a). 3 2+ 104 ~ 355 (o 20.5), A=
X 962 ~ 138 (T 125)9) WS Jehhdck BH 164 T3¢ N/P HlE T4E 7
Jstd FAREE g (BE 242 XY, FF 294 Tiw Tee AsE FAE @
(BF 198)S Atk B 104 AFL T3S A /AR 3 (BT 1222 79,
B3 25 AY AR g (BT 124 Ak NP WlE 29999 59 54 ol

40

- a) Station 1 N/P ratio Station
= 35 4 : —e— Surface
3 30 A : -0+ Bottom
= 4
§
b1 -
g 20
§ B ga N\ fCmo0 o Mg 00O
g 10
O 54
O T T T T T T T T T T T T T T T T T T T
T T2 T3 T4 75 T6 T7 T8 T9 TT T2 T3 T4 T5 T6 T7 T8 T9
E Station 2 Surface
= -O-- Bottom
e
2
pr=}
®
=
c
]
Q
8
0 T T T T T 1 ¥ T T I T T 1 T T T T T T

T T2 T3 T4 T5 T6 T7 T8 T9 T T2 T3 T4 T5 16 T7 T8 T9

Fig. 3-3-7. Mooring data about the ratio of NP and SP in the station 1 and 2 at

surface and bottom.
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S/N HlE ®el, AH 1XE EZHA 045 ~ 7.14 (Fd 15), AZdXE 1.01 ~
233 (HT 1.33)9] HHYE Jehidt (Fig. 3-3-7b). B 200AMe 110 ~ 3.05 (BF
2.09), AZo e 1.00 ~ 147 (T 1.24)9] B S Jepliddeh. A7 194 5= §/N
HE T4 AS)eh fALE 3 (U 080)2 7bAE, A4 20 ME TIw} 178 Al9lsa
GAFSE 3k (BF 209)e 1A AA 1904 AZe T3¢ Adsd SAE @ (FT
121)S 74A1, A 28 A A 3 (BT1.24)S 713tk ol NP B8 fAMgE 73

&S Roled, 53] BFA FEEHA TE e RYo2AM F AYe] gl AAS
A YA el HHAJA SF ARl wet FFFe S ol WE FFE vl
o zpol7t RFME HE HEEFAEY 4FE Ho £ 5 dee dHTH

9. 424 -a

AA GEA0] BE e AA 1004 340 ~ 163 wel™ (T 687 wel™), BA 29
ME 211 ~ 156 484" (BT 542 4079 HYE YRS 20 o]de] @E4-
(Micro-phytoplankton)e A4 19] 2 e 046 ~ 476 gl (Hd 1.77 wl™h), A7 2
E0.04 ~ 7.82 10" (BT 1.68 107 ko] WS Bt} 20mme} 3um xlole] HE
-1 (nano-phytoplankton)= A% 19 ¥% e 219 ~ 1165 40" (P 446 i), A
2& 164 ~ 680 ugt (W 328 w4 S YA 3 ol FEA-a
(pico-phytoplankton) A 19 ¥& & 037 ~ 1.07 484" (BT 0.64 480", AH 2=
022 ~ 094 w0 (B 046 L8l e JeERSIT (Fig. 3-3-8a).

AA G209 AZ e AR 1oA) 252 ~ 422 wgl? (FF 3.32 wgl™), A 29
MeE 126 ~ 272 #g0" (HF 190 0o HYE JehiATh 20 o] e GEXaE
BH 19 AZF e 072 ~ 113 el (FT 099 g™, BA 28 067 ~ 197 wl’ (BH
111 #20)e] gk ME RATh 20l 3m Abole] PBhat Y 19 AE Fe
115 ~ 266 (24" (B 1.88 48l"), BA 2 027 ~ 0.63 wel" (B 049 mihe e
UEP AT 3m o]dt J=ah-a £ AR 19 HF e 027 ~ 070 184" (FF 044 184
M), B 2E 019 ~ 046 g0t (B 030 420 e JEQAT (Fig. 3-3-8b).

