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WngngUraNATnUaENSsUS DA eRmza Sminnsin gnauundusiin Catostylus townsendi andeya
duguifissediafion uarluiligulimsfinuiusnssuvesusnensuriaiifinnnty fadulssloniensiususia
waznanuidolosesiugnisy  nafnwniifsdiingUszasdifedusuriauasnsaeunnudenlososiugnasily
wsngwguannafinululsemalnefuiuiisy  Tnensnsgidnuasduguiuiuieyadiuindlelnduinmsy
COl (cytochrome ¢ oxidase subunit 1) 4aEATIVADUTLHENNNINUINTTURALANUFNTUSITAUINGT MIANY
dnwaurdugiureaunnemgy 21 Megne Sadusiuvureauunengy 7 ngu snueuduuysvesdundiduasiuan an
UEhauvarassay suauvaunda suneles Smiansn nuusengngu 7 ngu idnuasdugiuiisuduienisdiuwun
¥fin A ArmemvesuInTauUIN TUIuLATILIAYET DU warUsvenivizsuanuidnadieiu daluuila
C. townsendi MsfnwdduiadlalnauTindy COl veauunensy 18 Mo nuanuuanisvesinuilindlolnd
tfoy aonAdoIiuALAABTRITIZIaMSUENTTL (K2P) (0.19+0.09%) msAnwianudiiudmaiannmslaenisaing
WHUEIAUEITUEAIETT maximum likelihood wukssngwguvandeglungsudinunsiediuusnsnsusiapieiu
NnUTuezTusenvemeaduld Meranuderiu 100 Weslwud namsAnundnvardugiusiuiuteyamaiugnssu
Budunisduunudauusnznguvaind  wazuandbiiudsenuduldldvesnsiinsiagewsuluveunnisunsnszany
mammquwﬁmﬁ FafiruddnyronisUssumnuvannvaekag M IoynEnIne N TINITIA M

o o

ANEATY: Catostylus townsendi 8w COI ANNENTUENIITRILINT aunsidsuliana

Abstract

Multi-colored jellyfish that bloomed along the coast of Trat Province were classified as Catostylus
townsendi based on morphological data alone. Currently, an increasing number of studies on C. townsendi
genetics have led to the verification of the species and the investigation of its genetic connectivity. Therefore,
this study aimed to confirm species identification and investigate genetic connectivity between Thai and other
populations of multi-colored jellyfish by morphological character and CO/ (cytochrome ¢ oxidase subunit 1)
nucleotide sequence analyses. In addition, pairwise genetic distances and phylogenetic analyses were also
examined. Morphological evaluation of 21 jellyfish (representing 7 groups defined by color variation on bells
and oral arms), collected from Klongson Beach, Laemklud, Muang, Trat Province showed that the 7 morphotypes
were morphologically similar with comparable key morphological characters, namely oral arm length, number
and size of lappets, and rhopalium shape, and were classified to the species C. townsendi. The COI sequence
variation of 18 jellyfish samples was low consistence with a mean pairwise genetic distance (K2P) (0.19+0.09%).
The maximum likelihood phylogenetic tree revealed that multi-colored jellyfish were in the same clade as C.
townsendi from the east of The South China Sea, strongly supported by a 100 percent bootstrap value.

Morphological and genetic results confirmed the species identification of multi-colored jellyfish and suggested
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the possibility of cryptic species detection within C. townsendi distribution. This suggestion is important for
biodiversity assessment and conservation.

Keywords: Catostylus townsendi, COI gene, phylogeny, molecular taxonomy
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Unngmsainsmuiifuressnenguduunnuinamienh  viefidend  msaznimosuungngy
(jellyfish bloom) utsngnisainusssud Sawmuananetade Wi mafsinumsemsasgundsh s
Wasuuwlawuvdsiiogendvesdnitifionamudes  moiwssnafunnn  msiudh-dsoondnithindy  (lien
species) LLavmsmﬁamwaaammﬁmmﬂ (Richardson et al., 2009; Hashim et al., 2023) d@lugindmansznusio
msvieaiies gavnssalsdlali (ilkAnnsgadlussuuvaeBuestsdlniy uaznisviszusneils (Lynam et al.,
2006; Purcell et al., 2007) iuﬂsumﬂlmwum'iaw‘wwuanLme‘WiwmﬂamnmsmEJEJnmLasuaammmmm Fausivn
s1n1gmd Sunaiios feeniliin Sunemandlug) seviadeutueneudmgedmeuremnd Tnefinenunsnuiudd
w.e. 2555 unedagiu (MGR Online, 2013; Nation Thailand, 2024; TNA, 2024) wiognslsfinu nsasnsewes
wngnguandvinaeilmea fmdansia shlmAnmsaieneldlugisunmaieadsdlumeniavuissng gy
wana sﬁa%’m%mﬂuﬂszﬁmﬂ% (MGR Online, 2013; Nation Thailand, 2024; Pattaya Mail, 2024; TNA, 2024) ga101338
uazimumInensazia Mellmeia wasthweay IS uunelausenenguvanndinuaznisunumeilmea
Jdans1a dndunuangwguedin Catostylus townsendi (Phylum Cnidaria, Class Scyphozoa, Family Catostylidae)
f\]’mﬁﬂwmzm\‘]ﬁiugﬁﬁmmL‘WEN@EJ"NLam (Marine and Coastal Resources, and Mangrove Research and
Development Institute, 2015) LLinﬂzW§u1uaf]a Catostylus ﬁswmuﬁ'ﬂaﬂﬁy’wm 11 %w¥n (C. cruciatus, C. mosaicus,
C. ornatellus, C. ouwensi, C. perezi, C. purpurus, C. tagi, C. townsendi, C. tripterus, C. turgescens uag C.
viridescens) (WoRMS Editorial Board, 2025) lutsgwelnedistaaninnu C townsendi \igsyiafien wiansniuin
fifdiiulandiody faduuandeiy fusen wdesna tma #h ahe tidu Smoegunsnsieswau 8 Eueg
suansdnd vinamuniiduiiy Sulanuguussliintnuariidusunsiedenyud (Marine and Coastal Resources,
and Mangrove Research and Development Institute, 2015) LmeWﬁquﬁuﬁmﬁwuLLWi'ﬂizm&JU%L’Jmmuawiumg ey
191 Useinadulaii@e (Kramp, 1961) Tulsgimalnenuusinumziasunisiu %’ﬂwi’mqtﬁm Lazs s sminnsa
JUNYT T8U89 YAUT INYTYT aynsanas aynsusinig aunsansiy Useauastus quns 31wy sontl uaseAtessusy
kazasuan (Marine and Coastal Resources, and Mangrove Research and Development Institute, 2015)

