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Population characteristics and massive
outbreak of Aurelia coerulea in Geoje Bay,

Korea

Kyoung Yeon Kim

Department of Marine Biology, Pukyong National University
(Advisor: professor Won Gyu Park)

(Abstract)
The southern waters of Gyeongsangnam-do have been under a

jellyfish warning for more than 10 years due to the mass outbreak
of Aurelia coerulea. Monthly surveys from November 2022 to
October 2024 in Geoje, Southern Gyeongsangnam-do, were conducted
to identify the cause of the massive outbreak of jellyfish based on
the study of population characteristics of A. coerulea.

The Geoje water is characterized by typical temperate region with
a wide range of seasonal water temperatures. The salinity is
temporarily reduced during the rainy season in summer. The water
is nutritious due to the influx of nutrients from rainfall in summer.

The main habitat of A. coerulea polyps was identified as artificial
structures including suspended oyster farms. Polyps were attached
mainly to the lower part of artificial structures because they are safe
from predators, and oyster shells provide the shade they prefer. The

large surface area of oyster shells makes an optimal habitat for

polyps.

- vii -



The population of A. coerulea in Geoje water was characterized
by large spring and overwintering populations. A. coerulea appear all
year round, with the main population starting in spring, additional
ones joining during summer and fall. Overwintering population
survives at the low-temperature period. A. coerulea spawned
monthly. The planula were significantly larger during low water
temperatures, suggesting that they store energy to increase their size
at low water temperatures. Planula formed polyps in water
temperatures ranging from 5 to 25°C.

When the foods were abundant during the ephyra stage, the initial
mortality rate was low and the growth rate was high. Also, when
the biomass of zooplankton was low, the growth rate of A. coerulea
decreased. Zooplankton biomass was regulated by jellyfish, as
predation pressure lowered zooplankton biomass during the periods of
high jellyfish density. In years when foods were abundant, jellyfish
grew up to 300 mm in umbrella diameter, but in years when foods
were scarce, jellyfish did not grow beyond 180 mm, except for one
individual that grew to 240 mm, indicating that jellyfish growth was

mainly controlled by food availability.
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1.1 Aurelia coeruela &332 EA

1.1.1 Aurelia coerulea B® EA3 ¥ #A3}

A= AXFELA Hite dY TEEdIAEsR IR
=257 (Hydrozoa), 323l 3t 2] 7 (Cubozoa), 4 AFal 32| 7+
(Staurozoa) 2.2 4yt sugls T4 =
(copepods), Wu}t}L A o] F(euphausiids), 44152 4 (benthos larvae),
o}Fol & 7|e} Al FEZ A% (gelainous zooplankton)S ¥ 2]
24 T =] tH(Fenton, 2018). o] &2 s FA e Al Al E A AFo] A} Tt
I =] HolZ d| g Holwo| A FQst H3ts stoh(Milisenda et al.,
2014). =3 GFetA Aol g #eF Bleo]l Fhsta iz, @l kg ¢
stetal 542 A= oSt Aok B e ZokolA FoAdel 74
A THBamstedt, 1990; Olesen, 1995; Hansson et al., 2005; Lucas et al.,
2014).

Aurelia%el TE5& A AAHeL=E @A EExsa oy, F=
2ol A ofdd] A G AMastH(Fig. 1-1), 5¢1 70°c14 @9 40°A}e] 2]
At g2t Fobrlol Atai el RIWMsHA 2 E oH(Kramp, 1961; Russell,
1970). = =, o] T2 A2l ARt A4 e weh FLE ®olE
Hol= Aowm 4#A rh st Foprlol  Agbel Aol
WSt Aurelia 458 Al A TA A0l ostH  Aurelia coeruela=
v oyl T, A Abs I FopAlol Agka] ol A
WhAlol B w3l 9tHDong et al., 2010; Uye, 2011; Scorrano et al.,
2017). Aurelia & A coeruleas X33 EF 267 T8 /4 E ]
o, FHA Gz pATEe] EA]FHWoRMS, 2024).

o{N ﬂHﬂ

(Scyphozoa), 3]
HFAE] 428 87457

RS

B
rd
4
it
T



Felyvgtell A= A coerulea 7% A. aurita =% Aurelia sp. 1.2 4H A
Aoy, Aurelia 59 FET 2L FAAEGTAHOR TFe AT
A. coerulea® AEF% A HScorrano et al, 2017). T3 =
Stefl FolAloh(FF, AE) A F&(Varano Lagoon, Empuriabrava)2}

=]

2!

=
[e)

e}

Hr
ol

%  Californiaol =  Aurelia coeruleaZ 7%, A
(Sweden, UK)¢} 2E&| (Finland)® Aurelia aurita® 7% 1t}
2 o]Ad By Folrolel A aurita =¥ Aurelia sp. 1 WA=
A. coerulea MAY 7Fs2dol =71 vl o] AFolA e solAlofol A
ol ol RWiE Aurelia ¥5 A. coeruleaz ZFF3IATE EI A%
(Brazil)oll== Aurelia sp. 2, Palauol+= Aurelia sp. 3, Aurelia sp. 4%}
Aurelia sp. 622 551, BEHY 5H5FMexico)ol= Aurelia sp. 9,
SEElE ¢ Alaskaoll = Aurelia sp. 10, A% 3 (Tunisia, Ionian Sea, Adriatic
Sea)= Aurelia solida® A%+ ¥ % tHScorrano et al., 2017, Lawley et
al., 2021).
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Aurelia coerulea ®m) Aurelia aurita (mom)

<Z*: GBIF. org(24. October 2024) GBIF occurrence download
http://doi.org/10.15468/dll.ezwhh6>
Fig. 1-1. Worldwide distribution of the genus Aurefia species.



1.1.2 Aurelia coerulea B E&AF L o) ZFLA)

al 1} 2] 7 (Scyphozoa)dll £38t= sl dtej= A4 EH SAGFA A
FH4 wFA dAERADE & Ald delA AEAE wHs e
o] A EALE 7FA 3L YTHSchneider and Weisse, 1985; Lucas and
Williams, 1994; Lucas, 2001; Fuchs et al, 2014; Xing et al., 2020) (Fig.
1-2). A coerulea®l <3 v FAANE Fd FAHASS REL
(Schneider, 1988; Brewer and Feingold, 1991; Dong et al, 2008),
AT ZgEg (planula) FAo=z Wwdst & EH(polyp) o=
W) g ok (Lucas, 2001; Lucas et al, 2012). @ehsh 2o LS Eg)
2 5 #4443 w8 AAIHAral, 1997). EHL &4
g+ 4 (strobilation) & &3 HF-r¥(epnyra)s W=,  FRAAS
fAl(young medusa), WFAHmedusa)® AAA3cE AEE HFALE
A8 s s A H3H(FFH)HA  AREskH (Lucas, 2001), ©l
AgAs 2 19 vkl o]Fojduial A vk syt o] i
TS BN TS 3 A delN BT

A owiEel B e BEZANAM FAE AAL
Aol B3t @AM E EEAAE(podocyst)BtE  F

-1 B
F4shs AESH FARE AAn gle) Holsk FRY A FA3

N
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@® Fertilized
OCO egg

.Q
@ Planulae

© Podocyst
°o®

Strobilation

Fig. 1-2. Life cycle of Aurelia coerulea.



slate]e] oA A1 AA S7HAE AHE F Uk A, AT
TEE Y STt o AAA @golH(Purcell, 2007), A F-F st
(Purcell, 2007)Z Ak Hol=F F7F AA, A 23 2 7%\ 3K (Lynam
et al, 2006)= Q1% F2 A5, A, Fgol g sfiuty] 22RO A
(Richardson et al., 2009), TtA Al <& 3 J(Brodeur et al., 2002) 5 ©]
dolo g AAIFHI Yk olyg WA
o AysH] Bohe oiiE sAThEA o
Aoy (Purcell, 2007), 3izz]e] diFEA HLJE& Y= AL v
Esioh ek A7 FUbEel wEk st digk <l

Aaksol vyl 2@ Mwsh iRt Frbekslel A 349 &
Qo FF ezt o 2 FEE FAL HeAel ¥2 Aow oy

sistel7t RS o, fol R Aol HAstE TAA
A

Azd S BEFES

WA A o 77F o] & = e HolE ALAA ogAdoe] EoEA
Hol A Ae] Tz 7wl FEe ¥stE doZd F vt (Purcell,
1985; Purcell and Arai, 2001; Richardson et al, 2009; Uye, 2011).
gzl iAoz Qs 1E &4y =94 R <l oYgE
F4 A8t 2 24 A AA T FAAI ool FEr #ATE & g
209 AgA gsiEe il LAY Hs v HE ddAs FHoE
P AAE FEE 2T+ Qo (Purcell, 2007, Helm, 2018),
S 29 AFLE doA #A BFAAAAE F&FS 7 HTh