A 1AM B2F A EF2a9 gol =4 vehd Avle T3 17904 =& #3e
YER AT o] AlZ7lel 2718 G5 A-ag-& B, pico-phytoplankton®] HEi-a 3o
zlol= AAA Y nano-phytoplankton?] & Atjzog ZF7lslth 3 T7oAe
nano-phytoplankton®] &24-1 o] €53 & =79 QEAqRT =4 Jelgoh

=

[

.
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AzoA GExa g WHEE Fe = WA wsteAnt 4 12 Azte] A

G2 MAM3E) S8 178 AUEA Zahste 28E Hola, A 2¢ 59 F
ol A&siM a4 vebEth AZM A 13 Y 29 F3E Aole i5H
A 7AAE Y 19 Z$E nano-phytoplankton®] Hl&o] & v, A3 2= 237

micro-phytoplankton®] H]-g-o] Th2 7|9 @E4ait) Aoz & %S el
9.

3% 11:007bA] mhabgbell A 24X F<F 270 A o] &

3 AFolA 3A2 HHCE F 93] HAAE AEEFHIAE ZAE B9 HF 19 %
oA #FE2F 12%, JUEZRR 20F, FEF 6%, F3d W 158 HHsdr 44 1
o] AFdME FE2F 15% JHEXF 263, TEF 5%, F=Edd 150 EdstAdd
(Table 3-3-3, Table 3-34). A 29| EZdMe FE27F 9%, dAZZEH 5%, F2ZF 8
, e 150 &8 staen AH 29 AFdAe &R 125, fHEEF 21F,
9%, FFElU 120] vElsttl (Table 3-3-3, Table 3-3-4). o] Hlo] 5um o]3}2]

=
£
Fetu] A FAHINY] AHL e FELS laBEF(nanoflagellates) 2 F-F3F 3L

of\

FEF T Tl AHE FEL A7) webA] 206m wRE (oligotrich 1), 204mof] x| 504m
A}o] (oligotrich 2), 50um o]A} (oligotrich 3) ¢] 371802 TEETL (Table 3-3-4).
Table. 3-3-32 ZAZIZF 5 AFAEREZ 557 AFA 4 vAMzZzF F &8 &
A g wet JEstant Table. 3-3-4 XAV & YD & T &

A7 FE0 AW 4 R £5¢ LA
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Table 3-3-3. The number of microalgal species found during the study. Microalgae
is classified into five groups; Bacillariophyceae, Dinophyceae, Ciliophora and
Euglenophyceae, Nanoflagellates.

Station 1 Station 1 Station 2 Station 2

surface bottom surface bottom
Bacillariophyceae 12 15 9 12
Dinophyceae 20 26 25 21
Ciliophora 6 5 8 9
Euglenophyceae 1 1 1 1
Nanoflagellates - . - .

ZAIZE F uAzZRY F AAFE ®F0 AEFEY dAs g€t (Fig. 3-3-9).
Fig. 3-39¢ AE X3H AFY vAZF & AAFE Adusted w2t desido
w3 mpaked A3RE (35° 127 257 N, 128° 35 20" E)o] $1x8 npalzaEs Z2EH
d2 =HABE P HlwstT (FHHFRARE 2007). ZARAIF 2R E Al WA A

il

Ad 59 29 17:009] A 1 EFolA 714 B2 AR AEFs AT
ATh 59 29 17:009] A 1 ZZAA AFE vAZF F MAFE 7.7x10° cells/
olem 59 29 17:00¢] A 2 FZ] & AAFE 39x10° cells/L2 2L A7 A
A 1 (1.3x10° cells/£)7 AA 2 (74x10° cells/4)e] A2 R} 2o AEHS BT A

= 4 3

M1 EZY F AASE 59 29 20:000] FHAEFAT (2.0x10° cells/£) T A A 3] F7}
3ol 5932 08:000] 4.8x10° cells/f 744 =E3tgt}. o]F HA 1 T29 = AAFE
2A¥o] 289 5¢ 39 11:009] 33x10° cells/f 9] FEFL R FYUTh FH2 TZL 5
2 29 17:000]1F AR Fe FAS Boltt 59 3Y 05:00 (1.4x10° cells/f) o]Fo] THA|
AA3] 2745t 59 3Y 11:009] 3.1x10° cells/£o.2 ZA7F 28 =tk A 1 229
v ZE S 59 29 140058 (64x10° cells/£) DA 2718k 59 39 02:006] &

ME Btk A 2 AFL b2 AEAH AFEG 3L vAzR HAATE BAF
m 087 ~ 75x10° cells/£9] @EFo] HZHTh 297} txoA THERE WESE 5
A 14:2500 4 21:02 Atololl B 13 2 %F9 mAZRF F MASFT HuAd =2 o
o 5¢€ 249 17:00) A== HF A1ZH] 5¢€ 3Y 0257 vi2 A AFH 02:00 A5