Tl we. 2560 Menunmsinuduguinendoruuaranuiususvessuindlendlussngngunand
Tny Panithanarak and Taleb (2017a) Wuiusngngumanadnnuasnislufoungadniou wa. 2556 UIMAABIN
a1U MAIN1TEE unewies wazUnAaegnliisn sunerasddug) Jminnsa ldnvaeduguadienieiu Jneglu
ana Catostylus Tnefidwhilundnesy faFeu iy fdduuansieiu loun Fvuazih sufadiidednszaseginly
snnduzunsinsis T 8 duegdudisdii Taduuanety dusom e wagdeudiam wuaruduusves
aauindlelnausiindu mitochondrial cytochrome ¢ oxidase subunit | (CON Hos wagliszayrinamaiugnssutios
(Kimura 2-parameter (K2P) genetic distance 0-0.75%) Wiguwifiusseziiamaiugnssunisluiaane niusilade i
(Holst and Laakmann, 2013) udlsianunsaduunldfesedurin idesannundeyavesdnuuzdnguidniusenisdn
Sruunluszaueiin Wun anuemvemuanseuthn (oral arm) SuaukavILNAYEBITEUSY (lappets) uazanugUsg
038w uduia (rhopalium) uazgudeyadiuiandlelndluszduana (GenBank) luruzdulsiifoyadduiiangle
Indusindu cor vesusngwuluana Catostylus (sntiusanewsuniin C mosaicus Sewuuiameilmnane fuoen
vosUsuinareanside) lulagtuiimsfnumussngnguluana Catostylus sanusngnguiln C. townsendi Tusydiu
ﬂ’uqﬂﬁmﬁmmﬂﬁﬁu (Abboud et al., 2018; Gomez-Daglio et al., 2022) Inenuteyaaruiianalolnausiangu COl ves
wsngwyuluanaiifavmn 3 vlia (C mosaicus, C. tagi wag C. townsendi) Mnn1sduAugiudeyn GenBank wagnuiy
fitoyalalnneusieadluuionnn (mitochondrial complete genome) UauaNENILYA C. townsendi fiansnsauiiun
Wisuidisuiuteyadiduindlelndveausansngunanndfmuluvsemealne  ilensBudunsiuunviaiignieuas
Anwaudenlosesiugnssululssrnsfinulutssmdlnensudisuduluiuiiduely - drfunisnuiluadedid
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Tnquszasdiiofudunsseyrinfigniosweauunenguvand  (nuanufunUsvesduudimuasuan  Fanuasnss
U%L’;msmaﬁjama%’w*ﬁmmm Huuszdmnd uazasivaeuanuidenlowesiugnssululssnsimululsemelneduly
fuiisy Imamﬂmevwmmmmmwma’mﬂumauaamumﬂaialmummau COl UAATINADUTLYLWNNINUTNTTY
P POV R Rl mauawumumﬂmsﬂﬂmummmmﬂmmamimwmmmmmwmmLLuuLLa s
WNINTNYVBIULINENTU i’;:ulﬂmﬂmﬂﬁmwmﬂgmsmmsmwawaaLme‘wau L‘WEJﬂ”I?ﬂENﬂ‘uLLau‘UiiLW]D\Iaﬂiu‘WU
vosIngnsaifensvieafiennanzia mavssuseily wazgeamnssilsslih uennduddsinnuddgsens
Uspidluamumannuansuazniseyinemineinsmedanmuesdailunguidsdauddysoszuuiing

2n19ANE

NSAUTIVTINATDE

Wiusegauwuengngulaensldaiuadndnuuienuisnisves Browne and Kingsford (2005) ANUILIE
MPPABIEY FUALNANNER BLNOWEY JINIANTIN (Figure 1) 1umaummﬂu w.el. 2559 Faduraananfinunsasnds
YDIMINNZNTY MINMBAUFIBEN 1 dandl Sruau 1 a%a wuummwswwm 7 N muAMIRuL TR sATINUUUA G
uazvng Iagldnsdniunaudullsvesdnun1sfinyives Panithanarak and Taleb (2017b) lawn ﬂqu A @endvn7
YBUTUANI MUINEUT NGY B d19EU1 veusude vuinding ngu C aendin I9adfh viuindy ngu D dedadih
yundid ngu E drdun fqedthidu mueden ndu F d1dadn sundidy wasndu G dhdum wuanden (Figure
2) \uiegaiduiunuvesusiazngy $1uau 3 faoghs savevun 21 fegne antuidesan Tnduriugudnans
(bell diameter, LURALIAT) Farmnden (wet weight, N$1) wazdufindnwardugiunieuan wWu Fuuafuasiuing
fhegreihiluFnwdenisduguinelimegaishiiusnuieresundu 10 wWesiwusd Tnefnudnuazdugunia
ﬂlflafj’]LLUﬂ%ﬁﬂLLMJﬂ8W§UELu%u Scyphozoa Ipg Mianzan and Cornelius (1999) loun su (bell/umbrella) Swousy
(lappets) wuan (oral arm) wardnuairdguididuionsduunlussiueia liud armenvemuinseun $1uu
LLﬂ“‘UU’]WU@ﬁ’J‘U@Ui@J wazgUIveseieiziuauian (rhopalium) (Figure 3) ?I’]ﬁiUGl’J@?J’NVM’ﬂUﬂﬂﬁ:ﬂVI’NWUSﬂiiﬁJ
wnmsiaieideruen 0.5-1 wuiuns Uinamunavieveusiuazfiuinvideiefiaueaneseduiay’ (absolute
ethanol)

| Laemklud

Klongsaphanhin

Fanin
"

Trat Province

Suwankleawthong Beach
(Mukmek Beach, Laemklud)

Klongson

Klongson Beach

Figure 1 Map of jellyfish blooming area at Klongson Beach, Laemklud, Muang, Trat Province in October 2016
(edited from Panithanarak and Taleb, 2017a). A sampling station is indicated by a white star
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Figure 2 Seven groups of multi-colored jellyfish collected from their blooming area at Trat Province in
October 2016: (a) Group A, (b) Group B, (c) Group C, (d) Group D, (e) Group E, (f) Group F, and (g) Group G
(edited from Panithanarak and Taleb, 2017a). Classification follows the presence of color variations in jellyfish

bodies and tentacles

bell

2= rhopalium
7
%

=—— lappets

oral arm

Figure 3 Morphological characteristics of multi-colored jellyfish

nsafnfBue MawNYuaBue waznsaduiiandlalne
afnmdwennieBousnenulagldynatnfidueanideifodnd DNeasy Blood and Tissue kit (Qiagen,
Hilden, Germany) 38nsafaiduielifiRmuenaslugaafaiidue MnduthiiBuefanlufiainuuiinusy
cor Whilnreunsdafinnnmngaudonisiuunviadalunguussngmgu (Holst and Laakmann, 2013) Tagldlns
wesfianusadiuliaiduetinuiy  col vesddiTiavatein  (universal primers) lduA  LCO1490 5-
GGTCAACAAATCATAAAGATATTGG-3' Iy HCO2198 5'-TAAACTTCAGGGTGCCAAAAAATCA-3' (Folmer et al., 1994)
msinUnamidueluufizen Polymerase Chain Reaction (PCR) auvasannnisanwilag Holst and Laakmann
(2013) dudsznauluufiiser PCR Usuns 25 lulasins taun 0.2 mM dNTP (nvitrogen, Waltham, Massachusetts,
USA), 0.4 uM primer (Macrogen, Inc., Seoul, South Korea) 3117 2 Wy, 3 mM MgCL, (Invitrogen), 1xPCR buffer
(Invitrogen), 1.25-unit platinum Tag DNA polymerase (Invitrogen) kag 1 ug template DNA nsguun1sludfisen
PCR #s819851nmsfinwlag Holst and Laakmann (2013) Usznaudae 3 suseuvdn Idud (1) nisuenansfibuie
Turhai3udu (initial denaturation) Tigaumgdl 94 ssmeaiFea a1 5 wiit $1uan 1 sou (2) Sumeuiivsznoude 3
fupouges (ldun nisusnanefdue (denaturation) figamgd 94 ssmuwaidea ian 45 Junit nisdugsswindlwawes
fufiBueansifien (annealing) flgaumgil 42 ssrnisaidoa LAt 45 Il waznsiuiinafidue (extension) 7
gunfl 72 aseiwaidea vian 1 unft 20 3unil] S1uau 38 50U uae (3) MaiiuuTinafiduiendaetie (final extension)

