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Abstract. Pyrba GYS, Harvono E, Sunarto, Manan J. Rumenia L, g LE. 201 8. Jeilvfich Lakes ot Misool Islands, Rafa
Ampat, West Popua, Indonesia. Blodiversies 190 172-182. Misool Islands, loeated in southern Raja Ampat in West Papua, has dovens
of anchihaline lakes {manne lakes) Three of these lakes, Lenmakans, Karwapop, and Keramat, house populations of ellyfish. This
study mapped and described the charmcterisucs of the three ‘jellyfish lakes” during feld surveys in October 2015 and May 2016, The
lakes mnged in arca from 0.5-3.2 hectares, All three likes harbored Mastigior papas, Lenmakana and Keramat lakes also harbored
Awrelia sp.. and Keramst had o thind jellvfish species Cassiopea onmeie. However, at Kamwapop the sellyfish were nod found on the
witter surfice during the frst round of feld work because of effects associated with the E1 N phenomenon  that time. As a result of
the El Mifo effect, ot Keramat, brown Mavigins became white mn May 2006, The three lakes have different tadal delays (30- 120 min)
and duompened tidal smpliude (62%) compared 1o the sei. The benthos was found 10 be domanated by bivalves { Brachidontes =p.), algae
{Cladophora sp, or Nafimeda sp.) and sponges (predommantly Naliclome spp, and Tethyer spp.). In addition, species of the family
Synaptidee { Holothuroidea) were abundant wnd spread over almost all the botiom of Karawapop Lake, whike tube-worms of the
Polychacta class were identified in Kemmat Lake. Althoungh these lakes are identificd o= a conservation area, currently there is no
manugement activity in Lenmakann and Korswapop Lakes, despite the fact that the lakes are growing in populanty as o tourst site. Our
paper provides the baseline data for future conservation effons.

Keywords: Anchinlme Loke, conservation, jellyiish, Mastigios pames, Marine Laokes, Papan

INTRODUCTION Investigations into marne lokes began in Palau, which
has become the most researched location until now. The
first scientific article by Hamner et al, (1982} concerned the
characteristics  of  Jellyfish Lake in  Palw. The

characteristics observed were physical, chemical, and

) An anchiuline lake (marine lake) is o body of seawater
surrounded by land without connection to the sea surface,
comsisting of salty or brackish water that Muctuates due 1w

tidal events (Holthuis 1973). Anchialing lakes vary widely
in shape, size, depth, and distance to the sea. Around the
world, there are more than 2000 manne lakes with semi-
submerged karst characteristics concentrated in four main
locations — Bahamas, Palau, Victnam and Indonesia (Wiest
Papun and East Kalimantan) {Dawsoen et al. 2000, 1t has
been reported that Palsu has 57 lakes (Colin 2009), Ha
Long Bay in Vietnom has about 46 lakes (Cerano et al.
2006), Derawan Islands {fJFast Kalimantan has 14 pieces
of anchihaline hobitst (Becking e al. 2001), and Raja
Byt in West Papua has at least 55 marine lakes (Becking
el al. 2009, Becking et al. 20011; Becking et al. 2014).
Fifteen of the lakes in Raja Ampat are in Wayag and Gam,
and 40 or more in Misool

The most renowned marme lakes are Kakaban Lake m
East KalimwfZD {Indonesia) and “Jellyfish Lake™ in Palau.
These lakes house immense populations of the perenmnial
jellyfish Mastigias papua and attract thousands of tounsts
who want 1o swim amongst the jellvfish,

biclogical. The biological characteristics included the habit
of Mastigias sp., which carry out a regular migration
pattern each morming and afternoon. The next topic of
rescarch con@@@med the thirteen stratified lakes in Pabau,
Stratified or meromictic lake is & lake that is not mixed
seasonally from top to bottem but remains permanently
stratified for long perind of time because of sofute density
(Hamner 1986 in Hamner and Hamner 1998), Stratificd
lakes are uncommon in tropical areas, but all the jellyfish
in Palau were found in such strutified Inkes, Hamner and
Hamner (1998) explained factors that influence  this
condition.

