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Research Program
Marine Sponges: the New Alternative Bioindicators to Monitor Heavy Metal
Pollution in the Eastern Coast of the Gulf of Thailand

Waewtaa Thongra-ar and Chaluay Musika,

Institute of Marine Science, Burapha University, Chon Buri 20131

Abstract

This research program was divided into 2 research projects as follows: 1)
environmental quality in marine sponge habitats in the eastern coast of the Gulf of
Thailand and 2) monitoring the heavy metals accumulation in marine sponges in the
eastern coast of the Gulf of Thailand. The period of research program was 2 years from
2014-2015. This study aimed to investigate the use of marine sponges as bioindicator
to monitor heavy metal pollution in the eastern coast of the Gulf of Thailand.
Seawater, sediments and marine sponge samples were collected six times during
January 2014 to November 2015 from 7 stations at Ko Mun and Ko Saket in Rayong
province and Ko Si Chang in Chonburi province.

The results of environmental quality in marine sponge habitats indicated that
the water quality of the study areas was mostly still compiled with Thai Marine Water
Quality Standard according to the classification of marine water in each study area. It
was compiled with Class 1 natural resource preservation areas at Ko Mun and Class 5
industrial or ports zone at Ko Saket and Ko Si Chang. The sediments were alkaline (pH
8.1 - 9.2) with low organic matter contents (0.2 - 2.1%) and the sediment texture was
mostly sand. Seventy eight genera of phytoplankton were recorded. The most
abundance phytoplankton at every station and every month surveyed was diatom. The
highest cell density of phytoplankton was found at Ko Saket followed by Ko Si Chang
and Ko Mun, respectively. Species diversity of marine sponges was investigated and
found 54 species of 41 genera, 31 families and 10 orders. The highest species diversity
was found at Ko Si Chang (24 species), followed by Ko Mun (21 species) and Ko Saket
(14 species), respectively.

Accumulation of 7 heavy metals (Cd, Cu, Fe, Hg. Ni, Pb and Zn) in marine
sponges was analyzed in 184 samples of 20 species. The results showed that marine
sponges accumulated Cd, Cu, Hg. Ni and Zn more than accumulation in seawater
and sediments, except Fe and Pb were accumulated in the sediments higher than
accumulation in the marine sponges. In the same area, different species of marine
sponges can accumulate heavy metals at different concentrations. The sponges that
could be used as a bioindicator to monitor heavy metal pollution at Ko Mun and Ko

Si Chang were Petrosia (Petrosia) sp. “vase” and Clathria (Thalysias) reinwardti. In



addition, at Koh Saket, Paratetilla bacca and Oceanapia sagittari could be used as a
bioindicator. This is because they were dominant species in the study areas.
However, a continuous monitoring of heavy metals accumulation in marine sponges
should be conducted within the study areas as well as other regions. This is to
confirm the results and get more valuable data as no available information of heavy

metals accumulated in marine sponges has been reported in Thailand.

Key words: seawater quality, sediment, phytoplankton, marine sponge, heavy metal,

eastern coast of the Gulf of Thailand
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vudloulaneninlufundeummsaunuiiosansasuluimea viefunznou Seroudng
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ANSNUNIULBNEISNENE VDY

wosindudninsalifinseandunds dneglidy Porifera Faudulnduiiiitaninis
sitarlunduuesdn ivaneiwad \Wudniinginegiufinuiiunza (sessile animals) wuld
salummeilmaa foneiiu memans widmdmsauazuutms lennnmeinegiu
fowitunzie egrwiubulelall dnwarddindugnsuanmadoshiuroneaduuy
vanwe ififefofiuiass duiugldiauuuedomauasliondoma Auswnsienianses
dmgiariumeiethwunadn (ostium) Ainsganeegiiadida Tnsendonisitalunvesisad
fimy (choanocytes) fivhmthiiduamsuazoondiau titiumsnsowudaaylvasenyaie
hoon (osculum) Fetniviewenvwelng  Tneannsansesimeaaldunniuunsiies
feduimelundedlug uazvhaiudeiemasana Jalunumddglussuuinammeia
Tuwdnsuiuussamnmiiiflaszenn  Wisuaiieutuedomnsesihmsinmilddy @
R aa1m3 uazgw Suasauysal, 2550.)

HosnwenirAuomnslasmanses uazasinginegiufimuiiunsia shlvvlasi
Fudatuinealusssumfunnnindm ivanewadlulwdusy 9 (Vogel 1977) mninzad
mstudounnansuafin Wy lavenin  eshazaunsoazalenendniiaraisuie
wrauaeslutmeialasniansesriud1i (Verdenal et al. 1990) AruawiiAfid dnyoamosi
Tuted wazamend®du 9 wu madudniveiseadififuunsdan fasaises
FeMewaEnszUILNSE 9 lnslamenslesiufanuaiviuadeuildduden (Maller
and Maller 1998) i inanaiadiinusnnilgauuiumzalusivesiouas Ui (Sara
and Vacelet 1973) uaziianuaunsolunsavaulavewintiludlasnsmzisuas
noaeuluresUfoRnts (Hansen et al. 1995) ¥irl¥inmsldosimea Wy Suberites
domuncula (demosponge v3avasigi) Wudwinsdanmlumsasneasumsuuiiou
Yasanslanerin Wy wanlsuwardanyd tusssuvd (Muller et al. 1998; Muller and
Maller 1998)

Tuvszmalvedilieeiinsnumslienimaadussinedinmlunisusng
Uuilouvesasuafivmanzia  snisedulnajzdenldvevaomndusaiimedanmlunis
vstnmstuilewveslavenin 1wy nslilusiudisuiulanendnidusisinmsudouves
Usevilumesuvasy (Bum Uhaus 2506) Judu sesimumdefimsdutatulansuinuns
win W wanlley daned uazUsen asnaliiAniiunisiugnssy lneausansiainlaand,
Ueitandny Iiun anudemevesiiue nsuanseenveslsiufidusiulanenidn (metal-
binding ~ proteins)  uazmsuanioenvedlUsAuNgnnszdulasnmde  (heat-shock
proteins) (Bauman et al. 1993; Ganguly et al. 1996) \Judu
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2. AISINUAL0E19UAZINYIENINADES
< % 1 H
2.1 mMstusgeasnza

umsgnaaadmzaituegnusssuydiiod119AunaInma1en19viinged
Wonhnzianenfeegmumeilangianiangiueen Yminvayuazdminszess lagn1sani
wuulAsesemglalain (SCUBA diving) ?i:uémaﬁ]u,a“Lﬁuéf’saéwamaamﬁqﬂuﬁﬁﬂwﬂunm
nanetu (day time) fausiundym3eitusiu (reef flat) wiowmihtutinas sufuanuznde
anguy (reef slope) mawumLauaﬂLLmU M3 fhegheiinumstufinamlé s
uazAwAnTinuLazanwiuiiegende mﬂuummamﬂaqwuLwammmmiaauLLasz
Snwdieee melesuea 70 % Lieludwunalinluiesufjifinissely

dnsusiegavpsivzlalenizsdanulaziusinaunnednAnwnsavaulans
wifn Taefiulilugs@duenanusdanoudluudlfludeduds uas Luamwawgummi
amummmmammw 1A UYINYIFEYIN WINRTIANEERIAMEUIMZIaLAL N
ndu ududeiuiifigumgd -a0°C ndaniuhlurlduieseadewhuiuuunnudu
(freeze  dryer) Wauwisuariuiunendaislusen warhluduliazidennlioinieslu

v a a I3 4 491 a o a 6" 'y
9115w ussylugedunaraininuliludanadnuau tiesedrludmsvslanendnlu
Tunounsll

< % 1 2
2.2 MsufIBENUImLa
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Aanansaudndenszuenifiuiein Kemmerer aaq 2 a3 amilay 3 41 Yaawdn
gaumgdl amlussuas Ay sendiauazans wazauidunsa-ss udiiAusedne d
aunmihiiaszillldtuilunasiuiedns Thiumedrahimenenanain PE aunm 1
dn3 Unehlviwu inusnewsmedlilududdutazinduuniesziluiesufiRnsanndu
IPIPNAATNNNLD UNTNGIREYTNTIUT

dnsusetnimzaiiouiinseilavemin iuluuinanieasuilifiufedng
woatmzia Taifiuiograimeanoufuietslosh iledestufiungnaudlinszais
Tneifiusegnimasanissiiofiuiedini (Non metallic water sample model
1080 Series GO-FLO) fisgsufsnansarudnvesiluannidnu aniilar 3 41 uondase
siofu detldvannatadin (PP, Nalgene) awin 1 Ans Uadliuduiouussgas
gemanadin faangeliuuy (2 $u) udrihlvudliludsuhuds devdsfaiesufufinag
(melu 12 $2la9) Fregrsazgnuivanmiiidunsa (pH < 3) TasnaiAunsalunsnidudy
(Merck supra.HNO) Apwiulilugiduaunitasihuniinsgilavevin s iuf0g 9
dusudasizisen lainusenaramnluvaaudalwiSndauinniiug 0.5 das 1d
gewanadin fangelvntuneundifuludaiude wazusvanmlfidunsa (pH < 2) Toe
naiunsalalasnasinidudu (Merck supra. HCU) viuft lefwiosujuinng waztivlilu
fiiuosemsiinszvivsensield

2.3 MsuAlBgsAunznay

\Fushegsiunzneuiiiethuniieseilansmiinuazaunmaunzneu  nsgsimiey
fumaiiusedgiamenimzauadluuinadefuiifufedimenimea  Tnsvaesih
(SCUBA diving) tinuszanth (Un39e) azldeunanadnsindetapunsneuusamonii
(mnudnlaiiAu 5 wuiiue) ldgsduwanaiin anidias 3 91 usndaseeeiu wiheeninln
Unngaliain Wuurliluduhuds uasdeufeiosufifims tiluidvlugudulsfignmad -
40°C uazvliuislneldipsasinuissomndu (freeze dryer) Md@IniaE R NTouRTY
PEuNTITOUIUIRA 1 Taduns edmmsiiuuaziUdoneseen wiunmetsiungnauls
Juidleiertude  agate mortar  wasfulilunsdunanadnlugaeaudy  iosenis
Aasevisialy

2.4 NSNUFIBEINNAIRNDURNY

Aushegraunasineuiiy  Wilediasgimanumnuiuresssanaunasinouiioly
uwidsavameshsUoniiaugauauysaivesonsvesanimaa LAY
megunasinauily lagldgeainunasineu (plankton net) wuwindesnn 22 lulasiuns
anlunnfmnssduanudn aniflar 3 61 wasfuinundegadeansarais Lugols
solution UssFRUABUEIULEY  TinTevdinuasUSunanuuILLuTewnasinauialag
Mgy SwunvianazUSunarnurwiulussavananiglindeqanssaliuueud
Usznau Iegldalaniuunasiney (Sedgewick — Rafter slide) vwnANy 1 addns (&
A1 WASY wavlanan yyaddand, 2546) Mydutiuwazdnuuntiiaunasineuivazdiiun
Tuseduana uaeiimsldmbeduded 1 wed 19 1 wie waz 1 duae 19 1 mhewuiy
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Mainsduunanaldienansdrsdees damn WAl (2542) Saasiasel Weuauysel uae
Az (2545) 933918 TrugyRad (2545) wag Tomas (1997)
3. M153ATILYAIRENS

3.1 NFAATIVAMN NN

9
a a =

audiaaunimiituusnatuieganduvesaimeia dulduwn Aun gy wae
a5 IUTINUTRY TINVTITIATIER wandlunng1en 2

A13199 2 ABUAMNINUINETINNTAATIEALALITIATIEN

Parameter Unit Method of analysis Reference
AWEAN (Depth) m. Echo sounder (Speedtech SM-SA)
AulUSauEs m. Secchi disc
(Transparency)
gaunnil (Temperature) C Electrical sensor method (YSI Model

550A)

ANdunsa — dne (pH) - pH meter (WTW pH100)
ANMLAY (Salinity) ppt Hand refractometer (ATAGO 508 [IW)
20NTLAUATANY me/L DO meter (YSI Model 550A)
(Dissolved oxygen: DO)
A15WUIUADEY me/L GF/C APHA (1992)
(Suspended Solid: SS)
wonluily peg/L Phenol-hypochlorite Grasshoff et al.(1983)
(Total ammonia)
wonlandoguiilifideoy pg/L AWINNGRT nIuAIUANNATTY (2549)
(Unionized ammonia) pk=0.09018+2729.92/11emp.

Pk=-log;¢(K)

Pk=-log;o(H")

Fu=1/1+(H"V/K)

Unionized Ammonia= Fu(Total

Ammonia)
Tulas (NO,SN) pg/L Diazotization Strickland and Parsons (1972)
Tulnsn (NOs-N) pe/L Cadmium reduction Strickland and Parsons (1972)
+ Diazotization
Noawa (POg-P) pe/L Ascorbic acid Strickland and Parsons (1972)
FaLne (Si05-Si) pg/L Silicomolybdate Strickland and Parsons (1972)

3.2 MsAATIZAlanEALN
Tavgnindivhnsanesausieay 7 98 leud Usen (He) mei (Pb) e (Cd)
danzd (Zn) Mo (Cu) widn (Fe) waz Wia (Ni) Inedasiziluguvesusunalans
wvuavedlaveninusazyla fal
321 msleszilavevinluranimzia
nsw3eudegmenimea 1438nsdesaans (digestion) fegraraningiensely
a3nudu Tnen1sdnulasanizues Wagner et al. (1998) way Pérez et al. (2005) Ineds



fhegrsesthmziauis 0.5 +0.01 nsu ldlunaonnaaes a1y 100 Sadans @da) Wi
nInlunsniiuty 6 Jadans (suprapur HNOs, Merck) éaaaawﬁaaﬂwﬁqmm:ﬁ 100 °C uu
24 4139 UuLﬂ%asiasJﬁ’;asmLLqum (block digestion system; model AIM600) #%&331n
Tundlilmsufigamgives neudsutinandu 50 feddns fethndu deionized uaziisly
agnetien 24 Flwsnewihluarududulanewin Toun wandlon newas wdn fiAa
v uazdaned fewmeda graphite furnace atomic absorption spectrometry (GFAAS)
TneweSeq atomic absorption spectrometer (Perkin-Elmer; model 41107L) dwusen a
AMLILTUAIBIMATLA cold vapor atomic absorption spectrometry $gUU flow Injection
mercury hydried system (FI-MHS; model FIAS 100) fewp3es atomic absorption
spectrometer (Perkin-Elmer; model 4110ZL)
322 mysenzilavewtinluimeia

nswieuenududuiediimze  dmiulansuandlon seth vewns fifa
daned waziman 1935 Cobalt — APDC co-precipitation technique Tneldognimea
25042 fiadams USurn pH Tle 4+0.2 daeuenlanile Wia cobalt reagent 2 fiadans A
PE 2% APDC 2 fladans nTe3fieg 19k U polycarbonate membrane (pore size 0.4 p)
fumzneu wazavansmznousensalunindady 1 fadams Aowdnth deionized 4
fadans Mel¥edneden 24 Falus Saeududuvedansis 6 wia Fewdes atomic
absorption spectrophotometer matla GFAAS (Rane ydng, 2544)

dmsulanguson nswleuanududuiies1eldis Brel method Fafnuvasunain
Quemerais and Cossa (1997) Aaszlagldinaila cold vapour atomic absorption
spectrometry s¥UU flow Injection mercury hydried system (FI-MHS; model FIAS 100)
FeLA3ad atomic absorption spectrometer (Perkin-Elmer; model 4110 ZL)