9 Y

zl

1 72 samwaldua a0 7 uil 91U 1 50U 9ntunIRdeurananiigensnlaainufisen PCR (PCR product) feds
8idalnsl3Tauuuivaznilsa (agarose gel electrophoresis) adndsiuiloulunandniidonslagldyaimandniigens
Tu3awd QlAquick PCR purification kit (Qiagen) wazdinananiizesnusans (purified PCR product) lU3wmsnziin



King Mongkut’s Agr. J. 2026 : 44 (2) : 0268822 5

Suianalolnddneds Sanger method imihsuimnneimdduianalolnduisn Macrogen Inc. nyslwa
A135USTNMA
nsAaszidayadiauiiangloing

AIRADUALYNABIYRINM IS UAGUTndlelnAuTMEY COI Mmuaen Wisuileularsaunan1seuafy
Thedlolnsanlnswes LCO1490 waz HCO2198 Tidwiduien (sequence assembly) ngldlusunsu CAP3 (Huang
and Madan, 1999) Ssuiisunardnseeaisuiandlelnanieds MUSCLE Tuluswnsy MEGA12: Molecular
Evolutionary Genetics Analysis version 12 (Kumar et al., 2024) wazSsudisudduinedlelndainnsdnwiiu
Joyaaruilindlolndlugiudoya GenBank lagldlusunsu BLASTN (Altschul et al, 1990) drduilindlelndain
nsRnwiiameifiulifigrudeya GenBank (accession numbers PV998005-PV99802) 9niiuinsizsianuiundsma
fugnssulaensTuunuazilSsuisusUsuuresiduiingdlelne (haplotype) Ingldlusunsa DnaSP (DNA Sequence
Polymorphism) v6.12.01 (Rozas et al., 2017)
N15ALATIEATLELUIMIRUINTTUUATAMUTUNUSNIITAUING

AWINASEEEINIIMEUENTSUTEnINavesdwuindlolndvesuuinswy  (pairwise genetic  distance,
distance measure = Kimura 2-parameter, K2P) Taglalusensy MEGA12 (Kumar et al., 2024) %@Qaﬁ’lﬁuﬁmﬁdwﬁ
dmfumsliemginnuduiusmadiaums Usenouse sduiiadlelndanmsdnuil swau 18 iy wasdsu
fmalelndannn1381984 (reference sequence) $1uau 29 d1iu leud druiiaadlelndiindretudsuiiedlelndves
wusngnguvaIndanmsilseudieulagldlusunsy BLASTN drduihedlelvdveuusnenguluana Catostylus way
wienengualln C. townsendi  @duilipdleddmiunTiAIsiauduiusIeliauns - Idduiindlelnaves
wHaNENgUnRUBtln Acromitus sp. uag A. flagellates (accession numbers JX845351 Uag OR230087 ANalansiv)
\Yu outgroup 1lesanegfluad Catostylidae uazdimudusiuslnddafunusnsnguluana Catostylus

BATwRANNdNiusMTansndeyadiuiiindlomeneds maximum likelihood (Sullivan, 2005)
a5 19aUIAMUFINLSIITUINTS (phylogenetic tree) Tneldlana Tamura 3-parameter (T92+1) (Tamura, 1992)
Faduluaanisunuiivesditdule (DNA substitution) Aiflmumnzaududeyauniign :1nnsiiasiesia Bayesian
Information Criterion (BIC) salUswnsy MEGA12 (Kumar et al., 2024) Lazdudunnudunus lubNuRIALdunwsnig
ATUINS P1878 bootstrap 911U 1,000 s

AT Iudmniwedasinside Fos “mstuunsliaumngnguanadnusinameimee Tomaama
Inglddayanieduginguasiugnssy” falgknunsfimsananaaenssunshiuguamsdsayldang
uvinendeysnn (mnetavlususesd 74 - 78/2559)

Naﬂ'ﬁﬁﬂi‘.‘ﬂuaza?ﬂ'ﬁﬂj

ANYUENINEUFIUINEN

fegiaunsngngumaInd S1uu 21 fegs idurugudnansuesdiien 5.59.7 iwufms (Aue1Rde
8.53 + 0.99 Leufums) wazdwiinden 50.82-232.67 n3u (nifniafe 174.31 = 47.56 n3u) MsAnwIdnuuedgy
\Dosduredanngiioduunadialay Mianzan and Comelius (1999) wudnusangwsuiifiaiuidsvesduiinadih
wavWLIATa 7 nau Tenwardugiuadieiu laun dnyaeiruuentessy (exumbrella) S1eusy (lappets) ¥1IN50U
U1n (oral arm)  wagszuuviefideusedulusiun  (anastomosing canals) meluveusy  Shuunléifugisu
Rhizostomeae @1fiugoe Dactyliophorae A Catostylidae @na Catostylus lnefidnuauginsuuenvadsy
(exumbrella) Feulsifit (granulan) sufidvmuazih waznuiing (pigment) nszaweginly (Figure da) vausuuia
(lappets) T51uau3a 8-12 31 luudavdau (octant, 9nefeariumnuian (hopalium) wilsldsdneteariumnsan
i) (Figure ab and ¢) liifwuiafiveusy (marginal tentacle) fuanawassuiivuan (oral arm) Snwazniousensdi
fusenuIannsInaNsesiuanEia (subumbrella) fveun 8 1y mnalifldeadaliomadn (scapulets)  usdl
Fealnlviudrumdn (mouthlets) Bosuunuan fdunnsneiu Wun 8917 the uasAewdned Svewmdeviofivens
2ONINNNTEUUYDEULAYAATUIMTAIUNAN (radial canal) 16 YB3 DBNNIAINYIBIUMIUUTIUVOUIY (primary ring
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canal) wazveneluisvouvessy seinavie (canal) Sszuuvieiidenserudusisum (anastomosing canals) agnely
YUIH Lﬁuﬁﬂwmzmwwmmaqa Catostylus (Mianzan and Cornelius, 1999) (Figure 4d)
nsfnudnuazdugiuiisniudensduunungwpiluszdvele Wud anunvemueseuUn $1uu
LAYUUIATBII VT wazgUIeveseieIgiuausan (thopalium) wudusngnsuvaindiaiuenvemuinsaulin
2 u 3 veaduihuguinansdii Srvevsuenuasiswauliiuiueu o¥ufunnuddn (thopalium) S5unss doudng
nay uasnun1sdeusovesszuLviefidondetulusiaun (anastomosing canals) Insifeusielnensaiuiefifeusie
fruedeirsumuidn (rhopalar canal) UagvioasumILuUIINYBUTH (ring canal) nvestesfiinsdeouseusiaszuy
ViosEniaaau (intercirculan) fidnwazadeseun Svualngninusnasyuuienieueniauwmny (extracircular) 7is
Fowntevundnuazaziden Inednuvaznisdeusevesssuuiefideusefudusiaum (anastomosing canals) finuly
wusngngunandifudnuasionizasawusnsngueiia C townsendi

.

