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Peripheval siging ongystess - such af manse Lk anchialing
coves, il cemmies - absract siguificant abiesdion from worism doe @
thel relavely gristiee e bron e and propessty o har b endemic
dEwerdny (Danonn o1 al. I001; Mormda-Sedas o ml, 2003 Besiing
o al. 2015 Gesnvaslligoin e sl 1AL Lissee. Miskdoesiln o5 Berkes
2007 Manime er pl . B00 % Masosjones et pl,, 2019 Tourism imberes
cnm have socio-moenmic hegefias for ool commenises, s kBed i e
awamnes sowanli mmagesent of the oomystes md prevest de-
sractive explommian (Pretty and Smidh, J004; Trave & ool 3017
Hiweeer, I towrsn 6wt smeeaged effectvely, eoreational e of
peripheral marine soosymems moy bave devastating effects, paraou-

[Crarwams ot dl., 2000 Hewgh-Gabiberg and Braso, 20ECE Hughes of al,
201 F Trave et gl 2007 Prime esamples of periphernl ecceysbems s
e mnuies et e “pllvish laket, headocked marise ey
mntmning dens populations of polden jellyfish, Mogizior s=gp Scy-
phizsa: Rhkeosomae, Lesson D800 OF the @ pprochsae]y 200 minr e
|ofies knows worldmide [Hnlifais, 197% Dawson 0 el 2009], 22
contan Jellyfs® and me lomated in Bdonida, Palis asd Viemam
[Hmener amd Hamner, 859598 Dawson omd Hommer, 2005 Becking ©f 6l

2015 Swil er el 2005} Ongedss’] Thetna In Palaw, p:nhll:d}'lhtm
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0% Maswepomes of ol Z009), aed Ior jelbfish kes = Indonmesia &
partaalbr, Indomesian jellyfsh lakes com merve =2 case sady 8o for-
eealile  appenach mwands effecdvedy inoorporitisg peripheral sys-
e B0 oosmeryvadon mmeageseat gl

The development of effective commervation peogmms for jellviish
Likes B Indonesia & o pesed by Incompete knowlodge on booal jel-
yfish evaluticn amd scology ard the wegee soal context of e ke
Dol gmaationg mriee e an individusd mansgement aniis (S coukd
Encilitnis ther dncopeeizen inle gnesmmenial mansgemesd plaes
(Momie, E994; Ifalstadl ed ol ) To be cossidered an MU sene
Woctr |19 ), Becdogical populatins should show "significani dives-
gemie @ moclenr or mitcehondrind loel vegardiss of the phylogencic
detinc twveness of alleles”, prederably in comcordance with mom-mole-
culm traie, Maning Ieoes in Palau are pepodted o Bsivbor olised gl-
hifish popalations ol oebgee solopecies with afdapied escopiwlogy,
wmpasied tn e mdicamve of imcipient speciatiom (imeeon e Hlsemner,
F00%; Swidl = al. 2076) The adiged morpholigy & described 1o be
derived fom the smeestral oceanic ecobype [Dawsoes and Timmner
AR St gl 2006 The ooeanic ecotype I8 described o deplay
eight larpe temmiral chofe ¢ > 0,5 wmes bell diameter ), whdte spois amd
bdoe pigmestamion, whize s the didved erofppe ks fewer amd mnaller
(=02 tenes bell damiser) erminal chebe and no spots or blue peg-
enenitimion. The shifll from thi cored? tnsarnds the desived ecotvpe i@
mmirine lakes 1s Bypotesized o be fecilltaced by higher murhidicy med
lewer predaior presenice | molated lakes [Dowson, 2HIS; Sl o o
I01E). Demonstating coscordied gesenc differceriagion and morphe-
logical nefapiagion @ [ndomesion Eelivish lake popabsons would peo-
widhe seientific incemive foowew manme ke 2 dedine 5700

Vulnembadfity of jellyisl lake popmdagions io exiemal siressors has
ke seponed fos e marine lke Ongeim? Thetas in Pakw, whick
wuffered wevere oomshes in sellyfsd abomndance in 1998, and again =
NG [Davvrcs o al, 201 Hovwmnd, 20061 The comshis wise assodnnd
with dhangm in lake empoaisee and salisiy Clowiog B S
Southem Qsclagon (EN50) evenie [Dimeson o ol . 2000 Marin = al
Z00). I el thoe, enncernis Al the [enparct of sonsesecs poliotion o
wll¥fish prodiferabion kave been meed (el ool 201073 Jeliyfizh are
Emorwm fnr boces-biks dynoesics, pamicularly those sesaliing i haemial
bldooms (1Nt amd Lucs, S004; Dawson ef ol 20051 Here. a Boom' of
sapld leerense in sasdeea abosdanee nocars vin siebdaron of beschie
podyps (scyprhisioss ) mdsed to potesgially semcan] pasieres of saler
resnporanEe [noreise (Sugiure, 1965 Colliss, 3000] Hodw &1 al., 2007
Thiea, o Feam’ Blows by seep doclines after 3 few moniss doe o age or
mamvabom (Pt and becwe J040 However, m morme bkes of Palm
and Indediesin envimsawental conditions me cosasdened b be pelatlvedy
smbie throughout the year, with ao clear mmoen] patterns [Homnes
aral, 1983 Moscaties ef al., 19851 Therelore, srobikanos 1s expected
i secur costinucasly thmughou ihe yens, which would greclude
boin-hust dvemesis While sos swural Meoustdon B el
abundance Fas been recorded for jo brfish Infes in Falao (oo @ ol
2005), thie sepomed pogadation eriches ol 1998 aad 2016 sugiest ssvere
exieznal periurbation