FElvtll A= 1996d sidtE] el diqtR HAe®  Qld  dxkY
el 3 AAVE BAgen, o] vzt PA o] LA st At

2o Haf7E WA AL, Aol o) d&f7t 4z A tH(Han and Uye,
2010). w3k mpabnt ek Ajwbg, Agts & FGFstE vkt shtell A
Aurelia coerulea®) #A2 Awtsls] A tH(Han and Uye, 2010).
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1.2. &7 W73 2 54

dlatel= A Rs o s A FdFe] Wl A A coerulea™
20061 B v -Eubel AQtellA AEHH 0w FTle S REESHHA
Zdsta Aok FPFAAAs A= wid de ofgd o 40091 H &
ez saelrt F2 Fdste 59 255 H 129 257HA HAHARALE
Fsta vk ol HHAXAL HelHE o] Hglol Ol s ls

SERE

BAG(Fig. 1-3). H 20161 o] F WAL IAs = AFS Holt

(R?=0.75) 2021 ©]& thA] =7tste A3 (R*=0.70)S ® 9 tH(Fig. 1-4).
o] dgEgor Qs 20109 dFe] SERAAVE FHE o]F
3 = )

ol ke 20199 A9 (S we)ea vl Srop e
=n oz 790 A AHwHow, A= 1092 o

- =1
AR ASHAY. S8 20 B A Addede T
= =

ot
N
N
N,
flo
ified
L
,

Aol sivte] SRAA ¥ olF M wE 59 27de] SR}
Aol FEd A7I7E A M E(Table 1-1).
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Table 1-1. Aurelia coeruela alerts from 2010 to 2024 announced by the

Ministry of Oceans and Fisheries

Year Type Warning issued areas WSD WLD MP
Care O o 71 % 5
2010 Alert Incheon, Busan, Gyeonggi, Chungnam, 79 9.1 54
Caution Jeonbuk, Gyeongnam, Gyeongbuk 91 1029 58
g Goben s Boseong s 1w 56
2011 Caution Gyeongnam (Tongyeong Wonmoon Bay) 7.1 10.18 109
Gyeongnam (Gohyeonman, Geoje—si) 826 1018 53
Gyeongnam (Changwon Masan Bay) 7.3 9.4 63
2012  Caution Jeonnam (Yeosu Gamak Bay) 7.3 9.4 63
Gyeongnam (Jindongman, Changwon) 1026 126 41
Jeonnam (Goheung-gun, Boseong-gun, 715 108 35
2013  Caution Jangheung-gun, Deukryaong Bay) : ’

All sea areas of Gyeongnam 8.26 11.29 95
prg Core// 1o Coboung gin Bosoong win.™ 619 1201 16
Caution All sea areas of Gyeongnam 8.19 12.01 104
Gyeongnam (Goseong-gun, Goseong -Jaran Bay) 610 11.04 147
2015  Caution Jeo?;rfgfﬁefl?lg@eg‘gg‘{‘gggkrgggi%“%;gy‘;“’ 611 1104 146
All sea areas of Gyeongnam 6.19 11.04 138
Gyeongnam (Goseong—gun, Goseong-Jaran Bay) 6.2 10.18 138
2016  Caution Jeonbuk (all) 77 10.18 103
All sea areas of Gyeongnam Jeonnam 7.27 10.18 83
Gyeongnam (Goseong-gun, Jaran Bay) 7.20 9.8 50
. Jeonnam (Goheung-gun, Boseong-gun, 81 9.14 44

2017  Caution Jangheung-gun, Deukryaong Bay)
Gyeongnam (Tongyeong, G;o;eong, Changwon, 318 98 21

je

2018 Caution Jeonnam (Goheung-gun, Boseong-gun, 797 9.11 46

Jangheung-gun, Deukryaong Bay)

2019 Unissued

. Jeonnam (Deukryaong Bay), Gyeongnam
2020 Caution (West of Namhae-gun to East of Geoje) 616 1111 148

. Jeonnam (Deukryaong Bay), Gyeongnam
2021 Caution (West of Namhae-gun to East of Geoje) 623 1112 142

2022  Caution Jeonbuk - Jeonnam - Gyeongnam (all) 6.21 10.05 106
2023 Caution Gyeongnam: Jeonbuk (all) 6.8 11.6 151
Alert Jeonbuk (all) 6.20 9.27 51

. Jeonnam-Gyeongnam (all) 5.27 148

2024 Caution Chungnam- Jeonbuk (all), 6.3 1021 141

* WSD: Warning start date, WLD: Warning lifting date, MP: Maintenance
Period
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(Kogovsek et al., 2012). T3+ A. coerulea’} A2 st AAE AL |
Sgvtato A gEA = A doz AAAL 20233 Az o3tH
AAEZS] = A oF 11400802 34 = oA 2237, =
A WAL F 952 hadl o]tk fEuEte] dA = AAES 20239
71 %k 309kEClM ol T (BORFE)A olo] AMA 294 et

Folth. Agbel FA Aol HHSA HWH vk FAAE W G ENA
71Q1gk fr71Eo]l FFolA AFoE HAHO At AJEjAl] FAF A<
HeS vH 4 o (Cranford et al, 2009; Silva et al., 2013), o] gt
F71E2 gt o] Hold SR olojd F UTh

53] slggl Y €S T2 A7 e FReteE AE Assr] "l
FAAE D e ST ERES T AA A

AAE AFs 4 9ol (Dong et al., 2018), a3tz 7| A

A IF

2
AAre 4 2l o™ (Arai, 1997), 3?‘494 =5 )
wEsted 299 Hd 40719 FHRASs AT = 9o (Lucas et al,

o]
2012) EHe] AMAA= st e ﬂ]%’ﬁ%}*ﬂ A1 gl SlojA i
Qo

we s PRESC Byel ANT 4 9 EAS AFHAW 1

FoAe I d¥A UdA FH(Purcell et al, 2007). T3 A AA
oluf il F(&&, =, 7Feld]) 2 Y oJF FAS HE 74 d sk 59
ofalotoll A FA3] Z7}stal At (Purcell et al., 2007; FAO, 2007). o] =

Al shuberE FEAdsta lom FIRt FA]le] =9 Tl ofd
A ool AstEy Fggstel wE sjuel o TAIFE STHAE
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BoAT3E AAYE AATH34° 8N, 128° 57°E)ol A (Fig. 2-1), 2022\
11958 20243 102 240 ) 7HA] 3= Q). A coerulea X2 A ZA=
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Fig. 2-1. Map of the study area in Geoje Bay.

CTD (Concerto3 model, RBR, Ltd., Ontario, Canada)<

AS7HA SAEAT. HA=EFA2E ASF Fdobs AT JF5a-ad

=Ao] a3k A5 gH= Niskin water samplerE ©|&3lo] ¥5 2~3 m

AA sFE etk dFAA AFd wF AES

oA = g F YE Hase] dIdE Wi, d5a-ac
5

S ES R F&H 3333 A (Turner Designs 10AU Fluoromenter) =
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/i

olgs AU FTHEEZTHIAE AHLS FEFA(Model 2030R,
General Oceanic, Inc, Miami Florida)7} H2td 9338 WE(4E 200 m,
L 60 cm)E o] 85te] AZXFE FEZ7HA] 28 AurS o] 4359
=ER 3~53 wF A disidn. sEEEAE A

=
olgsl HF wE=7F 5% HEER aAgslew, &

r=aads 2
3l F-d v 4 (Nikon DS-Ri2 camara, 16 MP)3}ell A AlSsta, 73 &

B
FENA FASAeH, G AADG MAS(indm ) E eI

3tstA g7 @919l gF5 7] 4 2 (Dissolved Inorganic Nitrogen, DIN) £}
S5 7]2(Dissolved Inorganic Phosphate, DIP) 4979 % 3okS
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Fig. 2-2. Polyp habitat survey areas and methods; a) survey areas, b)

diving survey, c¢) shell measurement using ruler.
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2.3. 43

2.3.1. Aurelia coerulea A% 37
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a)

Water temperature (°C)

40 - —e— Water temperature (°C) ---@++ Salinity 40
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Fig. 2-3. Average monthly environmental data from November 2022 to October 2024. a) Water temperature and
salinity, b) nutrients dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP), c) total Chl-a

concentration, d) total abundance of zooplankton.
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Fig. 2-3. Continued.
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d)

Total abudance of zooplankton (ind. m3)
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Fig. 2-3. Continued.
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2.3.2. Aurelia coerulea Z38 X 2] X