> (a) : lappets (b) rhopaliurr),

anastomosing canals

Figure 4 Morphological characteristics of jellyfish in the genus Catostylus: (a) umbrella, (b) lappets, (c)

rhopalium, and (d) reticulate anastomosing canals (edited from Panithanarak and Taleb, 2017a)

Mnmssuiisuruinvesusngnguaindlunisinwifuusenswsunin C. mosaicus uax C. cruciatus
wudvwaannan (C. mosaicus way C. cruciatus Suuna 25-35 WUALAT WAy 12-15 LWURLLAST ALEIAU) (Kramp,
1961) widlvunelndidesiuwsanenguaiin C townsendi finuuinameiadunsiu Saiagiin uazuinameilmeiaves
818 (ANUNI199893Y 10 1WwURWHS) (Marine and Coastal Resources, and Mangrove Research and Development
Institute, 2015) WaguaNNENTUNAINAANA Catostylus INUUTNAARDIIETY MATIwAI3aE Suneiles Tuaufain
pansglilgn Snenandlug) Sminnsia (uiadushuguinanwesd ey 8.09 + 0.91 wufins) (Panithanarak
and Taleb, 2017b) lenFsuliivuteyadnwazdugiu Téun Wuruguina1swesdii (bell diameter) dnuaiziau
uaNYeesY (exumbrella surface) $1voUTY (lappets) aiggiuauian (rhopalium) wagvuiaseulin (oral arm) Tu
nMsfnwitunsAnulneaatiisewssiauminennsmmee velova wastheau (Marine and Coastal
Resources, and Mangrove Research and Development Institute, 2015) Wuandlauaenadsi (Table 1) uaﬂmﬂu
LLmmwwumﬂaﬂ,umﬁﬁﬂmumuaﬂwmuammuwmLﬂumamsmuunsuummaﬂaqﬂULmeWiwum C. townsendi
NUUSUAZTURINTBLRY Surabaya ziaw Usewnedulatidy (Gomez-Daglio et al., 2022) (Table 1)
AMURULUT VRN UENNIRUTN T

nsiasgvaruiiandlelnauiiangu COl vesuunensuranddiuiu 18 faed1e (laun faege AL-A3, B2-
B3, C1-C3, D1-D2, E1-E2, F1-F3 uaz G1-G3 dmiusiegns B1, D3 uaw E3 LilgAnzsidduiindlelnd iesnl
amnsafiusinamduevesausiogisudnadu corld) Fudlvun 688 Awa Iuungluuuvesiauiindlolvale



King Mongkut’s Agr. J. 2026 : 44 (2) : 0268822 7

8 guUwuu (8 haplotype, Hap1l-Hap8) EﬂLLUUﬁWUN’]ﬂﬁ@ﬂ (Hapd) dsranulunaensngu 8 feg1e laud fees B3,
C2, D2, F1, F3, G1, G2 uag G3 5098311 Ao Hap2 d133anulu 4 fegns laun feena A2, B2, C3 uay F2 dmsuguuuy
Hapl Hap3 wag Hap5 fis Hap8 d1saanuluiuenegniu 1 d10819/3Uuuu (haplotype) dewSeuiteudisuiindlelng
W 8 sUkuy (Table 2) wudduilndlelnatianuunnssiuiey Tnefidumismesiandlelnddidnatu 8 sfums
sziulﬁmr"fummLmﬂﬁmﬁzmwaqsuaqmmumﬂaial‘ww:umuaﬂ nusuvtavestiindlelnadisnety 1-3 dum

Table 1 Diagnostic morphological characters of multi-colored jellyfish Catostylus townsendi comparing between

this and previous studies: Marine and Coastal Resources, and Mangrove Research and Development Institute

(2015) and Gomez-Daglio et al. (2022)

Diagnostic Characters

MCRMRDI (2015)

Gémez-Daglio et al. (2022)

This study

Bell diameter (cm)

Exumbrella surface

Lappets

Rhopalium

Oral arms

10

fine granular with white, light
yellow, brown, blue, purple

and dark blue umbrella

elongated lappets, uncertain
number of lappets, no

marginal tentacle

small and oval shape

8 oral arms, two-thirds of the

bell diameter length, conical

shape with a point end

fine granular with yellowish-

brownish pigmented flecks

8-12 elongated
lappets/octant, some
bifurcated, no marginal

tentacle

small and round shape

three-winged with no

filaments or terminal clubs

55-9.7

no granular with yellowish-
bluish pigmented flecks,

white and blue umbrella

8-12 elongated
lappets/octant, uncertain
number of lappets, no

marginal tentacle

small and slightly oval shape

8 oral arms, two-thirds of bell

diameter length, conical

shape with pointed end, no

scapulets on oral arms, but
small mouthlets presence
with white, purple and near-

black colors

MCRMRDI (2015): Marine and Coastal Resources, and Mangrove Research and Development Institute (2015)

maiFeudleudduiedlolndanmsinuiiutoyadisuinnalelndlugiudoya GenBank wuuusngwsy
vandiiaduiadlelndadetufunusngnguvia C townsendi 1niign (accession number NC_061766) fifnannu
pdneAfsvasdAuinnalelng (Percent Identity) 97.64-97.94% n1sBugunisdwunsdauusnsnguvaindlaglddeya
Sduihedlelnsusnaiu cor aonndesiunssuunsinlnelddnvardugiu e wunensuaindimunduyie
Fenftu Tnsanudundsvedfinuuudiiuasuasvesusnsnguis 7 ndu lllfuansdsnmuuandessaingsio u
wanafannamannvanevesdnwazduguinululsngnsurlnfodtu eruiuudsvesdiuinedlelnddianiosuaslsl
aonAdosiuAIAaNNTaNBYesATInULLEWILAriave Ny Seliifsenunsfnudsaumaiinuanuiuuls
Y0IAUTIUE M LAEIINTBILINNENTWaINE C fownsendi ogdlsfiniy eumainvaevesdlunssnengulind
thazifnanidied (pigment) inAnTINFLLINENTUOS WU Wisngguvila C. mosaicus (Richmond, 1997) ¥3eifinan
Windvesansiegueumad (zooxanthellae) flondagsiniuusangngunazdmuduiusuuuienediu (symbiosis
relationship) 1y LLMﬂzW?u%ﬁﬂ Mastigias papua (Hamaguchi et al., 2021)
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Table 2 Polymorphic sites at the COI gene comparing among multi-colored jellyfish haplotypes (Hap1l to Hap8).

«

Numbers refer to nucleotide positions (688 bp). Each nucleotide identical to Hapl is denoted as “.

Nucleotide Position

Haplotype 0O 0 O 1 2 2 3 6
2 9 9 8 4 6 3 6
4 0 9 6 0 7 0 6

Hapl c A A C T T T C

Hap2 T G

Hap3 G @ T

Hap4d G

Hap5 T G C

Hap6 G G

Hap7 G T C

Hap8 . . . T

FTYTWINIINUTNTTURAZAMNFUNUSINTINUING

NTAATIZNTEELYNN TGN TINTENINEVasAAUTIAGLalng nussezyinan1aiiugnssu (distance measure:
Kimura 2-parameter, K2P) angluuasngnsurilamediuilaiios Tneiiduadefous 0.15:0.08% e 1.98+0.40%
(usanenguvand C townsendi lun1sfnwil: 0.19£0.09% uwsngwguwin C. townsendi (Bulaflife): 0.32+0.17%
ugangnguala C. mosaicus: 1.98+0.40% ussngnsuia Crambionella orsini: 0.15+0.08% WaZLISNENTUBLA
Crambionella helmbiru: 0.29+0.16%) (Table 3) lun1anseiudny seeemaiugnssd (K2P) T8nIALANENTUMI
yinfiaunn Tnsfieuadenous 14.101.76% §9 20.14+1.96% (Table 3) sniiusverrnamaiugnIsuvesumnenyusin
C. townsendi finuluuiiasinaiy fio Vinumelmzadmianie Ussmalne wazinnidulaiide defidge (17.02
+ 1.87%, Table 3) WigUWAUATEEEMIIMNINUENTTUTENISUTN

Table 3 Mean genetic distances (£SD) within and between jellyfish species (Family Catostylidae, (1) Catostylus
townsendi (IND) (n = 5), (2) Catostylus mosaicus (n = 10), (3) Crambionella orsini (n = 7), (4) Crambionella
helmbiru (n = 5), and (5) Catostylus townsendi (THA) (n = 18)). The values were calculated based on a Kimura
2-parameter model and were shown as percentages (%). Intraspecific genetic distances were highlighted in bold.