There mre chirpesen jeflydish lakes currenily knoven in Indonesis, b
ended im Berou (Fan Kallmanms grovince, 3 kkes) Togean (Central
Sulame=a, | kakel, ard Baja Ampat [Wess Papem, O likes) (Decking = o
HOS; Swiln et nl |, 506, omres sindy), Wt Papm lies withis ome of
iwelie etoegions of Indonsd palding @r al, 20071 and his by Tar
the most sariee lofes decumenied of wey regioa B indonessin. Wea
Papan has been the fooe: of sigmificant Marine Protected Aren (8P
develapmest over the sz twe decades Dot ol al, 20121 md
Fas become &e s “conservabion proviece” = Indonesa (Ao N
SEZGSIEE MG, 30051 As ol 200, Raja Aspan contalngsd seben muipde-
e MPAS Sorening & oerenrkoof over § miBion hesmres (o o ol
00T Grantbam s al 20 AL Two new proteciod areas [Mortd Mecol
and Pren MPA=] hipee been added in e piest (Bree years, bregig the
wniml protecied migine area 50 just over 2 milios Bectares. Develop-
meni ol MPA znnssion plass in Weed Pagean s stmngly hwod o the
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customery lenure nghis of local commesmies, which allow them o
mnimol wdilzation of seroumsdieg rataml resources (Knrimsmpoeion
ol F9EE Mclood = al, 2000 (8 Indonegia, the gpeckal auposoay of
West Papua regardmy costoonary fenure migbas is recognized satonally
(At Mo 21, 3000, and gles by leoal communities and twourism sake-
holders. Cemomay tesae thescloee has Imporen bearing on e
current wed ferure mansgemens of the gellyhsl e

Lol sz holders provided sgnific e [aga o recomssendi@on
for the managemesi of jellyfich Inkex derizg e firs iwrstion of the
Haja Amps MBS manmgemes plom (Sosiaghfme et ol, 201310 How-
e, i s matmequenily decaded by the Minigry of Marine Affmirs and
Faheries (MMIAF] m chaege (he classileation of Baja Asspars PN
neswork from o “coostnl and sl dslamds park” to 2 “manine icamsm
perk”, menndng thar only arcas below fhe Bigh tide mnrk are eeplicily
mamaged under the Raja Ampan MPA zosation sysom (MMAF Mink-
el regulstion Moo 36, 2004, Jelyfish Iakes sherefore curmendr are
not mccrpormed In the MPA managestent plass dee o el @land
predtinn, Moesibedes, jelyfish lakes in Baja Amgon ame actively being
prosvoted as bourist anrscoes, with elivfish depicted o e boansm
emarance dng im 2009, med sdvertissnend of Inkes Beoogh homesays,
The lack of explick conservaton fad tearies manigesent regulations
for jellyh=h Inkes may bove mnplications for the persstence of thee
frin B confystome

We hive comdorted an Eeecdsciplinery swdy with e alss w
prevrde sciengific boss i incorpoeete jellyfish nkes. smanue peripheml
fovayseme, N congesvatinn mansgemens pliss, O obdesives W
;1] dedermare the phyleogemetic position of Baja Ampat jefiyfish lake
popepbaincee in e Indo-Pacific comsens, 3 quastify varsition in jellpfish
popriation penetics, morpboene o and abundance between bke and
mwer time, and 3} asess lake use, customary seiure and pereeved
thrmix, To addres ibese cbgectives we quantemively. smpled seven
eyl ks, Beld stakcholder Enervicws, mad made diec cbesve-
s om ik mxe e thooads of the ke Beceghout Raga Asgpmi over
pleven years, Mimedely, this sody provides peoctical reccemsnenda
Hoee v ald sanapeseenn pgencies B Raja Ampat, asd ewcee broadly
thrmughoan [Imdosesa, = implementeg biokogically sound, sciemce-
hesed mnserention policies (or penphernd ecosysiems.

2 Marerials and methods

1. Loke profifag ond sompde colleaian

e chamoiereed e svemnmess of seven pellyfish hkes 1= Baja
Amgur fallowing e sppecack of Becking o4 al. (208 1] amd Mais & al
(0800, remording femperatare (0, sabmity (ppel pll depdh and ooer
netlan pasea (Fig . Supplesentaey mmteddal Table T The loles were
modid followimg Meas eroal C30I8T pind de Leeuw o al O Pevioe
Thres ol the lakes tave local samis Tomsolad (Papual), Lesssalans
[Pagraitl, amd Kamwapop (Fapush], Two additosal lbkes in Haja
Amgar, Gamy mestiossd by Swin e sl (20018 (IIVWIPDAG and
IDWEECIGE did mow contaim jeSyfish darmp oor sudy period. We mde
diren chesrvasions o jellyflsh presence, kke use and oum=m bncremes
heramen 2009 and 3009 We waspled 133 Masigos specimens for ge-
neticy anafy=es, and pholcgraphed X588 specimem for morphometn
alyes Between 3013 and 2008 (Sopplemeniiary materinl Tabde 11

2 OMA erraioe nd sy

Tissue sEmples wire Bamodsely preservind in the fiedd o 950
ethmnl or ENAlsier aod Rept = room lempermure oo ab 4 G
thmmug e he feld woek peded Upnn remaming oo the b s phes
were stoned in - 20°C DA wi exrpcied using the Qlagen Dfeasy
Hood & Tisue ki (Qizpen, Germanbosen, M USAL Polymersse chiin
reaction [FCRs) wese perfnrmed to aeeph e miboc hoesdrsl cydochroese ¢
bl saabesdr | (OO} eedng dLED/HCE primers Tam Seyen [20HIA]
e LOCGF sl BMRHOO frim Do s | inmmes OO0 ). W il eesd