ZAMA FREAdE 9 A(Ciona sp.), BHEF(Sea anemone),
3l 7 (Sponge), #|AAHol(Hydroides sp), wWHR HFAE] Eg-
e o] QIglon, EYHS FAAE Alo] ¥l FIhy FRAEO] §le
Fo| F2 BE¥sa JArh EHLE 10 cm x 10 cm@, HFA A FHo =
152~20571 4], EE2 174~21870A, Ay oAA

2 B¥39HFig. 2-4). 1 F ZYo

shitofl &= 100~ 14271 A <]

21 |

TRES = FHFeR, 53 3d oldd = #HZAdA Hy ExIn
AN FHE ok & 43 gzo] JAHK kX g zto] Mow 3
ol F2 X3 dden, = A7 dAd XS olF AAY A
47 2x3 At EH AASFE 10 ecm oldY = w74 @
172~33470 A 2 ¥u® =& "7k yelgoy F$H AMNES %
F2RA71d 2 AREEE 10 cm 7HeR] siZelA = 3z 3 13~1474A19
Zgo] A% Exa AHFig. 2-4). 28 d¥= FEHEA FHd
071A o] FAF A= AR BEEHJKFg. 2-4). 3~4¢€ FFH
ZY 9o 8§~24%x 3 EA(strobilation)o] 3 Folgon AR Zgo

i 3=2S 29 MAE A2

AARE A =5 18709 EHol A mtDCOISH 16S rRNAS] F 71A]
A2 wAE AR F O367HY AR R AEEE AeHewR
Ak BLAST #AA 23}, o] AlfA= NCBI dolE Hlo] 29
Aurelia coerulea von Lendenfeld, (1884) (kA3 FAA4 H+ W
NC046792)¢} 7Hd =& A S B om, mtCOI 79 99.53~99.88%,
16S rRNAS] 749 99.54~99.84%°] &L 3= H At}
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a)

Fig. 2-4. Aurelia coerufea polyps residing on artificial structures. Polyps

attached; (a) to submerged oyster farm, b) to the bottom of the barge,
(c) to the underside of a pontoon, (d) to the lower part of a small vessel,

(e) to the surface of Ciona sp. Blue circles indicate polyp.
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Fig. 2-4. Continued.
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Fig. 2-4. Continued.
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2.4. 1

by

2.4.1. Aurelia coerulea A2 37

A 20109 o] F E AT AATES x2S a5 T
sHelolM = wid EEEdEsivy] didFdAe] AHHow yeua
Atk HEdENIE s A o EdAgo] ATFH ¥
AgeA F2 AAst= AoE dEHA Jdo ™ (Lucas, 1996; Ishii and
Bamstedt, 1998), AA#9] &, &, Helxde izt EH
MAF L AdE v dFS F= FHIEZ 484 AdHLucas
and Williams, 1994; Xing et al, 2020). $tF o =+ FL23
Sulale] AF@Al Mald uarRan kAl wol
zHdaglo)7] wWiEd HFidH 2 FAA A

og Il
AtHMa and Purcell, 2005; Purcell, 2005). &gl & utz] A} 5

o

oo

ke
1%
Bd)
My ol
r

o 1

U

2 fo

i
Mo ot ox ol N
o

REFAY A St 9 zde] AAT 7

o
i
o
=
ofy
jlud

o)

GERE & glol fedt @i z2ae ek A4

AHAA  geFS v HA  Hh(Purcell et al, 2007). 573

1o,
-2
iy
5=)
o
__)rl_l“
=2

A A T
Yo=Y < (strobilation)®] T3 Wlo]H (Holst, 2012), 9
A EHe] A BEE Agteta sivig e Aot AH £=& AA s

(Willcox et al., 2008; Gambill and Peck, 2014). s A 2023
129 ~2024 29 Abo] Fee 2022~2023de] B Alvle] HE W
11T =9tk ol 2023del wla) 2024de] mEUES Eyol

! aQloz A8d & gt 7|E AFNA F&
Ao Al7IeF £ FHFAe AT E FUHAE 7 e,
f B

Z7t= @Aty Badk v A (Lucas,

T
o

2001; Fu et al., 2020).

A.  coeruleaE X3t

(

kol Aurelia 52 A AMAC AA  thgs
g zANA Magittar A AdtHLawley et al., 2021). 53] A coerulea=
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Table 2-1. Habitat and occurrence patterns of Aurelia species across various regions

Water Ephyra Medusa
Area Species Location Temp. Oceun. Oceu. BD Growth rate References
(°C) (month) (cm) (day™h)
Aurelia Geoje Bay, Korea 8.8~294 2~4 WY 6~30 -0.007~0.07 This study
coerulea  \aizuru Bay, Japan 11~28 12~5 WY Nd nd Suzuki et al., 2019
Tokyo Bay, Japan 10~26 3~5 WY 30(max) 0.07 Omori et al., 1995
. Tapong Bay, 5W 17~33  12~4 WY  297(max) 0.8 Lo et al., 2008
Bast Asi A. aurita Taiwan
ast Asia : :
Inland Sea of Japan 9.3~296  1~2  4~11 164~273 0.07 Uye a“éo?gmaucm’
Jiaozhou Bay, China 4~27.4 5~6 7~9  16.8(max) nd Wang and Sun, 2015
. Lake Nakaumi, Japan 3.2~30.7 12~4 6~11 104~17.1 nd Han et al., 2009
A. aurita
sp.1 Mikawa Bay, Japan 8.3~26.5 nd 3~8 12~32.6 0.06~0.08 Aoki et al, 2012
Thau lagoon 4.6~26.7 11~5 3~6  2238(max) 0.57~253** Marques et al., 2015
. Berre lagoon, France 45~256 11~4 1~5 17(max) 157~2.22%%  Marques et al.,, 2015
Mediterranean A Sagr a Mijet Island .
(veliko Jezero) 9.7~29.4 nd WY 55(max) nd Benovic et al., 2000
Bages—Sigean 11.2~27.6 nd 5~8 31.9(max) 2.66%% Marques et al., 2015
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Table 2-1. continued

Water Ephyra Medusa
Area Species Location Temp Occu. Occu. BD Growth rate References
°C) (month) (cm) (day ™)

Baltic sea A. aurita Kiel Bighst,e aW' Baltic nd 11~8 4~11 44(max) 0.18 Moller, 1980
) Hernroth and
Gullmarfjord, Sweden 1~14 10~5 4~6 nd 0.23 Grondahl, 1983

Horsea Lake, UK 15,5~ 23 12~6 WY 10.5(max) -0.03~0.07 Lucas, 1996

. Southampton Water, " " N "\ _ Lucas and
Nogggiiffrn A aurita UK 4~21 2~5 4~6 2~15 0.02~4.38 Williams, 1994

Vagsbopollen#Notway W8~158 nd nd  118max)  004~01 oM an‘fgggmsmdt’

) Mgiller and
Kertinge Nor, Denmark 2~22 2~3 4~8 22.3(max) 0.09~0.17 Riisgérd, 2007

Black sea A. aurita Black sea 8~26 3~5 WY 1.2~43 nd Mutlu, 2001
Northwestern  A. aurita : -~ Hamner and
Pacific spd Jellyfish Lake, Palau 30~33 WY WY 29(max) nd Jenssen, 1974

* Abbreviations; Water Temp.; water temperature, Occu.; occurrence, BD; bell diameter, nd; no data, WY, whole year

w# Growth rate unite: mm day .
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Table 2-2. Monthly mean abundance (ind.m™) of zooplankton species in Geoje Bay

2022 2023
Species Month
Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Calanoida
Acartia spp. 8,131 7961 6826 10,176 13,058 1,768 1,221 457 5558 8984 564 1,756 398 1,151
Calanus sinicus 0 0 0 39 15 0 0 0 0 0 0 1 0 0
Centropages abdominalis 0 0 8 23 0 * 0 0 0 0 0 0 0 0
Centropages copepodites 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Furytemora pacifica 167 263 3348 9572 5874 5) 0 0 0 0 0 0 9 128
Paracalanus parvus s.l. 455 166 98 367 483 53 62 3 47 617 12 120 1 0
Parvocalanus crassirostris 0 0 0 0 0 0 0 0 0 0 0 0 * 0
Pseudodiaptomus spp. 0 0 0 0 0 0 0 0 0 0 15 0 0 0
Labidocera euchaeta 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Labidocera copepodite 0 0 0 0 0 0 0 0 0 0 6 0 * 0
Copepod nauplius 0 0 0 0 0 0 0 0 0 0 0 0 ® 0
Amphipoda
Unidentified Amphipods 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 2-2. continued