IND and THA refer to Indonesia and Thailand, respectively

1 2 3 4 5
1. Catostylus townsendi (IND) 0.32 + 0.17
2. Catostylus mosaicus 15.59 + 1.72 1.98 + 0.40
3. Crambionella orsini 19.04 + 2.07 19.22 + 1.98 0.15 + 0.08
4. Crambionella helmbiru 20.04 + 2.13 20.14 + 1.96 14.10 + 1.76 0.29 + 0.16
5. Catostylus townsendi (THA) 17.02 + 1.87 18.51 + 1.92 17.08 + 1.87 17.64 + 1.91 0.19+0.09

ARABYDITEIZYNINIRUENTTNVBIULINENTUIAINE C. townsendi 9INM3ANYIE (0.19£0.09%, Table 3) i
AapnAdaIiUANTEBEYIIeUgNTTITEINNENTUMANE Catostylus sp. AnmsAnwdesiulas Panithanarak
and Taleb (2017b) aflenogsening 0-0.75% uazaenAdosfuszEEvImMaTLgnITIvBILAINENTLlUANAB AT
nsAnwanieunthil Wu wsnewguada Cyanea lamarckii waw Cyanea capillata @fienszessianisiugnsss
581319 0-0.3% Wag 0-1.5% AWa1AU (Holst and Laakmann, 2013)
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Tuvhuoadentu Anderesszesvnametugnssussrinauasnemgusseinlunsineil (Rous 14.10+1.76%
fi9 20.14+1.96%, Table 3) fiArdonARDITUAITEELMNNINUTNTTUSENINAUINNENTUYTn Cyanea lamarckii wae
Cyanea capillata 3sdiA5ewing 15.5-17.0% (Holst and Laakmann, 2013) 8u cor'lulilnmouniogninluldusylov
othaundvans laensfu DNA barcode wiedduiiandlelvdunsgiitvuadudmivssyrinvesdnivarsngs
ilesanauantivestu cor Afimnuuususunaiusnssugeszninevia (high interspecific variation) msefutuiy
AuLUsUTIUMSiugnssuingluvia (low intraspedific variation) vilvinsseyuiiavilddaaunazusiugl (Hebert
et al,, 2003) Fsduduisuslominazusyavsnmuesiu cor lumssnsuunvindn? sudednilifinszgndunddlundgy
wiangngu (Class Scyphozoa) Wudefumsanefitinneuntii (Holland et al., 2004; Dawson, 2005; Bayha and
Dawson, 2010; Rizman-Idid et al., 2016)

wsnewgu C townsendi 9 nmsAnudl ihasduauasadiaduuaensngu C townsendi nulutuihves
Usemedulailide (iesanniidedevessragyanaiugnssugs aenndesturssasvinameiugnssusminausanEwgy
seviln Selawdndnnjuduusngnguiiaduazimszazianaiugnas (K2P) daud 6% auly (Abboud et al,
2018) usannsAnwIdnuairdugIuYeINEIgy C townsendi fiwuuiininzTusenueailes Surabaya MzlaT
Useimedulatiide lag Gomez-Daglio et al. (2022) wudnildnwaedagiuaaieiuwianeniuvaind C. townsendi Tu
mMsfnwnd sedirnuduldlén Snsieviedewsu (cryptic species) Fafidnuardugulasety winumnuuansg
maugnsugs  melureulanisunsnszaisrossnenguaded  Tesiuiiddnenuimosmnenguein G
townsendi  louA  nEuvemynzUTMIMALMTBURsuArIANnSLUTTiA  seniaedeng Tueenidedliuay
poansidy wmaymslugiinaedeny Tueenidedls wavdulailide (Stiasny, 1921; Ranson, 1949; Rizman-Idid et al.,
2016)  NMIAENwITRILINEIMsAunurateuuludainguuaanengy - nmsAnvmeyiugmans Wy Tu
waIngwIUana Aurelia (Moon Jellyfish, LLuaﬂxw§uW3z%’uw§) ‘W‘U’j'}LLmﬂxWEuiuﬂfjuf:ﬁﬂawuwaﬂﬂuawwawﬁmqma:
1nN13uNInsza188E1931n (Dawson and Jacobs, 2001; Dong et al., 2015; Lawley et al., 2021) wusnzwiuluana
Cassiopea (Upside-Down  Jellyfish, uiangnsunauin) Fadnsundnsrangluilanuaziafiafisuunaudnuay
Fugnilifndn  winumnuuenssnetugnssugeneluusnenguvia  Cassiopea  andromeda (5¥83MaNIs
WugNI3 (K2P) 23.4%) (Holland et al., 2004) wavuusngwiuluana Phacellophora (Fried Egg Jellyfish, hasngnsu
19a17) Talanzwda Phacellophora camtschatica Saneideidunssnyngusinifeorifnsuninsznegeuina
wumayvswlinaneumilouasumauvsuonwauiin  wilutagtunundngrunmaiavlagewsu  wazausoszysiale
agetogaNYln (Sp¥raaiugnIsy (K2P) 3.4-11.5%) (Moura et al., 2022) Hadeivlminsindousu @nvas
dougmilalenedu udlianuunndiemisiugnssugy) lususnengusia C townsendi fnuuinameaiulduaziiiuh
ulailify orndeunannisifaunisvesssrnsfiuenanduindussesnanuiusmsansedutmea (120 wes
mmzﬁuﬁwmﬂuﬁﬁﬁgﬁu) Tugalnaalndu (Pleistocene, 2.4 &11T-10,000 U) vinliusiumaulivemziaduld enlny
uazvziarn (Sunda Shelf) Fadumsialupiiureilndiud Aenauenivoussmaynsmaonniniadula-
wang (Voris, 2000) BefimrniswaniUAsuresBussielsssnsflondousnamsniuldfuiuidy 1 Tasseu Tne
AaANFITSTLUsNTTsE I UsEnTTiede U nameziaiuliuaziuihauladifeinenuluda nsanaeie
iy fhthe Hippocampus kuda (Lourie et al., 2005) #oe3in Pinctada maxima (Lind et al., 2012) uagUaingns
Lutjanus bengalensis (Rahayu et al., 2024) {Jufu