Mioriner Pofemes Buliern 151 209 1000

L Msas, a1 af

gy e gendey gyending fpendey ‘pendeg pendeyg o cagmen yawe oy pdoo s eamp pued gy ggmedeg x v pue s e o CGuafay iadusy wiog o amoan oo
Faand ) [gundng ‘genadng G endng *prrsdeg pErdng ‘g pErrds ) sof) s e g RS e gERE e e sy ey Seday sy e mopesdoed mded s jo ane ajdues | Ay

iy g

WUTIE S -Up =

wdbd —
ULIB] 18 x
i .m...w

whe, ..m..m,




L Msas, a1 al

a profocol e defimed | Becking e al, 23006), Drefly, PCR reaciions
woere pesdnmeed in 25 pl vola niainirg 12,5 gl Cnesag Moetemax
(2L &5 UL &H,0, 2 el BEA, 05 il of botk pirissers (80 8}, and 1 L
tewrglate BSA (10 ngpll We used desaranng. smealivg oeed exten-
wom temperatares of 94 'C, 45 C aed T2 OCL respechvely. Ammpll cors
were purificd asd Sanger sequesced ar Macsogen, Ine. [ihe Mether-
landk}.

Forward mad meverse sogoesces were allgned and esembled i
Ganeinue {vmminon WLLS] md udeg the Muede algoriiben (Fdamn
) in MEGAT (umars o onl, 20041 The assemblies ‘were visinly
Eepected and primer-ends were fammed, resaliing ima final Eapeeni
sige of 542 by AL sequesmoes Bad high sieilasity 1o M. popua, as vesfid
B BLAS T £Al=chiul 2t al,, 1947), Trwno dateeis were compdled 1] Only
sequenoes from s aoady, and Z] inchading addnionnl sampbes from
Palin, Frer Kallmesinn, Pagea Mew Goinea, Japan, Wietnes (enB ek
accesion mombers KUSCORE2-HUSGE4, [Swodi et gl 20065, and
Paosertn Ricn [GenBuaek aceession numbess: [N2E554 3820 551, [Fayho
and Gmmhmm, 200130 The sequences are deposited n Genflank
CHRINLOF RPN 17 22

23 Prlogenarics asd pryubicon generics

Usiog daiceer 2, 0 munisven Melihood phylopenetic mree was oon-
smnacted nmed llmlll“td OO0 fimis In MEGAT [Kumiar o8 wl., 20161
with M amdemant as the moigroap. The Akmke Infermation Crilemeos
CAICY, caloalamed in PodedTea v.2 1.5 {Dosr@a o al 2002 indkcsend
HEY + 1as the best e evolstionpry modeld {H{oegmenecal | 1205)
The dree v visuafoed wath FigTree ¢14.2, Byirsise sequence dives-
g between pogulabces (p-ditanoes) was comgroiod | MEGAT.
Hapintype eerwor b were comsructed using Haplo¥ieser (Salolosges
ek al, O

Usleg degiset 1, populndos genedc srucnin and Siversitg wis -
timmied. Mocloside dhversly [(n) Majisa, 19850, haploiype divorslity
th) e 1957 mmd nusder of privade Baplobypes per ke wee cal-
culmed wia the padage pegas (Taradle, 2010), Implestenied b B v
E50 (K Core Team, 2081 Populastion struchae wes estimmol be
mween |akes amd vears vin dyy asing Ackeguis st HHHE perm s aloes io
estmme signiffcmoe (Exoother il Lachor, 20105

24 Mophalogea! nenmramens

To asves= mwrphological vermabon, stesdanlized photograghs of
fll¥fish along the lengitedinal asisof each speceren with a color chan
and sonle were les uiing & GoPre HERO3 o Olymipus TG-3 beniees
2006 and BOIE. Images were oealveed in kol Drersion 1 8md
Seaphaliogical measarements were cormectiod for Bl G mmeeter o adjust
For dee effeets and rescaled po vilios Bermeen 2o mnd one, Tolowing
Dawsnn (1005], OF 19 meaplodogical chararersnes. memsamed, alne
were crecnrdaed with Dssesnn (20065, The additional 4 variahles in-
cluded wntal Jesguh, bell lesgeh, wied length of crl e e ermdnal
club wadth, amd wore mesmed o expiore maorphology 1n more depih
We meemed comtinuous el camgorical varlabdes Cosainuous vas-
ahls incloded ol lemgah, bell lesgeh, bel width [0 In Dowies
Hard, odal lemgd of omli ammy, engith of seemged portion of oral
arms (11} lesgth of winged postion of oral arre (2], lemgih of
sermingd chabe (5], o width of ermisal dubs. Ccgocical varablos
it bedl color O, o e porses: arnege e n, whine el bies ). orad
arm color (4, categories s a1 terminal ool coler 78, categories
same s F1 L sbaipe of teveinnd clubis (13, cmegories Thick cnd, palaty,
=maight, wadel, smad presencesabsenee of whdie =pots on the Bell 6L
Meephalogical chimsciensles wene summadzasd o bar plos. Kuskal
Walls i with post-bos Dune's wesis wese pesfirmied 0 aksess sig-
mificre b diflerences moong groups, afer mepmpdinns for daia nommality
and homogemeify of verances were found o be violyed

Sleephodogical variathos Bersoen lkes and yeas was displayed

ey Primecipal Compoesnt Ansboos (PCA) o geosmtisitive dois asd 5
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Mulegle Facior Amalysis (MFA] o inchede camgorical  daia
Mulswariate bomcgeneity of groap dispe s were ested bo venfy ihe
wsumption of homogenssos varino: derributons. Persutationgal
mulbymrmte analyses of varance wang Eoclideas dismnces wene por-
formed o assess sipeifcams diffeences betwers groups (ke and
veursl All analyses were performed ba R, usisg s, car, FSA asd wegan
[Cikmmen e al. W06} packeges for =istishionl fests el gplond
[ ickhmim, 006} for vl izmlon.