A A g nAxER dEFE BT
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Table 3-3-4. The list of microalgal species found at all stations. The presence of

species at each site is abbreviated as 1s (Station 1 - surface), 2s (Station 2 -
surface), 1b (Station 1 - bottom) and 2b (Station 2 - bottom)

Bacillariophyceae Dinophyceae Ciliophora
Actinoptychus ) )
, 1b, 2b Akashiwo sanguinea Is, 2s Favella spp.1 1s, 25, 1b, 2b
senarius
. . Helicostomella
Cerataulina spp. 1 1s, 2s, 1b, 2b||Alexandrium spp. 1 2s,1b, 2b 1s, 25, 1b, 2b
subulata

Chaetoceros spp. 1

1b

Amphidinium spp. 1

1s, 25, 1b, 2b

(Mesodinium rubrum

1s, 25, 1b, 2b

Coscinodiscus spp. 1

1s, 25, 1b, 2b

Amylax spp. 1

1s, 25, 1b, 2b

oligotrich 1 (<20um)

1s, 2s, 1b, 2b

Scrippsiella trochoidea

1s, 25, 1b, 2b

Cylindrotheca . oligotrich 2
. 2s Ceratium fusus 1b 1s, 25, 1b, 2b
closterium (20~50um)
Eucampia zodiacus  |1s, 1b,2b | Cochlodinium spp. 1 2s,1b oligotrich 3 (>50um) |Is, 2s, 2b
Lauderia annulata  |1s, 2s, 1b, 2b|Dinophysis acuminata |1, 2s,2b  |Strombidium spp.1 25, 2b
Navicula spp. 1 1s, 2s, 1b, 2b\Gyrodinium aureolum  |1s, 2s, 1b, 2b |Tiarina fusus 25, 2b
Navicula spp. 2 Is, 2s “Gyrodinium estuariale |1s,2s,1b || Tintinnopsis beroidea |2b
Nitzschia spp. 1 1s,1b "Gyrodinium fusiforme  |1s, 2s,1b, 2b
Pleurosigma spp.1 1s,1b, 2b I[Gyrodinium lebourae  |1s, 25, 1b, 2b
Pseudonitzschia .
1s, 25, 1b, 2b \Gyrodinium pepo 1s, 25, 1b, 2b
pungens
Rhizosolenia pungens |1b Gyrodinium pingue 1s, 25, 1b, 2b
Skeletonema costatum |1b Gyrodinium prunus 25, 1b
Stephanopyxis turris |1, 2b Gyrodinium spirale 1s, 25, 1b, 2b |Euglenophyceae
Thalassionema " Gurodini ’ o 2 |Eutrivti .
. . 1s, Yyroainium spp. 1s, 25, 1b, 2 utriptia spp. 1s, 2s, 1b, 2b
nitzschioides Y Py PR SPP
Thalassiosira spp. 1 |1s, 2s, 1b, 2b|Gyrodinium spp. 2 1s, 25, 10, 2b
Thalassiosira spp. 2 |1s, 25, 1b, 2b |[Heterocapsa triquetra  |1s, 25, 1b,2b
Tropidoneis spp. 1 2b Katodinium spp.1 Is, 25, 1b, 2b
Oxyphysis oxytoxoides |1s, 2s, 1b, 2b
Prorocentrum minimum |2s
. Nanoflagellates
Prorocentrum trestinum |2b 1s, 25, 1b, 2b
(<5um)
Protoperidinium
. 1s, 1b
brevipes
Protoperidinium cerasus |1s, 2s, 1b, 2b
Protoperidinium "
conicum
Protoperidinium "
lpellucidum
Protoperidinium "
entagonum
Protoperidinium
2s,1b, 2b
quarnerense
Scrippsiella precaria 1s, 2s, 1b, 2b
Scrippsiella spp.1 1s, 2s, 1b, 2b
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Total cell counts
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Fig. 3-3-9. Total cell densities of microalgae collected every three hours between May
2 2007 and May 3 2007 with sea level data obtained from National Oceanographic
Research Institute. The unit of sea level is shown on the right side of Y axis in cm.
(S1-Station 1; S2-Station 2; Surf-Surface; Bott-Bottom)