nsfnsAEEITuEATaLMTUINMEY COI seniausnenguaInd C townsend anvgilgia
Fmnns1a Usemelne (accession numbers PV998005-PV998022) wazusianzwguniln C. townsendi safewinduluy
WA Catostylidae  fimudduihandlelndndefufuusangnunaindlagnsduiuaingiudeya GenBank [lfun C.
townsendi 910 Yangxi Donghai Sea USiaunziuaanvamaduls Useimalu (accession number NC_061766) C.
townsendi mnﬂmﬁﬁu‘[wﬁ@s (Surabaya, Java Sea, Banda Sea waz Arafura Sea) (accession numbers MF742234-
MF742236 wag MN395693-MN395694) Catostylus sp. (accession number MZ028020) C. mosaicus 3NAUTNe
E]ElﬁLGliLﬁElLLamJWWﬁlgVIiLLU‘%Wﬂ (accession numbers AY737185, AY737194, AY737198, AY737210, AY737215,
AYT737227, AY737238, HF548537-HF548538 way HF968747) Crambionella helmbiru 31niN1gYNADUNAIN UMEYNT
duLAe (accession numbers AB820008- AB820012) iaz Crambionella orsini 9nUsginadnsuLazduLie (accession
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numbers EU363343-EU363344 Uay MH571745-MH571749)]  1nen15a319unufannuduiusn1adinuinisiuy
maximum likelihood wagldluima Tamura 3-parameter (T92+1) (Tamura, 1992) fadulinanisunudivesiidued
frnumsnzaniutoyamniign 99nnsiiasgiia Bayesian Information Criterion (BIC) felusunsy MEGA12 Taedl
wHangNgUUstln Acromitus sp. uag A. flagellates (accession numbers JX845351 Uag OR230087 ANalansiv)
Wy outgroup WUIN wINENTUMAINE C. townsend] Mnweilanziadininnsia Ussnalne dnoglunguidentui
wHaNeENgUYln C. townsendi INUTINALTUBBNYDMEATULS Useinedu uazuuenenuailn Catostylus sp. (Figure
5) WALENINNGUUDINENILTER C. townsendi minuthdulaiidy uasuusngnsurindulund Catostylidae
é’wmmmﬁaﬁu;ﬁ (bootstrap support 100%, Figure 5) g1y A1sIANENAHENITLENIITANINITYRN
ussnzngulusuile denndesiuriinvosusengngy Tasdideudesiugs (bootstrap support 93-100%, Figure 5)
sniunsdanguuesissngnguvaind C townsendi anmeilmziadimiansa Useinelne wazuusngwgueln C
townsendi ntuhdulniiide (bootstrap support 99% Waz 100% a1y, Figure 5) NANITANYIAUANNUSNIG
TN IAOAARBINUNTANYITEEN UGN TTU eBudumsdaduunviaungngunandindusie
C. townsendi waztazidumuazedin (cryptic species, ¥liagouliu) Aukusnsngu C. townsendi finvudnathuives
Useimedulatide

nsfnvAleeidnuazmnduguisidusonssuunslaunengy  waznsAnwdeyadduiaalelnd
1938u €Ol TiimInTnaeussgiametugnITLaANLELII9 TN sveausngwguran FluntsAnunil
annsodudunsszyviafigndesweausansngunannafmuasnisuinameilmeia fmiansa  (Juvssdmnd  wa
msfnwdnguineasitusnssufinnuaonadesiu uardlifiviussnenguanndidusiia C townsendi uazdnog
Tunguidaiuinisideanu (phylogenetic clade) ﬁ‘uLLmﬂswiuﬂjﬁmﬁﬁww%mmmi’uaaﬂﬂuawzm?miéf wonaniiuda wa
NTIATIAN YL AU IULATAUUANANTIRUINTINVDINNENTUNAING C. townsend) WIBuWiBUAULLINENTY
yiadriuaniahddladdes  Swandiiunnudululfeesmaisaumanrasvessisteudiluusngngu
¥in C townsendi Fsfimenumenuuninszneduinanidusnginzvesmannsduiouasudiie seaig
pimeifensfusenidediuavesawads wnaynslugfiinaeidony Tusenidedld uashuhsulafide (Stiasny,
1921; Ranson, 1949; Rizman-Idid et al., 2016) %amuamgﬂiﬁﬁmﬁgﬂﬁawaqLLmﬂzwgwmﬂ?m’mmiﬁﬂmﬁ Judeya
fuguddysonshinmussadeua I ILLLLAE NN T eTRIngngY TdluTsmadhar Tusingnisain
aeniaveausanewgy ienstestulazusammansgnuvesUmngmssidemsvieaiivanimeia msuszasmeils ua
gnamnsauladlulih uenandudinsfunurindeusuluusnemgu C townsendi Ssflanudnydensuszifiun
VAINNAIENNTINN . NM5ANIANEFNTUSNITaunsiagardetoyanisgieans Ineiimmunis nsAnwid
e N159USNENTNEINTNTININ WAZNITANAINNITININ (Dawson and Jacobs, 2001; Holland et al., 2004; Dong
et al,, 2015; Lawley et al., 2021) migimwmﬁ%mmqa‘gﬂﬁu%ﬁ’]u?ﬁnmsﬂa‘u"L‘Uﬁ’m%’auﬂamqa%ﬁuﬁqmam‘
wiaunsnunuanwardugIu Jeyanefiamine) wavdoyansunsnszatemuanmgiianans danudndusenissey
YHUALLINENTUBEL QN ADILATILIIUEN ﬁgﬂﬁLﬁaﬂ’ﬁLLﬁ{]ﬁgM’]LLaSQﬂaS‘EW\]’mﬂ?iﬁWLLuﬂ%ﬁﬂLLQJJﬂ%WEHIWEJ%%miMN
aunsIsuludagiu LLazmmL%ﬂaé’mﬂumjuﬁ%qﬁmmﬁ’]ﬁfg&iaﬁxwﬁnm (Lawley et al., 2021; Moura et al., 2022)
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PV998021 Catostylus townsendi Trat Province, Gulf of Thailand
PV998022 Catostylus townsendi Trat Province, Gulf of Thailand
PV998020 Catostylus townsendi Trat Province, Gulf of Thailand
PV998019 Catostylus townsendi Trat Province, Gulf of Thailand
PV998017 Catostylus townsendi Trat Province, Gulf of Thailand
PV998014 Catostylus townsendi Trat Province, Gulf of Thailand
PV998011 Catostylus townsendi Trat Province, Gulf of Thailand
PV998010 Catostylus townsendi Trat Province, Gulf of Thailand
PV998009 Catostylus townsendi Trat Province, Gulf of Thailand
PV998016 Catostylus townsendi Trat Province, Gulf of Thailand
PV998005 Catostylus townsendi Trat Province, Gulf of Thailand
PV998013 Catostylus townsendi Trat Province, Gulf of Thailand
PV998006 Catostylus townsendi Trat Province, Gulf of Thailand
PV998008 Catostylus townsendi Trat Province, Gulf of Thailand
PV998012 Catostylus townsendi Trat Province, Gulf of Thailand
100 PV998018 Catostylus townsendi Trat Province, Gulf of Thailand
PV998007 Catostylus townsendi Trat Province, Gulf of Thailand
PV998015 Catostylus townsendi Trat Province, Gulf of Thailand
NC 061766 Catostylus townsendi Yangxi Donghai Sea, China
MZ028020 Catostylus sp.

MF742234 Catostylus townsend| Surabaya, Indonesia

50

82 MFra2236 Catostylus townsendi Sunda-Arafura Shelves Province, Indonesia

100 [ MIN395693 Catostylus townsendi Surabaya, Indonesia

MN395694 Catostylus townsendi Surabaya, Indonesia
MF742235 Catostylus townsendi Indonesian Sea Number 38

[E]

97| AYT37227 Catostylus mosaicus Port Albert, Victoria, Australia
79;? AYT737215 Catostylus mosaicus Gippsland Lakes, Victoria, Australia

10 AYT37238 Catostylus mosaicus Tamar Estuary, Tasmania, Australia

AYT37210 Catostylus mosaicus Coila Lake, New South Wales, Australia
HF548538 Catostylus mosaicus Southwest Pacific, Pacific Ocean
| HFsags37 Catostylus mosaicus Southwest Pacific, Pacific Ocean

AYT37194 Catostylus mosaicus Botany Bay, New South Wales, Australia
AYT37198 Catostylus mosaicus Lake Illawarra, New South Wales, Australia
U AYT37185 Catostylus mosaicus Mooloolaba Harbor, Queensland, Australia
&2l yroga7ar Catostylus mosaicus Western Central Pacific, Pacific Ocean