The main studies carried out on M. papdiEBave focused
on its evolutionary development within the marine lakes in
Palau (Dawson 2004; 2005; Dawson mnd Hamner 2003,
2005} Interestingly. Mavrgfas sp. is not present in all the
Inkes and if present, its abundance can change drastically
over months or vears. The change in abundance is thought
to be mostly related 1o temperature Auctuations (Dawson el
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al, 2000), bat the cavses may differ bztween mdivadual
Inkes

Recently, three jellyfish lokes hove been locoted in
Misoul, Rajo Ampal, West Papus (Becking el ul. 2014),
Une lake even has a population as dense as those found m
Jellyfish Lake Palau, in Hang Du 1 Viemnam, and in
Kakaban Berau Indonesin. After o brief publiched account
by Becking et al. 2004, there have been no further
prabalications oo les subject As lourisn Tes becn mcicasing
in Misool, thers has also been a steady increase m tourst
visits to these unigue lakes, Baselme information on the
lekes 18 still lacling, as 18 any formal conservetion
management plan, In order o provide basslme dota to
imfonm couservation of the Misool Jellylish Lakes, the
study reporied here mimed to document the physical
conditions of the lakes (bathymetry: area dimensions, water
qunlity: anel tidal regimel and  the dommant hinta that
inhabit the lokes,

(6 ]
MATERIALS AND METHODS

Study area
This h owas condocted in the sowtheastern

Misoel, one of seven Manne Protected Arcas (MPAs) in

{Figure 1). The Misool MPA has an arca of 343,200 ha and
includ= a chain of karst rock (Mangubhai et al. 2012)
Three lakes within the karst chain of islands ware chosdfE
pescarch siles. Lenmahous, Korawapop, amd Keranut, The
name of cach lake denves from the name of the iskand
where the lake is located.

Procedures
Lake movpiology and badivmeny

= shape of the lake was obtaned using OSM Tmcker,
an android application. An inflarable boat was used and the
tracker was turmed on at a specific sturing pomt before the
boat procceded around the lake, and then tumed off when
the beat reumzd 1o the staing point. Bathymeric daa
were oblained using a GPMAP 178/178C depth sounder.
The kard walls that surround the lakes meant the GPMAP
could not generate the geographic positions sccurately, A
hand GP'S waos then used to position the measuercd depth by
GPMAP 1TE1TEC. The boat wis manually sizered with
oars, s0 it was not easy to control the boat's stability on the
surface when subject 1o wind and currencs, It was difficult
to obtain - consistent lane tracking to mzasure the depth.
Thereforz, a3 mony depth messerements were tmken s
possible, and the measursments inputted info AscGIS 1001
software o create the bathymetric maps,

the Dismict of Rajn Ampat, in West Papa, Indonesia
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Figure 1, Lenvmakana, Kamwapop, and Keramut Lakes in Misool Muring Procecied Area in sowhern Raja Ampat, West Papas
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Waser guality

The water guality parameters measured in this research
were acidity using a pH meter (Hana Instruments HI 9025);
temperature and dissolved oxygen using a Y51 5504
instrument; and salinity percentage using an Atago hand-
held refroctometer. Measurements were performed af three
different sites in each lake and the results were averaged
for each lake. Vertical temperature and salinity were
measured using a conductivity logger (HOBO L24-002-C).
The logger was attached to a wire sling and lowered meter
by per meter. An U20L HOBO water level logeer was
installed along with the conductivity logeer to pet time
series data of conductivity and water level. The recording
time interval was set at on¢ hour, Due to only having §
loggers, a long tme series medssurement (6 months
duration) was only performed in Lake Lenmakann and on
the reef in front of Harapan Jaya village, Instellation in the
sea mimed at companng the results in the sea with
measurements in the lake. Loggers were submerged ot 2.5
m and 3.5 m depth n the loke and sea, respectively, A
correction logger was installed in the air a1 4 m ahove sea
level 1w get the water level correction. Data collection in
Kaorawapop and Keramat lakes was conducted duning field
work with the recording time interval set at 15 minutes for
six hours,

Biota

Biota that hives m the lokes were visually observed snd
identificd wsing reference books (eg., Colin 2009 or
articles, a5 well as by consulting web-based identification
sites (e,  wwwomarinespecies.org:  www fishbase.org;
www.algabase.org; www.reefbase: www.sealifebase.org,
e1e.). Abundance of biota was estimated subjectively as
follows: few, moderate, many, of abundant. Few was
defined ns biots were present in the loke, but not a lot
Mauderare was defined as biota that was more easily seen in
the lake, while Mamr meant biota were seen in many parts
of the lake Abundant was defined as biota were dominant
in the leke.