3.23  msieseilancuinlufunznounzia

mMaweuiegtinszilaveuandlon azd nowns Tiia dinzd wazmdn ns
anmeieeg1e (sample digestion) AALUAIAINIGUDY Loring and Rantala (1992) lagarin
fogeRunznounin 0.5+0.05 NTU AIBNTA aqua regia (HNO5HCL, 1:3 v/v) uagnsalalag
WoesA (HF) dnsdu 1:6 1addns Tu teflon tube uu block digestion system (model
AIM600) Tigaumadl 95 °C w3 dalus reuthlusymeliursfigamadl 70-80 °C vy hot
plate wdavansnzneusensalunindudy 5 faddns Usuvsinesdu 50 dadans deth
deionized fivansazaneluviananain (Nalgene) MelSaenation 24 Falus Aewhluiany
Wutwlaveninusazviineiemaiia GFAAS (Perkin Elmer; Model 4110ZL) snviu 11adn way
Finzd Mnedln FAAS Tngldipdes atomic absorption spectrophotometer (Perkin Elmer;
Model AAnalyst 100)

dmfumsiessiusen vhmsdesaanefiegnsmunzneu 0.5 + 0.01 ndu Whwih
W) shediusauues 4:1 HNO; : HCL legldurdesdesdegnasnensauuuvan (block
digestion system, model AIM600) ﬁqmmﬁ 95 °C funan 2 Flus Helslndud
paungiiviestoudensdioth deionized wazUsuuTiendu 25 feddns Temeilagld
wAlA cold vapour atomic absorption spectrometry (CVAAS) s¥uUU flow injection
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mercury hydried system (F1-MHS) model FIAS 100 14 0.2 % NaBH, in 0.05 % NaOH
Ju reducing asent way 3 % (vv) HCL Wlu carrier solution wagSapududusienses
atomic absorption spectrophotometer (Perkin Elmer, model 4110 ZL)
3.2.4 N13AUANAMAINMTAATIELaneENLN (Quality control)

mimmmﬂmmwmﬁLﬂsﬂw“lamwﬁfﬂluﬁmzLaLLasﬁumﬂaumw’]ﬂmmwaau
ArugndpafusogsimeeunsuiikunsiUTese Ity (Seawater  reference
material for trace metals; NASS-6) w984 National Research Council Canada Nan1s
Aeneiduandunedl 3 dmdvAuszneuldnsaseunnugndesiuiunzneunsia
mmsyuﬁﬁhumﬁmaﬂmmLsﬁu%‘u (Marine sediment certified reference material for
trace metals and other constituents; PACS-3) 984 National Research Council Canada
NaNSITIRdRUSandlunITaT 4

dmsurlonimea Selimuidfeghanaspunenimeza 39T eesishotng
mmgmmauﬁa@waamﬁu (Mussel tissue; Standard reference material® 2976) U4
United States of America LLaséhasmLﬂfal,?iaﬂmmamm%m (Dogfish ~ Muscle
Cer‘uﬂed Reference Materials; DORM-2) 494 National Research Council fiatanslumisng
7 5 way 6 Muddu mwﬂmﬁt,mumiavmaia‘vi“‘viuﬂmm%m‘mmwmmLeumu (Spike)
adlusedeesiluduneunisdesaanesegna (Digestion) eransinsiziuandiunisns
a7

uaﬂmﬂﬁléfﬁﬂmiﬁﬂmmﬁi"]qmmmﬁmiwﬂawwﬁﬂ (method detection limit:
MDL) wadmzia funznou wazrlosimaa auiasdidlunsanmads Tneduaan 3 wh
Y03ANTBULINATEIY (standard deviation, SD) #ilsnmslinsevisiannaduduves
method blank 113y 7-10 1 wan1sAnwuandlunsed 8

A1519% 3 Namﬁmi’wﬁﬁ’mmammg’m (Seawater reference material for trace metals;
NASS-6) (n = 3)

Heavy Metal Certified value Measured value % Recovery
(ug/L) (pg/L)
Cd 0.0311 £+ 0.0019 0.026 £ 0.0004 81.2-835
Cu 0.248 £ 0.025 0.259 £ 0.010 101 - 108
Fe 0.495 £ 0.046 0.499 £ 0.086 81.0-113
Ni 0.301 £ 0.025 0.306 £ 0.012 97.2-105
Pb 0.006 + 0.002 < MDL -

Zn 0.257 £ 0.020 0.243 +0.008 95.8 - 100
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A519n 4 NamﬁLﬂiﬂzﬁaumﬂauwmammgm (Marine sediment certified reference

material for trace metals and other constituents; PACS-3) (n = 5)

Heavy metal Certified value Measured value % Recovery
(mg/kg) (mg/kg)
Cd 2231013 221 £0.04 95.8 - 102
Cu 327+ 14 335128 101.4 - 104
Fe 41,100 = 1,100 43,440 = 3,730 97.6 - 117
Ni 399130 38.6 23 90.3 - 104
Pb 188 £ 7 153 £ 1.8 81.0-82.8
Zn 379 £ 15 367 £ 17 93.8 - 105

A139991 5 HaN19IATILMUBLE MO UNTULIATEIU (SRM 2976) (n = 5)

Heavy Metal Certified Value Measured Value % Recovery
(mg/kg dry wt.) (mg/kg dry wt.)
Cd 0.82 + 0.16 0.96 + 0.02 114 - 120
Cu 4.02 + 0.33 4.42 + 0.05 108 - 111
Fe 171 + 4.9 174 + 3.1 98.7 - 103
Ni 0.93 +0.12 1.01 + 0.04 105 -114
Pb 1.19 £ 0.18 1.2 £ 0.06 89.0 - 100
Zn 137 + 13 1375+ 2.03 98.0 - 102

A1319% 6 NaNFIATIElodaUamaNInsgIU (DORM-2) (n = 5)

Heavy Metal Certified Value Measured Value % Recovery
(mg/kg dry wt.) (mg/kg dry wt.)

Cd 0.043 + 0.008 0.051 + 0.002 112 - 122
Cu 234 + 0.16 231 +0.08 95.0 - 104
Fe 142 + 10 151.7 + 9.7 102 - 119
Hg 4.64 + 0.26 4.79 + 0.196 99.6 - 108
Ni 194 + 3.1 19.6 £ 1.12 935 - 109
Pb 0.065 + 0.007 <MDL -

Zn 256 +23 234 +19 83.5-102
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A1519% 7 NaN1TIATIRIBg et MsladLANasavanslareninunsgiuadtuly
TunpuNIEaYEa18s0ee (n = 3)

Heavy Metal Spiked Concentration Measured % Recovery

(mg/kg dry wt.) Concentration
(mg/kg dry wt.)

Cd 10 10.1 + 1.83 99.8 - 103

Cu 20 184 + 1.2 88.2 - 98.7

Fe 20 20.3£0.19 101 - 102

Hg 1.0 0.89 +0.14 73.7 - 101

Ni 20 217+ 1.6 99.6 - 115

Pb 10 9.3 +0.81 92.2-93.8

Zn 10 11.1+£0.3 108 - 114

M13197 8 ANEATRINITIATIlanevinlutivela Wenmeia uagiunznou

Method detection limit

Heavy metal
Seawater (ug/L)  Sediment (mg/kg dry wt.)  Marine sponge (mg/kg dry wt.)
Cd 0.003 0.015 0.007
Cu 0.04 0.25 0.1
Fe 0.04 20.0 1.0
Hg 0.10 0.003 0.007
Ni 0.03 0.20 0.15
Pb 0.03 0.15 0.07
Zn 0.25 1.0 0.2

3.3 NFAATIVAMAINAUAZNY
AN IMNALALNBUTINNITIATIZLALITIATIE A andluAIS 197 9

a a A o a ¢ ada ¢
M990 9 QQJﬂ’]WWUG]Sﬂ@u‘Uqﬂﬂﬁgﬂ’limﬂ’]ﬂﬂﬁﬁLﬂﬁﬂS‘WLLag']ﬁ'JLﬂT]%M

Parameter Method of analysis Reference
Sediment pH pH meter (1:1.25; sediment: water) Thongra-ar et al. (2008)
Organic matter (OM) Acid-dichromate oxidation ﬂmﬂgﬁ (2537)

Particle size distribution Hydrometer method Sheldrick and Wang (1993)
Sediment texture Textural triangle Hillel (1998)

a. mssuunwiindretraasimeia

nssmunviaetsenimealuiesufoinig Tismsdnuwded

4.1 N15RTINERUANYULNIIATIATIWRITNME  (skeleton)  Uszendaniaves
Putchakarn et .al (2004) lnensdmibeidashegraiesin Usnamamesh (tangential
section) WAEARMINYINN (perpendicular section) AnwianuwzwazaIRUsENRUTRIEUA
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adulenlosh (sponging fibers) LLazImaa%mes%’mL’%&Néffmaqa@qauaxLé’uim/\lamfw Yuiin
ToyauaziuTumeuiuLena 591989

4.2 manTRaeudnuusLazIuInYesElan (spicules) wesasilngUszynsiands
Y89 Putchakamn et al. (2004) Wialnaundesriendesganssal Anwiusennuasinvuin
vosalinalaeliriadaduluaseuandnuadaausasUssinnliitosndn 25 41 (ufinua
waviheyaluiSsuiisuiuenatssnddlunisdiuunaiin

4.3 Masmuneinvesimea ﬁwmsﬁnmmaazLﬁamé’mgwu%wawaaﬁ'aaﬂwmqfw
fildanmsdrranmeauniaziesufiinng Ainsssideyauazinnisitdadedeinemans
FregmeainlasnsUssuisutenansensds aslusydu Orders, Families uag Genera Ay
In15iUTeuLBUaIn Hooper and Soest (2002) Systema Porifera tay Boury-Esnault &
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level) ¥imslFeuifisuannienanssnsdeinaniildifununuliuasfudumiugnieses
szﬁm/\laﬂﬁﬁﬁ]’mgm%iﬂav\lmfﬂaﬂ World Porifera Database (Van Soest et.al., 2015)

5. M33ATIzvidaya

51 14lusunsu Microsoft Excel lumsfuimdigean fsian Alade uay
Anduaunnasgu mmﬁ%mm%qmqﬂ%ﬁagaLm'azsqm

52 ldlusunsudndagy spss Tunmstasiziannuuwlsusiu (ANOVA) ¥e9
Amsdneseng iiemAiedfyveinnnuuandns (Significant) sewing 2 Jade fie
a1 (2 V) wazaanll (7 aodd) wazldada S-N-K Tunisiesizinaunanaiseninsanni
SuRERiALduLS (correlation) seminannsimesenee WAENNTAT WU
Boxplot waslanzuinlunonimzia
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. S Temperature (°C) DO (mg/L) pH Salinity (ppt) SS (mg/L)

Range  Average SD | Range Average SD Range  Average SD Range  Average SD Range Average  SD
Koh Mun RC1 25.6-31.7 29.5 2.1 | 53-7.1 6.2 0.7 8.2-8.6 8.4 0.1 30-31 30.2 0.4 | 11.0-35.8 15.0 6.5
RC2 25.0-31.8 29.5 23| 54-76 6.4 0.8 8.2-8.6 8.3 0.1 30-31 30.2 0.4 9.1-32.4 14.7 6.3
RC3 25.1-32.0 29.5 24 1 59-74 6.4 0.5 8.2-8.6 8.3 0.1 30-31 30.2 0.4 8.8-24.0 14.1 4.6
Koh Saket RI1 24.9-32.0 29.5 24 | 53-74 6.3 0.7 8.2-8.6 8.4 0.1 28-32 30.0 1.2 | 12.3-28.6 17.0 4.4
RI2 25.4-32.0 29.6 24 | 52-75 6.5 0.7 8.3-8.6 8.4 0.1 28-32 30.0 1.2 | 13.4-30.6 17.9 5.0
Koh Si Chang CHIl 256313 288 20|5982 65 08 | 8386 84 01 | 30-31 305 05| 8.6-23.2 147 43
CHI2 271.5-31.2 29.4 1.5 ] 6.0-6.9 6.3 0.3 8.2-8.6 8.4 0.1 30-31 30.4 0.5 8.8-23.6 14.3 3.9
Average 24.9-32.0 29.4 2.2 | 5.2-8.2 6.4 0.7 8.2-8.6 8.4 0.1 28-32 30.2 0.7 8.6-35.8 15.4 5.2

*Standard AF 1 Fa 7.0-8.5 AF10% [ ]

**Standard AF 2 Fa 7.0-8.5 AF10% [ ]

* AIUINITFIUANNININNZATIEEN Usennl 1 ien15eusnuninenssssuni (nsuniuauuaiiy, 2549)
** ﬂ"lmmgﬂu@mmwﬁ’mmamaﬁla Uszuni 5 Lﬁamiqmamﬂﬁmawhﬁa (nsuAuANNARNY, 2549)
A = Wasuwlaamnanimsssuwa

B - AussgIuRznouwIuasy rndsunlaniivduliifunasiuvesriede 1 5u vse 1 e e 1 U vindualesuuiasgiuees
Anadetug lnedsnsviaade tawn Anade 1 3u Inianndalus viiest1ates 5 ASY MY1aa1wing du Anade 1 beu iianniu v3e
agtos 4 A3Y (MPasaaing fu lu 1 wew) s awdediu Anade 1 U lviiannideu o Jui uasiiafediy
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Total Ammonia Unionized Ammonia Nitrite Nitrate Phosphate Silicate
Area Station (ug-N/L) (ug-N/L) (ug-N/L) (ug-N/L) (ug-P/L) (ug-Si/L)
Range  Average SD | Range Average SD | Range Average SD | Range  Average SD Range  Average SD Range Average SD
Koh Mun RC1 8.6-31.9 16.3 7.7 | 1.3-85 2.8 2.7 | 0.0-2.1 0.5 0.6 | 3.3-26.2 12.4 8.7 0.0-7.1 1.8 1.8 | 152.5-315.0 206.3 56.6
RC2 2.4-21.4 12.2 6.0 | 0.5-5.5 2.0 1.7 | 0.0-3.9 1.0 1.3 | 1.9-21.6 9.7 6.0 | 0.0-11.4 35 2.8 | 225.0-327.5 260.6 33.1
RC3 5.7-26.7 15.1 7.1 0.7-7.1 2.6 22| 0.0-21 0.9 0.7 | 5.6-19.8 12.9 a7 0.0-7.1 2.5 2.2 | 90.0-370.0 224.7 97.4
Koh Saket Ri1 8.1-31.0 14.8 73| 1.1-75 2.6 23| 0.4-25 1.1 0.8 | 9.2-22.2 13.8 4.5 0.0-5.7 2.6 1.8 | 72.5-347.5 204.7 101.4
RI2 5.2-34.3 15.6 8.8 | 1.0-8.3 29 26 | 0.0-3.6 0.9 1.0 | 2.8-29.3 13.4 8.4 0.0-4.3 2.0 1.3 | 75.0-300.0 210.4 77.3
Koh Sii Chang CHI1 4.8-30.0 17.2 6.7 | 0.9-5.8 2.7 1.7 | 0.0-5.0 1.3 1.7 | 2.2-55.4 14.2 19.0 | 0.0-12.9 5.1 39 | 42.5-327.5 165.4 99.3
CHIZ2 4.8-22.9 13.3 6.3 | 0.8-5.6 24 1.8 | 0.0-14.3 3.2 56 | 1.3-14.6 5.2 4.8 | 0.0-20.0 7.4 6.7 | 57.5-202.5 130.5 54.3
Average  2.4-34.3 15.0 7.2 | 0.5-85 2.6 2.1 | 0.0-14.3 1.2 23 | 1.3-554 11.8 9.6 | 0.0-20.0 35 3.7 | 42.5-370.0 202.1 85.6
MDL 1.50 = 1.09 1.81 1.29 120
*Standard - 70 - *20 *15 =
:Standar - *70 - *60 *a5 ’

MUBMR . MDL na1889A1 Method Detection Limit
* AATEINAMNINUIMzaeis Usennil 1 iien15eusnensngInssssuya (nsuAuANNainy, 2549)

* AINTFIUANANUIMELVIERN Useianil 5 1HaN15anaIvnssuwagyinge (nsumuaNtaty, 2549



NO,~N (ug-N/L) Unionized Ammonia (ug-N/L) Suspended Solid (mg/L) pH Temperature {C)

Si02-Si (ug-Si/L)
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Temperature {C)

pH

NO,-N (ug-N/L) Unionized Ammonia (ug-N/L) Suspended Solid (mg/L)

Si02-Si (ug-Si/L)
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NO,-N (ug-N/L) Unionized Ammonia (ug-N/L) Suspended Solid (mg/L) pH Temperature (C)

Si02-Si (ug-Si/L)
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DO (mg/L) Temperature {C)

Unionized Ammonia (ug-N/L)
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Salinity (ppt)
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Parameter Year 2014 Year 2015

Max Min Mean SD Max Min Mean SD
pH 9.2 8.1 8.8 0.3 8.7 8.3 8.5 0.1
Organic matter (%) 2.1 0.2 0.7 0.5 1.6 0.3 0.7 0.3
Sand (%) 98 87 94 3 96 89 94 2
Silt (%) 6.2 0.04 2.6 1.5 7.3 1.0 32 1.8
Clay (%) 7.3 1.0 33 2.0 4.0 2.0 2.7 0.6
Sediment texture Sand Sand
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Euglenophyceae 1 @na Class Bacillariophyceae 65 @na  Class Dictyochophyceae 1
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Division Class Genus RC1 RC2 RC3 RI1 RI2Z CH1 CH2
Cyanophyta  Cyanophyceae Pseudoanabaena v % v v ooV v
Richelia v v v v v v
Spirulina v v v
Trichodesmium v v v v ooy v
Chlorophyta Chlorophyta Scenedesmus v oY
Euglenoceae Euglena v
Chromophyta  Bacillariophyceae Achnanthes v v v
Actinocyclus v v v v
Amphisolenia v
Amphora v v v v ooy v
Ardissonea v Vv v v v
Asterionellopsis v v v ooy v
Asteromphalus v v v v ooy v
Bacillaria v v v v ooV v
Bacteriastrum v v v v v v v
Bellerochea v v
Biddulphia v v v v v
Campylodiscus v v v
Ceratualina v v v v v v
Chromophyta  Bacillariophyceae  Chaetoceros v v v VooV v
Climacodium v
Climacophenia v v v oo v
Cocconeis v v v v v v v
Corethron v v v v
Coscinodiscus Vv Vv v v vV v
Cyclotella v v v v ooy v
Cylindrotheca v v v v ooy v
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Division Class Genus RC1 RC2 RC3 RI1 RI2Z CH1 CH2