[ ABB20008 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean

AB820009 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean
AB820010 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean

.1 ABB20011 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean

ABB20012 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean
EU363343 Crambionella orsinilran

MH571748 Crambionella orsini India

EU363344 Crambionella orsini Iran

MH571745 Crambicnella orsini India

MH571746 Crambionella orsini India

MH571747 Crambionella orsini India

MH571749 Crambionella orsini India

100 [— JXB45351 Acromitus sp.
-
OR230087 Acromitus fl

agellatus India

0.10

Figure 5 Maximum likelihood phylogenetic tree of multi-colored jellyfish Catostylus townsendi in this study
(highlighted in bold) and closely related jellyfish reference sequences (annotated with GenBank accession
numbers followed by species names and/or collection sites). The phylogenetic tree based on the COI gene was
constructed using T92+I model and rooted with Acromitus sp. and A. flagellatus. Bootstrap values greater than

50% were shown. A scale bar indicates evolutionary divergence between taxa
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ayunan1sAnen

nsfnyAleidnuuduguveassngnguananuiinisasniadulszsmn? Bnuvneilmea Smin
p91n Safunsinsziiuiaedlelnduinntu cor llulanewede Flmiuiuasnenguiinuiianuiuuusvesd
Uinudduasmuanis 7 na Sinvzvesdugiundedu Jnagluana Catostylus ¥iln C. townsendi @onpdosiu
menidduiedlelnduinudy cor fwmumnuuanssesdiduiandlelndtos Wwdeatu wansias1z
spogmamaiugnITLarAaNIdIUS A iamsBBusuiungnqumanndinuasniinuneilmgia - Jwmia
n31n (Dusdia G townsendi minsndeummdenlssosiugnITvessnEnguandsatiuumengnguain
Feafuiinuluiuiidy  wudussnewguandvieddnedlunduanuduiusmed faunnafoiuiuussnengusie
Wenfunnusnuns Tusenvemeaduld wiusnannduresiasnensurdafsriuiinuuinanuhsulaiide uifiee
Hanwazdugiulisneiy FetlidudsmnudululFuesnmsifneindousunidlureuwmnsunsnsyaeves
C. townsendi Finnuddnsenmsysziliurnuvannvatemeinim anuduiusniimumslagededeyams
nlifans IANeITwNINTT GRAIME1 M3RSNENTNGININWTINTI KALNITANANLVITINN

¢ o/ ¥
nauszlviiiudau
dieuveUsenAdunauillifinaysleviviudou

AnANIIuUIENA
Afeilfudunilwedasamside Bos “nsduunvilanusnensuanannuuinameilmeia Smin
nlnglideyanmsdugninenagiugnssy” melduunuide Fes “Anvinmsifausngmsalussnsngunaind
Uinameilmeia Smiannn” Iduuaivayunsifsnnaulsanuiuseldfnitugamuisuna (suussunn
wilufiv) Usednteuuszana wa. 2559 umning1qeysn {ud1innuanenssunsnsIuuiand \vfideyayn 9/2559

nsiidausaulunisifisuunainuvesiidey
muAnTEuarayfgiu MIUfuRnside nsldwsnlunisesnuuunmvieaes mvedeu Lesesileda
FBnnsiivdeyauay criteria nMsdaiudaya nsinszideya nsulana nsdidwsinlunslisuduatuunainy msli
msatiuayuledesile vealfuRnisuazasing: nesfu Udsiuzdng, e azmau. minndinsaina msuan ns
Wiguiiguiudeauvisesdnnu; visenguliiu: nssau Udsiugine.

LONET91984

Abboud, S. S., Gomez-Daglio, L., & Dawson, M. N. (2018). A global estimate of genetic and geographic differentiation in
macromedusae-implications for identifying the causes of jellyfish blooms. Marine Ecology Progress Series, 591(1), 199-
216. https://doi.org/10.3354/meps12521

Altschul, S. F., Gish, W., Miller, W., Myers, E. W., & Lipman, D. J. (1990). Basic local alignment search tool. Journal of Molecular
Biology, 215(3), 403-410.

Bayha, K. M., & Dawson, M. N. (2010). New family of allomorphic jellyfishes, Drymonematidae (Scyphozoa, Discomedusae),
emphasizes evolution in the functional morphology and trophic ecology of gelatinous zooplankton. Biological Bulletin,
219(1), 249-267.

Browne, J. G., & Kingsford, M. J. (2005). A commensal relationship between the scyphozoan medusae Catostylus mosaicus and the
copepod Paramacrochiron maximum. Marine Biology, 146(6), 1157-1168.

Dawson, M. N. (2005). Cyanea capillata is not a cosmopolitan jellyfish, morphological and molecular evidence for C. annaskala
and C. rosea (Scyphozoa: Semaeostomeae: Cyaneidae) in south-eastern Australia. Invertebrate Systematics, 19(4), 361-
370.

Dawson, M. N., & Jacobs, D. K. (2001). Molecular evidence for cryptic species of Aurelia aurita (Cnidaria, Scyphozoa). Biological
Bulletin, 200(1), 92-96.

Dong, Z., Liu, Z., & Liu, D. (2015). Genetic characterization of the scyphozoan jellyfish Aurelia spp. in Chinese coastal waters using
mitochondrial markers. Biochemical Systematics and Ecology, 60(1), 15-23. https://doi.org/10.1016/j.bse.2015.02.018.

Folmer, O., Black, M., Hoeh, W., Lutz, R., & Vrijenhoek, R. (1994). DNA primers for amplification of mitochondrial cytochrome ¢
oxidase subunit | from diverse metazoan invertebrates. Molecular Marine Biology and Biotechnology, 3(5), 294-299.



King Mongkut’s Agr. J. 2026 : 44 (2) : 0268822 13

Gomez-Daglio, L., Hayati, R., Coleman, T., Han, Y.-M., Muzaki, F., Aunurohim, de Bellard, M. E., & Saptarini, D. (2022). Species
composition of Discomedusae jellyfish (Scyphozoa) in the coastal waters of Eastern Surabaya, East Java. Marine
Biodiversity, 52(1), 23. https://doi.org/10.1007/5s12526-021-01253-1.

Hamaguchi, Y., lida, A., Nishikawa, J., & Hirose, E. (2021). Umbrella of Mastigias papua (Scyphozoa: Rhizostomeae: Mastigiidae):
hardness and cytomorphology with remarks on colors. Plankton and Benthos Research, 16(3), 221-227.
https://doi.org/10.3800/pbr.16.221.

Hashim, A. R., Kamaruddin, S. A., Buyong, F., Nazir, E. N. M., Che Ismail, C.-Z., Tajam, J., Abdullah, A. L., Azis, T. M. F., & Anscelly, A.
(2023). Jellyfish blooming: Are we responsible? In Proceedings of ICAN International Virtual Conference 2022 (1IVC2022),
pp. 51-60. Universiti Teknologi MARA.

Hebert, P. D., Cywinska, A, Ball, S. L., & deWaard, J. R. (2003). Biological identifications through DNA barcodes. In Proceedings of
the Royal Society B: Biological Sciences, 270(1512), 313-321. https://doi.org/10.1098/rspb.2002.2218.

Holst, S., & Laakmann, S. (2013). Morphological and molecular discrimination of two closely related jellyfish species, Cyanea
capillata and C. lamarckii (Cnidaria, Scyphozoa), from the northeast Atlantic. Journal of Plankton Research, 36(1), 48-63.
http://doi.org/10.1093/plankt/fbt093.