2022 2023
Species Month
Nov. Dec. Jan.  Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Nov. Dec.
Cyclopoida
Corycaeus affinis 0 6 0 0 0 0 0 0
Oithona spp. 44 15 12 0 15 4 15 129 61 12
Oncaea sp. 2 0 0 0 0 0 0 0
Harpacticoida
Unidentified harpacticoids 0 0 0 0 0 3 0 0 0 0 0 0 3
Chaetognatha
Sagittid spp. 4 20 0 0 0 0 7 0 0 0 4 1 0
Copelata
Oikopleura sp. 0 0 42 71 16 17 54 17 81 98 0 * *
Cladoceran
Pseudevadne tergestina 0 0 191 12
Penilia avirostris 0 0 0 0
Podon leukartii 15 107 607 263 14
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Table 2-2. continued

2022 2023
Species Month
Nov. Dec. Jan.  Feb. Mar. Apr May  Jun. Jul.  Aug. Sep. Oct. Nov. Dec.
Ostracoda
Unidentified ostracods 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Larvae
Bivalve larvae 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Calyptopis larvae 0 0 0 0 0 0 0 0 33 0 2 0 0 0
Cirriped larvae 16 0 0 0 0 11 682 456 774 2,044 208 816 * 0
Lucifera larvae 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Megalopa larvae 0 0 0 0 0 0 0 1 0 0 4 0 0 0
Gastropod larvae 0 0 0 0 0 * 15 0 99 165 13 0 0 0
Mysid larvae 0 4 44 27 74 2 22 0 0 22 0 8 1 1
Polypchaeta larvae 0 0 0 0 0 18 0 6 0 11 0 0 * 0
Tadple larvae 0 0 0 0 222 0] 0 0 0 0 0 0 0 0
Fish larvae 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Fish egg 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Zoea larvae 0 10 0 0 0 3 54 4 16 0 0 0 * 1
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Table 2-2. continued

2024
Species Month
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
Calanoida
Acartia spp. 2,176 4,603 1,690 424 92 1,474 3,064 2,062 671 4,807
Calanus sinicus 0 0 * * 0 0 0 0 0 0
Centropages abdominalis 0 0 0 0 0 0 0 12 0
Centropages copepodites 0 43 * 1 0 0 26 6 0
Furytemora pacifica 1,342 6,553 857 342 * 0 0 0 0 0
Paracalanus parvus s.l. 0 2 5 2 1 1 24 29 14 44
Parvocalanus crassirostris 0 0 0 0 0 0 0 6 2 0
Pseudodiaptomus spp. 0 0] 0 * 0 0 24 0 4 0
Labidocera euchaeta 0 0 0 0 0 0 0 0 0
Labidocera copepodite 0 0 0 0 0 0 0 0 0
Copepod Nauplius 0 0 0 3 0 1 0 0 5
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Table 2-2. continued

2024
Species Month
Jan Feb. Mar. Apr May Jun. Jul. Aug. Sep. Oct.
Amphipoda
Unidentified amphipods 0 0 0 3 0 0 0 0 0 0
Cyclopoida
Corycaeus affinis 0 0 * 0 0] 6 0 0 0
Oithona spp. 0 0 * 1 1 0 0 17 4 67
Oncaea sp. 0 0 0 0 0 0 0 0 0 0
Harpacticoida
Unidentified harpacticoids 122 17 110 204 1 2 6 0 0 0
Chaetognatha
Sagittid spp. 0 0 0 * 0 0 13 146 3 0
Copelata
Oikopleura sp. 1 4 * 3 3 0 15 223 11 169
Cladoceran
Pseudevadne tergestina 0 0 2 * 0 0 0 308 0 0
Penilia avirostris 0 0 0 0 0 0 33 0 0
Podon leukartii 0 0 0 0 0 3 0 0 0
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Table 2-2. continued

2024
Species Month
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
Ostracoda
Unidentified ostracods 0 0 0 * * 0 0 64 0 0
Larvae
Bivalve larvae 0 0 0 0 0 12 0 0 4 0
Calyptopis larvae 0 0 0 0 0 0 0 0 0 0
Cirriped larvae 0 0 0 1 26 25 325 1,060 8 0
Lucifera larvae 0 0 0 0 0 0 0 23 0 0
Megalopa larvae 0 0 0 0 0 0 0 0 0 0
Gastropod larvae 0 0 0 1 1 0 5 154 11 0
Mysid larvae 58 2 8 1 1 5 0 24 15 8
Polypchaeta larvae 0 0 0 5 0 0 9 0 0 0
Tadple larvae 0 0 1 6 0 0 0 0 0 0
Fish larvae 1 6 0 * 0 6 2 24 1 0
Fish egg 2 0 0 2 * 4 10 17 0 0
Zoea larvae 0 0 2 29 * 7 18 29 5 0

x : 1 indm™ o|sl zt
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2.4.2. Aurelia coerulea Z38 X 2] X

A. coerulea= F-Elvtel Falet As] AbellA EHo] XA A A sta
Aol g AAFolt EHE thdAer FAANS FI AT E
S7HA7IL FRds I TS Faade wES A WFAY
AAFS AAs7] wF ol (Purcell, 2007; Ishii and Katsukoshi, 2010;
Robinson et al, 2013; Wang and Sun, 2015), th& A <l 9l
9 AAA A4 wlg Fasith =3 Z9o AHAH 5Add ugh

El:i

ARE vty By WAYFES steletid Aol a2y &ty
Z2ge A7 Wi$ Fn BHEFS] §9tow Z2YPS Adss Ao
AP :, W sigkolu st @AM A Y FHe Fe AL
el oz 4#A YtHOmori et al, 1995). mEA HT AF=

eDNA 7% 5& AF83 &7 AAAE A¥s7| = dth(Morrissey et a
2024). Toyokawa et al. (2011)2 A3 ZHoA H=¥H FH
=9 Al o HAAHo® FAEZ] wEo] FHrA

AA = dvtdom E3 79 AAAZ Fedich

Fasl7] & A4 FRE 5 UdeR 299 AAE g5y 99
FE2AE F33AY. EYol £ mm ol 7] wio] BEo] fol3l
FRA 7]7k¢ 3~49(12~16T)°l 2ALS S35} ZAN T EYE
tFet dE FRECAA BHEJeH, FE FREE S 1sX
o A4 EE # X (patch)E o] Fo] thge FElR FEE AUk
g2 EHe l.ﬂ—;“% At = el FAEo] o), AR
ZYe FHRAAEQ FHYA(Ciona sp.) EHANE M2ty A= A=
#HZE A oHFig. 2-4). Y A7) S ATE] EFH AAA AR A
A AARE 1553 m? WAAA Qg FRE 230E Wdem EYe] A4
FE AN Ao FAF F wAAe] REE AMEEHE Y
2HEE F2E 5 303 m> WAl 53x10° MAe] ZEHS AT
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Chapter 3. Aurelia coerulea Z& =&Y
A -AH g2 A

3.1. A&

A. coerulea= RHEAFlA FAAYAES S A5 o
Edb=dh(planula) TS Fobd(brood pouch)oll A A3
(Ishii and Takagi, 2003). d¥td o 2 & do A ==t 1
sHAlO Al FA Atolol WEHM, FFoR WEHE ZIdtsEde oAt
AUAZF n@dH W FAl= 1223l A= 157 ool A3k 714
AAsh= Aow Az Adtk(Lucas, 2001; Conley and Uye, 2015).
Edtsdte e LA T 27IGAR P FHFE dAlolH, A4A
wFALell HE] &R ~Ed zo] ¢ wiZsithal ¢4 A dtH(Takao and
Uye, 2018). gztell A&dt =eh=eie] WHEH=Z I43d EHS 1 Fl
we Farae] mAe] ARdH e Sdksdke] A& A vFAY
3 AR = Fo3 dAoI, A coerulea WFAF WA = 7]
FEgFS WA= TR AGEHARZ AE A HSchneider, 1988; Holst and
Jarms, 2007; Lucas et al, 2012). wekA sjdele] AEA @A F
Sdsdte AAF R due] HAS dod ¢ e EY AT 74

o, >‘E
[‘ O
o,
il
Ll
N
X
™

gHoz Jddsty] WEd sve AAE 278 24sted Fa@
Fe @ 5 Aok AAW J1E ATEe YRy T A8 w7

ofN 12 M

ZYU3 AA WFARS gidew FyEHAeH A coeruleal)
Zgd=Eg digt A= A B3t (Webster and Lucas, 2012). 53]
A. coerulea Eet=Evhe] A 8A(Folv dib)ol Edt=Edre AEH
Azfol] oW JIFE H A=A A= W F=8h