Drata anulysis

The low accuracy of the GPS plotter made it a
challengmng task to determine the geographic features of the
lakes, Lenmakana Lake could be scen clearly in the Google
Earth image. It was observed that the GPS location of this
Lake was close to the position of the lake shown in the
Google Earth image. This was not the case for Karawapop
and Keramat lakes. Thus, latitude, longitude, and depth (2)
were plotted in the Google Earth image 2014 by ArcGIS
10,1,

Data from loggers were calibrated with water quality
data from a digital multimeter. Conductivity data (pS/cm)
from the logger required calibrution with conductivity and
temperature data from the multimeter. After that, by HOBO
menu, the conductivity was converted imo to salinity (ppt).
Water level data (m) was obtained by converting
barometric  pressure from the submerged logger after
making corrections for sir pressure readings obtained from
the logeer placed in the open air. After comection, water

level data reduced by minimum value of them. The result
of subtruction then gets the maximum  value which
calculated from every 24 hours of data, Mean from these
maximum valse were using for tide amplitude. Also,
simple statistics (maximum, momimwm, mean, and standard
deviation) and graphs were used in the analysis of the
temperature time series data.

RESULTS AND DISCUSSION

Lenmakana Lake

Lenmakani 15 a meromictic lake (1.¢., a stratified lake in
which the water layers do not normaily mix) located on
Lenmakana Island (Figure 1} The time taken to reach the
edge of the lake wall from the sea wall on foot was about
12 minutes and requires climbing over karst rock. This lake
covers .25 ha and has an 18 m maximum depth. The
closest edge of the lake is 55, 8 m from the sea, and there i=
a cave in the north of the lake (110 cm high, 250 cm wide).
It is not known whether or not the cave connects to the sen
or to o neighboring lske also found on the island. The water
level of the lake fluctuates with the tidal cyele.

Bivalves (Brachidontes sp.) were abundant on the
surface of the lake edge. There were five species of algae,
with Cladaphora sp. the abundant species at the bottomn of
the lake, The jellyfish Mastigiay papea dominates the
surface and water column of the Lenmakane Lake, There
were also found moon jellyfish (dwrelfa sp), and the
sponges Tethva spp. and Suberites diversicolor, The main
substrata in the lake were stope, broken shells, and mud,
Fish species found in the lake included Carany fgmobiiis,
Cobiidee spp., and Clarias sp. (catfish). These are not
considered endemic species. They were introduced to the
lake, singe the normal habitst of these fish is fresh and
brackish waler not sea-witer.

Karnwapop Lake

Karawapop Lake is located on Karawapop Tstand i
southern Misool Islands, only 23,9 m away from the sea. Ti
takes only about 12 minutes (o walk o the lake from the
sea shore, There are two lakes found in Karmwapop Island.
The first lake is being used for the aguaculure of tilapia
(Oreochromiy mossambicus), That lake is located 8941 m
east of Karawapop Lake. The Aquaculture Lake (the name
is used just for the purpose of this study) has an area of
about 1.76 ha and a salinity of 5 ppi.ruv-'upnp Lake is
small 10 size (057 ha) und shallow (4.3 m), There 15 no
sigmificant connection with the sea, except through small
holes and pores in the rocks.

Almost all parts of bottom of the Karawapop Lake are
covered with green algoe (Cladopora sp). The lake s
unigue as it has many different species of sea cucumbers)
(family Holothuroidea). Sea cucumbers were abundant on
green olgae and rocks. Mussels, Brochidomtes sp., were
also fairly abundant in the lake, There was two dominant
sponges present (Haliclona sp, and Suberites diversicolor),
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Medusae of the elly fish Masygias sp. were not visible
on the First visal (November 2005) However, they appenred
on the second vist (May 2016) in small numkbers and sores,
This contoadicts descupions fou local commmutiss aml
Hecking o al. (2014) who stated thot Masfigies sp. s
present all of the time and in larze numbers. Tourists ke to
come to this leke t see the jellyfish and becanse of the
ease und safety of sceess, [t wos unusual to find the blue

spur poullet Tish (Meocdperde seheli) i e lake sance this
species s mainly a fish of brockish waters