EA 717 & BFE AERFE 2R, HELF, 2R, fFEdWd 283 A

A2HEF (Nanoflagellates) 2 EFEH AT (Fig.3-3-10). ZE AHY EZ7 HZo|A 5um
o]t mATHERI 4 @ol AF HAT (34x10° cells/f ~ 3.8x10° cells/4, T
1.59x10° cells/f) o]ojr] dHBZF7L £H (Bx10° cells/f ~ 23x10° cells/f, BH#

51x10° cells/4) 3t A 1 T3] 59 29 17:00 A BA RE 289 nARF7}
z7lslgon wAHEEY} JHRERY MASE 2+2 3.8x10° cells/ L9} 3.7x10° cells/
£ oAtk PlAAUEF JUERF olold FZ@uAol 65x10° cells/f, FEFI}
4.6x10* cells/f, 7257} 31x10" cells/LE 7123 AH 1 29 59 3¢ 08:00 A&
A PAUEF, FEF, FIFevdel oAl & W 37t sglm AAFe 4z 33x10°
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cells/ 2, 44x10" cells/f, 3.6x10* cells/£2 7123tk o]o] %A 59 39 05:00¢] FHRZ
7o FERY F A4 F BSHADL oY AAFE A7 18x10° cells/L3
3.8x10" cells/4 o]tk AH 2 ¥Zd e vlaB82RF AAF HuAr) 54 29 20:00
of B=Hm (33x10° cells/f) FPRZEF HIAE 17:000] BFZHYch (2.3x10°
cells/f). B4 2 £ZM #2UIEH F279 HAFE A7 59 3.0x10" cells/
L olatE AP FREE 59 29 14:005 17:000] 2}z 3.5x10* cells/4 ¢} 4.5x10*
cells/£9] NAFE 715Ah A 13 29 AFAME PIAALR{FE JHRZFF 3
sRou AAFE BF us) Ak AP 1 AFNA MAHEFS FEF 7F
A we MASE 59 39 02:000] TF HYn bzt 2.7x10° cells/ 3, 5.0x10" cells/LE
7123k &8 AW 1 JZo)A 59 2% 23:00¢] FHREF (4.9x10° cells/2) 24
el (2.8x10* cells/f) HAnAE 712 ot Y 2 A2 nA2HALF AAGFE 5

o 11:000] 6.3x10° cells/LE 712 Fom ZA/ZF S 7.0x10° cells/LE WA 28

=

e X
=
4

oo

to,
i)
Sl
X
=]
fr
ul
o
(O8]
{ies
N
>

Joll 1.6x10° cells/22 712 Fow Uwx 129 AAFE
2.0x10* cells/£0]3} o] Ath.

AA 13 29 BFM P2ERFE AL AA 2 5% oS AAY A
T2 SHEEZRF Gyrodinium fusiforme, Heterocapsa triquetra, Protoperidinium cerasus 3%

oldlth. BA 13 29 AJolAl 5hold AT FL& AEX2F/A Cerataulina spp.,
Pseudonitzschia pungens, SFHEZF Amphidinium spp., Gyrodinium spp., Heterocapsa
triquetra, Katodinium spp., Protoperidinium cerasus, Scrippsiella spp., 525 <1 Mesodinium
rubrums X8 F 9F oAtk o|E S Heterocapsa triquetras}t Protoperidinium cerasus<
A 1,29 359 AF EFAA $HSG L™ 53| Heterocapsa triquetras " AHEFE
ALY x5 vAZF 62%X 90%E A3} (Fig. 3-3-11). Fig. 3-3-118 nAHREF
£ AT AA AAFAA 5%old FHT FEES AUSATE 52 24 17:004] FH 1
Z 2 3ol A Heterocapsa triquetra= Z}Z} 80% <9} 89%+-H3tG MAF= AH 1 &
o A 3.1x10° cells/4, 283 B 2 HZA 22x10° cells/ LS 71E 3T} Protoperidinium
cerasus GA] 59 24 17:000] AA 137 2 FZA 7FE & AAFE Rygoen AH 1
A 3.9x10° cells/f 28]3 A7 204 75x10" cells/ L5 71=2HT A 1 RS A 52
29 11:009]  Heterocapsa triquetra= 7 A% 3.9x10° cells/4S 7]E23] AA v A ZF<
72%E $H3H o™ Protoperidinium cerasuse 59 39 02:009] AA| wMzFY U%S
A A 717 F Ao ARG (8.6x10" cells/H)E 7S A 2 AZME 59
29 17:009) Gyrodinium spp. 7} 34% $AsIY b4 2L AASFE H4ow (4.0x10*
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Fig. 3-3-10. Microalgal cell densities collected every three hours between May 2 2007

and May 3 2007. Five Microalgal groups are presented; these are Bacillariophyceae,