O_u

=
FohEert WEHe 9N S 8RS, diE, B, &)
Fohedbe] AEY AR 9 EY WHe S vH F v deA
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FiN

AH(Lucas et al, 2012). 71& AFE

A2 A 7)) G v A

==

ot F2 Zetsd AEY

F8273F Q9lo]ti(Webster and Lucas, 2012;
Gambill et al., 2018). E3gt Ze=Edb7t &5+ 4202 AAL9C
=21 (Conley and Uye, 2015), -&oAlo} <ot AAst= A
coerulea®] Eebmehe AEA WEol & 24 3o Edste] vt

171

d
ot
=

o

BoApo| = A coerulea ZE=EEre] Al EAS A
A zAel A AeS Wastda, HEA v e 99 ,
e B2 A7 5o AFE Fd AAwdA ZEEdrt U
71odst=Alof] tfal Az} skt

S|
=27] WE

4>
rlo
K-

e
0
=2

2. Az R 4H
3.2.1. &= A £ A+
Aol Zetmdte] 2 27 AL 98, 202218 119 ~2024

1097h4 wjgr E=xo =z 10070A oA WEAES APEIL. o =
EehEete A 4SE A 30MA olde st 727

Fetow
%”}if’—iyrﬁ FAMN~FU ZekEets AF AT AFHATHLS A
v FARS] §-sbol# (subumbrella)©] F$H(oral arm)ell = Sobdel] H-2hd
FebEets oHelm (20 o EBE)ZE @ AT =S o] & oFst
T2 =2 50 m A= Aol AHAIG AAD EkEde HY
AAE #18 50 g Al A2 420 ym ZE)HE A7 F T LE2THS
o] &3] HF FE7t 5%7F HEE 17839

& 3}94 271 FAHL 4A WFAF F weR 3070 o]
raddd uA" ZdEdE FEeE Hoha, AAIE A (Nikon
DS-Ri2)el &2e tAdztmetz #dal o|nx] 4 & 2ZE S]] (Nikon

Instruments Inc. USA)E ©o]&3] F53} 359 dol& FA



EG Fehse A¥E Y PR 4l AEs] sls depd:
AEE ol HE(PE 30~32 Hob @F Fe FANM AFYE
2 2

$437] 98 QFuolEdl HH

o R AR 2P 20023 7990

ogvRyY AMFL ZgEdE s AP AEE

HeAxdo A3 dF 329 AF s+

(125 mm x 125 mm x 17.8 mm, 150

dotles ZEkEdE IS ol &8 FAYE 30ME

d Ao F&8 uEeE) 5C HFo=

571(5, 10, 15, 20, 25C) o= o] A3
Fdet. 4 AFES

WS AT slere 23

FHES 74 8 A

K
ro
U
=
©
s}
Ll
)
ofo
%
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e

s
w
e
)
)
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ot
e
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il
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9
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3.2.3. SAEH

RE FAEAE SPSSHA 17.0(SPSS Inc., Chicago, IL)= A8l
FAHRNSH, FYFTES p<0.06ER AAEITE ANOVAE 20224

FE 20249 10€74A EEkEet =719 AEH WEE w7l
AREHE AL, t-teste ZTebwel 2719k o] FAl AR H AT
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33. 2%
33.1. =79 Ay =4

AR A coerulea 20223 11€HF¥H 2024 10970 2024
745 AL AT FewEdEsE EA4sa A A7 v €4
Zalsele] Wit A7E 198~540 m WG, Zebmel zv]e A
2 304136 mAtH(Fig. 3-1).

Ade] wg ZZ=g 27 AolE  Heotetr] 913 ANOVARA
A3 (Table 3-1), A& ==t A7[7F S ~7Fel vl Fo8tA o
oM (F((3, 19) = 6.33, p=0.003), A&H Z&=e A7/t HdHo 2 ¢
AH(p<0.05). 3 F2d Zehset A7) zols Zlsy|
APPt,. WA AF23 U A] F& TF F Fibo] Fdg A AR E
gst7l 98l A8 HA (Levene's Test)=
p=047502 p gto] 005Kt AA F At BAte]l w9 t-HAS
T3 Ay (Table 3-2), t(18)=-2.24, p=0.042°0.2 AHF23 159
EohEd A7) Aol AT FeeA o & Ao® UEstH(t-test,
0<0.05).

sfute] o 7)ok Auglel A mIFAL =dbE Estal A
ZosgtE BG83 sigele Hi A7]E 145 mmolH, SetEaE BA3
7V Ze A= 60 mm, H W 27 300 mmE theFsSl tH(Table 3-3).

rr
il
)
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B 400+ f£|
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& b [t he .
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E = _
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0
Nov. Dec.|lJan. Feb. Mar. Apr. May Jun. Jul Aug. Sep. Oct. Nov. Dec.| Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
2022 2023 2024
Fig. 3-1. Size distribution of Aurelia coerulea planulae. The boxplots represent the median (line within the box),

interquartile range (IQR; box), and potential outliers (points outside the whiskers) of planulae size (um). The whiskers

extend to the lowest and highest values within 1.5 times the IQR from the lower and upper quartiles. ND is no data.
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Table 3-1. One-way ANOVA results for seasonal changes in planulae size

SS dr MS F D
Between G 325,800 3 108,600.0  6.33 0.003
Within G 2,120,400 19 111,058.95
Total 2,446,200 22

*SS; Sum of Squares, MS; Mean Square

Table 3-2. T—test results for water temperature and planulae size

Water Temp.
N Mean SD SE t dr D
type
Low T
. 408 46.57 20.86 -2.24 18 0.042
(8~127TC)
Etc. T
. 15 349.67 56.14 18.71
(125~29.97C)

*Water Temp.;, Water Temperature, SD; Standard deviation, SE;

Standard error
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Table 3-3. Monthly average planulae size and size range of Aurelia

coerulea
Water Tem. Planulae size A. coerulea
Date n size range
() (mean + SD, um) (mm)
o022  Nov. 156 30 291+19.4 80~150
Dec. 10.3 18 282+24 60~180
Jan. 8 13 348+32 100~200
Feb. 8.8 20 391+33 100~200
2023 Mar. 14 30 403+49 120~250
Apr. 16.7 30 321+37 110~300
May 175 30 286+12 110~170
Jun. 20.2 30 258+22.2 100~180
Jul 22.2 16 274+38 100~170
Aug. 27.9 29 27120 130~230
Sep. 25.6 30 261+27 120~210
Oct 20.7 30 260+16 120~190
Nov. 155 30 280+24 80~190
Dec. 12 30 290+25 110~170
Jan. 8.7 30 350+33 90~200
Feb. 9.7 30 370+380 80~190
2024 Mar. 11.8 31 380+49 80~180
Apr. 164 30 310+31 110~220
May 19.7 22 230+23 100~180
Jun. 22.3 23 260+21 100~180
Jul 22.6 nd nd nd
Aug. 29.9 12 280+26 120~170
Sep. 26.9 30 270+15 95~180
Oct 22.9 1 210 115

* Water Tem., Water Temperature
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a2 o] HAHAJH(Fig. 3-2 a-c). 15~25CA

71 8~16709
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file)
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Fiet. 5Tl A
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Fe Ach(Fig. 3-3  d-f).
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47
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34

I
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20

16944,

w2 e kh(Fig. 3-3 b).

15, 20, 25Cl A
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R
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1
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o]

ol 50%
7HAl 32.249.1% 9] E¥ IFAHES H AL
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Egol ¥
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o] 94.4%= 714 =<kth(Fig.