1.8, Abendonce ermpions

Cuamdisative asw=wmeniz of jellyfish abundsece were condocied
e every year im Moy of 20162018 for fowr lake continisg jellfish
e cunslsenty (Papua, Papss X Papusd amd Pagasal 50, resaling In
12 fesemmenl B tmal A nondevadve meshod wis used by swimming
rameecis with a8 GoPro HEROA wvides comems fised m o8 e
(@ & 53.5 cen). Five o elght trsects wese condected hodznmally
with the freme held approcemaidy S0 on below the suffpce Ome
romsext was conducted along the impest amis of the ke and. de
pesdng m lake size, four to seves evenly spaced along i pespemd-
cular. fudditonally, thres verdol aeects were perdormeed oo csimare
the maximym depih jefyfish were present. All tesecis were =vam
el e TO0-E000 AM. Tragsso vidoos were processod by couming
the sumber of jellyfish passing the fross cvery 10 & wming o hand
munier, Ahundroce was clcalnied via the following formula;

Traiss, » Feaiie sine .
Lake g v Mo degk [l lsk

Jeilyfisk dmmecy,

Thie average of all ransecis was used as the foal estimaton of foinl
stemdanee in the loke Jeflyfish dessity was grapdeally displaved in
desrcty mape uzing FSE] AscGIS (104 01, wvia leveme Diskaince Wekgba
O Ieaerpoedatione Addidoeally, we assesmed prsone e/ alaenod and
mipgonies of abodnnme [ees, bmodeeds. thouseds, Band red - o
famd]) based oo owe cbeprvabions wd of mmillabomiess from 3009 o
204

Absedunce ronmech =

2. Towslar Aumders and (v ses

T nssess frends o pedisiam visimtion & Raja Ampar over dme, we
oiaimed the numBer of osrss entmace s sseed by the Bon Ampm
Touren Departmend froe 2000 o 2008, Wikdle permit dags ae valal for
the whole of Raja Ampat, we issened a link beoween inceease i e
region and Incresse i visitation 1o Misonl and Wayeg, and smibse-
imemily the jellyfish bkes The magedude of ouris visdstion 1o nkes
from 20060 do 2008 was barsher ieseised by 1) meins of acces o Misool
wd Wayeg, I number of homesmys, and 3) estimaeed number of
visirs by interyiewes

Thize I na nrmal seasamtion o the e md peaee of e jellifish
Infes. Therefore, we conducbed sem-struciuresd intervews [onghmares,
Sk e efain Infomsetlon Drom sakehol ders drvolved in ooler 1o
molles contesmual felormsaris based on general dbooeie e Spe-
clfically, we asked abosn lake use, tenure and peecelved threas Sia-
keholder mterviews were beld m 2007, In otal. 268 m-degeh sierveny
were enmducsed with govenssent officinls, Boeseony cwvnirs, vea-
Dot coguera i, @nad locals o almdeg sesnee of the ks (Supglemeatany
marerial Table 20, A irdesviess wire arooymoss and recorded with
prior permission from the erviemees, Perceived threas thar wese
jdesti fed by more dian two respundenis were mpoeted

1. Eesuls
I1. Ploriopenenc remnaruchion omd pemedc varkadon

A o] of 174 CO0 ssquescor of 247 bp were ansbyzed frnm seven
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Flg. 3. Fsfopmeic ehnedness of Mosigs spg o Wes Papua anil ochesr Ind o Facife lecaibore. Maamam Liseibood Tree (HEY + §model) and haploey pe=
pervork based an panial Cyinchrome Duidase | mepker (842 bpd of Mesgios spp. sampled from merine lzke and ocean beasons. Only rrasdmum lkelbood sugppan
ol = V0% e mdbenind, Tooed on 1008 boosirap. Senple fom cureal ssady ane cobosd wocoeding 1o Py 1 Ssmpless weee mchadad froen Swili el ol 120]5)
iacceslon numbess GenBank: WUBOALE « KUSOLAA T and Bashia and Grabom (0110 [pocssion numbes GenBalk [H2155400 - 21561 Srade bar indcaies

widsibfubom vile. Each corrke mithn il haplnlvpe firfark repressnis o hopiobpe. with siae fepre

reirvdvar o mdkviduahs presesdng Be heplofdage fnirmber

speriisd in arckel ooboeing accoeding m bocations in Fe 1, Lines connecsop haglonppes rapmenmi dnghe bews subst mions bensesn hapbonpes. misung haglovpes
e srwlmcmed by dats (Por misrpreaiion of te relimncs o cole =0 e Sgoee legend, the resder & eofiee] bo the el eerviod of this erece )

Jellyfish ks from Raja Ampat (Supplesenmsy maenial Table 1), We
ofnpned 14 Faplodypes with 15 waninbde saes. of which =iv baplotypes
wie: abaired hy it beast two lakes (775 20 The remnining elght privare
Baplotypes were fand = Papaoa 3 haploiypes), Bapoa® (1) Papeals
(23, Pagesa (1} and Fapaai (11,