Chromophyta  Bacillariophyceae  Cymatosira v v v
Dactyliosolen v v % v ooy v
Detonula v ooV v
Diploneis v v v v ooy
Ditylum v v v v
Dokinia v
Entomoneis v v v v v v v
Eucampia v v v v v v v
Fragilaria v
Grammatophora v v v vV
Guinardia v v v v ooy v
Gyrosigma v
Haslea v v v v vV v

Chromophyta  Bacillariophyceae  Helicotheca v v v vV
Hemiaulus v Vv Vv VooV v
Lauderia v v ooV v
Leptocylindrus v v v v ooy v
Licmophora v Vv Vv voovov v
Lyrella v v
Mastogloia v v v oo
Melosira v v
Meuniera v v v v v v v
Navicula v Vv Vv VooV v
Nitzschia v v v v v v v
Odontella v v v v vV Vv
Paralia v v v v v v
Petrodiictyon % v oY
Pinnularia v
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Division Class Genus RC1 RC2 RC3 RI1 RI2 CH1 CH2
Plagiogramma v
Pleurosigma v v v v vV v
Proboscia v v v v ooV v
Pseudoguinardia %
Pseudonitzschia v Vv v v vV v
Pseudosolenia v v v v ooV v
Chromophyta  Bacillariophyceae  Rhizosolenia v v v v vV v
Skeletonema Vv Vv vy v
Striatella v
Surirella v v v v ooV v
Thalassionema v v v v vV v
Thalassiotrix v v v vV v
Trachyneis v v v v v
Triceratium v v v v v v
Dictyochophyceae Dictyocha v v v v oy v
Dinophyceae Ceratium v v v v ooy v
Dinophysis v v v v oo v v
Diplopsalopsis v v v v ooV v
Gonyaulax v v v
Gymnodinium v
Noctiluca v vV v
Oxytoxum v v v
Peridinium v v v v
Podolampas v v
Prorocentrum v v v v v v v
Protoperidinium v v v v vV v
Pyrophacus v v v v vV
Sinophysis v v vV v
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AN INARIEINNTININYDINI I

Mnmsdsneauuaziufog o maaluiuiAnwUT MmNz 1
avifin uaznyinedds sau 7 aondl 1ud w2557 wurlesimziasionun 40 ¥lia 910 33
ana 27 23 uag 10 Suiu Tuussmesimeadiviinisdrsavonun wuin UMY
A4 (CHI) wuesimziafieumanvaeanignsiuiu 24 ¥ia sesasneudinm winiy
fu (RO) nu 21 wiin uazu3naameasia (R) wu 16 via duludna. 2558 wurlesimea
flavn 48 v¥n 910 36 @na 28 2 uar 9 Sudu TnsuTnamneiu wuwenimzaday
vanmaneanTigasuIu 3¢ vlln sedAmNAD USamyinzdds wu 23 wiauazuiannis
asifin wu 15 9da Falestmeiafinumaniidunesiinuldviluluuiinasnineils
nriueen (gund wazAmy, 25510 war 2551%) aziwndulauldila (Hooper, Kenedy &
Soest, 2000) nguvaslasinfinuinniiandio Order Haplosclerida 16 wiin sasasuie
Order Poecilosclerida Wu 13 wfinGadenadosiu Hooper and Wiedenmayer (1994) i
nanrimastimsatsassduduimudusinarulussuuinanmmsainiuandou i
wosmziaiinuunsnszanglfinniianfio Chondrilla australiensis (Carter) Wu 6 @ond
ﬁﬂi’;ﬁ]ﬁ]’lﬂﬁgﬂ%m 7 @011l 599a9u1AB Paratetilla bacca (Selenka), Petrosia (Petrosia) sp.

De

“vase”, Oceanapia sagittaria (Sollas) wag Cacospongia sp. “black” wu 5 @n18d1579
AnTTae 7 @01il

Mnmsdvnumanvaneviinveslesimsaluiiuiidnuludl n.a. 2557 uay
2558 @unsasIuTINTedeviavenimeialdvaan 54 winen a1 ana 31 1A 10 duu
éﬁ’aiwU%a%ﬁmmmﬁﬁuayﬂsﬁmﬂu m51971 13 wavsieferiinuarnsunsnszanenuiug
Anwnlumsedt 14 Tud we. 2558 nurlesimziaiiuduannd w.A.2557 S1uau 11 vila
oA Spheciospongia  vagabunda  (Ridley), Echinodictyum  cavernosum  Thiele,
Clathria (Isociella) sp. “pink”, Biemna tubulata (Dendy), Tedania (Tedania) aff.
maeandrica Thiele, Axinyssa mertoni (Hentschel), Halichondria sp. “brown”,
Niphates sp. “blue”, Lamellodysidea herbacea (Keller), Hyattella intestinalis
(Lamarck) uas Pseudoceratina sp. “yellow” Tuwaiitlsnwuneuihmsainedsranulul
W.A.2557 97U 6 vila lawn Mycale (Zygomycale) parishii (Bowerbank), Coelocarteria
singaporensis (Carter), Amorphinopsis excavan Carter, Stylissa massa (Carter)
Dasychal /nafrag/ is Ridley & Dendy gy Ap(ysdla aff. rosea Barrios mﬂﬂﬁmww\la\‘im
nuaintusarunininuidedunnimenimzamaritnasnuameiuiivaghiause
wnsnszaneludeudisne e

msdraadiinuresimeaaiisunsnnaigdulafioun 9 sUkuufeiufo wuy
\ndeunuingu1ERn (encrusting) WUUABU (massive) WUUAIRaY (submassive) LUUNTS
naw (sphere) WUURSFT (burrowing) WUUYI® (tube) LUUATN (vase) huuwHUlU (foliose)
wazluUAsIL (branching) ludrunuiinugunsamaasnuuuiedounaringiinugnyusnn
flanfls 48% vesaninwesinvieonun sesasuAenvuiafudemusiua 13 % deilate
Awandeuiinlinesimeaasunamasiyuuuadounumnnidomnlasadsesundsiiog
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o1 dunuiusni¥eiiivgnfasunsauufouuninszarsegunilvdfuiifadns
Wosmzadndanmyldunnaulugae
yonanidmurlosimetaiienssraunsaldiduseit nanmuindeumanyiald
fegnaiu Paratetilla bacca (Selenka), Biemna fortis (Topsent), Oceanapia sagittaria
(Sollas), Ircinia mutans (Wilson) wag Tedania (Tedania) aff. maeandrica Thiele Faitn
wulutTnndiinisanagnaureudnegs tnsiaws T. (Tedania) aff. maeandrica \ustesii
nzainuluuinaiifinisenng ﬂaumLLaulé’%'uﬁm%waéumfﬁmluamdm Y18 LU UShusan
Wiy f\mmmiam O. sagittaria (Sollas) mﬂmdmsmmmsamw “Fistule” GzNWaammLa
maﬂwaamm’mumﬂmmv\laﬁm (Boury-Esnault and Rutzler, 1997) wagsinwuilsdalu
‘UiL’;mwumaq‘mzLawaauﬂgumﬂmimﬂmﬂaummLiﬁWUWaqmmLammua'mwasuulﬂqqmm
wiﬂ,m'em]a]zam'1mmmmuiﬁdw’%mmﬁ?uawﬁmimﬂmﬂauqqma
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F0YUln (Taxa) Yardy

Phylum Porifera Grant, 1836 Wosthmzia
Class Demospongiae Sollas, 1885

Order Spirophorida Bergquist & Hogg, 1969
Family Tetillidae Sollas, 1886

1. Paratetilla bacca (Selenka, 1867) ‘V\Iadﬂjﬂqmaéw
2. Paratetilla abracadabra (de Laubenfels, 1954) Wa&ﬁmmaﬁﬂwmu

Order Astrophorida Sollas, 1887
Family Geodiidae Gray, 1867

3. Penares nux (de Laubenfels, 1954) Wa&ﬁ:’lﬁulﬁﬁﬁ’l
Order Chondrosida Boury-Esnault & Lopés, 1985
Family Chondrillidae Gray, 1872

4. Chondrilla australiensis (Carter, 1873) Wosthmilsdinma
5. Chondrosia reticulata (Carter, 1886) Wostvtsdniany

Order Hadromerida Topsent, 1894

Family Suberitidae Schmidt, 1870

6. Terpios granulosa (Bergquist, 1967)
Family Clionaidae d'Orbigny, 1851

7. Spheciospongia vagabunda (Ridley, 1884)
Family Tethyidae Gray 1848

8. Tethya aff. robusta Bowerbank, 1872
Order Poecilosclerida Topsent, 1928

Family Raspailiidae Nardo, 1833

9. Echinodictyum cavernosum Thiele, 1899

10. Thrinacophora incrustans (Kieschnick, 1896)
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s18%vin (Taxa)

Yardy

Family Microcionidae Carter, 1875

11. Clathria (Microciona) sp. “orange”

12. Clathria (Isociella) sp. “pink”

13. Clathria (Thalysias) reinwardti Vosmaer, 1880
Family Desmacididae Schmidt, 1870

14. Desmapsamma vervoorti van Soest, 1998
Family Hymedesmiidae Topsent, 1928

15. Phorbas arborescens (Ridley, 1884)

Family lotrochotidae Dendy, 1922

16. lotrochota baculifera Ridley, 1884

Family Desmacellidae Ridley & Dendy, 1886

17. Biemna fortis (Topsent, 1897)

18. Biemna tubulata (Dendy, 1905)

Family Crambeidae Lévi, 1963

19. Monanchora unguiculata (Dendy, 1922)
Family Mycalidae Lundbeck, 1905

20. Mycale (Mycale) grandis Gray, 1867

21. Mycale (Zygomycale) parishii (Bowerbank, 1875)
Family Isodictyidae Dendy, 1924

22. Coelocarteria singaporensis (Carter, 1883)
Family Tedaniidae Ridley & Dendy, 1886

23. Tedania (Tedania) aff. maeandrica Thiele, 1903
Order Halichondrida Gray, 1867

Family Halichondriidae Gray, 1867

24. Amorphinopsis excavan Carter, 1887

25. Axinyssa mertoni (Hentschel, 1912)

26. Halichondria sp. “brown”

Family Dictyonellidae Van Soest, Diaz & Pomponi, 1990
27. Scopalina australiensis (Pulitzer-Finali, 1982)
Family Scopalinidae Morrow, et.al., 2012

28. Stylissa massa (Carter, 1881)

Order Haplosclerida Topsent, 1928

Family Callyspongiidae de Laubenfels, 1936

29. Callyspongia joubini Topsent, 1897

Family Chalinidae Gray, 1867

30. Chalinula sp. “black”

31. Chalinula sp. “yellow”

32. Haliclona (Haliclona) sp. “brown”

33. Haliclona sp. “black”
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519%0vin (Taxa) Hoeiiny
34. Haliclona sp. “blue” Wosthuadouueai
35. Haliclona sp. “grey” Wosthuadeudm
36. Haliclona sp. “purple” Wosthiadeudiae

Family Niphatidae Van Soest, 1980

37. Dasychalina fragilis Ridley & Dendy, 1886
38. Gelliodes petrosioides Dendy, 1905

39. Gelliodes sp. “purple”

40. Niphates sp. “blue”

Family Petrosiidae Van Soest, 1980

41. Neopetrosia exigua (Kirkpatrick, 1900)
42. Neopetrosia sp. “blue”

43. Petrosia (Petrosia) sp. “vase”

44. Xestospongia sp. “purple”

Family Phloeodictyidae Carter, 1882

45. Oceanapia sagittaria (Sollas, 1888)
Order Dictyoceratida Minchin, 1900

Family Dysideidae Gray, 1867

46. Lamellodysidea herbacea (Keller, 1889)
47. Dysidea arenaria Bergquist, 1965
Family Irciniidae Gray, 1867

48. Ircinia mutans (Wilson, 1925)

Family Spongiidae Gray, 1867

49. Hyattella intestinalis (Lamarck, 1814)
Family Thorectidae Bergquist, 1978

50. Cacospongia sp. “black”

Order Dendroceratida Minchin, 1900
Family Darwinellidae Merejkowsky, 1879
51. Aplysilla aff. rosea Barrios, 1876

Order Verongida Bergquist, 1978

Family lanthellidae Hyatt, 1875

52. Hexadella purpurea (Burton, 1937)
Family Pseudoceratinidae Carter, 1885

53. Pseudoceratina purpurea (Carter, 1880)

54. Pseudoceratina sp. “yellow”
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M19199 14 Teforliauaznisunsnszaevamlosimzaluiundny) Jawminvauswasszeos Tud w.e.

2557-2558

LY VY

antiudiaaging: WARAEINNTIH: CHIT (Nnevhennily) wag CHIZ2 (ududuie), ningdds, Jminvays;
RI1 Giulug) neasiAn) and RI2 (nesiiuld inzazia feld), inasife,

Jainssees
waayiny: RC1 (Mesiuuen), RC2 (Mgsfunany), RC3 (nnzdfuly), nyinnediu Jwmin
EPTI0N
ANSUNINTZANY: v = wudegs ;- = Tdwuiegns
Jamdnvays Jamdnssad
LUA wABUSNY LUADENNNTTY
Taxa ' '

ANEININTTYU
CHI1 CHI2 RC1 RC2 RC3 RI1 RI2

Phylum Porifera Grant, 1836

Class Demospongiae Sollas, 1885

Order Spirophorida Bergquist & Hogg, 1969
Family Tetillidae Sollas, 1886

1. Paratetilla bacca (Selenka, 1867)

2. Paratetilla abracadabra (de Laubenfels, 1954)
Order Astrophorida Sollas, 1887

Family Geodiidae Gray, 1867

3. Penares nux (de Laubenfels, 1954)

Order Chondrosida Boury-Esnault & Lopes, 1985
Family Chondrillidae Gray, 1872

4. Chondrilla australiensis (Carter, 1873)

5. Chondrosia reticulata (Carter, 1886)

Order Hadromerida Topsent, 1894

Family Suberitidae Schmidt, 1870

6. Terpios granulosa (Bergquist, 1967)

Family Clionaidae d'Orbigny, 1851

7. Spheciospongia vagabunda (Ridley, 1884)
Family Tethyidae Gray 1848

8. Tethya aff. robusta Bowerbank, 1872
Order Poecilosclerida Topsent, 1928

Family Raspailiidae Nardo, 1833

9. Echinodictyum cavernosum Thiele, 1899

10. Thrinacophora incrustans (Kieschnick, 1896)
Family Microcionidae Carter, 1875

11. Clathria (Microciona) sp. “orange”

12. Clathria (Isociella) sp. “pink”

13. Clathria (Thalysias) reinwardti Vosmaer, 1880
Family Desmacididae Schmidt, 1870

14. Desmapsamma vervoorti van Soest, 1998
Family Hymedesmiidae Topsent, 1928

15. Phorbas arborescens (Ridley, 1884)

Family lotrochotidae Dendy, 1922

16. lotrochota baculifera Ridley, 1884

Family Desmacellidae Ridley & Dendy, 1886

17. Biemna fortis (Topsent, 1897)

18. Biemna tubulata (Dendy, 1905)

< S

v - - v v v
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v v - - - -
v v . v v v
- - - - v v
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- v - - - -
v v . - - -
v . v v - -
v . v v - -
v . . - - -
- - v v v v
- - - v -
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AT9d 14 (o)

Jamdnvays Jamdnssead
Lun Lwaaysny LUNREINNTI
Taxa
PARINNTIY

CHI1 CHI2 RC1 RC2 RC3 RI1 RI2

Family Crambeidae Lévi, 1963
19. Monanchora unguiculata (Dendy, 1922) - - v - v - -
Family Mycalidae Lundbeck, 1905

20. Mycale (Mycale) grandis Gray, 1867 - - - v - v -
21. Mycale (Zygomycale) parishii (Bowerbank, 1875) - - v - - - -
Family Isodictyidae Dendy, 1924

22. Coelocarteria singaporensis (Carter, 1883) - 4 - - - - -
Family Tedaniidae Ridley & Dendy, 1886

23. Tedania (Tedania) aff. maeandrica Thiele, 1903 - - - - - v 4
Order Halichondrida Gray, 1867

Family Halichondriidae Gray, 1867

24. Amorphinopsis excavan Carter, 1887 - - - - - v -
25. Axinyssa mertoni (Hentschel, 1912) 4 - - - - - -
26. Halichondria sp. - - - v - - -
Family Dictyonellidae Van Soest, Diaz & Pomponi,

1990

27. Scopalina australiensis (Pulitzer-Finali, 1982) - - - - - - 4
Family Scopalinidae Morrow, et.al., 2012

28. Stylissa massa (Carter, 1881) 4 - - - - - -
Order Haplosclerida Topsent, 1928

Family Callyspongiidae de Laubenfels, 1936

29. Callyspongia joubini Topsent, 1897 - v - - v - -
Family Chalinidae Gray, 1867

30. Chalinula sp. “black” - -
31. Chalinula sp. “yellow” - -

<\

32. Haliclona (Haliclona) sp. “brown” - -
33. Haliclona sp. “black” - -
34. Haliclona sp. “blue” v v

35. Haliclona sp. “grey” - -

SANENENENE

36. Haliclona sp. “purple” - -
Family Niphatidae Van Soest, 1980

37. Dasychalina fragilis Ridley & Dendy, 1886 -
38. Gelliodes petrosioides Dendy, 1905
39. Gelliodes sp. “purple” -
40. Niphates sp. “blue” - - - - 4 - -
Family Petrosiidae Van Soest, 1980