234 A 7EA] 25°Cell A &

3-4).
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Fig. 3-2. Polyp formation process from planula; a) planula, b) after settling

on the plate, polyp formation begins, ¢) before tentacle formation,
d) formation of 4 tentacles, e) forming 8 tentacles, f) complete polyp

formation.
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Cumulative of polyp fermation rate (%)

~-B-259C -0 - 20°C. —¥— 50 -5 10AC e S°C
B e BRI S S S S S S S A A

S AR AEEARS S |
2005 ARNNUSEESRRESEnns

60 1 /7
i .
504 7| 7

iy 1

100 -

20 4

§¥:§§ ‘ ‘ ‘ ‘ ‘ ‘ ‘ j ‘ ‘ ‘ ‘ ‘ X
g8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time (d}

Fig. 3-4. Cumulative polyp formation rate (%) for Aurelia coerulea
planulae at water temperatures ranging from 5°C to 25°C. Error bars

indicate standard deviation.
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3.4. 1

n

15 %
At AsHon FehwerE Auel wasn A% Adstis
2 %

dHgHor ZetEdts wWEshed, AAY A coecrulea=  AF
FdbsdbE HEArstal wWEska Sl 20249 7€e = EdsdtE vHd
AAE  FRsx]  EAXRE 20229 119 ~20243  10€7hA] ZAME
d AAHAIROA AMEE SetsdE 3T ATk
Agafdeld v wlFAE BAdk ShEebe] Wit 7] 198~540 =
Aurelia sp. Z2t=2 Hit 27|19 200~300 mm (Kakinuma, 1975) H.t}
| & Aoz yehyt 53] 2023d3 202410 20 v 1~3¢9
ZotEg 375 280~540 mz ekl F7Fe )l oW (t-test, p < 0.05)
ARbAQl A7 R of 26 Ak Zit
ol AFrolA =77 (< 700 mm) ZTFEE7F ¥ Urazoko Bay<b
Maizuru Bayolld &3 @75 Aefstal FHfAoz A5 2ads Abgrt
ATHYasuda, 1975; Suzuki et al, 2019). ¥ A5 3 H, Zol=do
AREG o B2 FQlstr] 98] 20239 1~39 AFT A7|7F Blad &
(< 300 mm) Edh=dte AFF2S FAste] AFS 33 o) PP A N
25 Z29YS IA 3 l(unpublished data), 5~25C 2] & F1to| A 433k
AR ZSdtsdhe F2o AHgle]l FRaAoE APYd §hA

kit a¥BE R AAwe] ZFtEde A7 23 #Agle] BT
S (o3 ]

jus)

= 3} 4 2F A (lecithotrophic) & &
N7t ngd=7] A A=A ZetH AAARSHA =™ (Grondahl, 1989;
Lucas et al., 2012; Conley and Uye, 2015), A. aurita®l Ze}=7F 712
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F1EL A ALES Fola HHAS 3] fd AlgdHdTx
B 13 th(Schenider, 1988). &%k S OFeR 3 AN
Fed 4o Arle &Y ABAAR & AVE X7t F7hEel uE
A aL(Thatje and Hall, 2016), #5381 ¢] 42zt (Decapoda) Cancer
setosusol A FFFFES FAALS AoA A7I7F B Zow, @It
was 38 4 duhar P (Weiss et al, 2010). o] d2] A9} o]
AARre] ZetEdts AES 8 e 72 HA A7) v ket
B FY duAE 430
o

B 2ok am, oldd =g Awe B
AF27elM AL 7beds E9e Zor sddt ®=I} U}

28 A4 277} 2 Bebseks 4% BgoA gl a AYd
E9e G498 dgd WRA AATe Az 9ue F Zow
ARG Behseks Hols HASA 2] W A ¥

21 tH(Sheader, 1996).

off Aol A2oA HVIZF AL =
(2012)0] ®Wagt EHeb=ebe] A EHoR WHsked 2
Aol A v Avar g Ayel A gy I A aurita Edh=dhe of
20ColA e tAE =48 Adeld H AEZLS 109 olde=
Huglom ofge] Fo] YUEss AXYAL a-wFo] st Hul
AE 7|3re] Aod 4 S AlA @ tH(Schneider and Weisse, 1985). £
AT Ao A% 5T 199/ 744 AL Seksde AXdAE U=
A7 AENS Aow FAHY, Aol HA F22 olHt 3T

=2 8CE AF = 5Td v ¥ =2 ddov. A&d A

()
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e
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1
o

}_
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0]

R
<V

o

)

o]

et ol
% o] 7}

3

=
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=
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J
4 91 tH(Schneider

[s

i

1
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=
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T=(H™ 299C)e] FAHEA o A7l EA
g Eebevhe] 23 AFRELS AU eR Us e didn.
weEb Agel AEF AAESC] vFaizbA oloA= AL dE
WAl o] AEH~ZoF Aol WEH ZT=Ede] AEs
alate] JHAILe] FA ArE A= Tt AeA
e
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Chapter 4. Aurelia coerulea WA 573

41. A&

A. coerulea MATY A= T e ALHORE AA HEgt
olelgt AT WES FE SAF L8 uokd W o) sl uwet
2ol 7b v, ol gk 4 2l afute] AR FAS F A7 T
FEFS 71 T8 FHeRoRE 5, Hol pgA, W] Ar vt
stet=dol sjute]e] AA, A7 B JEdE A A B FIS

v x= Aoz d#HA lom(Palmén, 1945, Thiel, 1962; Spangenberg,
1968; Hernroth and Grondahl, 1983), 3f¥}g] tfF AL o] x & v}t
A aqle o3 HEFA Agow wAsirt dHA UTh

F22 sz AT wgd 9dFSs FE= FAH8A T
TAQ QoM Aarelia £l Fdhe TELS A AAHo=

o] FHLsH] wEe] =EHE F& MR AdAoE bWt w2
2o sgelA slge] FAFAL mol WEEW(Lucas, 1996), ol

(e}
5
gakel AMAT F AR AALE AL AA £Eo =dsy Do

N
-
ol

e
r (

(3

¢

IN

==

FHFA o] BHEHoH(El-Serehy and Al-Rasheid, 2011). %3 A3
AT FA 7173 29 zolR Qs R4 DA A7Y A=
5 o] Z o g At (Loveridge et al., 2021).

=
o1 dl @elx et ol wol G Aurclia %9 A %
2 WAL Aol WE e vAW o] hg4el uet sivic

sistele] FH wWES zdss WE E WAUZ] AR )

2ATHSchneider and Behrends, 1994). ®W5Ale] =7]e A&, wFAS}
e A= Fagk adlow HHolE AF glo]l AT MA= =4
A71e wlElE] ARl FrhETh ol dFtEle]  F8 Holql
SEEYAE AALFEN Awelia £ 37 Aol BRI AV ASS
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oln] & cH(Olesen et al., 1994; Lucas, 1996). Wo] &5 F7o] £x o

>

J2E Az Qe JlAT Aol F43 AAT ¥R ozt A4
WHE W EH(Han and Uye, 2010; Schiariti et al., 2014). =3k Ho]

7FEA el weEl AAe] Ho =77t ZA ¥ ch(shii and Bamstdet, 1998).
T 4o TEEFAES g 27 Sk EE AFY F8
Q9o (Marques et al, 2015), F=<& A3zl Ho] FHo] ofd ¢
W FALe]l g 932 vA 4 JthH(Hansson, 1997).

2 AFdAe F Hol xHol A coerulea TR A7
2= GgS FHsty] fste] o] wE dAw Ho] spgAd uE
BAAES dFALE 3 gtk

42. A5 2L ¥y
4.2.1. & ZAF € AFZAE

AT AN A coerulea MAE B AE S 98, 2022d
119 ~2024 1097h4 vl 30¢ A C R e Ed=Fs AT
A Fd%F 2AE A4 60 cm, FE 200 me) Y5 vEC FFA
(model 2030R, General Oceanics, Inc, Miami Florida)E 5-2#sta A3
Adubs o] &a of 2 RE° HA&ES fFASHA 3~5# ¥ 5
S7HA AAE A T A AA sels @AM Aleska,
FHA ARE 5% FAH ¥2odo
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EA P ow, daaAd gt A
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ol
ol

O 4o

5

I
e
)
ox

- VAN
S
8
g
—‘Y‘—JI
Ho
N

—~

_60_



o
_Zrl

ol

TO
N

Aol 7k EAAE = 37

e ete A 553l

°©

A

o

-

dldgl= A7)}

S

sjsale] =7)e

=

do

o 2o

]_

3 Toyokawa et al. (2000)2] ==l wtg} 7

S

Ade ol&

Nl

ojn

K

PN
T

A8 oA

=
=

Correlation Analysis) <

_6‘]_

G=(In Wiy - In Wp/t
1 (Canonical

goly 24

4.2.2.
b o,

S



4.3. A3

4.3.1. 98 Aurelia coerulea ¢4 T &

AT71ZE FeE AAT A A coerulead] AF € Hr = HLEs
202395 0.06~9.80 indm™, 202492 0.01~13.83 indm>2.& 4

=%, 10~11€9ell= v vigrh FHFH4 MAF7E 7B B 3¢
715 2023 5.89 indm el Hl&] 2024 1212 indm Pz 28] o]4
DE7t =kl BRHA82 2024d0] 20230 wE 3 @ wE 19%
4974 A&EH oz #E HAT A EdEHS 202392 1.32~6.22
indm™®, 20249< 0.04~440 indm*& 2023do] =gtom 59 AA
] FARE 2023 5.7+9.32 indm?, 20249-& 5.33t9.24 indmPE  FAFS

o2 ZdUh(Fig. 4-1).
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AR Hlal A Aol Wokal, AF-7I3Eel 20229 1149FE 20243
]