Dinophyceae, Ciliophora, Euglenophyceae, nanoflagellates. The scale of Y axis in plot

D Station 2 (bottom) is different from the rest of plots due to the low cell density.
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Fig. 3-3-11. Phytoplankton species once dominated over 5% of total population
excluding nanoflagellates.
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g Aoz AR=E 53 4 129 TN dRdsE AZIEA SJHEZRS
Heterocapsa triquetra 7} Q.3 2A|o|A] 5A] Alo] 714 & HEH FI7IE 7155t
Heterocapsa triquetrats B3 vlibgtol A &3] H2E dodle Fo2 F 4#A
(Lee and Lim, 2006; Han et al, 1991). ZA} 7|7t % 5 o}&le] mlARRFE A7t d
43t FEGFel BA AFRAY. EHIF v

Blole] AEge wel 2AHEE FEAY WAUEFY BET Ay HES
2 st RaNE o5 4 Holel

| 223} (Gasol and Vaque, 1993).
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& Table 3-3-59] YEMNSATH

Table 3-3-5. Time and height of the high and low tides of the sampling days.

Tide Low Tide High Tide
Date Time Height(cm) Time Height(cm)

02:26 21 08:35 159

May 2
14:25 16 21:02 177
02:57 20 09:05 158

May 3
14:50 16 21:31 177

Al B 13 204 WY FYEEILAEL ANTE, FAFE, 24T
2, A%, 27%, MR, AT 59 21557 2@RUG 3 194 19552 B4
20] 215 Rl Hlal AF57F AU T 2ARAY F2ALS 2 Aol BolA AT

(Table 3-3-6, 3-3-7).
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Table 3-3-6. The list and abundance of mesozooplankton according to tidal cycle in

station 1.
Station St
Date 2007. 5. 2 2007. 5. 3
Species / Times 11:00 | 14:00 | 17:00 | 20:00 | 23:00 | 02:00 | 05:00 | 08:00 | 11:00
Protozoa
Noctiluca scintillans 26531| 24702| 14875] 13858 15115 10070| 10790 17162| 45993
Hydorzoa
hydroida 13 5 7
Scyphozoa
Aurelia aurita-Juvenile 4 2 2 1 3 3 2 9 4
Chaetognatha
Sagitta crassa 3 10 4 20 8 32 11 31
Cladocera
Podon leuckarti 7 4 27 16 8 25 12
Copepods
Paracalanus indicus 66 20 4 54 85 47 88 22 131
Centropages abdominalis 7 16 8 16 15 25
Pseudodiaptomus marinus 7 8 8 8
Acartia omorii 512 25 77 493 543 567 590 65 475
Oithona sp. 73 5 4 7 31 16 16 7 44
Corycaeus affinis 40 15 20 54 8 40 22 44
harpacticoid 5
copepodite(Acartia.) 93 5 20 85 23 32 11 56
Appendicularia 27 50 7 128 62 8 24 65 156
Larvae
polychaeta larvae 25 20 16 31 24 7 31
decapoda larvae 7
cirripedia larvae 27 10 7 8 8 4 12
bivalve larvae 4
fish eggs 7
Total
abundance(inds,/m’) 27417) 24879 14981 14069| 16034| 10805| 11678 17425 47014
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Table 3-3-7. The list and abundance of mesozooplankton according to tidal cycle in