\

NN
<
<

41. Neopetrosia exigua (Kirkpatrick, 1900) -
42. Neopetrosia sp. “blue”

43. Petrosia (Petrosia) sp. “vase”

AN
NSRNRNE
ANENENEN

44. Xestospongia sp. “purple”
Family Phloeodictyidae Carter, 1882
45. Oceanapia sagittaria (Sollas, 1888) v -
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Taxa

Jamdnvays

LR

ANEAIUNITY

F9UINTTYD9

waaysny

LUANYAINNTIU

CHI1

CHI2

RC1

RC2

RC3

RI1

RI2

Order Dictyoceratida Minchin, 1900

Family Dysideidae Gray, 1867

46. Lamellodysidea herbacea (Keller, 1889)
47. Dysidea arenaria Bergquist, 1965

Family Irciniidae Gray, 1867

48. Ircinia mutans (Wilson, 1925)

Family Spongiidae Gray, 1867

49. Hyattella intestinalis (Lamarck, 1814)
Family Thorectidae Bergquist, 1978

50. Cacospongia sp. “black”

Order Dendroceratida Minchin, 1900

Family Darwinellidae Merejkowsky, 1879
51. Aplysilla aff. rosea Barrios, 1876

Order Verongida Bergquist, 1978

Family lanthellidae Hyatt, 1875

52. Hexadella purpurea (Burton, 1937)
Family Pseudoceratinidae Carter, 1885

53. Pseudoceratina purpurea (Carter, 1880)

54. Pseudoceratina sp. “yellow”
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msAannunisazauvastavzyinlunenimausnameimeanianzSussnvedlneg

msfnwadsdidifununuseiamonimasluinamiinieiy  inzanin ua
yylineAds sausiedu 7 aondl S 6 asdlusearing we. 2557-2558  wTiiesIesnns
Vuideulanguiin 7 v 18ur uaawdloy newwns win Usen Giiia nein wazdansd saus
¥nsasiasevilangwinludmslauariungnouludnaiofuiiensisudiou
AumY

n1sazaulavevinluima

nsavaulaveminlumea Tiu waniden newas mdn Usen Giia nzia uas
e lufufifnwsewined e, 2557-2558 ldmeaulifudgean asian duede uay
Andeauuiasgu fuaadumsed 15 lunsdvesUsen wud anudududadiniien
shaniianunsonsaadald (MDL) aviiu 0.1 pg/L iteutianun snduuinannzasin (Ri1)
Tuieunnsiay wa. 2557 Wssnduieafinsatamld 0.12 pg/L Swhlnlionadnsievian
maddsneld  dethdeyarududuveslansmiindinsainsesilaluiiouiieuiue
mmgmﬂmmwﬁwmaLﬁamiau%’ﬂﬁw%’wmmﬁﬁmﬁ LaztilensgnamnIsILazinGe
(nsumIuANNaiy, 2549) wuhmsuueuveslangwiini 7 sisluthmausnaiiuianm
fifdninaunassumanewi (endulifalunasgudananllldmedly) (15 15)

dewSsuflsunnududuvedaveminuiazeingenind we. 2557 uag 2558
uavsEiEniing 7 Taemsiesiziaunlsuniu (ANOVA) uasnaaouwUuendaniiil
unnsseenidungulaeldadi S-N-K nuhaansaduunlanendneenldilu 3 ndu il
nauusn Ae lavewiindifmmnanduduedessningdi 1 (2557) uaglfl 2 (2558) umneing
Ausgelitedfy (p<0.05) uaAuduTuTEnIaatliunndeiy  laun uwanleuuey
a1 Tnenuinaaududuadelud w.e. 2558 (Cd = 0.015 pg/L, Pb = 0.30 pg/L) NGRGR
wane91nd WA, 2557 (Cd = 0.009 pg/L, Pb = 0.15 pg/L) (Al 10) ﬂfjuﬁam Ao lave
winfifeanududuedeseninsaaifnnuwansistuegelitodfy  (p<0.05)  ldun
noawas widn uariiia Judloviedeumnuunnsneszrinannd aunsoduunsenidundgusy
Fauandunwd 10 Teslaveniinnguifiaududugagauinaneania RI1 Cu = 067,
Fe = 27.7 wag Ni = 0.42 pyg/L wag RI2 Cu = 0.60, Fe = 26.4 wag Ni = 0.41 ug/L) whag
Mgauinaviiniziu Tnvesunuazdifanuiiniziunats (Cu = 038 wag Ni =0.23
ug/L) drumannuusamesuuen (5.64 pe/L) FOIRIUIAD LAzIIUNaS (6.69 pg/L) uag
mggiulu (7.03 pg/L) muddu nguilany Ao langminfifarududuadosening 2 ¥
wazszwisandlilinnuunnaeiuegsiidedifty (0>0.05) loun dengd %QWUﬁWLaﬁaqqqﬂ
UShawnzazin (RI1 = 0.85 pg/L) LLawi‘ﬂqmu'%mmwijmsﬂu (RC2, RC1 wag RC3 = 0.36,
0.38 uay 0.44 pg/L puadu) Wudedulavewinnguiiaes wasilowisuiiisunsayay
Tavemidnita 7 wilsludmzannnisinweded (il 11) wuhituiiinedt 3 Ui §
UinamududuaievedansuiniSomudduantesiumann fil cd < Pb < Ni < Cu
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< Zn < Fe (1193910 Hg So8ag 98 UAULUNTUAINIIAT MDL @9 0.1 pg/L Laye1aziioy
nviseNINA Cd (0.012 pg/L) slianunsathuuSeuiiieule)

M13199 15 Agegn Awvnge Anade uwavandesavuunsgiuvesaneminluhngialud
W.A. 2557 wag 2558 (MU ue/l) (n = 41)

Heavy Standard Year 2014 Year 2015

Metal Value*  Max Min Mean SD Max Min Mean SD
cd +5 0.014 0.006 0.009 0.002 0.030 0.010 0.015 0.006
Cu +8 0.95 0.25 0.40 0.18 0.75 0.39 0.58 0.13
Fe +300 56.2 0.56 13.8 16.3 328 3.05 15.8 9.84
Hg** +0.1 0.12 <0.1 - - <0.1 <0.1 - -
Ni - 0.53 0.19 0.30 0.10 0.71 0.20 0.32 0.15
Pb *8.5 030 <003 015 0.07 0.54 0.09 0.30 0.12
Zn *+50 1.76 <025 051 0.39 1.88 <0.25 0.58 0.40

NUNBLUR): * mmmgw@mmwﬁmua ilensousnunine nssTsNea uaziflensonavnssuuas
Vi3 (nsuAuAuLaiY, 2549)
 lgjgnsadnuiiadsuazaidsavunasguld msedeyaiesas 98 faviniid
MDL (<0.1 (ug/L)
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3 002 3z
S oot 3
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0.00
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60 7 B Year 2014 E3Year 2015 O Mean 0.3 7 M Year 2014 [EYear 2015 O Mean
d 3 02 1
® ®
= =
e ¥ 01 A
0.0 A
RCIRC2RC3 RIT RI2Z CHI1CHI 2 RC1 RC2 RC3 RI1 RI2 CHI1 CHI2
Station Station
1.0 - & 1.0 -
B Year 2014 [ Year 2015 @ Mean B Year 2014 Fd Year 2015 © Mean
0.8 - p<0.05 0.8 - 0<0.05
- -
o ™
= =
z &

RC1 RC2 RC3 RI1 RI2 CHIT CHI2

Station

Zn (ug/L)

RC1 RC2 RC3 RI1

Station

2.0 1M vear 2014 @ Year 2015

RI2 CHI1 CHI2

O Mean

AT 10 WsuilsuAuuTuRAsYRILAAEEN NakAd WIAN UseN Thia Azni was
dangd Tuhwzia seninaniuardnvinisfing Fadnysiiumileununiily

WUANGUAILUANANNIETR Nadfe HdnwImilauiu wansitliiananuuanei

o w

U (p>0.05) WAIENWIANAULEAIILANANAUBEETEEARY (0<0.05))
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Sea water

100

10
£ Koh Mun

[ Koh Saket

& Koh Si Chang
® Mean

pe/L

0.1

0.01

Heavy metal

AN 11 WSsusuatadsanuliutulaneninwaazydaludmeia lunun@neIus i
A199 paeATEYEaNANY (2 )

nisazaulaveinluaunznay

msavaulanevinluiunznoulul w.A. 2557 way 2558 WU LAALLIEN NBIWAS

'
a [y

Uson fifia mzm wazdangd visuSuamginizdu innzasiin Sminssees uwasinzdd

o oA

Jmiavard dewSeuiflsuiuannnsguiunzneunsiauaseilsdmivsemalng (PCD,
2006) Fafvualy 2 seu Ao anududuresanssunmelufungnaudiilontanunansenu
RodnsuthAuseius (effect range low; ERL) wazaududuvesanssunselufunznoud
flonmanunansenunedaininfuszauliunany (effect range median; ERM) wuaau
nznauiinsazaulanemiindana1ndnedudiniiAumsgIu ERL wag ERM vaneiin dwdu
wanluasgusananlilldtueali  Feldhaitnneildlugtsudeuiuaeisly
AuAUAU (average shale) 9IN5189UNI5ANYIVDY Turekian and Wedepohl (1961) wWuin
wdnimshninanadefnan (47,200 me/kg dry wt) nanewinguiy sieaidensuandy
A3197 16
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M19197 16 A1gean A1Rnan ALade wazAdesuuinnsguvedansniniufungnou Tul
.. 2557 wag 2558 (Miaeilu me/ke dry wt) (n = 41)

Standard Value* Year 2014 Year 2015

Metal ERL ERM Max Min Mean SD Max Min Mean SD
cd 1.2 9.6 0.146 0.018 0.046  0.027 0.122  0.025 0.050 0.028
Cu 34 270 8.04 <025 1.54 1.79 4.92 0.68 1.74 1.24
Fe 47,200** 3,690 291 1,312 764 3,317 770 1,612 722
Hg 0.15 0.71 0.019 <0.003 0.005 0.005 0.060  0.011 0.029 0.013
Ni 20.9 51.6 7.30 0.93 3.00 1.67 4.76 0.86 2.01 1.27
Pb 46.7 218 47.2 2.00 7.87 9.61 9.03 252 5.10 1.76
Zn 150 410 65.6 <1.0 12.0 14.8 64.2 6.34 17.0 16.2

NUBLR: * s"mmmgwﬁumﬂaumLaLLaxmaEﬂqﬁw%'Uﬂismﬂblm (Pollution Control Department, 2006)
ERL = Effect range low, ERM = Effect range median
** Average shale (Turekian and Wedepohl, 1961)

MFIATIERAILUTUTIL (ANOVA) ananduduindelavevtinudasaiingening 2 1
wagluusazanil (7 @adl) wuin anududuresuanifion vesuns wan Lavdengdsewing
antunnaneiuegelitedfny (p<0.05) AMuNTUTRsUTeNIUY WA, 2557 wanenea1nt
w.e. 2558 agheldeddny (p<0.05) Anuduiuvesiifauaznemfinuluuisandlul we.
2557 uanANANUN.A. 2558 (p<0.05) Twasldundanandunind 12 Fsamnsaasunns
azalaveniinusiazeiinlununsneldsil

- uaaflen wuanadaduiiuinasnzanin (RI1 uag RIL) Fauansieanudi
yylinesiu (RC1-RC3) TanvuTnmsiuiinny Tusangmeads (CHIL) fifldngstu uavasan
U uiimmilevgdinigdde (CHI2)

- yeaunuazdensd nuanudndumuinannzanin (RI1 uaz RI1) wazuSamy
meulaiuandsiy uduansnsnuinafans fusenvesvgngads (CHI) Aifidgedu wa
gegausnaiirmiloveanginigdds (CHI2)

- wian wunawlnadanudutulduandraiulunsazanil endu aariniemude
wileveagiinzdds (CHI2) Aflanudidugaunnsiisananiisy

- Usen Tdwunndianuusneneiusywineannid (p>0.05) WANALLANAIAUTENIN
U Ao Anudutdulut wa. 2558 gandnl w.a. 2557 (p<0.05)

- S nuenududuiuinadianievennranin (RI1) wasinzduuen (RC1)
wANANINUINAfAnyIusanvemIinedde  (CHIL)  wazuSnafimuilovaamyinieddadl
anududugegn uazgauanAIINUIINELY

- pgih wuanaduduiuinaiices usenueangingdds  (CHIT)  uandngan
Usnaunieasiin  uasunaiimviovemyinizddelianududuggn  wasgunnainn
USabuag
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THuUanguANUUANANNIERR nafie denwswllauiy wanei1lidadg

UANFNAU (p > 0.05) LANSNBIANAULEATITLANAS UD B d ATy
(p<0.05))
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LflaLTJ%‘EJ‘ULﬁ&JUﬂ’lia”auIaM”Mﬁﬂﬁﬂ 7 wialufunenauusnUNYinNIsAnE wun
e 3 Usnn dUSinaenududuedevedansvtinEsanugiduantes lumunn
g<Cd<Cu<Ni<Pb<Zn<Fe(mW‘1/| 13)

e =b
=
=

T 3

Sediment
10000
. e £ Koh Mun
E 100 A
2 = [ Koh Saket
S % = & Koh Si Ch
on oh Si Chang
g oi HE o [BE]
£ l = ﬁ el ® Mean
001 u%al '

Cd Cu Fe Hg Ni Pb Zn

Heavy metal

A9 13 1SsuisuUsunalaneninusazedalufunsnou nasnssezial@nw (2 U)

nisazaulaneyinlunwesmea

mﬂmsﬁﬁwmqwmﬂwmama%amwmaqﬂaqﬁmzLaiuu%nmuy}mzﬁu \nNg
auifin Yinsvees usvginigdss Ymtnvayd savieau 7 andl lusewined we 2557
uay 2558 Nunostmeiaianin 54 ¥ia91n 41 ana 31 29A 10 Sudu Tnefinnumanvans
vowdiamosimeiasniigaluninamginiesiy sosaan Ao wimedds uasinizande
gy Woshmeiadinudiulngferay 48 ﬁﬁﬂmamiw%mLLUULﬂﬁaumﬁmaﬁagjmﬁa
emmuimumaauasﬂw mﬁﬁﬂmqLLUUﬂaumLLWiﬂi“maaamwﬂimmawaamm e
aﬂwmuiﬂwimawgqmw LaﬂauuﬁmmﬂwmﬂmamimumamqLwammamiwuﬂawmuﬂ
GLwaaUg]wmslm azunrdanuldiesldifiomeonensinsedt fuushetmonimead
annsaiuieiensflansaiinls Seflfies 31 wlawidu Ssedowarsta wie
Sponge code Tuanslumsnedl 17 uay 18 Inelusnannsainsieilansudnlunowuimea
I¥Asusta 31 vdin  dwdit 2 anaavde 20 ¥l Wasminvenimeia 11 viaftusnifiulad
Snuiegnateniios 12 fegraht wastfl 2 llannsaiushedslavdenioldus
fogsldifisanenensiased (msed 18) laun Waqfwﬁwsjuﬁma, Ircinia mutans (A005)
Wostviedn, Chalinula sp (A008) Wewhviedwdes, Chalinula sp. (A009) Wosiadeu
MUW@J&‘U?UW Dasychalina fragilis (A010) WENUWEJW]’JHLLN Mycale (Mycale) erandis (A020)
‘WE)\‘i‘mﬂi““lﬂEJ Coelocarteria singaporensis (A023) ‘Waqmamﬂ Myca e (Zyeomycale) parishii
(A024) V\Iaamﬂauamq, Haliclona (Halichoclona) sp. (A028) Waqmama, Haliclona ~ sp.