109 7hA] A A WlFARE wE =
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Fig. 4-1. Abundance of monthly average developmental stage of Aurelia coerulea.
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2

BANA 7]

she

10 2 YEstH(Table 4-1, Fig. 4-2).
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Table 4-1. CCA results table for predicting Aurelia coerulea by according to environmental variables

Axes 1 2 3 4 Total inertia
Eigenvalues 0.273 0.023 0 0.262 0.623
Species-environment correlations 0.781 0.364 0.566 0
Cumulative percentage variance

of species data 43.9 47.6 47.6 89.7

of species- environment relation 92.2 100 100 0
Sum of all eigenvalues 0.623
Sum of all canonical eigenvalues 0.296
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Fig. 4-2. CCA results for predicting Aurelia coeruela population by stage

according to environmental variables.
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4.3.2. 98 Aurelia coerulea 7] Y1 X

AF7IZE o AARAAM = dAF It Fdd o, A coerulea
MATEL Aol BEI MASo] B ai7kA olojA = dE AL
A S A At wde FA VAT CR F oS FASAT
(Fig. 4-3). A& 9% AATE 20223 119 ol ™ol dAE o] 20233
447t7 A &E A, 20239 293 49 Abo] FHRA(<10 mm)ol A
LA A NATES v dl 2024 4€7hA] A S H A

20223 11€95¢ 20243 1099 AA A+ 5
ol A FA AT T A5 FA F Ak A7) o] F AL
Az MAEHR A FAA F7F 7
4-3).
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Fig. 4-3. Size frequency distribution of Aurelia coerulea from November
2022 to October 2024.
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Fig. 4-3. Continued.
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Fig. 4-3. Continued.
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4.3.3. Aurelia coerulea AZ-AZF B4 L AZAE

2022 11¥€~20241 10€7bA4 i 1007te] o= A s)ag
AA el AFBD, bell diameter)> € Hir M 6~300 mm, w5 F
(WW, wet weight)2 0.05~778 ¢ HH = Yerykow sfutgle] =7]7}

/bl mEk $5EE Aedor SUFITHWW = 0.0007BD, o=
0.9004, p < 0.05, 7=44, Fig. 4-4).

800
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700 A *
L ]
600 1
=
500 A
k22
2 400 | .
= | y = 0.0007x3446
300 N = r=0.9004
o p=<0.05
200 el
il ',.g'"".
“._,..w
100 L
g et
o . ‘.‘""“.‘.‘.iio
0 50 100 150 200 250 300 350

Bell diameter {m)

Fig. 4-4. Size-weight relationship of Aurelia coerulea (n=44).
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A. coerulea NATY 49 AHAELS 20239 -0.007~0.065 d,

REFAT FAG 27 A A7 3~49E 0049~0065 d Aol
Fe RS Bgo olFdE A4 gastel 0¥l X F F5
Jgs go HIE

JES BRI 2024delE - 0.022~0019 d'® %7
worow 69 AAl Al7|dlE -0.018 d'E

1 AoH(Fig. 4-5).
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Fig. 4-5. Growth rates of Aurelia coerulea and zooplankton biomass of 2023
and 2024. Zooplankton biomass represents the mean values from three

sampling points. Data are presented as the mean + SD.
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A Aurelia coerulea 3@ 4%

4.4.1.
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6~104 Apo]l sfute] AA o] HaAel m=Eatn, 104 o5 Hidhe
AL F At A7lel EebEet W

dealiAd @8 4A7 ANER A

%‘
ol ZFde= A coerulea MNATY HEI A EAHo|ztn

4.4.2. 98 A. coerulea 7] W x B X

Ao 2o sitel A tiFiEe siutE] AT sAl st
= 2 dAFwor FAHEY, v HEAT s et
SohEdts Bastal e oA AV EAQ@T 4 Ak (Lucas et al,
HbH AATES] A coerulea MATS BE A A AL
45 MATo=Z UHAAT. =4 AL 29 FHFAe]l TASHA
AlztE o] thga mEAR)7HA ALEAAL, EE AR A WAL
AE NAE Al ~FA A7EdE A Sl EAH 485U
AF gl Aol FAEHE Yl dE Maizuru  bayol A
B8 FdS 12~-59, U9t Tapong BayelAde 12~4¥971%], 4=t
Horsea Lakeol A 12~697}A2 &e]# AtH(Table 2-1). °o]& &%l A
el A 73ke] 5~8/d®E HluH
doltt. ATl FolM = Frrde TA7IHE
2~449 Abolm Blu A #Fhou, FARGE A2 dES Tokyo Bay$t

ol AE oW AT Astsk KA THRM FE 170l 349

OHT

oz FZAW AF szt EFddd AATlA FARFAAY I
717be vlu Ay gy JRES BEH o] deche w9 AR oY
AZr SFErE BREFAG dWtdom AHAe kg & £33
AAgsict . 4 A 9o (Lucas, 2001). L3y 2022 5 Atgko] 1
Aoz FAHEE 1149 ol%F &d3 50 mm °l3te] 48 A= Al
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g Fed AZES wdEY, 20228 7-99 Ao Iz uha
MAToz F45H, 1294 #FE 60 mm |3t MAl= Zeh=

d A 5 54V 5 %741 NA T 3t

Hork

rr

MAZE obyar o FHd F7t2 wAste] dAlm e NA= A
T Lucas (1996)8] AellM= A wFA 21_7]7} 19~20 mm=
nj G- A Asd dHoAN FATSI EFosdrl 7Y fFAelA

TEE v o] AT A AsEs WTFARY] dEoly AV e AdkE

T gvar do aYrE ASHEEH olFs w7bA AA JHATel

FAEE A Falde A ~FA Abolol] HAg AR JRA S ogh

ArPez  AtmEth SEARE AF7IE Eob 7~108 dF A=

R8s dstA Zdnh olest A= sHANA FA F0] =&

FEA A FEE 7IRbe] &ol, FarAe wA FUF AUV WEew

FAEY HT dAFoA EHS HUET =2 T4 mdds o

kel FEGe] #AAHAEH, AF2oA AL Fof FEES CL 390

AARAl frdxke] &4 st Al EEskA] XA dEhd d4olkar

B3 st HLoveridge et al, 2021). 282 BHFALS ALH FEI

Aol A o]F FHEdol ofs FrarAde WEsH] wiitol A ol A

FA Abelel WA EL ol o o3 Ao

Willcox et al.,, (2007)2] A& A3

B AL gtRe FE&de] WG Bag vk gtk Kiel Bightol A=
A aurita 89 AEHAQ B 059 A=) o o W FHFA
ol ®auel ®vE 9 om(Moller, 1980), Z&lolA A  auritaE= S
HA1~14, 5~649) ZHA FFiAe] EAsoy oo tigh A=
U3 A= 23 th(Lebedeva and Shushkina, 1991). 2 A Ftol A =33t
A. coerulea ERS UFoR Agdolx Fdst AFHAA F 8T,
16CE  FAstL 9ol Fwol T3 As FHoA AKAHoR

4485 A2 cHunpublished data). Thiel (1962)¢] AT A=
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PaaAe EYY ASHA AF(FE, T 4F 24, e Ax
gapol oa WAL, FAe FU ARY S Qor, AWF 20|
2Eold A% AF tae FEdel WA F Ao AF ARE
w3t

Aurelia %] 92|52 HluLA S FLo A
Aurelia sp.9] A% 5C olAdd w AL AEI £ gJon FHL
47Nl A 21d Atol2 LA Jdth(Yasuda, 1969; Lucas, 1996, 2001;
Miyake et al., 1997, Han et al., 2009). Omorii et al. (1995)¢} Toyokawa
et al. (2000)¢] A-olA Tokyo Bayel A auritas A% ZHg=d=
Arbstm ol Edd vluF & JiAES dAdEe @Asie dEg

aEelA g Aojzta wrglew, sfvtele] Wl 1dREYG Aus=

b1
X
N
]
r
%0,
e
=,

AE AAFALY. olepgo] HFHEHAY WA 7|7y e Aol
Az w2 AE AEFS WAS ¢ Je Aurelia £ FH ST
AHY Hg s8S dtgsit. wela 109 olF E3ds A7|7F v