Keramat Lake

Keramat Lake is locoted on Keramat Island, the eloscsi
island wo Misool sk, It takes about 13 minues walking
lo reach the lnke from the sea ade, wath a moderate
difficulty level, Different types of vepetation are found
there including rattans, fems palms, Terminalio carappa,
Barringionia estatica and other typical cosstal  forcst
vegstation Kemmat Lake size 15 323 ha, and the poimt
ciosest to the sea 15 109 m from the shoreline It is
connected to the sea by a cave. The width and height of the
mouth of the ¢ave are 4.1 m and 34 m, respectively, and
the maximum depth 15 7.3 m, The east side of the Loke is
the shallowest, and is mostly covered by mongmves
{drugiafera sp.) on o mud substrate,

What was vnigque abowt this Lake was the presence of
three species af _i4.'||:.'t_|\'|l_ Mastiglay popue, Cossiopes
ormate, Aurelic sp., a3 well 63 a0 ctenephore. Intercstinghy,
sorne the Mesmgioy sp. jellyfish were brown in color in

October 200 5 bat white in May 2016 { Figure 9).

Halivreder sp. wes the domimant alpgae in Keramat Take
while Brachidentes sp, was the dommant mollusk. There
were ilso twee types of wbe woom present o abuslmce in
the [ake, Shells and skeletons of worms formed pant of the
lake substrate. The only fish found m the lake was the
trevally Carary ignohilic

Water guality

Water gquality parameters and other  physical
chamateristics of the three lokes are summarnzed in Table
I. The highest water temperctire was recondsd
Lenmekane Lake, but its salmity was considernbly lower
than at the other wo lakes, The vertical temperature
profiles (Figure 3) do nol show @ parmanent stratification
sich as n the lakes in Palaw except at Karawapop Lake,
which showed a warmer femperature mnd lower salinity at
the surface than in the decper lavers. It happened at norh
amd south part. These conditions because measuring thme
were coincided with time whzn cooler sea water flew into
lake, Salimity profile showed this sza water flew at 2 m
depth with more saline phot

Tha temperature time series over € months of down
collection showed that the maximum and the average
temperatures in Lenmokana Loke were higher than those in
the sea. The coldest temperatures were in the seg, The
maximum tempersiure recorded n the ke water was
1.64"C hagher than the maximum recorded in the sca, while
the minimum temperamre in the lake 2xceeded by 1.287°C
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the mimimum recorded in the sea, The averags tempe reture
in the ke was 098°C warmer than the average in the sea
Furthermore, the doily sea surface temperotures fluctunted
e e el of e lehes. Neverlleless, e overall
chiferent standard deviabons i the sca and m the lakes
were small (0.03°C) They almaost have the same dispersion
of mean  lemperatere. Maturally, minfll  oand i
temperature  greatly affect the water temperature in the
ucan because the oeean i inoie open witl o s o
the nfluence of the stmosphere Lhe average water
temperature 0 the see and luke showed a similar trend in
the fluctuations over ttmz from the beginning to the end of
the reconding {see Figure 63

Relative e the difference o wempesmbue, e
differences in daily average salimty between the lake and
sea wene larger (171 ppl). The sca salinty decreased
gradhially ver a periad of twoo and a half manths from

about 28.6 ppt o about 26.5 ppt; however, salinity in the
Take was stahle over the same period (Fignre 7). Simitar 1o
the cose for temperature, stmoiphene conditions with its
effect vy precipilation, cviporation, wl cureols  can
progiuce greater changes in the salmty of the ocean than m
the salinity of a protected marine lake. Of course one
reason for it different in depth where logger mnstalled,
Logeer installed at 1 m deeper n the sea would read more
sitline wirler U i the lake.