Fam fengpod symgdes fell wilkan the clode of Masvgor pogem, while
samples fmom jellyfidh ke @ Uerm, Indoresin are puiabvely chessfied
as M ubpmlr.mm |Fig. Z} {5Funma ared Davacs, 2008 Jellyiish popu-
time= froem Hain Asgad formed 2 d@s=ine subcdhde, mdudisg some
Palin keagons Pairwbe sequesee dvergence mnng Rnja Ampal fo-
palatioes remgded froes 0205 (Papaad vs, Papas5) do OOT05 [Papuas
. Pagesa 300 [Sepplememary materal Fig. 1), Vasiable s are dis
played i Sopplemendary maberial Table 3, and show lakes Papen® ard
Papunls oo comtain the see aplonype as sebepocies M papnt apsond
as defined by Dowemn (200 Other subspecies defimed by Dpveen
LMHIGT were not obaprved

Mo, we ealmated withisdake genetic diversty and genetle drue-
ture ameng Inkes Highest genetic diversity wac foomsd witbin bke
PapuaZ (eaclectide dverssty (nb = G, hapledyvee  dnemssy
(hY = O7EY), amd kwiss s Papsd (= = MHE b = 0.233), &l

Pogem’5, which cunimdned only o single haplogpe (2 = 0, & = 1)
Fupplemeniany moiemial Table 1) We chsemved [zniiicant genens
sructe for all pairyise comgarn s of fellyfish kes with de; aging
from G bo O8S frwerppe 4y = O83 (Supplementary maserinl
Talde 4, Sopplessentnry mareria Fig 2). Compansons befween pran
within lakes were mat significas with f=y mnging mom G008 o 002

1.2 Morphefep ol variatam

The PCA of gueesimanive seephometrics shewed comenieg of
miorphologies ameoeg Inies o o s seo Poecipal Componees ox-
plmneg 61 2% of morphological wrstion (g 3%k When mduding
miegnrical marphokeg cal sefearenenls (oRakTal Pamems WeiE o
srved Bopplementary material Pig. 31 Madtivaraie anahees of wor
Lpame e Il s niesd] o crpeoees rleq wiire sigmdlicanily Sifese nr o g el
Fis s = 25.96, pyolue = 0000, with all pairwlse compassons of
Ik beimg smraficanty &ifferes (pomlue < G00L apart froen Papuald
mod Papemal§ (prenloe = 00281 (Supplementary material Tobde 51 Jed-
Iyfizh s Papuad amd Papuals Esplayed the oceanie eontype as de-
Amad by Davses mmd Hsmnes G505 (lerminal chal [enpth = 015
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Flg. 3. Spasial and temporal variagan in quanicaniye morpiomeares of Mevges papsa from manne bkes sumgl sl i Rajas Ampor. &) Prinelpef Compotienn Aralyss
TPCAL of all wears sappled [20168-201H1 In e, 61 5% of marphological varldon |s explained by firs ran Frincipal Comganens, B PCAs subsel of ks,
Sepunie plot o Papid, Papua S imd Papuad aee diglreed Qo 2 el sampling; poacs. Ellipees indi oot samghe Silknyg within the standand devsation. Colon ond
coder prarespoie] with #ip | [For Iniepesaiion of the relerenoss: oo oolor fn chis Apure egend, the seader B relemed m de weh vemion of dhis amicle.)

tmes Bell diameter, spos and Blue pipeenmion) Jellyiish oo
Papmrt 20062007 clearly showed the denved ecotype doss of spois
angd plgmestatinn, rermdngd dob kegih © 02 dees bedl diameer)
Remmarkahly, Papusd & 20 disployed lnng termieml clubs (G497 times
bl dimers] and some spots, approaching the oomanke soype
PapenZ and Poapen® also sfewed sach  intemediary stabes s
20ME-20HH, _IEII!.'M warre smaBest Im Papaad and Pupaa 15 (avemge
Bell width: 4.5 om peed 35 om, respeciively | o largest @ Paposi
faverage 15,0 con) (CSupplemesanry maverinl Pig. $40, Alver orrecing
foe size, diffrences among growgs were sl pombisentdy sbown by
differenizal wowinged and winged ornl e lemgih (Suppleseniary
eatersal Fig. 40 EL md sevmizal clab kngoh mmd widih [Sappbemen-
ey materdad Fig. 4F, 01,

Theere: wiie o Lo o] vimlasion b el i morphology betwees
yemre FAIT-2008 for Pagronl (e = 0538, povalue = 03] or
Papui® (Fiy sy = 4705 pvnloe = 048] (Fig. 3B) Conmreingly, s
Paput 2 significord morphologicl shaft was foasd betwen vears
2006, T and 200E (F o peps = 400326, Il'.l-l.'.1|E = QDR } {Flg. ZHL
Hewe, |edlynsh sampled in 2006 and 2007 were significandy different i
morphometrics from all cdher prosgs [p-value Q0061 whereay jell vy
smpbed from 2018 were samdlng o Fapunl ed Papoa®

2.2 Varaman in abandance

Jellvfish nboncdance Doctwted in all lakes owver eleven years
(2209 based oo eategnrical observations (Fi 4. Flusuasons,
meluding cramplvte dappeumnee of jellyfish, wes pragess Bafore the

mmsel ol tourist Wisimos in 2012, Perods of jellyfih ahience wire noa
archroniesed mooog lakes, Qeantitmive assessmens of jellyfish b
dreare: b eem peass 30072018 showed o decrease for all lakes [Fig 4,
Sopplemmminry maberial FPig. &1 The decreme we st mogable on
Pageard, where the sotal szimaisd numbes of jeliylish (s S e was
5270050 in 2007 and plummeted to 94500 @ 2018 (G 40,