¥
o

(A029) Wesuviednn, Haliclona sp. (A030) WaswesAsuImIa, Haliclona (Haliclona) sp.
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(A031) daiulunsmerunansinseiteyalansviinlunesnimeialumesnuatuiisliiy
Alanguiniinsanuluresimeias 11 adafinanunaniaudie  udldinisuansand
Aanerlalilusisieanimawuin n ﬁ’jﬂﬁgﬂéwé’ﬂwmmamaaﬁwzl,aLwiawﬁ@ﬁﬁﬂmﬁﬂwﬂu
gl Tauananmeaneldlilunanuan <



A1519% 17 evevidauesasiiimeia wazsia (Sponge code) lglun1sfing

Common name Class Order Family Genus Species Sponge

code
ol Demospongiae Astrophorida Geodiidae Penares nux (de Laubenfels, 1954) A001
Wadﬁwﬁﬂ?{ﬁﬂma Demospongiae Chondrosida Chondrillidae Chondrilla australiensis (Carter, 1873) A002
Wosthmdnane Demospongiae Chondrosida Chondrillidae Chondrosia reticulata (Carter, 1886) A003
v\laqﬁmmu%muwv Demospongiae Dictyoceratida Dysideidae Dysidea arenaria Bergquist, 1965 A004
Waaﬁﬁmuﬂu?{mn Demospongiae Dictyoceratida Irciniidae Ircinia mutans (Wilson, 1925) A005
Waqﬁﬁmuﬂu?{ﬁﬂ Demospongiae Dictyoceratida Thorectidae Cacospongia sp. "black" A006
o uaifuds Demospongiae Haplosclerida Chalinidae Haliclona sp. "black" A007
Waqﬁqﬁaﬁmq Demospongiae Haplosclerida Chalinidae Chalinula sp. "black" A008
wosiwiedindes Demospongiae Haplosclerida Chalinidae Chalinula sp. "yellow" A009
Waaﬁwmﬁau%umﬁmwﬂ Demospongiae Haplosclerida Niphatidae Dasychalina fragilis Ridley & Dendy, 1886 A010
wosindeudih Demospongiae Haplosclerida Niphatidae Gelliodes petrosioides Dendy, 1905 A011
v\laqﬁqmﬁauﬁmq Demospongiae Haplosclerida Niphatidae Gelliodes sp. "purple” A012
Waaﬁwia%jmﬁum Demospongiae Haplosclerida Phloeodictyidae Oceanapia sagittaria (Sollas, 1902) A013
wostndivna Demospongiae Haplosclerida Petrosiidae Neopetrosia exigua (Kirkpatrick, 1900) A014
wostAsn Demospongiae Haplosclerida Petrosiidae Petrosia (Petrosia) sp. "vase" A015
Woshiadeundadiig Demospongiae Haplosclerida Petrosiidae Xestospongia sp. "purple” A016
wosdiiy Demospongiae Haplosclerida Petrosiidae Neopetrosia sp. "blue” A017
wgaﬁwqﬂuaa Demospongiae Hadromerida Tethyidae Tethya aff. robusta Bowerbank, 1872 A018
wostiden Demospongiae Poecilosclerida Microcionidae Clathria (Thalysias) reinwardti Vosmaer, 1880 A019

aq



A1519% 17 (519)

Sponge
Common name Class Order Family Genus Species

code
Wadﬁﬂﬁﬂﬁﬁum Demospongiae Poecilosclerida Mycalidae Mycale (Mycale) grandis Gray, 1867 A020
Wadﬁﬁé’mwﬂu Demospongiae Poecilosclerida Desmacididae Desmapsamma vervoorti van Soest, 1997 A021
Wosthlal Demospongiae Poecilosclerida Desmacellidae Biemna fortis (Topsent, 1897) A022
Waqﬁmssma Demospongiae Poecilosclerida Isodictyidae Coelocarteria singaporensis (Carter, 1883) A023
Wost@inm Demospongiae Poecilosclerida Mycalidae Mycale (Zygomycale) parishii (Bowerbank, 1875) A024
Waﬂﬁﬁﬁﬁ%ﬁaﬂmd Demospongiae Poecilosclerida lotrochotidae lotrochota baculifera Ridley, 1884 A025
‘V\Iaﬂﬁmﬂﬂaaf\l Demospongiae Spirophorida Tetillidae Paratetilla bacca (Selenka, 1867) A026
WosuUaeud Demospongiae Verongida Pseudoceratinidae  Pseudoceratina purpurea (Carter, 1880) A027
Wadﬁﬁau?{ma Demospongiae Haplosclerida Chalinidae Haliclona (Halichoclona)  sp. "purple” A028
Wadﬁﬁmﬂ Demospongiae Haplosclerida Chalinidae Haliclona sp. "purple” A029
Wadﬁwiaﬁﬁ”l Demospongiae Haplosclerida Chalinidae Haliclona sp. "black” A030
Woshiahena Demospongiae Haplosclerida Chalinidae Haliclona (Haliclona) sp. "black” A031
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M191991 18 siavesnesimezianassia (Sponge code) Tunsiazaofuaziundmszilanewiin (v Tud wa. 2557 waz x 1wl w.e. 2558)

a6

Common name

(Sponge code)

January 2014 / February 2015

October 2014 / May 2015

December 2014 / November 2015

RC 1

RC 2

RC3

RI'1

RI 2

CHI'1

CHI 2

RC1

RC 2

RC3

RI'1

Rl 2

CHI'1

CHI 2

RC 1

RC 2

RC3

RI'1

RI 2

CHI'1

CHI 2

WoathdlsiEe (A001)

v x

v

v x

v x

v

v x

Wasuadinmia (A002)

v

X

v

X

X

X

Wasuad@anane (A003)

v x

v

v x

Wastmuduuy (A004)

v x

Wosngangudund (A005)

Woshdangudan (A006)

X

Wasuuanuda (A007)

Weariviodmn (A008)

WearvioAmaes (A009)

< S

wosunafouvunudvun (A010)

Wasadoudin (A011)

NasuAdeudsg (A012)

v x

Wosvienuduns (A013)

v x

Weaindena (A014)

Waﬂﬁmiﬂ (A015)

v x

SNRNEX

v x

v x

v x

asiedoundediig (A016)

aand@u1Eu (A017)

v x

N x N <

v x

v x




A15147 18 (519)

a7

Common name

January 2014 and February 2015

October 2014 and May 2015

December 2014 and November 2015

RC 1

RC 2

RC3

RI'1

RI 2

CHI'1

CHI 2

RC1

RC 2

RC3

RI'1

Rl 2

CHI'1

CHI 2

RC 1

RC 2

RC3

RI'1

RI 2

CHI'1

CHI 2

(Sponge Code)
weathgnuea (A018)

v

v

X

v

Weatuien (019)

v x

v x

v x

v x

v x

Woatilaauns (A020)

Wosunddumiu (A021)

Woathlw (A022)

v x

< S

Waqﬁwmww (A023)

WearnAwN (A024)

Wosdndionaiag (A025)

v x

v x

v x

v x

Waqﬁwqﬂﬂaaﬂ (A026)

v x

v x

WostUasud (A027)

v x

WoathAoudsing (A028)

Woathdsiag (A029)

Wearvieds (A030)

Waqﬁ;ﬁaﬁﬂma (A031)
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uanmsieszilaveninlunlesimeiai 20 vin PNNULYNLITU JMIATEEDY LA
mylineAds Soninvays Wl wa. 2557 (3 a%9) uasl wa. 2558 (3 Afe) sawVieAY 180
fegna (Maadt 18) nuprududugsgn anudududiign Aueds wazdndoauuinnsgiu
vodlaveviinusiazaiin fuandlumseil 19 Tnelangninusazadndnisnszaneanuitudy
Tuustazanil Fauansluguveaununil Boxplot (il 14 - 16) sisillfeSureaumanesie
Tuunundl Boxplot Wiluamil 17 uazain ununil Boxplot veslangntinudazydamyuingl
AfigavidesiinUni (outlier way extreme) Usingegluunaani Famnennuiiivoni
neiauianieushogvansnavadlaventinldgavdosfnunfnnienimsiadulvg
Tugeniliun defiesananamil 14 - 16 wansiifiuimenimzainmsazaulansminus
avaialdluvnaiuendisiu  uazlaveninusazslafinudedamnududuiideudisunnsis
fuluusagiiud denudesnandaaranududuredaveniinluimeiaaylufu
pzneuiuansfiluudaziiuil suisorguazsiavemenimzaiiunnisiuorainadents
thidlangniinandandeutngsldunnseiudnge

M19197 19 Agaan Avngn Aade wazanlesuuinsgiuvedavevtinlurenimeia
(muaelu mg/kg dry wt.)

Year 2014 (n=79) Year 2015 (n=105)

Metal Max Min Mean SD Max Min Mean SD
cd 30.1 0.047 1.42 4.39 71.8 0.039 2.19 9.74
Cu 723 2.73 9.73 9.14 81.9 2.27 10.5 10.6
Fe 2,792 78.3 689 586 2,821 149 767 531
Hg 0.70 <0.007 0.064 0.095 0.56 0.039 0.112 0.093
Ni 41.9 2.20 17.3 10.5 a5.7 3.06 14.5 9.38
Pb 10.9 0.14 0.98 1.44 20.3 0.17 1.79 2.25

Zn 597 5.23 62.1 94.6 489 9.60 77.9 88.1
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- 11BILAY WUANENEAUTIMMYINIZIT (RC3 Uay RC2 mua16U) 5898931 D UL
frmiloinzazifin (RI1) wazddwaauinaungsiuuen (RC1)

- widn eududuiinulunesnimzagandilanendnadaduquanowi damae
winludweianarlufuszneudeududuganilanendnuiady  Foilivesiweiad
Tomaazammanlutiinaigwulude Taewumdnddgsgauinaiaiiovemyinzad
(CHI2) wazigauinannysiunans

- Usan WummL%’u%’uiuvdaqﬁmmau%nmmzazLﬁmﬁmqqmd’]ﬁnmuy}msﬁu
wazvgin1zAts Faa 2 Vinadalndideatu

- ffia anudntudlndfesiulunnaniil

- pgi wuvinafiamdeinzdds (CHI2) Tanududugeanindnmudy warea
Wudusunanmesiuuen (RC1)

- daned Aadnuanudugeaausnaminiedu (RC1 wae RC2) ulagsiuiniy
dudugeuinafiddinzasia (R2) wazanudiduiuinamginizu

d' o a 'S % % L9 1 a d' 901
W9YN153A18RNL kU SUSILANULTUTBdlane inwaazsRannulune s
L@ 7 @001 529t WA, 2557 way 2558 WU hAskiN (NN 14) waztiia (i
15) TuusazanfuasusarUiimanudntuliianareiuegsiitedfny (0>0.05) dulans
o a a Iy I3 ) o a H | N
1Indn 5 wie WA NwAd AN Usen Az wazddnyd luwesiineasening 7 @i 3
AT ULANANS A LB NTTEERY (p<0.05) Weldadf S-N-K IATIZRTZAUAINLANAIY
SYUIN9@0N1 mmsmﬁ’muﬂaaﬂlﬁlﬂuﬂfjm FaLANIAILONES a, b way ¢ Alsunniuld
& a | ~ a A v o ) ' P
willounuilvedsaranl (a1 14-16) leganillefidnusinfediy  wansdinudy
sensan iy lufianuusnaeiuegeditedfny (0>0.05) UAIFISNYIANAU UAAIIN
AMILLTUTENINEDINAMNLANANA U lTEd ARy (0<0.05) Fegagy Usen (A wil
15) wuanuutunuluneimeiausnanzasin dnnsazauusenliansnaiuig 2
a0l (RIL wag aa1dl RI2) (p>0.05) wigauansinaanusaamainigsiu (RC1, RC2 uag RC3)
WagnlingdYa (CHIT wag CHI2) (p<0.05) MaguAs (M 14) wuansidutugeanlunasni
neavshufdviaingaziin (R wandeanusaanziuuen (RC1) (p<0.05) Fanu
ANMUIUTUAININA@DNTDU d1udn 5 aafimasanuutunnuliwnnea1einaani Ri1 way
RC1 dwsuman szm wazdinzd anunsauvsszauanududuiungulaludnuasifeiu
UIDNLALNBILAIAINAIV A UAILEAILUNINA 14 — 16

nsiesaniiavemenimesaifinuaunselunsazaulavendnuiinaan lé
mﬂﬁaﬁaaLﬁaﬂﬂﬁummmé’qLﬂ@lﬁﬂﬂﬂ%’auaiuMW'ﬁwaﬁ 20 %alﬁuam%ﬁmmﬂmfwma
(sponge code) mmmiavaﬂawmﬂLLmavﬁuumimmamLavaaaﬂ 3 Jusv mmvumumwu
sumusnafinusar uiiuseguenauiuiifnewezeialansmin  wasnmidl  18-24
Lﬂismmsmml,aaammlfumusuaﬂawmﬂmwﬂumqmmvLaLmavmuﬂiuummmmmu
imzawiin wagnmyingdts Jsandeyalumseuaznmdsnandiedu wuh oshmziaus
azﬁaummﬂﬂiazau‘lammﬂlmumﬂmqnumﬁnumt,asﬂsmm fedhaty  Wesiuadoudih,
Gelliodes petrosioides (A011) luusiiamginezdiunasvdinizdds Insazauupaiilougs
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nimlasihmziasdnauluuinanienty wieuhatitu, Neopetrosia sp. "blue” (A017) §i
msavaunendlenldianidluiinamiinieiuasngingdds  Tuongiivewns  wuar
dtugearlunosinBaneudsn, Cacospongia sp. "black” (A006) (gin1zify) uazsiasly
Wosthadumi, Desmapsamma vervoorti (A021) (M3in1esiu) Wowhlw, Biemna fortis
(A022) (wazifin) warwosindtniy, Neopetrosia sp. "blue" (A017) (yjin1gdds) dmiu
silnvolenimzafianusaavaundn Usen e svva wasdined Ieigsgauazsingals
wandllumsnedl 20 uavamil 2024 Wwdeaty Tl msausaziinginig
azanilaveviinldlivindy Jadevilsoraiileaninety susisdnwae uasiogordodivneiu v
THemalssulansaminandsndousniu  esmnnsdnuediifunsinusetien
s35um8 Fhianunsaauauiadelagla

v v PN

o 1Y) v o H
M1919N 20 ?’n']llLSUNGUUSU@QIa‘VwWUﬂGn?!@ILLﬁSEﬂQﬁW 3 9UAU V]'W‘UIUW@QU']W%L@

Less accumulation (mg/kg dry wt.) High accumulation (mg/kg dry wt.)
Heavy metal Conc. Sponge  Station Date Conc. Sponge Station Date
code code code code
Cd
- Koh Mun 1 0.039 A017 RC1 Nov. 15 71.8 A011 RC2 Nov. 15
2 0.050 A017 RC1 May. 15 69.0 A013 RC3 Feb. 15
3 0.051 A017 RC3 Dec. 14 30.1 A011 RC2 Dec. 14
- Koh Saket 1 0.043 A013 RI1 May. 15 1.50 A018 RI1 Jan. 14
2 0.052 A007 RI1 Nov. 15 1.47 A026 RI1 Dec. 14
3 0.063 A013 RI1 Nov. 15 1.29 A018 RI1 Dec. 14
- Koh Si Chang 1 0.047 A017 CHIL, Oct. 14, 19.2 A011 CHI1 Jan. 14
CHI2 Feb. 15
2 0.068 A017 CHI2 Oct. 14 17.9 A012 CHI2 Dec. 14
3 0.120 A017 CHI2 May. 15 13.0 A012 CHI2 Feb. 15
Cu
- Koh Mun 1 227 A021 RC2 Feb. 15 81.9 A006 RC3 May. 15
2 2.73 A021 RC1 Oct. 14 46.0 A006 RC2 May. 15
3 281 A021 RC1 Dec. 14 34.1 A006 RC2 Dec. 14
- Koh Saket 1 3.09 A022 RI1 Jan. 14 723 A006 RI1 Dec. 14
2 4.72 A018 RI1 May. 15 58.3 A006 RI1 Nov. 15
3 4.97 A022 RI2 Dec. 14 22.1 A006 RI1 Feb. 15
- Koh Si Chang 1 2.46 A004 CHI2 May. 15 28.8 A006 CHI2 Nov. 15
2 2.68 A001 CHI2 May. 15 28.5 A006 CHI2 Oct. 14
3 2.69 A017 CHI2 May. 15 27.1 A012 CHI2 Feb. 15
Fe
- Koh Mun 1 783 A017 RC1 Dec. 14 1524 A013 RC3 May. 15
2 101 A014 RC1 Dec. 14 1268 A013 RC1 Feb. 15
3 130 A016 RC3 Jan. 14 1247 A013 RC2 Nov. 15
- Koh Saket 1 145 A003 RI1 Jan. 14 2204 A006 RI1 Dec. 14
2 207 A003 RI1 Nov. 15 2203 A022 RI2 Feb. 15
3 320 A002 RI1 May. 15 2184 A004 RI1 Feb. 15
- Koh Si Chang 1 106 A015 CHI1 Jan. 14 2821 A004 CHI2 Nov. 15
2 149 A015 CHI1 Nov. 15 2792 A002 CHI1 Jan. 14
3 162 A017, CHI1 Oct. 14, 2748 A027 CHI2 Nov. 15
A015 May. 15
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Less accumulation (mg/kg dry wt.)

High accumulation (mg/ke dry wt.)