Misool water has a sermdiurnal tidal type with almost
the same peak position (Figure ¥), The amplitude of the
tide in Lenmakana was (.98 m, compared to .58 m in the
sei. The tide ronge in Loke Lenmakana was about 1.2 m,
cormpaged o 226 moin the seae The ddal debay o ie
Lenmeksns Lake 15 about | o 2 hours (Figure H).
Karawapop and Kernmat hed a shorter delay. 1.¢ 30 and 45
munites (Tahle 1)

Table 1. General feawres of the marine jelbyfsh lakes on the Misool karst islands of Raia Ampat, West Pupes, Water quakbity pansmeters
were mepsured by ponable insrements, Tide (water helght) was measurad by loggers

i haraciter Tenmakana K arawapnp Keramal
Saze (ha) 1.25 057 123
Minnarmium ceplh (m) 1% EX T.d
Destanze to the sea im) 554 239 { LIEA
Temperature {*C} 28.30-25 30 28,3029 00 I7.50-27.90
Salmuty (apt) 26-29 2 a2
Claygen (mg'L) 52 3l -
nHl .30 .32 T.22
Tide delay 1-2 by 30 minntes <5 mimuhes
Tidal amplinsde (m) 008
Relotive ndal prmlitude 1o Sea {m) /16
Presence of mangnoves - - Yes
(Comme ot o0 Lo sea Cuve Cruck o fssures Cave
Fi 14 Eh 33 5 1.4 -
0T ek 12 4
- e, ad 3
2 —3 W = 13
H -
§ 8 & 5 08
- r ™ - =
_ F i i 2 06
E &£ i i E
£ H £ 04
5 -3 L] (W]
L,
a0 . .
a 5 18 15 M0 5 3 35 40 45
-13 & |
& am
14

Temperature L) and Salinity (ppt)

Figure 5 Waler temperaura-Cepth profiles of three lakes o
Mison! karst islnds, Bap Ampet, West Popun measured by
loggers. Sclid lines represent tempensture md dashed hoes
salimity Rlee = Lenmakima Dake, Black = Kamwapop | ake, wd =
Krmmat 1ake & for sthe sonth, r for the midd e, and A Tor the o

----- [rawian Lermnak ana Saa Harapan Java

Flgure 8. Water level from water level logeer ot 2.5 moat ir the
sen and in Lake Lemmakana, Misool karst isands. Baja Ampet,
West Papua, recorded batwees # December 2015 (08:00 AM) o
10 Decenber 2015 (0800 AM).
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Biological communities

Table 2 shows e dormsnt biots identified woall the
three lakes. Some biota are apparently abundant in one lake
bat might not be found in other iakes. Likewise, more
species of one genns may be present inoome lake ot less in
other lnkes.

Disgussion
Phyvifcal chuaracter

Bazed on the size, basin depth and salinity, marme lakes
in this siudy cannot be classified sccording o the
anchialine hahital chssification outlined by Santadomingo
{2009} The three lakes do not meet the criteric of "lake®
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defmed as > 10 ha m arca, a basin depth of 10 m, and
qalinity ranges from 23.27% . 1okewise, they cannnt be
clossified as "legor”, for which the criterin are tha the area
it =] o, basin deptls & <5 o, ool salinity s 26%. Noe de
the lakes m this stedy conform to cntena that charactenze a
"hlue pool! Le. with size <200 m'. a deep basin, and with
11% salinity Therefore, it seems that the marine likes in
Misoel’s kart wlands do not fit any of the three categorizs
defined by Saisdoamngo (2009, The jellyfsh lakes in the
three Misool Islands are small and of relatvely soalow
depth.

Colin (2000)) stated that lake formation is closely
connected with seo level rise. The deeper the lnke, the
carlier e pool was foomoed. Therefore, lukes o Mool
Islands ere younger than in Palow, such as Tketau Lake that
has a maximum depth of 60 m. Tketau Lake gradually
sirted 10 form abent 12,0000 years ago, while shallower
lekes begon their development approximaotely 4000 to
5,000 years o (Colin, 2009). Thus it would seem thar the
Jeliviish lakes of the Misool karst aslands should be
citegornizred as young-age lekes,

Being locoted a: 8 distince very close to the sea. the
Jellvfizh lokes have a close relationship with the sen, The
longest tidal delay is in Lenmakana Lake. D is possible that
the tidal delay 15 actually shorer than the -2 hours we
have recorded in this study (See Table 1), because the time
interval st for recording on the logger was one hour in
order to got longer time scncs data. Except for jellyfish
leke wt Mecherchar in Palaw, tdal delays in Misool [slds
lekes are shorter than m Palau and m Maratus off the north
coast of Eagt Kalimantun (Takle 3). The maximum tidal
amplitude m Lenmaksna Loke is 058 m. that s
approximately 2%  ameller than  that in the sen,
Lenmikana amd Beramat lnkes hove surface caves large
enough for sz water o enter and leave. Apparsntly, there
are no caves or other natural water canals in Karawapop
Lake that might represent o connection between the lake
and the sea. However, there ore crodks and fissures m very
close proximity (o the sea,