A4 Tomrism brorease ol bk reonre, e oo pevrdved ahroas

In K7, A total of P98 K Ampal sourist eegmnce @gs wene sold
[oee=tic and frreiga). This Incremsind ol 30-&ld 5o 28,804 g in
20UE LTI Ak Acoms to Misool Jocaiion of most marne aes ) beome
wrganked since 2003 widh regular publlc fery services, which o B
e af publishisg mis four fimes por week from Soeceg (5. SA0.
Tellyfish lakes ame mainly visited by comets for snorkelbeg and phee
mgraphy, akhough visitasion 15 not spread evenly betwers [nkes
[Fiz. 5B The main opcrarces of [clyfiss lake warsm are local geides,
homestays, and Dveaboied dive vessels In 2018, Bere were seven
homestays in souibeast Miscol (P 1) Homesinyg and liveaboands in
swatheam Mzool ol regokic i s thres ikfsh labes: Papus?
el maame Toencdol ), Papumd (Lenmakanal and Papus® (Barmsagopl,
of which Papusd & vided e maret frogeeely (Fiz. GB} Trosspet in
Wayig (locatios of Papmdl) & only possible vis chanered marism
vessels, Regobadion: powerning the Waysz MPA do not pllow for
homestay develogerent, and visitation to the hke is im#ed o oocs-
sinegl Bveabraed geesas and privare chaners from Soeung.

Thie isgerviows in 2007 e ted st femalion Emm cle villages wes
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Fig. 4 Provenie-sbance and abnsdites dais of Mosgie papos insoveo manne likes in Rajs Armpat. Cobars of bz e i o Sgure mifer 20 alundince calugories ied
i ths calie and phess roprens visad releroncod. MumHm in @b eprosen) quanssiiee ressmen . ad o viden anslys, Tha maln, ieurt asiracion, Laka
Frpud (lacal name Leamakanal, & highliphesd below to shaw the marpbobagical shilt In @liyfish from this ke, Grey valoes Indicane no aesemenl wes dane {For
mperprendan of che references o oalor in shis Hgure legendd the reader s referred oo the webe wersion ol (his amicle)

perntioned m cetnmary oweers of o ly fsh lakes in Misool [(Fp SB). In
00N, Before inuriss visied Misosl repoliely, there wene cady Dhree
v ges fewdlies that clamned omtoemary temare, Some owmens mlled
an estrance lee from visicons 2o jellyfish ks, asd fees are sometimes
alsp asked by nearby peard fores Inderviewess senisfied a moge of
threats imcluding tenure dispunes, anversdon of Liles o aguaculiune
poreds, unregalbed tousism, mosoibe repelient and sunscmeen pollo-
tan, bk of garbeage handling babag impermanent jeales, md In-
tmauced species such me funles, catfish, snd =en smemones (Fig 2B
Feonmagingly. severad respondesis sdicared here 15 e infomal Code
of Camadact in place that cormesstly mesd: oo geidem sdhere @n, This
Cnde of Comgdact inclides 3 no sunscrees, no fins mmd no divng policy
dor the lnies.

4 I cussbnm

Thas is the first stody o combas evolubioeary, soclogical amd sl
approaches o imvestigate jellyfizh Inkes in [ndoresm, peopheral eco-
syslems that are increasingdy Impomnns werkes acces Fooussing om
wllyfich bk in Fap Amgol, we mund diceer hicdbenosy, msd

indicare the nesd Inr speciic comernaion mangement pLing in pogss
with e challenpes of |sreming, ind largely wwegelared, oinsn as
weell 15 pther stressms, Bedow, we slyborate on the varoism in genetics,
marghometsics and abasdance af |eyfish, caplore e social conpes o
Jelhrfad ke, and finally descuss monagemes recommensdations and
broader Enplicasoss for jelydfish Takos @@ Iedoseiii.

4. [ Genebr amd musphlogial roneron mdcee soleod popdadom

Jelivfish populannns = Raja Aeepat appear to b sroegly sruceaned
higed on greeers md morphologicl difercetiation (Supplemenmary

marierial Table 1, Vigs 2 5L Five sehapecies weme described by Dawspn
[3005) froms el ee lakes |5 Paliw, Gl whkieh caly ane was sberryad In
the Faploiypes froen Baja Amgad (M pogosr eipivoedl; all ofher proaie
hegpdarypess reconded In Paja Ampan wiene usiges o the ke el poe
enrially fepresent new sehspories Someg genenic ad soaphol ogicsl
siructsee B previousy been shown foo jell b mmd other mame 5ke
taxa; mach o= fizk and sl (Dowwn ool Ve 20005 Godoh o al

IE&a-Arel = oal | ANT) Maas

ml. 20001 Descpite findisgg cewibir doprees of genebc sbnucture ay

M 1; Bkl e al, 3056 Swillt = ol
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Flg: 5. Tosumam imgct in Ras Ampal, moaness, Al Tounsm increass in Raa Ampat, Based o0 mimier of o eamance mgs sold per vear foom 297 1w 20LH [Ras
Ampa Taurim Depaetmenl. Lines ace dran for domestse visiom Cred chrcies’, Toeeian visingrs (bioe i gies) snd the il (lack squares]. B) Emirates al ol
wimis, e of iy likem and percoveel trroals Basad on o casws el btk bolde s i 2007 . {Par insocpretation of the e fmos: b coker in i A peee g,

e reader I8 pelermed 1o ihe welr varslin of tiis amicle.|

preiois sdies, we observed fewes private Bapdodppes when compared
{0 jellvfish pogmlntions fmom Palma (loveom mid Sinmmer, 2005; Swafi
ut ul, Z0OEEL. This sy result fom biss soceg s divergence or
smalley populakos slaes, bon ooild sk i sk i B
FBajn Aergat were modosdaed more pecenty,