Heavy metal Conc. Sponge  Station Date Conc. Sponge Station Date
code code code code
Hg
- Koh Mun 1 <0.007 A017 RC2, Jan. 14 0.344 A017 RC1 Feb. 15
RC3
2 0.008 A021 RC1 Oct. 14 0.171 A006 RC3 May. 15
3 0.011 A017 RC1 Jan. 14 0.149 A015 RC1 Feb. 15
- Koh Saket 1 0.020 A022 RI1 Jan. 14 0.703 A003 RI2 Dec. 14
2 0.045 A018 RI2 Jan. 14 0.561 A003 RI1 Nov. 15
3 0.061 A022 RI1 Feb. 15 0.502 A002 RI2 May. 15
- Koh Si Chang 1 <0.007 A001, CHI1 Jan. 14, 0.241 A026 CHI2 Feb. 15
A011, Jan. 14,
A017 Oct. 14
2 0.008 A004 CHI2 Oct. 14 0.202 A012 CHI2 Feb. 15
0.009 A025 CHI1 Oct. 14 0.155 A004 CHI2 Feb. 15
Ni
- Koh Mun 1 3.06 A017 RC1 Feb. 15 41.9 A013 RC1 Oct. 14
2 4.01 A011 RC2 Nov. 15 34.9 A006 RC3 May. 15
3 4.16 A009 RC3 Nov. 15 339 A011 RC2 Oct. 14
- Koh Saket 1 2.20 A007 RI1 Jan. 14 41.9 A003 RI1 Nov. 15
2 4.81 A007 RI1 Nov. 15 37.7 A002 RI2 May. 15
3 4.87 A026 RI1 May. 15 36.6 A003 RI1 Nov. 15
- Koh Si Chang 1 3.66 A001 CHI1 Jan. 14 45.7 A003 CHI1 Nov. 15
2 3.80 A025 CHI2 Feb. 15 40.3 A006 CHI2 Oct. 14
3 4.70 A019 CHI2 Feb. 15 36.6 A015 CHI2 Dec. 14
Pb
- Koh Mun 1 0.137 A015 RC2 Jan. 14 5.18 A007 RC2 Oct. 14
2 0.158 A015 RC3 Oct. 14 4.14 A013 RC3 May. 15
3 0.234 A014 RC2 May. 15 371 A006 RC2 Oct. 14
- Koh Saket 1 0.266 A003 RI1 Jan. 14 551 A006 RI1 Nov. 15
2 0.271 A007 RI1 Jan. 14 4.24 A022 RI2 Feb. 15
3 0.377 A003 RI1 Nov. 15 3.57 A013 RI1 Nov. 15
- Koh Si Chang 1 0.137 A015 CHI1 Jan. 14 20.3 A027 CHI2 Nov. 15
2 0.162 A017 CHI1 Oct. 14 10.9 A004 CHI2 Oct. 14
3 0.172 A015 CHI2 Feb. 15 5.07 A004 CHI2 May. 15
Zn
- Koh Mun 1 5.27 A021 RC3 Oct. 14 597 A014 RC1 Oct. 14
2 9.60 A016 RC2 Feb. 15 583 A014 RC2 Oct. 14
3 9.62 A016 RC1 Nov. 15 401 A011 RC2 Nov. 15
- Koh Saket 1 18.6 A013 RI1 May. 15 489 A026 RI2 May. 15
2 18.7 A003 RI2 Oct. 14 376 A026 RI1 Feb. 15
3 27.6 A026 RI1 May. 15 341 A026 RI1 Nov. 15
- Koh Si Chang 1 6.59 A015 CHI1 Dec. 14 244 A025 CHI2 Feb. 15
2 6.73 A015 CHI1 Oct. 14 221 A011 CHI2 May. 15
3 7.44 A001 CHI1 Oct. 14 202 A026 CHI2 Feb. 15
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Cd
100
) (a)
t 101 O Year 2014
>
o 1 M Year 2015
A
™
g 01 A
0.01 -
N D b A 9N Y N s b AN O A
QP & & © L &N NS9O
TEEFTEITIEFITETTEES
Sponge code
Cd
100
, (b)
t 10 A O Year 2014
>
° 1 - B Year 2015
A
™
o el Nl
0.01
O (V3 (¢ A Q) ()
& Q Q N Q S 4 Vv
& & & E s
Sponge code
Cd
100
. (0
¥ 10 A O Year 2014
>
© 1 - M Year 2015
A
N
on
£ 01 A
0.01 +

N 3% H X lo N v ) A o N5} o A
Q Q Q Q Q \ \ N N N % % 3
@ @ @ @ @ @ @ @ @ @ @ @ @

Sponge code

a = a Y v a ~ H a a '
AINN 18 L‘tJiEJ‘UmaummLﬁzmsuul,aaEﬁuaaLm@LmﬂqummzLamu@mm U3kIed (a) Ny
iz (b) wizasiia wag () nynnzdda
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mg/kg dry wt.

20
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80
60
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mg/kg dry wt.

20

100
80
60
40

mg/kg dry wt.

20
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Cu
(a)
1 O Year 2014
M Year 2015
Sy 4 b &9 NN v X b b A9 N AN
QP K & & L & N NN NN QOO
FTEEFLFEFTIFIFFSEFFe
Sponge code
Cu
(b)
O Year 2014
M Year 2015
s B WS YO Ry
% O (" o A ) ) N\ (¢
Q Q Q N Q N N % Vv
S R R G
Sponge code
Cu
(@)
O Year 2014
M Year 2015

NZ
N

Sy Hh X b N
Q" L L LK L >
F&Fee s

Sponge code

Wiguiguanuidutuaievemeiadtunasdmeiavilafieg usiau (a) mfine
ifu (b) imzaziin uaz (o) nyinzad
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[€N]
o
o
o

2000

mg/kg dry wt.

1000

4000

3000

2000

meg/kg dry wt.

1000

4000

3000

2000

mg/kg dry wt.

1000

AW 20
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Fe
(a)
O vYear 2014
M Year 2015
N W% o A 9 N » ™ 2 o A 9 N Vv A
Q Q Q Q N\ N N N N \ N N % V W
SEFFFTIIITIIIETEITFES
Sponge code
Fe
1 O Year 2014
- M Year 2015
| Fi Fi ﬁi Fi W
(i |
(M o A ) Q) Vv o
& Q N Q N N U WV
e O .
Sponge code
Fe
(0
} O Year 2014
i M Year 2015

N 4% o) & o N v ) A 9 © () A
Q Q Q Q Q \ \S \Y N N % % 3
@ @ @ @ @ @ @ @ @ @ @ @ @

Sponge code

Wisuiisuanududundeveaniniunesimzaudaiigeg usom () minieiu
(b) tnzazia waz (c) Nzt
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H
0.8 S
) (a)
t 06 A
> O Year 2014
T 04 1
& M Year 2015
on
£ 02 A
O -
N W o A Y N @) ™ ) © A 9 " 3 A
Q & & L L &SNS N O
ST ITIFITIITIEFETEFES
Sponge code
H
0.8 S
t 06 A O Year 2014
P
T 04 1 M Year 2015
i
N
on
£ 02 A ’_h
. I_i ol =l -
) & o o
Q Q N N v WV
& & & ¢
Sponge code
H
0.8 g
(c)
0.6 A O Year 2014
0.4 A M Year 2015

mg/kg dry wt.

02 1 i I
O -
NS \% » > o N v ) A 9 ) () A
Q Q \ Q Q N N \ N N % % W
Y oY ¥ ¥ ¥ ¥ ¥ ¥© ¥ ©¥© ¥© ¥

R

Sponge code

a ™ a v d' S a a '
ani 21 WSguiiguanududuanevestsenlunesdmeiaviinsineg usan (a) vy
1 (b) inzazin waz (o) nn1zads



59

Ni
50
" (@)
£ O
2 30 A Year 2014
©
& 20 A M Year 2015
>
€ 10 -
O-
N % () A Q9 N ) ™ 2] © A 9 N a9 A
N\ \) N\ Q N\ N N N N N N N Q Q% Q%
SR SEEE SR SEEE SHEE SR SR RS S SR S S SR S

Sponge code

Ni
50
(b)
; 40 A
B O Year 2014
2 30 A
o M Year 2015
g 20 A
on
] [] [ ’—i
O T T T T '_- T T T T
\2 ) & o A ) Q) Vv o
Q Q Q S o N N 3% \;
S
Sponge code
Ni
50
(0
; 40 1
S O Year 2014
2 30 A
-8» M Year 2015
%‘n 20 A
E 10 A
O -

N 4% o) & o N v ) A 9 © () A
Q Q Q Q Q \ \S \ N N % % W
@ @ @ @ @ @ @ @ @ @ @ @ @

Sponge code

a = a P a A a H a a | o
AN 22 L‘tJiEJ‘ULmummmemaaEJGUENumaiu%lmmmmmmmmq6] UM (a) mylnizaiu
(b) tnzazia waz (c) Nzt
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mg/kg dry wt.
o

W

20

mg/kg dry wt.
o

w

20

mg/kg dry wt.
o

(]
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Pb

(@)

O Year 2014

M Year 2015

Sponge code

Pb
| ®
O Year 2014
B M Year 2015
\Z 5 (N o A ) > YV ©
Q Q Q N Q N N Q% v
& F e ¥ g ¢
Sponge code
Pb
(0
’ O Year 2014
B M Year 2015
N % ] ™ o N v ) A 9 © © A
Q Q Q Q Q \ N \ N N % % W
T FgFFFegFeeeess

Sponge code

= = Y v q' Y] 5 a 1 a |
Wiguiguanudutuateveswmemiurenimeiaviinsineg usin @) ninie
ifu (b) imzaziin uaz (o) nynzad
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500
400

mg/kg dry wt.
N W
o O
o O

100

600
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W B
o O
o O
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N
o
o

100
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Zn
| @)
] O Year 2014
M Year 2015
Y P A T T S T - T s P T S AN
Q Q Q Q Q N N N N N N N % \% 2
FFFFSTIFIFFIFeeFeEs
Sponge code
Zn
1 ()
i O Year 2014
: M Year 2015
\Z 5 (N o A ) > YV ©
Q Q Q N Q N S % Vv
L S
Sponge code
Zn
] ©
i O Year 2014
: M Year 2015

N 3% H X lo N v ) A o N5} () A
Q Q Q Q Q \ \ N N N % % 2
@ @ @ @ @ @ @ @ @ @ @ @ @

Sponge code

a = a Y v a o =~ H a ] a '
2NN 24 L‘lJiEJ‘ULVl‘EJUﬂ’J’]iJL“Ull“U‘L!LQaEJGIJENE‘NﬂSEﬂ,uW@QUWI%Lﬁ‘l]‘imm’]fl‘] U (a) minig

ifu (b) imzaziin uaz (o) nynzad
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nnmsAneaseanuinuimenihnsauiassiindnsazalaventnldunnsneiu
HwdauarUsinamududy  winsestdnimenimsaviaiiazanlansmin3ludsuna
innezduriniinuasmnzaufumsiunduseddTaniedanm  (bioindicator) Tunns
T¥nsrainmunafivanlanswinlunzaedivinzaudn  Wemnienimeaiiazan
Iawwﬁﬂiﬁqqﬁ?u d’aulmujLﬂuﬂzjusuawdaqﬁwmﬁau Ao dnmssgivladunuuiedouniy
Tagun1eghn (encrusting) Wi w1nUzni3e wasdeuiuliveia Judu nisfiudiegnsroudns
sldendn wazerdimsudeunntagiidanzls mniueinfiadyoguinumiihn
Nuvemzatilonalaunznouriuanldie dafunonimsaimnsauiunsliduseddse
etinn Sahanduriaffinisesyiulawuudy Wy wuuAsiu (branching) wuufou
(massive) wUUNsINaY (sphere) w3auuuilsss (burrowing) Jsmsiasaivlnvzadievieda
gNALANEF N (Boury-Esnault and Ritzler, 1997) Mafufegalasimeiawmani
Wldienige  sauensidunesinsainuldvonduussiluinadude  Faan
ﬂﬂiﬁﬂ@ﬂﬂ%ﬂﬁwudWWaaﬁmzLaﬁwuiﬁﬂaaLﬂuﬂizﬁi’ﬂuﬁnmmil,mzﬁu waenyin1edds Ao
Wm‘ﬁﬁﬂiﬂ' Petrosia (Petrosia) sp. “vase” 838411 A9 ‘V\Iaamwaﬂ Clathria (Tha y5/as)
reinwardti @1UUSaLNTELLAR LUuWaamaﬂﬂaaw Paratetilla bacca et
Vionuauna, Oceanapia sagittaria muuiumimﬂmmismmsmmia aulavevinluimeia
Aunznou wazWosimeans 3 U Ae izl innzasie wasnyngdds wenanld
mmaaiawmuﬂmﬂ%laammLammmwwuiuummuuum zmLﬁ@ﬂiﬁﬁif\laammt,asuumwwulm
Uosvosarusnadnge  deswanmswisuidiousanddidiuitliiesldaieisanteni
nzanaavaereimzaiafinuldUeslinamiiouiy wasdidnvasiontui 3 Ui
nanfe wankdey (MNF 25) Newwas (1d 26) Usen (nndl 28) Siia (nwdi 29) wag
dned (ot 31) Wum’mL%u%’uiumaﬁmzLagm’jﬂuaumzﬂauaei’mﬁﬁaﬁﬁiy (p<0.05)
snumEnLaZAz %awuiuaumzﬂauqqﬂ’jfl,uv\laaﬁmzLaasmﬁﬁsjﬁﬁzy (p<0.05) (n il
27 uaz 30 swady) msfinulaveniinluesimeiagenilufungneunadlutmeia 8
Lﬂulﬂlﬁiﬁ/\laqﬁmzLﬁLﬁUé’@’S@ﬁmmzﬁm@&\jﬁ’Uﬁ LLazﬁummﬂ,mamamaqﬁmmavﬁﬂéﬁa
paeana shlilanenindsudiouluimaa  uariungnoudigiuararanludeBoiiy
Fudenq vazfivsinalansminludmsauarlufussneuiimsidsuulamasanar 970
AszurumsseintulunsaTamanenin il wazdanm

MiianmsAneves Cebrian et al. (2007) Mid1sranisavanlansnouns uavazia
Turlesimeia ¢ wila UnadirnTussndouniiovemzawimedsidou nuimleuihma
fiuszansamlunisazauveandldfiniingd Imawwaumﬂuv\laafwmLaqmdﬂuau
pgnou  uiwupzialuuseneuganitlureosimen  Ssaenndestunsinmaded  Tog
msﬁﬂwm%”’ﬁuaﬂmﬂwummL%J’;JﬁﬁusuawaqLL@N‘LuWaQﬂgfmxLaqaﬂ’jﬂuaumzﬂauLLé’a ganu
waaLilpy Usen fifa uazdingd IuV\IaqﬁmzLaqmdﬂuﬁumﬂau%ﬂéﬁ’w drlanesfinuniy
dutulufungneugsnitlunenimzadl 2 ¥ia Ao axfuazvin 3 Rainbow and Phillips
(1993) (919lu Cebrian et al., 2007) lasiwauliin nalnlunsavaulaneniinuesdnilid
nsegnduvds 1Aerdestu 2 nszuIums A MsAIUAY (regulation) uazsAzaY (net
accumulation) danszuarunismuny Wunrwausavesdnilifnszandundilunisauny
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diosnunanududusedangluiunmeleglussduiiasd vuftugrumsisuudasedtany
Tudawndouseusfiiannsaiinsdasundadglutinte msavay auindudlosnsnis
Sulaveidn (uptake) asnduasliinefiiu (match) fun1stueen (excretion) FufnNsazay
Wuseme  §winnsdinwives Cebrian et al. (2007) wuilesimeia Chondrosia
reniformis, Phorbas tenacior waz Dysided avara @ansasne¥IvsenIuANsEAuAIY
dutureweialuiedoldd  Aeliavaunsialigufuniissfugaaniivasnde  (threshold)
Tnglifdsdnududuresnsmludwndon uwiluvaeiiannsoavaunomadldd Tnew
wuzthimesimsainsinlddusvinsiealansminlunsaled asduyiedid
arwannsalunisavalaneninldlusinafiaenadondululufimmadeafufuyiunn
Tavgwiinfiflegludawandon
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0.01

cd

(a)

0.10

- 0.08

- 0.06
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Koh Mun Koh Saket Koh Si Chang

cd

0.00
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A 25 1WSsuiisurudutuedsvosandlonly tnvia Auszneu waswenimeia Tng
(a) (b) waw () Audufivlnveslasimeaa oy () Anadennioninziaynyin
Tuusatiu (b) ey wavinzads e Wosasn, petrosia (Petrosia) sp. Way
WNzasin Ae W@ﬂi:f’]gﬂﬂ@aﬂ, Paratetilla bacca (wuﬁ@aﬁqm) way (c) nedu
WNTET AD Waqﬁfll,%aﬂ, Clathria (Thalysias) reinwardti WagiNazLin 7D Woath
Vienudwa, Oceanapia sagittaria (Wuveetluga1diu 2)
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o Cu
o 20 1.0
o) —_
& (a) E:
o = a - 0.8 5
5 E 9] M Sediment
22 - 0.6 ©
o © = £ Sponge
£ Y L oa 9
_03 :é/" : ; @ Sea water
£ - 02 8
I =
= 0.0
Koh Mun Koh Saket Koh Si Chang
o Cu
g 20 1.0
& )
2 (b) -
o E 5 - 08
o i
© 2 ~ M Sediment
35 - 06 =
£ ¥ 10 2 [@Sponge
% > - 04 O
v é ' 2 @ Sea water
£ i £
= ’ Fo02 T
9]
= =
0 0.0
Koh Mun Koh Saket Koh Si Chan
S
o Cu
on
S 20 1.0
Q —
o (0 J
'(% § 15 - 08 %” M Sediment
% _g\ L 06 % [ Sponge
£ o 10 2 @Sea water
S ™ L ®
g—,’) é 0.4 )
£ 5 £
B - 02 g
— =
0 0.0