It can be seen from Table | and 3 that, the physical
charactenistics of the jellvfish lakes are diverse. Therefore,
there is no consistent feature in the envionments of the
lekes that could be considered as definitive enteria for the
presence of jellvfish in the lakes. Ventical simtification
occurs i Karswapop LokEBFigure 5). The temperature
drops gradually (by 1,5°C), from the surface to & depth of 4
m, Meanwhile, ths northern profile is mther cooler Salmity
increascs @ the depth increase, The north salmity profile is
i it higher, in synchrony with the low empersure at 4 m
(boftom]. Smce Karawapop 15 a shellow lake, it s
impossible 0 form  laver siratification. The vertical
stratiFoation occurs because sea water comes into the lake
and brings cooler and more saline water.

From the tempensture and salinity parameter data
recorded tn Figure 3, the Jellylish likzs m Misool Islands
cin be mwgarded as homogenous, However, ot Lenkamana

Lake there was a black layer. According to Hamner and
Hammer { 1998) meromictiz lakes ane identified a: having
anoxie conditions (o lack of O: ) o1 specific depths, This
lake devressed osypen ot 58 w0 and aflerwiwd sooac
(Beckmg LE, 2017, pers.com). Unlortunately, we did not
carry oul vertical oxveen measurements. Karawapop and
Keramat lakes are holomuctic lukes, 120 lakes that are
mixed in the entire water column, from sarfice o the
bt Shallow depth results i e eatire dapil being
stirred by gusts of the wind. 1his condibion is the same as
in Hang Du [ in Viemam, whizh only has 8 m desth,

Tahle X Hioes dominint in the tiree muarine lakes investigated m
Misool kerst slands, Rajs Ampat, West Papus

Karawapup
Keraman

Algze
Chendrx crmpus
Cladapnora sp.
Clacliiom intricanim
Crelichiemm prasiflem
Canderpe sevrilpta .
Helimedi gp. » . +
Molluse
Braclhidontes sp. anded - P
Clitlesn clindermar + =
Lamarvieaa flmbeiaia — . ++
Coelakiie prrectatin -
Trochis calipnnicio +
Telling seobrata - - .
Fish
Caromix igaodils i . i
Giobiidae i :
Mavrdgarda sobeli = . -
Clarioy sp + 3 K
Jellyfish
Mavtipiey pogpie
Aere i sp | - 1
LTt B T - - 1
Clenophkore « . 4
Spusges
Tetiya spp.
Helicloag spp.
Suheritex diversicolor . +
Holothuroides
Esapta grodefrovi - .-
Olpheende vomea serpen ting . e -
Symapta &pp. - A s
Tube warm
Fiivgramneda spp. - -
Seie elenr 5

Ll
ot

Noate: -1 gbsent, + few, ++ moderste, ++: many,
abundant
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Table 3, Churmctenstics of marine lokes with jellytish at Palau, Vietmam, and Indonesia

"‘""I- I“"' Clear Lake-  Big Jellyfsh  Goby Hang Dul-  Bermudl- B"';:':: Hajl

Parameter M Mecherchar,  Lake-Koror Loke-Koror  Halong Bay  Kakahan e

Mecherchar . Maraiua

Palay Palau Paluu Palau Vietnam Indonesin Indonesia
Suze (ha) 6.1 4.5 4.5 2.1 [ a0 13.3
Maks depth (m) k1] Eli] £ 15 B 12 17
Dhist to the sea (m) 200 ] R3] 1o i 120 s
Temp {"C) 28-31 19.5-30.5 3031 29.31 01 2-31.5 %-30
Salinity (pp1} 26-29 20-23 22-25 23 7 224 26-28.5
Crxygen (ppm) 5-h 5.5 i 5 h.56 5.9-6.6 -
pH - - - - fAL 7-78 7378
Damp from Lagoon/ 143 14 14 I3 - 110 122
B
Tide deluy 1 lar 40 min 3hr Zhr 2hrifm - Ihr30 min 2 hr 30 min
Amplitade - - - - 051 ol 0.75
Jellyfish Mustigias Miastigiay Mastigias Muasiigias Mipsiigias Mirsiigics, Masiigiay
Aurelin Aureli Aurefia,
Cans fenprerca
Mangrove + e # = + ¥ +
Comnection with sea 2 large surf & Mangrove Crack, lssures | nummels Undeiectable Low Low (porous)
1 small