Shifzs from the peeanic towands the derived ecotype m marme bies
are theught o be udireciongl e resuls fross ool rdiptaion W kake
comditions TDereson aod Hremnoe, 2008; Swilf ool 3041 Interest-
gy, we ohierved B reversed mospbodogioal shilz in Papuad over
mamphng years (20062018} from ibe demved cociype wwerds dhe
coeanic oootype. The sl may B the resulk of an infivm of oceanic
jellyfish, nltfcagh dhes i mod corrchormed by geebics. Alersotively,
the shi® seprésests a eew hioos sirobilmed o sesidest polyvps
shoving high momphological plasticty. & shift m moephology was also
cfmrrved im Palau after she disappearomce of jellyviish mincding with
the EMNSD evens of IPT-1T108 {(Oowuon, 20051 When the jeldyfish
renppemred they diglayed a larger see and differessly shoped termanal
cluby, bt evestually revennd fu jre-ENSD defived marphodogis. To
oo kol edge, the genobypes wme nod published, herefore it = un-
clear o jelyfish hefoee and affer the crreh were of the mme popeadibicn
For feliyfish | Papued, we observed s shilt in Baploryps dhvesing.
Recorded morphologleal vardation of jellyfish B8 madne ks may
therefore be the resal of phemctyg s phstioty and acclimatization bo
sperifie booal emvemnments mzher thas evelimionmry e o

Hivwesver, phanotypic plasteiy moy over @me fadline gesecs alog
tbion (Waddisgtes, 19432 Ferss, 2008 ; Salldnres ei al,, 2i64), and as
cach jelivtish lake envlronmest Is anlque. protesion specific an cach
Lo il Ba ey 0 pela o,

4.2, Populoion dyiemiss g merie ke

Jelvfish ahundesee b morkse lokes in Rada Ampal appears o
fectusie greathy, sdicazing that jellyfish dyramece in See ks ore
more heemgemecus than geeyioosly obsrved [or lakes= in Palow and
|iice: Kabakan fn Indesesla (Muscaime & al., 1986 Tomasclb and ¥Mah
1 994, Hpemer amed Tameer, 159201 While wlbdfish populbibons = Falau
filmes dhorw soeme facsaminn in absmdanee (Dsvson e sl 20051 flue-
matins in Raja Ampas appeie o be more foeguent and severe, with
megulir ererences of coeplete disppemmance of jellyfish. Jellyfish
Infes @ Hajn Amipat are five-fold smaller thos these in Palau or Kar
Jaatbeirn, and have 5 boawes observed toal abundance al gElly sk (SHLOM]
ve. —7 million; Tawson e al, 200 Cimino et al, 2008 This differ-
e may ke condoclve o dmmadc Demuatees Larger kkes hove
more stable envirmments [Gonco, 19071 lkely resuling s poee
sinfde pogad sgions and a higher camyimg copacisy. Bemarkably, even for
thee large lake Degeim| Thetmn, severe jellyfish population crashes hyee
been ekgerved mwice since 1998 mdmnd N tergeranse mmd salnky
change followasy ANSO evests (Dowenn e al, 2005 Marsiz @ al,
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S, Im Pabw, e i=s o goot systesn for the soslser of foomss
allewed m visit the bike. which resolied in conginued vsitation ol the
toiml disappeprance I:I'_IL‘I]!.'M Elnamann & al., 20011 Tourls s poidndy
exaoerated the deckme of fellyfisfh sbandamce in Palan or may bave led
o longer recovery time of pogeofatons, It &= likely thad smaller bakes =
Faja Ampar are eves less redlient in ek extemal persarbagons.

Beyond direst effecis on misdinse presemce, effocis of dressors o
the Besthle polyvps Nhely le ar she basts of jedlylsh dyvamesics, Polyp
mnetivily io dmmpemzan, ealinidy, ool swdhbdity oo dhesical pol-
ktion may inffweno: strobilatos pabers (Sogiore, 1908 Poeo el o
AN U et nl, 2009) Farthermore. ingrodection of inveee species
sich g b and sea asemones may mesult B inceased prodaos pre-
=enre of competition for space for the besshic podypes (Talkan o o
oA Py on al,, 2005, Felly fsk dyeamses are curnen sy posly un-
dermeod (P el Lucas, 2004; Desann & al, 2005), asd a pescan-
tinnary spgroach shoukl be éaben 0 wvond detrmenial effecks of un-
regaared arksn Carefully monltosing populsion abundans: s
gell¥fish bkes is prgerative to look for signs of popabibion decline sl
in better undersmed fellyfish dynsms im genesal

4.5 Lake use, dvrens onid momagyrmme S

Teeeerisem to Rala Ampal & iseressisg dmmuleally, rom 998 viios
| 2T o BEENS m 2000, represenimg a Sl meease (g 51
While tnurlsm could prossese aeation o jelyfiss hke conservarion,
cumerdly W = mosily anmegulated These are seveml chreads from
fnupsm oemprds jellyfsh popolatone = sarine Ipkes For example
matin tmansw operwore in Raja Asgat end oo Tollre the jellvfish’,
wiheze they simply salch oo odifferens Tnfe when Seir favored jold yiish
Bke does mod comdmen jellyish amrmiore, Thee could lead o2 cyscade of
crashes of addigional felyfish populaticrs. Another thevat & the In-
toduction of invmive speoics, sdcngonally (g, fsh oand furides Sur
anuacdl e, mEmistic parposes of amserment or ussseetionally (e
22 Enemoeet carriad In dn wersdn (Tans e al. 1 7)) Additlonndly,
dpaies in lake temme righis coomplicaie coetrolked use and momage-
meni of the Inkes. Pull engagemend of mvd particpetion by ool tenure
Fiodders in detereming, e mmagrmens conbext and loonl regalibons
for sy markie ecovysiem [ncheding e Jelviish k) s Imipemlve
for ensuring successful =marine oonsenvaion | West Papem (8l
o il I Caronifues o al., 2HIA)L As sy ol e bocad seenEe hodders
rorve Fove @ direct sconomic stake an fourism development in Baja
Aummgpen, they hive asbmng incentee for seeking ismproved manmesent
of (ke jedlyfish lafes