station 2.
Station 5t.2
Date 2007. 5. 2 2007. 5. 3
Species / Times 11:00 | 14:00 | 17:00 | 20:00 | 23:00 | 02:00 | 05:00 | 08:00 | 11:00
Protozoa
Noctiluca scintillans 17167 22379| 36624 6382 26592| 9472 10216
Hydorzoa
hydroida 13
Scyphozoa
Aurelia aurita-Juvenile 21 5 26 8
Chaetognatha
Sagitta crassa 11 142 14 13 6
Cladocera
Podon leuckarti 35 11 26 26 30
Evadne nordmanni 26 6
Copepods
Paracalanus indicus 151 N N 149 425 133 210 130 54
Centropages abdominalis ° ? 64 177 13 105 26 24
Pseudodiaptomus marinus d d 11 71 24 4
Acartia omorii 602 4 a 832 2972) 1163| 1878 431 368
Oithona sp. 75t t 235 425 255 197 196 181
Corycaeus affinis 151 a a 96 212 122 171 104 66
harpacticoid 11 22 13
copepodite(Acartia) 301 96 318 111 341 183 175
copepodite(Others) 21 35
Appendicularia 452 406 495 211 486 104 127
Larvae
copepoda nauplius 11
polychaeta larvae 75 318 44 53 26 24
decapoda larvae 75 4 6
cirripedia larvae 11 55 52 12
fish eggs 6
Total
abundance(inds,/m’) 18974 24408} 42270| 8565 30145| 10771 11301
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A3 1004 Akl e A FIFEEHIAEY MAS WA= 10805 ~ 47,014
inds./m’Z AJzbel wie} of 44¥je] WF L HoFT It} (Fig. 3-3-12). AZte] wE
Halobde A AlFHE 114] o] & Az 1AIZE A9 vhid RAI7HA] A&H o7 i

sttt o % Al F7kske S YO, 2N skl BF FAT PP wol

F

1o

2

= rored. ofs3=9l Noctiluca scintillans®] 7§34 W3} ¥W9E 10,070 ~ 45993 inds./m’
2 AA TYFTESHIEY WHIFTS F Ao F velwrh AR 2004 A7 W
o) E ZHUFEEZYAEY MAls HE= 8565 ~ 42,270 inds. /m 2 49819 WHE Z

>,

S EATh sl B3 13de g8 Ay ®ste we F3ho] siEEHe e B
Rom, 54 3¢ Ax 1A QA 024l HA AAFE B A 13 YA
AA 2004 Noctiluca scintillanst= 5.78]¢] HE Z& Rgon, A4 134 w2 A

O:

Azte] Mkl e azts AMs waE A 1604 75 ~ 82 inds/m’S, HA 2
o)A 868 ~ 4,635 inds./m’Z AA 14 Y53 =& AALE BT (Fig 3-3-13). A
ol m& WHEF:2 FA 104 11elZ A3 29 53wl Hls| A detsith 24 W
of W& AH 13 2014 27t/ Msgte 24 &
datom, A 204 .27 WY AA FHFTESHAEY HFYH L A
arS B Q7o A8EQA Acartia omorii] MAS WHEE AW 13 FA 2004 7
~ 590 inds./m’%} 368 ~ 2,972 inds./m’% Q7Eo] WalkAtS Fw i)

A& e} d¥rH, oFF%<Q Noctiluca scintillans7} A 13 2
Ar AA FETESLIEY WFEES AAT Aoz vehga, 53 F4 19 3% o

2ol ZAAIZRIA 90% olAbel B9 & AHEs RAT (Fig 33-14). A7He] Wil
e 2R ARE MAE A 1904 03 ~ 68%E, A 204 62 ~ 215%=2 FH
2914 & HAREs WHERAT

Rtk AARE AR AEFHQL Fduded e WY AAFZE L% F
25 A4S TR Jd) Iy @A) A HstEo] Aok ol W= W E
St @730 WsE YT Ao F AdHY, A5 SAHEEFAEY FHTIAE

2
< HA e ZoZ dEA U (Sameoto, 1975: Levasseur et al., 1984; v}, 1989; 3, 1991;
Freire ef al, 1993; 73} 4, 2001). 3, 281} vjgd o FHAEFE T2AR7} o)
AED v = e FEo TS vANERZ AAE T3 RRAE FYIT A
A% Fa% &S 3t} (Rothschild and Osborn, 1988; MacKenzie and Leggett, 1991).
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Fig. 3-3-12. Changes in the abundance of mesozooplankton and Noctiluca

scintillans according to the tidal cycle.
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Fig. 3-3-13. Changes in the abundance of copepods, Acartia omorii and

Paracalanus indicus according to the tidal cycle.
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uh. sistele] 28 W