tunnels

o
Sources: Becking etal. (2001), Colin (200%), Dawson and Hamner (2005 ), Hamner and Hamner (1998), Samodomings (2009)

From 57 lakes in Palaw, there are 12 meromictic lakes
{Hamner and Hamer [998), Masnigias sp. is found in Tour
of these lakes. Palau has many meromictic lakes, although
it is in a tropical region, This is due o several factors:
Palou has o high annual rainfall {3300-3500 mm '), its
lakes are mostly surrounded by mangroves with roots tha
probably cause tidal currents to become gentle, limiting the
effects of tidal mixing; and there s midwater mixing by
tidal jets from owside (Hamner and Hamnper 1998)
Ramnfall in the Misool karst 1slands s not as intense as in
Patay, except for July snd August when monthly rainfall
reaches 443.2 mm and 31 1.7 mm, respectively. Mangrove
vegetation is present only in the Keramat Lake but only m
small areas. Mangroves in Keramat Lake are concentrated
in the cast, while the cave giving entry to sea-water is in
the West, Therefore, the mangroves do not  couse
wenkening of the tidal influence, one of the steps in the
processes leading o statification.  If stratified  water
column by black laver existed, weakening of the tidal
current possibly does occur @t Lenmukana Lake because
the cave that experiences the tidal ehb and flow, does not
come from the sea directlv. It could be thiat the small lake
situated beside Lenmakona Lake buffers the tidal current
coming from the sea. The weak curmment would perhaps
allow for stratification in Lake.

Mastigins sp. and high-remperatire

The jellyfish genus Matipiay 5 only found in warm
water (Hale 1999). The medusae maintain 3 mutualistic
svmbiosis with rooxamthellae that need sunlight for
photosynthesis. However, high temperatures are reporied 1o
bleach the scyplustomae stage due to  temperature-
sensitivity of their symbiosis with zeoxanthellae, and also
1o reduce strobilation of the scyphistomae, Dawson et al.
{2001} reported that st 34°C in the EI Nino of 1998/15949,

zooxanthellae monality sped up and their density reduced.
Also, the high-temperature reduced the population of the
ephyrae stage while small medusa did ot survive.

In contrast to the effects of high temperature, the
specific effect of variation in salinity is not clear, Salinity
of 7 PSU did not appear to be influential in the life of
Mastigias in Lake Hang Du 1 in Vietnam (Ceranno et al.
2006). The Mastigias population did not disappear ¢ven in
the high salinity period of December 1998 10 Apnl 1999 mt
Palau. High tolerance of vanation in salinity 15 supgested
by the jellyfish’ daily vertical migration from the surface to
18 m depth which results in their cxposure to diumal
salimity difference of 8 PSU (Dawson and Hammer 2003).

At the time of the field work October 2015 in our study,
there were not found Mastigias sp. but Mei 2016 only a
few were found in Kawarapop Lake. We hypothesize thal
this may have been coused by the El Nino conditions tha
started in June 20014 (NOAA 2015, 2017). NOAA (2007)
reported that a global El Nino peak occurred in November-
December 20015 and became the strongest El Nino ever. In
July-December 2015, intensive sea surface temperature
(SST) increase occured in the central 1o castern Pacific,
This condition extended to the Indian, Pacific and Atlantic
basin in October 2005, marked by global coral bleaching.
Furthermore, from January to May 20016 umil August 2016,
the SST in Indonesia and the Coral Triangle area was
classified o5 at the Alert Level 1 (NOAA, 2016)
Messurements  with  local loggers confirmed  satellie
measurements, Unforunately, there is no time series data
for water temperaiure in Loke Karawapop.