The deciston of the Ministsy of Marine Affairs and Feberies (MMAF)
fo dewcemdnmie the Rofa Asapet BPA network as o “mesise fooses
park™ men that mane: hlis are st incleded in MPA osabEon med
iAo (MEAF Minlasrial I’IE:;I.IluI:i:I Mo 36, DOR4 L Forpasmely,
Indozesizn bw (Mo 50990 and Mo, 51 22004} allors for mevision of
ermation plans dor peotecied mren based on scentific evidence thar
mdicaies o mreed o bebier corserve 3 pastiosbr scmystem, Based oo the
cunesn mnd presions soudies (Secking eal | 3001, B005, 3096; Mams
of o, DOEAL Al morine lekes (ncludivg |eByflsh lnkes) are sarine
eroerdems wilth marine seoes, which srglics that ey marine ke
which Falle witlm the boundaries of am MPA shoold be manmed = pord
of (et BMPA. The curment fudy provides a strong justfication o evise
the zonation of e Kl Asper AP network 1o exnesd peobection O
marine Inkes and include eoplich regubibcrs [or thes manogemeni
wiikds he Rajs Aspnt MPA 2asaton svatesn. The Beicase In ook
presure i jelivfish Iakes of Rap Ampad and their apparent secept-
Eiliry te pemurhationg, combined wigh the growing impomanse of
noursm ineose oo locsl wewee hoklers, saggeas s urgent necd o re-
wize the 3P4 ronmtion plm of Faja Aeopat bo ensere the longdemsm
srdainability of oursm fn these pllvfish Enkes, Below, we empineire
spediie policy recomesendations @an we belicve are heis@bie o (m-
plemess in the moar fatum

Mioriner PoiTemes Dolierin 751 G200 100000

dd, Recommemdations conrarvaen appnnch

Jedtydish lakes ame Important eurism iseers semnss Indonesi, with
ke lake= in East Kalmnanian, Cengsal Solmrwesi and West Papua,
Touress visit the lakes for the singular experienoe of swissmang anong
thessasds of jedlyfish. Jellyfsh lakes of Faja Ampm harbor endeg:
penoiypis and phenctypes of jellyfs inchading putasive undesenkd
satsgecis Marine kikes in genezal & local environmesss and
momcinied copmmiswa (e.p Dockssy s SIDEHERE, Xl Guinh @0E]
20015 Syeit B0, 2010; Mams o o, 2008), mdicating that ther may
prosrde refape for moestml dnerssy and harbor endesac baodiversty
[Genn el al. 2017} Wi dercfuie argue Bar jellyils lokes shod be
viewed as indivadaal management s, The mpid imcress i icansm
In Faja Amgar §s Mlkely alrendy enerting sgeific e soess on s jellypfish
lofen, o [mwcwemed GEress io remale arcas sy neal b dkemosry of
new jeliyfish ke Adegmie conserabion policies need o be in phee
i efffcleatly praters keown amd poorsaial new jellpfish (nkes.

Chur recesmemendstiony for dmpenved sellyfsh ke coreervation in
Hajn Amgat are fwalcdd Firm, we sogeest mevisng the cumress Haga
Azl MIPA zoranon sysiesn in exphcitly inclade marine bk as 2 b
anne pppee within e “Osher Toew Ty pes™ cotegoay (lusngidinin o al.,
2012 We mmgzed mdodsg all manne bEes in this soeabom, s ol
migrinr likes nepresent mnigue geripbernl oocgysioss, and I 15 moe
mwer poasibls el mearlee lakes wikhout cuscest JeBypfish populaions
may he colemized by jellvfeh dnodhe Fature Desigration of o specific
‘mariee lafe’ sub-zme rppe wil thereby allcay Jor the ferealardon of
secsfiic regulators for this sub-zme, 'We smgzes the regulaiioes for
the marine Inke sub-mme sheald mdode prohiliticg seba dwving,
prefrhwing mowcreon and mosgrmo repellent use, equineg e e
movil eof fine sl Booties, mandatory rinsing of clothisg/wersiis be-
fure entering the lake & avead mpeces inboduaion. and baildieg per-
Mt |erde as o sngle-rary poin. Fumalizing the Code of Coaduct
urrentfy m we by wuriam oporators wihia she managemesi plan will
fciltate the pooeplasce of these egabatinns. Additiceally, reesbess of
turbas should be limived im ey ke ara gives tee The woosl Db
m corrying mapadty for each loke will reguire 2 produdtive and e
peciful collborative determmindinn o dedicg: ressarcbers, ool bovare
holders nnd sarine fourism opembors, Fortbermoee, we reooemmend
thar it leam soene lnkes ke 2oned as ‘oore aoses’, snely off Ueds wany
use qrher than scienbific resemrch, in order that they @in serve &= e
lerence podsas hor lnkes that are masged for mourlss. Designaing sach
rore cone blkeswill agmin require pegotiptinon with Jocal temame holders,
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Recognizing peripheral ecosystems in marine protected areas:
A case study of golden jellyfish lakes in Raja Ampat, Indonesia
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