_78_



4.4.3. A. coerulea® AA-AZ== HAF

A AA BEXES = Aurelia sp.o A7 vpkdtd], AAREe] HU F
A7 300 mm=z =3 (Black Sea)ut WE & (Baltic Sea), A w3l A4
el Hls] =A7|7F ASKAIRE FopAlofell A HIE  =AV|[9k= AT
(Table 2-1). afstele] =A7|ek FFF Aol 8A, 9ol 3 A,
A A7), Aes G, SRR e, 9 §Y AdH Wed 2
ket A gclel o8& AAE = vka deElA ArHOzdemir et al,
2019). E3] Aurelia sp. A A= dAxd  F93  zolv}
21 2 (Schneider, 1989), °ol= 2 7|7t Hok Ho] Ry o] W
T AAE gt Ao® B 4 At (Uye and Shimauchi, 2005). ©] <
Hol] 7}F&A(food availability)< alutg]e] Ao F 23 A3Faclor
a3 A AHKogovsek et al, 2012). Hol7} AgE A &= A2 Oﬂfﬂ—‘i
Aurelia 9 HUl & A2 300~400 mm7kA] & 5 glow A=t
MAe] A7) wwA Avkal el drH(Mgller and Riisgéard, 2007).
Aurelia 49 dWkA <l x| Z7]= 200~300 mm W<l o] A7k 400 mm7t
He AAAZE el s 7l e ek (Table 2-1). o] &g A4 Hol7t
S w Al v S AAAA wME AFS JhestA s, ol®

o

O
AW EAA] Hold Holg THsh S

Q13 FAA717] WiE o=
dH 4 AtH(Condon et al, 2014). Hammer and Jenssen (1974)

o

TAA FAA wdH A awitadl AHFHORE FTES HolE
P Ad ARG O 24 AFE 5 Ades BoAAFAH
Lucas (2001)& 9o] 7F&Ad wel A aurita= W 400 mmE %2
AAs ¢ ot oy, dwrela Kertinge Noroll A= Holzk A3t
A aurita A9 Ao F T A7 54212 mmell £ tHOlesen et al.,
1994). AA| el A 2023l H]&| 2024 A. coerulea®l 717} o H-iE
71ZF &<k 180 mmE WA ek A 2023 s sfukE] st 7483k
EEGAEY] AAF] wg ol Holrl AgE &7 A

o}
zhl
ol
PH
rot

0%
:(I)L_Al

put}

-l>
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ke 7k A 272 ”1‘“‘6} A e Ay

u
o)
av)
)
io)

Aoz =& A= =3 3}

sy 4~69 STkt AAstel  wel  FrlkskeE EASbel] 9] F|
EEZHIE JfAFE dolxlow, olF A coerulea Z&°] 1 indm>

S7FstH A & 9te] ¢ 4”‘”01] o8 FEZFAES 1,000 indm*® o3&
ChA] ol S A coerulea =0 S7FstH mojgFo] ZHAdhal
Ho|gFo] FastH ol AEFE st (Lucas, 1996) olxd AT
Azel AdAsty FEZHIAE ANELFT A aurita B37F Abole] B3
ko] A##AAE winfa2 Kertinge Noroll A= o2 5 A oHLiskow, 2020).

Omori et. al., (1995)% Auwurelia %2 =& A&7 weE A4S 19T
ul A aurita®l ¥2)o] FEZHIAE AEY i AAA 7T &
o el =2 ¥29to g 2d Tokyo BayolA Aap o detA 9
TFzo W3S A 4 Aot vk =3 Horsea Lake® A. aurita
MA el A =o] 78S A3 JRAY Av]ENE okdRt JjAS
Aate = Sdbsdte Folke JFS A= Aew Yt th(Lucas, 1996).
dlate]= wol "Wrrt F7hgtell wmel A Eo] F7bekr] wol el uhe] ol
g3 sEZHIE L9 Fx7F wWstE 4+ At (Omori et al, 1995;
Hansson and Kigrboe, 2006).

Bamstedt (1990) &0l W29 A auritas= F2 200~2,000 gm =7]¢]
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A s FAH EAES M1 Qo] A4

W
4 A °J(Hansson and Kigrboe, 2006), X &4<Ql /fAl+S FAsle Aoz

PN
HJE . B3 Aurelia sp.o MAIT LES F23 ol Ao <o)
:I
[e]

AARE G s (Marques et al, 2015). Marques (2015)9] Z 3ol A=
A GAA A dEe] A= wizbx] AFES W
FAERL, T Aol A =270 =g o] AFES 435 T
shARE B Ao Al 20231 AATE] A coerulea®l WEAS FEIh=
A MA T 290 HAS 3~49 FL 79 TG Hol FHOR

ol 4
7] AFECl =%ouy AAY AEES vl ukoen,
9€o = &9 AMFIES HAT 202492 Yol RFo= Qld %7
gl YAl dUEwar, ol Yozt Hud FHRHAUA 69 o F
gl =A UetHth AARENA E-3 A coerulea®l BA BEES
Jobe] ¥E Inland®} Tokyo Bay (0.07 mm d )¢} %=+ Horsea Lake
(0.07 mm d Vet A 5SS B AtHOmori et al, 1995; Lucas, 1996;

Uye and Shimauchi, 2005). 3tAITF A Fae} WE&, &5 o)A Lol A

of
[
s
>~

Huy AFE v W e e tH(Table 2-1). ol st s
gl Aol Wol o] 98t Ao FukEth I AEAY] &9
AFES AAHNGAA 9ol vERST wlFARS] AS AAfo A Aol
F717F 2 W F Aol FolE F dom, ol WARA AR
o=l o] Z7] wEoez 4 Jqti(Hamner and Jenssen, 1974

Mboller, 1980; Lucas, 1996; Fu et al., 2014; Fuchs et al., 2014). Omorii et al.
(1995) AFodAM = T A7) A YAES HolAEY FFo=2 3 7)o}

7he s wiAlskaL A= XA ES] WEo] T AEF9 Ao ddd

1



7bsAdol =ohal ST Moller (1980)«= 444 w24 * 8~99 &
217d0] 13~18% TadSS A AL, A aurita®l T 7]
TR A BEAAAA oA FA BEd o, o= A wFAR
JejetA  E3h(regression) 2 AMEES =T o+ dva <4HA
A TH(Lucas, 1996; Hansson, 1997; Aoki et al., 2012).
slute] o] AEES Blo] 7HEA v oy} Hole < 54 %
P& WA oa FIFS we T 9;1‘4. A aurita= Hol9 FH WE
vk olye}, = Jgstd skt %
=2 AFEo] YERYtH(Bamstedt et al, 2001). 7]& AFAze] <9l
Aurelia %2 § W&E B4 23, AeI@daE, 3HES 457
875 A, oolbl fA4, E=EERS T 2L U Holds
qAscar gl A 9 tHOlesen, 1995; Sullivan et al., 1997; Bamstedt et al.,
2001; Ishii et al, 2004). Sl A= QZHFet olmjsfi7 F4 ol &
| ul&) 9l Rathkea octopunctata, —1e]il o& H o= /}3’%‘?—&4
B 333 o (Mutlu, 2001; Purcell et al, 2007), $] W&E2 F=2
A moB] FAel AA ¢ &= 31~34%E AAE &
ek AXAE FAel o sidEe  HE Task o
A AFSFCH(Yasuda,  1969). Moller and Riisgard (2007)&  t}2
=W Fxo o3t Ae  AeAM  Artemia naupli, Balanus sp.
Brachionus sp. Rathkea octopunctata % 2o %7} Z7}g uwat
AAEo] Z7MARAT Q7Y S/ Acartia tonsa?t HolE AMEAS w Yol
o ARES wn ada AA 84w Calanus
P

7)
finmarchicusE A 33<S v AFEo] Gyg=d oA Q7+Fo] o sl

a
X
2

fr

i

Z

ko

IS

7)
=
H+

s
N

O
2
2 s
9

o

fo

off
e
it

o
N
=)

=
T3St Aurelia 2 EE Uld FEIEHAEY UYs 4 a7]9
HolE Wi Aog Az YtH(Omori et al, 1995, Kamiyama, 2018).
Grondahl (1988)8 ®olo] =7|¢} RoFo] Aurelia sp.2] 2o] 414350

d3Fe mxE Fa3 a<lolgtn B ud 1, Bamstedt et al. (2001)
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Chapter 5. T & 4 Z4E&

A AAIA o E S At A HstE Aurelia &2 B
T diE 1LY Ao Agstw g Ald delA {FAEAAAE
FARAS wHE F JdE A A A B AEae] AE A A
95 AT F vk w3 Ao A e AF FUHIAE
FAgste] MdE ALFHeRE FAT ¢ Jde= AETH IAHEE 7HA
UL, =FE P alo] A AFeA HW Vst TR NATE
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RG] T W 247 ETAAZTE AT B4 O 2 (Takao et al,
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Fig. 5-1. Population characteristics of Aurelia coerulea in Geoje Bay.
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