Mastigfl sp. did not appear in Palan during the El
Mino time of 19981999 (Dewson et al. 2001 ). Ceranno et
al. (2006) also reported that Mastigios sp. were unseen in
Hang Du | Lake, in September 2003 due o a8 nse i
temperature of 3°C compared with spring 2003,
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Figure 9 Mastigiae ppwier ot A Lonmakana Taks, B Kermwepop Lake (Phoeo by TEA), O Kemmat Take st October 2005, and T

Eoeramai Lake at May 2016 {Pholo by GYSP)

Associpted with rising 85T in the mixelimnion layer of
the Keramat Lake, white Martigias, 1o, Mastiptas withoul
zoomanthellae, were found in Keramat Laxe (Figure 90).
Small white population of medusse, apparently without
sovnanthiclloe, wond mostly kess U <25 unn size, wore alse
reported i Palaw, during the El Nino cycle of May 1997
{Davwson et al. 2001). The conclusion smived by Dawson et
Al (2000) 1= that the sccurrence of sma'l white Mastiios
sp. wae lkely strobilate aposymbiotically than bleach post-
stpobilatoon. The Dleached animal typically eabibited soome
remnants of rooxanthellae. In fac, mcroscopical annyss
found no remnants of zooxanthellae n preservad jellyiish
sample. S0 these white jellyfish were ant hecanse of
blesching. We need more study about this pheaomenon
sinve while jellylish ol Kermmat liad o brown spol amd
varving in size from small and big.

Sub-species of Mastigias sp.

Mastiglas sp. jellyfish in Lenmokana Lake show a
slightly different morphelogy from the Masrigias sp. in the
two other lakes (Figure 9), Ther oml arms in Lenmakana
Lake are shorter than in the other two lekes. Colin (2009)
and Dawson et ol (2004) noticed that the Masrgias sp. of
the ancestal logoon had oral arms longer than in Mastigias
sp resuling from evoludon in the lakes, In other words,
Mastigias sp. evolution in Karawapop and KEBmar lakss
appears to be vounger than in Lenmakana, Dawson and
Hammer (2005) and Dawson et al (2009) revealed that
marpholopical evolution was coused by the isolation of o
luke, a5 the lukes flooded 12,000 then 3,000 years ago. This
isolation was the cause of different charncteristics of
manne lakes, such as depth, anea, phvsical and chemical
simetnre, As the lakes become more isolated, jellyFsh are
more likely to develop into subspocics, such as indecated by
the presence of five new sub-species of jeliyfish Masrigiay
sp. in different lakes in Palau (Dawson 2005) The level of
isolation of the lake can alse be a facwr determining the
existence of other ellyfish m the lakes, although, which
level of isolation detormines which particulsr specics can
survive is unconfirmed. Aurelig sp. inhabits some lakes
with abundant Mastigios sp. Commonly they are found

below the depth zone of Marngres sp., about 5 m below the
surface (Colin 2009),

Conservarian mamagoment

There is curmently bittle momagzment of vistors o
Jellviish lakes i Misool. Small and shallow manne lakes,
close 1o villages, are utilized for daily domestic activities
such as toileting, trash disposal, or sguoculure. For
example, in Korowepop Loke, o sheltzr ond warehouses
have been bailt 1w facilitite people reaching the lake
Imitinlly, they were buili v support the aguaculture
activities in the area. In Lenmakana Lake, an emergency
facility, an ortificial ladder from natural msterials, way
constructed but this was later dameged by weather.

Usunlly, fourists come to the jellviish lakes via live-
aboard dive boats from Sorong. There 15 no mdonmaton
about the mumber of tounss that visit the lnkes annually,
and no one to control tounst activities during the visits,
This is of concom given how fragile the marine lakes ere,
Snorkeling, wearing of sunscreen andfor urination can
affect the water quahty and the presence of hiota, Dawson
et al. (2001} showed that & level of sunscreen
concentration of 10 g ml™" in the water can causz the
denth of Mestigiar ofter 30 hours. The smnll size of [nkes
in Misool lands would be more sensiive oy
interterence caused by humans or by natural phenomens
such as E! Nino Therefore, in order w conserve und
protzet the ecosystem of the lakes in Misool Istands, site
vigita should be well-managed involving the government
and the local community. Establishing management
systems, including fees charged to tounsts, may create
positive incentives for commumities to betier protect gnd
manage the morine lakes,
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