Holland, B. S., Dawson, M. N., Crow, G. L., & Hofmann, D. K (2004). Global phylogeography of Cassiopea (Scyphozoa: Rhizostomeae):
molecular evidence for cryptic species and multiple invasions of the Hawaiian Islands. Marine Biology, 145(1), 1119-1128.
https://doi.org/10.1007/500227-004-1409-4.

Huang, X., & Madan, A. (1999). CAP3: A DNA sequence assembly program. Genome Research, 9(1), 868-877.

Kramp, P. L. (1961). Synopsis of the medusae of the world. Journal of the Marine Biological Association of the United Kingdom,
40(1), 7-382.

Kumar, S., Stecher, G., Suleski, M., Sanderford, M., Sharma, S., & Tamura, K. (2024). MEGA12: Molecular evolutionary genetic analysis
version 12 for  adaptive and  green  computing. Molecular  Biology = and  Evolution,  41(12),
msae263. https://doi.org/10.1093/molbev/msae263.

Lawley, J. W., Gamero-Mora, E., Maronna, M. M., Chiaverano, L. M., Stampar, S. N., Hopcroft, R. R., Collins, A. G., & Morandini, A. C.
(2021). The importance of molecular characters when morphological variability hinders diagnosability: systematics of the
moon jellyfish genus Aurelia (Cnidaria: Scyphozoa). PeerJ, 9(1), e11954. https://doi.org/10.7717/peerj.11954.

Lind, C. E,, Evans, B. S., Elphinstone, M. S., Taylor, J. J. U., & Jerry, D. R. (2012). Phylogeography of a pearl oyster (Pinctada maxima)
across the Indo-Australian Archipelago: evidence of strong regional structure and population expansions but no
phylogenetic breaks. Biological Journal of the Linnean Society, 107(3), 632-646. https://doi.org/10.1111/j.1095-
8312.2012.01960.x.

Lourie, S. A, Green, D. M., & Vincent, A. C. J. (2005). Dispersal, habitat differences, and comparative phylogeography of Southeast
Asian seahorses (Syngnathidae: Hippocampus). Molecular Ecology, 14(4), 1073-1094.

Lynam, C. P., Gibbons, J., Axelsen, B. E., Sparks, C. A. J., Coetzee, J., Heywood, B. G., & Brierley, A. S. (2006). Jellyfish overtake fish
in a heavily fished ecosystem. Current Biology, 16(19), R492-R493.

Marine and Coastal Resources, and Mangrove Research and Development Institute. (2015). A Study Guide of Jellyfish Diversity
in Thai Waters. Department of Marine and Coastal Resources. (in Thai).

MGR Online. (2013). Thousands of Remarkable Colorful Jellyfish Floating on the Water Surface in Trat Province. Retrieved
from: https://meronline.com/travel/detail/9560000134387. (in Thai).

Mianzan, H. W., & Cornelius, P. (1999). Cubomedusae and Scyphomedusae. In Boltovskoy, D. (Ed.), South Atlantic Zooplankton,
Volume 1, pp. 513-559. Backhuys.

Moura, C. J,, Ropa, N., Magalhes, B. I., & Goncalves, J. M. (2022). Insight into the cryptic diversity and phylogeography of the
peculiar fried egg jellyfish Phacellophora (Cnidaria, Scyphozoa, Ulmaridae). PeerJ, 10(1),
e13125. https://doi.org/10.7717/peerj.13125.

Nation Thailand. (2024). Multi-coloured Jellyfish are the Talk of the Town in Trat Province. Retrieved from:
https://www.nationthailand.com/blogs/life/travel/40042062/.

Panithanarak, T., & Taleb, S. (2017a). Identification of Colorful Jellyfish in the Coast of Trat Province based on Morphological
and Genetic Data. (BUU Publication No.2562 012). Burapha University. (in Thai).

Panithanarak, T., & Taleb, S. (2017b). Morphology and genetic variation of colorful jellyfish in the coast of Trat Province. In
Proceedings of the 8th Algae and Plankton National Conference, pp. 153-163. Burapha University. (in Thai).

Pattaya Mail. (2024). Tourists Flock to see Colorful Jellyfish in Ban Khlong Son Beach, Trat Province. Retrieved from:
https://www.pattayamail.com/latestnews/news/tourists-flock-to-see-colorful-jellyfish-in-ban-khlong-son-beach-trat-
boosting-local-incomes-474855.

Purcell, J. E., Uye, S-I,, & Lo, W.-T. (2007). Anthropogenic causes of jellyfish blooms and their direct consequences for humans: a
review. Marine Ecology Progress Series, 350(1), 153-174.



14 MIANSNYATNIZIDUNET 2569 : 44 (2) : e0268822

Rahayu, S. R., Muchlisin Zainal, A., Fadli, N., Rizal, S., Raza, I., Lazuardi, M. I., Razi, N. M., Handayani, L. S., & Nur Firman, M. (2024).
Phylogeography pattern of Lutianus bengalensis (bloch, 1790) in Indonesia waters and South China Sea. BIO Web of
Conferences, 87(1), 03031. http://doi.org/10.1051/bioconf/20248703031.

Ranson, G. (1949). Resultats Scientifiques des Croisieres du Navire-ecole Belge "Mercator" Meduses. Mem Mus Royal d'histoire
naturelle de Belgique, 33(2), 121-158.

Richardson, A. J., Bakun, A, Hays, G. C., & Gibbons, M. J. (2009). The jellyfish joyride: causes, consequences and management
responses to a more gelatinous future. Trends in Ecology and Evolution, 24(6), 312-322.

Richmond, M. (1997). A Guide to the Seashores of Eastern Africa and the Western Indian Ocean Islands. Sida/Department for
Research Cooperation, SAREC.

Rizman-Idid, M., Farrah-Azwa, A. B., & Chong, V. C. (2016). Preliminary taxonomic survey and molecular documentation of jellyfish
species (Cnidaria: Scyphozoa and Cubozoa) in Malaysia. Zoological Studies, 55(1), e35. https://doi.org/10.6620/25.2016.55-
35.

Rozas, J., Ferrer-Mata, A., Sanchez-DelBarrio, J. C., Guirao-Rico, S., Librado, P., Ramos-Onsins, S. E., & Sanchez-Gracia, A. (2017).
DnaSP v6: DNA sequence polymorphism analysis of large datasets. Molecular Biology and Evolution, 34(12), 3299-3302.

Stiasny, G. (1921). Mittheilungen uber Scyphomedusen I. Zoologische mededeelingen, 6(12), 109-114.

Sullivan, J. (2005). Maximum-likelihood methods for phylogeny estimation. Methods in Enzymology, 395(1), 757-779.
https://doi.org/10.1016/50076-6879(05)95039-8.

Tamura, K. (1992). Estimation of the number of nucleotide substitutions when there are strong transition-transversion and G+C-
content biases. Molecular Biology and Evolution, 9(4), 678-687. https://doi.org/10.1093/oxfordjournals.molbev.a040752

TNA.  (2024). A  Million Colorful  Jellyfish Draw  Tourists to  Trat Province. Retrieved from:
https://today.line.me/th/v3/article/elg8njg. (in Thai).

Voris, H. K. (2000). Maps of Pleistocene sea levels in Southeast Asia: shorelines, river systems and time durations. Journal
of Biogeography, 27(5), 1153-1167.

WoRMS  Editorial  Board. (2025).  WoRMS  Taxon  Details: Catostylus  Agassiz, 1862. Retrieved  from:
https://www.marinespecies.org/aphia.php?p=taxdetails&id=135254.