20079 59 29 11:00%F 59 3 11A74A 3A7F vith wlabwre] ZAF A 1, 29
A s AR 2479 25 BREEEs st AYE AT (Table 3-3-8). A4 101M 5
2 29 11:00¢] AR s|velE ¥= 10 inds./100m’, A= 9 inds./100m’°2 A X, A&
W Aoy ZA Holxl gtk 14:000]E TEojA 2 inds./100m3, e PG
inds./100m’2 A=d|x Be dutgrt ARHUT 17:000] F= 4 inds./100m°, A=
5 inds./100m’Z2 ¥, A= 7} 2 2}o]E Holx &YAT 20:00¢]E ¥Z 4 inds. /100m’,
9l HiHe] A2 AAHA @ith 2300 ZAVIL F R 194 A B
241 inds./100m’9] s el EZeA AFHUT AZoA 47 inds./100m’ AP A
59 39 02:000]= F=o]A 6 inds./100m’>, A= 19 inds./100m’E A Zo| A 2o st
27} ARAHAQ o]F 05:00 = 11 inds./100m>, A= 58 inds./100m°, 08:00 %= 40
inds./100m>, A= 66 inds./100m’, 11:00 %= 0 inds./100m’, A% 83 inds./100m’Z A]
b A wEt AFelA AFHE s o AAFIE SR

A 244 59 29 11004} APE siFPE EZF 86 inds./100m’, AF 304
inds./100m’24] {ZR}F A=A ®o] Zdslguh 140000 ‘oA 36
inds./100m°, AZ0]A] 62 inds./100m’2 A Zo|A B-e futE]zt APt 17:006) =
¥ = 203 inds./100m’, A= 379 inds./100m’E ¥, A= 7+ & o2 Ho|x LA
20:0090 = ZAMIZE & AA 2004 7} B 25544 inds./100m’e] )7} FEo A
AAEYT A=A 715 inds./100m’¢] &=tE)rl AWHUT 23000 FE 42
inds./100m’, A= 89 inds./100m’¢] sulalsl AAFH YL 52 38 02:0000= %
508 inds./100m’, A= 12,680 inds./100m’E A=A Be suialst AW AUL o F
05:00 %2 401 inds./100m’>, A= 1,174 inds./100m’, 08:00 ¥ = 193 inds./100m’, A=
5,537 inds./100m’, 11:00 %= 486 inds./100m’, A= 1,181 inds./100m’E ¥ =H T} A=
A B2 sigezt AP A

23 19 sty 28 e 59 2¢ 11007 1741714 A | siutg] o] A4
A R, AS e Aol A UEhdA] XA 2041 EF ] sfutE] AAFTE AF
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Table 3-3-8. Variations of Aurelia aurita abundance (inds./100m’).

2007. 5. 2 2007. 5. 3
11:00 | 14:00 | 17:00 | 20:00 | 23:00 | 2:00 | 5:00 | 8:00 | 11:00
Surface 10 2 4 4 241 6 11 40 0
St. 1
Bottom 9 6 5 0 47 19 58 66 83
Surface 86 36 203 | 25544 | 42 508 401 193 486
St. 2
Bottom | 304 62 379 715 89 {12680 | 1174 | 5537 | 1181
300 - -
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=
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= 150
=
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= 100
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< 50
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2:00

5:00  8:00

Fig. 3-3-15. Variations of Aurelia aurita abundance at the station 1.
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ta o (Fig. 3-3-16). 23A]ell= ®BZ 3 AZFA & 2olE Holx FUA9 549 3Y
24 le ®F3HY AT siae] HAF7F 2A F7F sdTh ol F 0B6AIREH 114747
AT AEFL AARE FF R AFdA B sfoert Fdstch

O[Nl

i

30000
X3
< 25000 B A=
s
—4
= 20000
=
E
= 15000
E
S
= 10000
S
=~
< 5000
0 —B=——8 :
11:00 14:00 17:00 20:00 23:00 2:00 5:00 8:00 11:00

Time

Fig. 3-3-16. Variations of Aurelia aurita abundance at the station 2.

EANE ¢ AA 1 29 AFE sHEy A4S B 29 5E3RY A2 3
el HAo]l o7 ] & RAoE yeygt (Fig. 3-3-17). A 194 %= &gy g7
A8 1954 mn, [ 2517 mn oYy FAH 2004 EF suiele HFE AL 2473
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Fig. 3-3-17. Diameter of Aurelia aurita in survey area.
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o) AaA g wet siet Mg AE FAFHo] AEHLR o]Fo|H gF ot
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Fig. 3-4-3. Variations of A. aurita, copepoda and zooplankton in the study area.
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Fig. 3-4-4. Relationship of copepod, zooplankton and A. aurita
during the study period.
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