Koh Mun Koh Saket Koh Si Chang

A 26 WSsueuAudundsvemeaddutmeia funznou wavvesimeialag
(a) (b) waw () Aufufivlinveslasimeia lay () Anadsniosimzaynyin
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nsnweuduiuStemendlon newns win Usen GRa sz wavdang
sswienududuiinuludmza fussneu wazwosbmsa (M31e@t 21) wud wEnuas
armaluthnzadaudiusmaniureshnsalaefimduUssansanduiug () whity
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AN5199 21 AduUsEANSanduRUSTEINeANUlILTvaslanerinlul e Aunznou warnesi e (n = 184)

Heavy metals in sea water

Heavy metals in sediment

Heavy metals in marine sponges

Cd Cu Fe Ni Pb Zn Cd Cu Fe Hg Ni Pb Zn Cd Cu Fe Hg Ni Pb Zn
Cd 1
£
v . |Cu 067 1
T [0}
@ T |Fe | -078 | .644%* 1
£ =
> 3 [Ni -034 | .414** | 100 1
S
© wv
Q@ Pb 102 | .609** | 278 | .367* 1
Zn 040 | .478* | 216 .248 275 1
Cd 024 | -211 | .420** | -273 | .058 | -.082 1
c Cu | -039 | -132 | .544** | -175 | .103 | -046 | .873** 1
TE ‘é:“) Fe 075 | 204 .180 .100 278 216 | .420** | .544* 1
[0}
S _% Hg |.739**| 317* | .007 029 | .455** | 115 .096 122 | 318 1
>
é & INi -217 | -408 | -100 | -.150 | -.137 | -.055 | .694** | .837** | .575** | -151 1
T Pb | -120 | -.066 | .328% | -.020 | -.171 | -056 | .511** | .612** | .009 | -.161 | .453** 1
Zn | -025 | -035 | .174 | -144 | .193 .043 | .914** | 900** | .513** | 192 | .668** | .492** 1
v Cd 281 | -118 | -191 | -135 | .167 | -083 | .080 | -.022 | -120 | .139 | -074 | -067 | -.016 1
é Cu | -207 | .178 | .375* | .154 126 .098 115 150 .050 | -.058 | -.069 | .266 210 | -.175 1
£ g |Fe | -054 | .242 |.415*%| 109 | .319* | .262 147 .138 .104 .055 | -.042 | .125 | .334* | -104 | .343* 1
:@ %n Hg 061 | .415** | 358* | 478" | 126 218 | -367* | -278 | .051 261 | -.389* | -.022 | -.152 | -143 | .205 134 1
o a
€ “ NI |-344%| -002 | .112 209 | -215 | 215 | -285 | -106 | .052 | -306 | -.021 095 | -144 | -216 | .386* | .180 |.582** 1
% Pb 041 | .414* | 530** | 201 | .389* | .212 | .449** | 331* | .335* | 176 042 | .323* | 481** | -.093 | .490** | .588** | .191 | .103 1
T Zn | -.069 | .369* | .456** | .107 174 282 | -.016 | -.005 | .184 078 | -122 | -.061 | .111 .104 140 | .330% | 234 | 133 | .259 1

** Correlation is significant at the 0.01 level

* Correlation is significant at the 0.05 level
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M19197 n1 Aadelaneninluiiveia YuReUNNTIAN 1AL kaSUINAN W.A. 2557

Heavy metal (ug/L)

Pate tation cd Cu Fe He Ni Pb Zn
Jan. 2014 RC 1 0.014 £0.004 0.396 £0.117 14.4+£3.70 <0.1 0.390 £0.160 0.189 £0.105 0.572 £0.228
RC 2 0.013 £0.001 0.308 £ 0.038 227 +£0.77 <0.1 0.232 £0.025 0.116 £0.034 <0.25
RC3 0.011 £0.002 0.345 £0.041 3.18+0.48 <0.1 0.239 £0.030 0.118 £0.023 0.545 £0.182
RI1 0.009 £0.000 0.483 £0.045 9.69 £2.11 0.119 0.331 £0.015 0.158 £0.020 <0.25
RI 2 0.008 £0.001 0.416 £0.022 8.55+0.48 <0.1 0.342 £0.014 0.120 £0.048 0.829 £0.160
CHI'1 0.009 £0.001 0.248 £0.052 8.34 £1.48 <0.1 0.226 £0.009 0.103 £0.049 0.337 £0.115
CHI 2* - -
Oct. 2014 RC 1 0.008 £0.001 0.296 £0.059 0.56 £ 0.10 <0.1 0.527 £0.523 0.150 £ 0.069 <0.25
RC 2 0.010 £0.003 0.286 £0.019 257+ 0.28 <0.1 0.218 £0.004 0.044 £ 0.017 0.731 £0.594
RC3 0.008 £0.002 0.290 £0.015 227+ 0.28 <0.1 0.226 £ 0.010 <0.03 0.859 £1.06
RI1 0.010 £0.004 0.947 £0.162 520+ 4.27 <0.1 0.388 £ 0.009 0.230 £ 0.080 1.76 £1.14
RI 2 0.008 £0.001 0.757 £0.039 56.2 £ 6.59 <0.1 0.360 £0.011 0.154 £0.035 0.434 £0.142
CHI1 0.009 £0.003 0.307 £0.061 523+ 1.34 <0.1 0.230 £0.019 0.061 £0.010 <0.25
CHI 2 0.009 £0.003 0.323 £ 0.050 35.6 + 4.15 <0.1 0.254 £0.014 0.093 £0.029 <0.25
Dec. 2014 RC1 0.008 £0.001 0.256 £0.005 3.98 + 0.08 <0.1 0.252 £0.025 0.179 £0.049 <0.25
RC 2 0.008 £0.001 0.270 £0.032 3.95+ 0.35 <0.1 0.232 £0.004 0.118 £0.084 0.291 £0.155
RC3 0.009 £0.000 0.446 +0.091 371+ 0.45 <0.1 0.228 +£0.002 0.192 £0.126 <0.25
RI1 0.007 £0.001 0.448 £0.012 235+ 2.33 <0.1 0.375 £ 0.007 0.165 £0.021 0.573 £0.393
RI 2 0.006 £0.000 0.574 £0.038 20.8 £ 2.35 <0.1 0.514 £0.022 0.168 £0.035 0.813 £0.093
CHI'1 0.008 +0.000 0.300 £ 0.016 9.13 £ 0.97 <0.1 0.230 £0.016 0.300 £ 0.098 0.572 +0.233
CHI 2 0.008 £0.001 0.257 £0.013 9.24 + 0.12 <0.1 0.194 +£0.008 0.295 £0.061 0.666 £0.311

aneme: * neadnduaunsdlianunsasenisaiudiegdla
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M19199 N2 Anadelaveninluliveia YBuRUNNNINUS NBAIAL wAENEAINIEY W.A. 2558

Heavy metal (ug/L)

Pate tation cd Cu Fe He Ni Pb Zn

Feb. 2015 RC1 0.030 + 0.006 0.414 + 0.044 6.65 + 0.37 <0.1 0.242 + 0.006 0.085 + 0.039 0.452 + 0.226
RC 2 0.026 + 0.013 0.412 + 0.044 13.4 + 0.60 <0.1 0.268 + 0.019 0.188 + 0.020 0.398 + 0.319
RC3 0.027 + 0.004 0.386 + 0.042 6.23 £ 0.11 <0.1 0.369 + 0.160 0.242 + 0.046 0.720 + 0.271
RI'1 0.021 + 0.001 0.691 + 0.341 16.1 + 1.74 <0.1 0.320 + 0.005 0.237 £ 0.076 0.659 + 0.165
RI 2 0.013 £ 0.004 0.497 + 0.021 16.8 + 0.58 <0.1 0.302 + 0.011 0.187 + 0.048 0.569 + 0.056
CHI'1 0.012 + 0.002 0.457 £ 0.120 8.83 + 0.40 <0.1 0.306 + 0.112 0.285 + 0.162 0.386 + 0.249
CHI 2 0.015 + 0.004 0.392 + 0.057 8.99 + 0.55 <0.1 0.246 + 0.013 0.267 + 0.098 0.344 + 0.148

May 2015 RC1 0.010 + 0.000 0.580 + 0.152 512 +£4.13 <0.1 0.238 + 0.016 0.253 £ 0.148 0.570 £ 0.150
RC 2 0.011 £ 0.001 0.427 + 0.091 145 + 0.27 <0.1 0.227 + 0.006 0.161 + 0.084 0.259 £ 0.018
RC3 0.013 + 0.001 0.624 + 0.046 13.8 £ 0.30 <0.1 0.235 + 0.005 0.271 + 0.047 <0.25
RI1 0.016 + 0.004 0.707 + 0.030 32.8 +2.05 <0.1 0.402 + 0.020 0.530 + 0.304 1.193 £ 0.343
RI 2 0.011 + 0.000 0.649 + 0.051 27.2 £ 1.33 <0.1 0.345 + 0.017 0.182 + 0.063 0.574 + 0.100
CHI'1 0.012 + 0.004 0.653 + 0.059 27.5 £ 1.60 <0.1 0.319 + 0.021 0.301 + 0.239 0.435 + 0.224
CHI 2 0.013 + 0.003 0.549 + 0.027 29.4 + 7.30 <0.1 0.319 + 0.033 0.371 + 0.327 0.367 + 0.539

Nov. 2015 RC1 0.011 £ 0.001 0.716 £ 0.324 3.05 + 0.38 <0.1 0.198 + 0.007 0.285 + 0.099 0.382 + 0.207
RC2 0.013 + 0.002 0.569 + 0.057 3.51 +0.36 <0.1 0.199 + 0.005 0.447 + 0.152 <0.25
RC3 0.010 + 0.001 0.663 + 0.085 13.0 £ 2.03 <0.1 0.228 + 0.009 0.324 + 0.196 <0.25
RI'1 0.011 + 0.001 0.754 £ 0.014 323+ 1.03 <0.1 0.712 + 0.017 0.453 + 0.210 0.710 £ 0.071
RI 2 0.012 + 0.003 0.723 + 0.083 28.7 £ 1.37 <0.1 0.596 + 0.054 0.538 + 0.218 0.565 + 0.039
CHI'1 0.012 + 0.002 0.713 + 0.053 9.96 + 0.93 <0.1 0.304 + 0.075 0.351 + 0.024 1.882 £ 0.914
CHI 2 0.011 + 0.001 0.680 + 0.039 14.4 + 4.22 <0.1 0.27 1+ 0.005 0.423 + 0.243 1.149 £ 0.024
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M13197 3 aadelaneninlufungnouluwiavaniil YaufeuNNIIAY AAIAN WALSUIAYN N.A. 2557

Heavy metal (ug/g dry wt.)

Date Station
cd Cu Fe Hg Ni Pb Zn
Jan. 2014 RC1 0.050 £0.011 350+ 1.59 3690 + 2072 0.019 £0.002 6.09 £2.73 354 +£3.02 9.65+4.02
RC 2 0.045 £ 0.002 1.67 £0.28 2150 £ 692 0.009 £ 0.002 4.35+£0.40 6.59 £1.59 569 £1.62
RC 3 0.043 +£0.008 0.87 £0.19 1096 + 259 0.003 £0.003 2.81£0.05 5.88+£0.43 3.15+0.82
RI1 0.032 £0.019 0.35+£0.07 774 +40 0.004 £0.001 1.83 £0.25 3.95+0.27 4.15+0.25
Rl 2 0.041 +£0.009 1.93 £1.39 2073 £ 947 0.016 £0.012 419 £1.03 14.0 £6.83 16.2 £8.22
CHI'1 0.040 £0.010 2.06 £1.19 844 + 340 <0.003 3.66 £0.60 2.00 £0.40 158 £11.5
CHI 2* - - - - - - -
Oct. 2014 RC1 0.047 £0.009 0.40 £0.04 470 £ 107 <0.003 2.71+£0.84 3.16 £0.79 3371331
RC 2 0.056 +£0.030 0.72+£0.20 1287 +£428 <0.003 2.29 £0.36 7.21+£3.27 8.12+6.49
RC 3 0.042 +0.005 0.58 £0.68 1189 +639 0.003 £0.001 239 +£0.70 551+0.51 523+2.54
RI1 0.026 +£0.005 0.44 £0.01 1378 £ 297 0.004 £0.002 1.05 £0.05 799 £1.65 7.53+£0.83
Rl 2 0.018 £0.006 0.35+£0.02 1333 £ 280 0.003 £0.001 0.93 £0.15 7.79£1.32 6.96 £1.13
CHI'1 0.063 £0.024 240+1.03 1478 £396 0.003 £0.002 3.67+£0.47 454 £1.95 22.6 £10.6
CHI 2 0.147 £0.045 8.04£1.94 1183 £ 232 <0.003 7.30£1.08 47.2+499 65.6 £23.0
Dec. 2014 RC1 0.036 +0.001 0.76 £0.35 937 +331 <0.003 2.01+£0.68 4.60 +1.51 2.62+1.09
RC 2 0.034 +0.004 <0.25 448 +85 <0.003 1.55£0.39 4.32+0.71 <1.0
RC 3 0.037 £0.003 0.75+£0.89 291 +£54 <0.003 1.48 £0.12 3.23+£0.35 <1.0
RI1 0.023 +£0.005 0.4 7£0.06 1005 £ 96 0.003 £0.005 1.61£0.11 6.12 £0.58 5.32£0.85
Rl 2 0.024 +£0.003 0.87£0.24 1920 £ 111 0.006 £ 0.001 258 +£0.21 7.80£3.93 8.03+1.14
CHI'1 0.043 £0.024 1.78 £ 1.51 889 £ 453 0.007 £0.003 2.81+£092 526 £3.73 23.1£25.7
CHI 2 0.067 £0.021 276 +1.20 1804 + 247 0.005 £0.003 4.78+0.82 6.64 +£2.78 26.5+16.2

wnewie: * nelalinduauussldauisoeaniseiiuiegnals

85



M13197 N4 Aadelaneninlufunznou Tuudazanil vedRounuATUS NqEAIAL kAN ATINEY 2558

Heavy metal (mg/kg dry wt.)

Date Station
cd Cu Fe Hg Ni Pb Zn
Feb. 2015 RC 1 0.037 + 0.003 0.85 + 0.003 1215 + 312 0.047 + 0.027 1.04 + 0.22 6.74 + 0.44 7.13 £ 2.08
RC 2 0.044 + 0.004 0.78 + 0.004 896 + 116 0.060 + 0.062 1.29 + 0.60 3.10 + 0.66 6.87 + 1.07
RC3 0.045 + 0.015 0.85 + 0.015 770 + 459 0.024 + 0.015 1.37 +0.79 2.59 £ 0.22 7.15+ 1.65
RI1 0.040 + 0.005 1.09 + 0.005 2048 + 490 0.042 + 0.032 1.39 + 0.25 9.03 + 1.81 13.9 + 2.63
RI 2 0.043 + 0.032 0.68 + 0.032 922 + 74 0.014 + 0.004 0.86 + 0.05 4.38 + 0.52 6.34 +4.71
CHI'1 0.041 + 0.021 3.20 + 0.021 2447 + 1755 0.033 + 0.013 4.40 + 3.03 2.96 + 1.33 223 + 597
CHI 2 0.120 + 0.045 4.92 + 0.045 2587 + 539 0.049 + 0.034 3.98 + 0.69 478 + 0.74 64.2 + 33.9
May. 2015 RC 1 0.032 + 0.004 1.08 + 0.004 1070 + 498 0.030 + 0.017 1.70 £ 0.76 252 +0.42 793 + 1.46
RC 2 0.040 + 0.012 0.82 £ 0.012 883 + 408 0.018 £ 0.003 0.86 + 0.29 4.72 + 2.66 7.51 251
RC 3 0.046 + 0.007 2.11 + 0.007 1926 + 372 0.023 + 0.000 1.56 + 0.47 7.00 +0.52 11.0 + 1.93
RI1 0.029 + 0.006 0.92 + 0.006 1413 + 248 0.046 + 0.004 1.17 + 0.22 6.19 + 1.09 114 +1.12
RI 2 0.025 + 0.004 0.97 + 0.004 1642 + 151 0.025 £ 0.002 1.29 £ 0.13 6.44 + 0.63 122 +3.23
CHI'1 0.055 + 0.015 2.73 £ 0.015 2233 + 1305 0.028 + 0.004 356 + 1.94 3.08 + 1.19 20.8 + 2.66
CHI 2 0.100 + 0.040 2.96 + 0.040 2780 + 1160  0.014 + 0.002 3.68 + 1.29 4.58 +1.49 39.8 + 23.4
Nov. 2015 RC 1 0.040 + 0.003 0.88 + 0.003 866 + 116 0.018 + 0.006 1.28 + 0.25 3.82+0.83 9.21 +4.16
RC 2 0.051 + 0.003 1.54 + 0.003 1397 + 65 0.038 + 0.023 1.81 +£0.18 6.02 + 0.44 8.94 + 0.76
RC 3 0.040 + 0.002 1.18 +0.002 993 + 119 0.011 + 0.004 0.93 + 0.17 6.79 + 0.22 7.30 + 1.74
RI'1 0.030 + 0.004 1.01 + 0.004 1301 + 441 0.021 + 0.012 1.17 £ 0.34 6.50 + 0.62 10.1 + 3.58
RI 2 0.029 + 0.004 1.12 + 0.004 1666 + 270 0.024 + 0.004 1.44 + 0.24 6.55 + 1.34 10.1 + 1.83
CHI'1 0.050 + 0.010 2.44 £ 0.010 1483 + 375 0.022 + 0.001 277 £0.63 3.40 + 0.65 175+ 1.72
CHI 2 0.122 + 0.045 4.35 + 0.045 3317 £ 1517 0.029 £ 0.016 4.75 + 1.88 5.28 £ 0.64 55.4 + 23.8
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M19199 N5 Auduturetavendninuluresimeialufiouunsiay faiau uagsunau w.e. 2557

Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code cd Cu Fe Hg Ni Pb Zn
January 2014 RC 1 Wmﬁmagwumgw A010% 0.236 10.089 689 0.018 7.04 0.475 37.2
WowthAsn A015 0.515 4.83 134 0.055 28.7 0.164 22.0
Wosthatiu A017 0.098 5.73 157 0.011 7.46 0.366 103
RC 2 Wmﬁmggwumgwm A010% 0.161 8.736 227 <0.007 9.27 0.267 239
Wowthdthaa A014 0.627 7.39 221 0.025 146 | 0208 | 296
Wosthasn A015 0.319 3.83 118 0.030 222 0.137 212
Wosthahdu A017 0.105 4.55 175 <0.007 5.50 0.316 86.4
Wosthiden A019 1.25 8.24 103 0.009 4.32 0.342 31.3
RC3 | weshwmilsdithena A002 1.21 9.47 623 0.039 14.2 0.527 39.8
Wosthviodm A00S* 2.107 8.123 3303 0.049 4.82 1.072 54.0
Wosviedwndes AO09* 1.262 5.620 1803 0.032 4.74 1.048 53.2
WowhAsn A015 0.613 4.29 171 0.059 20.4 0.220 29.2
Wostiadeundadig A016 0.126 8.60 130 0.019 12.2 0.425 15.9
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A1519% n5 (Aid)

Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name
code Cd Cu Fe Hg Ni Pb Zn
Wosthatiu A017 0.119 6.11 679 <0.007 4.68 0.374 91.5
AWosthding A029% 1.263 7.487 834 0.018 6.36 0.762 | 2389
RI1 | Wonbmfsdsane A003 0.475 7.81 145 0.356 233 0.266 31.8
Wosthuaruds A007 0.782 5.31 746 0.101 2.20 0.271 120.2
Waaﬁwgnuaa A018 1.087 5.83 495 0.064 6.78 0.616 50.9
Wosthlvl A022 0.183 3.09 1149 0.020 10.2 1.45 111
R2 | Wosbmfsdsane A003 0.366 9.53 351 0.260 28.0 0.504 57.5
Waaﬁwgnuaa A018 1.495 5.61 1420 0.045 13.0 1.12 64.4
CHI1 | Wowhdulside A001 0.135 5.02 1600 <0.007 3.66 0.621 74.1
Wosthwiledana A002 0.392 8.26 2792 0.025 10.7 1.68 36.0
Wosthwildsane A003 0.448 9.01 401 0.079 34.1 0.362 33.6
Wosthiadeudin AO11 19.162 3.66 748 <0.007 5.47 0.470 84.6
WowhAsn A015 0.326 4.48 106 0.060 29.0 0.137 279
Woshdsidiensis A025 0.129 4.61 923 0.020 6.33 0.408 70.6

g *eyailsllihlinmziuslansminmuiutesihaiisau iemniufedeliifies 1-2 fethasini
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A1519% n5 (Aid)

Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code Cd Cu Fe Hg Ni Pb Zn
October 2014 RC1 | Wosthdthena AO14 0.793 7.35 164 0.043 147 | 0431 | 141
Wosthasn A015 0.559 5.23 333 0.102 11.9 0.193 15.5
Wosthatiu A017 0.059 5.46 184 0.014 5.46 0.244 | 280
Wosthadumly A021 0.178 2.73 722 0.008 4.97 0.613 5.27
RC2 | wenhdulstas A001 0.358 8.72 418 0.063 175 1.36 10.0
Waaﬁw‘é‘wejuﬁﬁq A006 0.660 253 896 0.121 24.7 0.924 144
Wosthuafuds A007 0.680 8.79 966 0.034 20.3 5.18 118
RC3 | Woshathnna A014 0.501 9.03 207 0.076 15.2 0.430 103
Wosthasn A015 0.463 4.55 160 0.075 14.6 0.182 14.1
RI 1 Waaﬁqgmaaﬂ A026 0.845 10.5 1242 0.091 14.7 1.45 219
Rl | enihileadun A020* 0.558 4.03 20.0 0.019 185 0.508 8.26
Wostham A024* 0.854 3.92 1339 0.019 10.0 4.03 10.7
CHI1 | Wowhdulside A001 0.289 10.2 529 0.017 20.6 0.420 7.44
WowhAsn A015 0.198 7.00 176 0.031 32.9 0.281 6.73

wnewe: *Jayatilildihluinszinalaneninsuiunenhedndug Wesnifiudegaldiiies 1-2 dregravitu

89



A1519% n5 (Aid)

Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code Cd Cu Fe Hg Ni Pb Zn
Wosthatiu A017 0.047 4.51 162 <0.007 6.15 0.162 1738
Wosthiden A019 0.831 7.90 186 0.016 5.28 0.293 43.1
Wosthasudlonsas A025 0.204 9.33 521 0.009 7.34 | 0.401 85.5
CHI 2 | Wowhdulside A001 0.421 13.8 659 0.036 21.1 0.752 11.4
Waaﬁmumawm A004 0.376 5.25 1093 0.008 11.6 10.9 7.78
Waaﬁw‘é‘wquﬁﬁq A006 0.391 28.5 937 0.070 40.3 1.40 42.6
ol pdoudag A012 4.63 193 946 0.007 8.40 2.14 73.5
Wosthatiu A017 0.068 5.02 387 0.016 5.22 0.558 33.0
Wosthiden A019 1.15 16.3 510 0.016 5.16 0.774 | 556
December 2014 RC1 | Wosthdulifds A001 0.494 6.21 812 0.054 24.5 1.25 46.2
wastionudung A013 0.165 10.9 768 0.069 41.9 1.74 27.0
Wosthdthana A014 0.334 7.32 101 0.066 155 | 0999 | 597
Wosthasn A015 0.363 5.91 316 0.091 19.2 0.310 14.6
Wosthariidu P017 0.053 5.56 783 0.013 114 | 0302 | 262
Wosthiden A019 3.25 132 334 0.055 173 0.317 34.9
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A1519% n5 (Aid)

Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code Cd Cu Fe Hg Ni Pb Zn

Wosthadumly A021 0.161 2.81 373 0.022 8.01 0.658 21.7
Wosthlnl A022 0.365 3.85 808 0.029 20.6 1.83 11.7

RC2 | Wosthduldfas A001 0.34 8.92 528 0.071 28.9 0.722 44.7
Waaﬁq’é‘wquﬁﬁq A006 1.07 34.1 657 0.083 229 3.71 113
Wosuadaudi A011 30.1 6.61 259 0.016 33.9 0.600 43.1
Wowthdthaa A014 0.481 7.67 449 0.075 760 | 0385 | 583
Wosthasn A015 0.47 6.65 234 0.106 7.03 0.270 32.4
Wosthiden A019 2.08 10.2 306 0.033 13.9 0.409 33.1

RC3 | Wowthesn A015 0.37 5.35 482 0.090 16.2 0.158 51.6
Wosthimdeundadiiag A016 0.11 9.92 667 0.043 8.31 0.566 35.3
Wosthariidu A017 0.05 4.74 505 0.021 29.6 0.304 19.6

TR ST A030* 1.44 6.15 1766 0.042 18.0 2.48 20.7

RI1 | Wosbnfedsnane A003 0.354 11.6 809 0.227 41.9 1.534 57.7
wasthBaveuda A006 0.443 72.3 2204 0.271 33.8 2.65 49.9

wnewe: *Jayatilildihluinszinalaneninsuiunenhedndug Wesnifiudegaldiiies 1-2 dregravitu
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A1519% n5 (Aid)

Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code cd Cu Fe He Ni Pb Zn

wosivionuduns A013 0.075 7.97 649 0.076 25.1 2.63 51.9
Waqﬁngﬂuaa A018 1.29 7.28 606 0.066 9.73 0.431 122
Waqﬁngmaaﬂ A026 1.47 15.4 1176 0.085 14.9 1.53 34.8
Wosthieuding A028* 0.071 10.4 907 0.044 13.8 1.21 62.8
WosthAshana A031* 0.123 9.64 1736 0.076 8.63 1.21 49.9

R2 | Woshwmfsdsane A003 0.459 10.8 509 0.703 35.2 0.525 18.7
Wosthl A022 0.130 4.97 905 0.068 36.0 2.44 35.8

CHI1 | vesthduldidem A001 0.277 15.8 1783 0.058 16.8 1.23 19.4
Wosthasn A015 0.193 8.05 1140 0.072 29.3 0.606 6.6
Wosthiden A019 1.39 10.5 611 0.032 8.41 0.518 39.3
Wosthasudlonsas A025 0.145 7.62 1855 0.016 16.1 0.626 110

CHI 2 | vesthduldidem A001 0.229 8.89 1956 0.045 21.0 1.12 48.6
Waaﬁmumﬁwm A004 0.329 5.50 2677 0.013 20.8 3.34 535
WQqﬁqﬁmmﬂu?{m’n A005* 2.105 23.0 396 0.100 42.7 0.391 40.0
Wosthimdeudig A012 17.9 22.4 1812 0.028 15.2 0.796 142

vnewn: *Jayaildlimhlvimszinalaventdnsuiuneniviinduy Weswiniuiegaldiies 1-2 fegravintu
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A1519%1 n5 (d)

Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code cd Cu Fe Hg Ni Pb Zn
WaguAsn AO15 0.200 8.48 507 0.062 36.6 0.212 20.6
Woatna &y AO17 0.179 7.22 389 0.017 105 0.630 50.4
Westniden A019 1.67 15.6 616 0.028 9.80 0.574 136
Wosihnseney A023* 0.724 3.67 556 0.012 222 0.374 61.2
Wosrnadilonaig A025 0.142 6.95 472 0.027 8.11 0.299 163
WesrniUasud A027 0.919 21.3 1272 0.099 33.4 1.41 48.6
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M19199 N6 AutuTuvatlavgvtninulunosimealuseununIius wouaAN WasngAINIew W.A. 2558

. Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name
code cd Cu Fe Hg Ni Pb Zn
February 2015 RC1 | wesunadoudin AO011 0.153 7.68 1021 0.123 16.4 1.91 11.7
slosivionuduns A013 0.187 4.60 1268 0.117 10.1 2.05 26.9
Wowhamna po14 | 0.300 2.90 307 0.140 258 0.435 17.1
WowhAsn A015 0.433 14.5 904 0.149 228 1.77 272
Wowhddu p017 | 0.085 3.42 699 0.344 3.06 155 17.6
RC2 | Wowhuadouudediig A016 0.087 6.09 273 0.080 9.15 0.427 9.60
Wosindon A019 3.93 9.99 440 0.070 4.49 0.454 85.9
Wosthadumiu A021 0.076 2.27 527 0.061 4.51 0.719 10.8
RC 3 V\Iaaifwiavjuﬁum A013 69.0 3.21 375 0.070 10.1 0.653 86.9
WowAsn A015 0.526 3.38 207 0.108 133 0.420 18.7
Wosthadumiu A021 0.073 6.19 308 0.065 6.40 0.428 61.8
Wostiln A022 0.172 7.70 578 0.084 16.2 1.17 11.6
Woshasud A027 0.926 4.98 203 0.100 219 0.261 216
RI1 | Woshwirdedena p002 | 0.365 11.8 831 0.109 18.6 2.38 49.5
Wowhmiledsans A003 0.466 15.4 348 0.419 35.8 0.386 42.2
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A1519%1 N6 (%d)

. Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code cd Cu Fe Hg Ni Pb Zn

Waquumﬁwm A004 0.308 10.2 2184 0.079 9.64 3.05 62.7
wlpsihiavguds A006 0.615 22.1 1378 0.162 21.1 3.38 69.0
Waaﬁwiavju%um A013 0.091 11.3 1391 0.103 17.6 2.70 30.9

Wosthln A022 0.086 4.29 863 0.061 13.5 2.21 70.3
Waaﬁqqnnaaﬂ A026 0.942 9.84 684 0.106 11.8 0.911 376

R2 | wenilw A022 0.096 7.67 2203 0.081 29.3 4.24 82.1
Waaﬁqqmaaﬂ A026 0.731 7.85 836 0.109 6.83 1.53 279

CHI1 | wenhdulididsm A001 0.314 14.8 1167 0.086 236 1.10 36.8
WowAsn A015 0.218 3.36 258 0.083 28.3 0.238 224
Wosindon A019 1.02 12.2 750 0.055 7.22 0.732 142
Wowhdsmiiensias A025 0.172 9.17 673 0.050 9.05 0.486 184

CHI2 | weshduldfdsm A001 0.404 11.5 1373 0.138 17.9 1.88 35.2
Waafmumﬁwwu A004 0.643 8.03 1886 0.155 11.4 2.35 325
Wowhiadeudie A012 13.0 271 1426 0.202 7.72 3.45 216
woathasn A015 0.288 5.36 327 0.190 29.0 0.172 185
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A1519%1 N6 (%d)

. Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name
code cd Cu Fe Hg Ni Pb Zn
Wowhatiiu A017 0.047 5.26 434 0.051 5.35 0.501 80.1
Wosinden A019 1.55 16.3 502 0.060 4.70 0.503 168
Wowhdmilensias A025 0.390 8.42 652 0.048 3.80 0.542 244
Waaﬁqqmaaﬂ A026 1.79 7.84 1011 0.241 9.04 0.843 202
Wowhdeud A027 0.467 14.6 1625 0.095 25.2 2.52 39.4
May 2015 RC1 | venhdulsiasm A001 0.409 6.45 446 0.118 17.1 1.02 14.2
Waaﬂfwiavjmum A013 0.155 8.95 790 0.107 26.1 1.66 173
Wowhadu p017 | 0.050 4.78 200 0.112 4.96 0.378 38.9
RC 2 Waaﬁﬁqu‘uﬁﬁq A006 0.528 46.0 575 0.109 17.0 1.52 20.6
Wowhaana pola | 0573 7.41 197 0.146 133 0.234 24.7
WowAsn A015 0.556 4.13 300 0.134 212 0.470 211
Wosindon A019 2.34 10.9 385 0.129 6.56 1.03 112
RC3 | woshwfedthena A002 0.484 10.9 612 0.124 15.7 1.44 272
sosthBaveuds A006 0.387 81.9 783 0.171 34.9 2.85 36.1
sosthviovuduns A013 0.176 11.6 1524 0.146 26.2 4.14 26.8
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A1519%1 N6 (%d)

. Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code cd Cu Fe Hg Ni Pb Zn

wowthasn A015 0.313 3.31 292 0.112 228 0.297 20.4
Wowhindouudediig A016 0.489 13.0 694 0.099 17.8 2.09 12.6
Wosinden A019 1.98 10.3 698 0.124 7.36 1.64 147

Wosthln A022 0.237 5.65 1087 0.071 11.0 2.21 35.6

RI 1 Woshmdsdima A002 0.392 12.8 320 0.440 31.9 0.611 39.7
Wostuaiude A007 0.105 8.93 1884 0.142 6.12 3.36 90.8
slosivionuduns A013 0.043 8.60 858 0.077 17.4 2.64 18.6
Waaﬁqqnuaa A018 0.549 4.72 657 0.115 5.27 1.88 41.0

Wostiln A022 0.123 6.41 705 0.092 12.3 2.14 110
Waaﬁqqmaaﬂ A026 0.681 11.0 587 0.395 4.87 1.12 276

R2 | veshmiledthana A002 0.396 12.5 367 0.502 37.7 0.741 42.6
Waaﬁnqmaaﬂ A026 1.14 8.51 630 0.132 8.42 1.53 489

CHI1 | weshduldfdsm A001 0.284 9.25 625 0.066 17.0 3.22 26.5
woathasn A015 0.158 5.74 162 0.105 18.7 1.68 21.0
Wowhiden A019 1.01 10.1 559 0.063 7.59 2.68 105
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A1519%1 N6 (%d)

. Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name
code cd Cu Fe Hg Ni Pb Zn
owhasiilonsias A025 0.286 8.51 538 0.053 7.37 0.814 146
CHI2 | wenhduldddm A001 0.505 2.68 619 0.059 20.0 1.16 30.7
Waaﬁmmuﬁwm A004 0.547 2.46 1590 0.045 6.80 5.07 37.5
Wosiuadoudih A011 10.2 3.62 375 0.040 7.92 0.647 221
Woshindoudihg A012 6.28 20.7 1019 0.049 5.73 4.28 130
Wowhddu p017 | 0.120 2.69 1300 0.043 6.79 4.91 813
Wosindon A019 1.97 16.9 547 0.066 6.12 0.831 182
Wowhdmiiensias A025 0.206 6.24 483 0.048 5.04 0.662 162
Woshaeud A027 0.565 6.97 1519 0.082 21.7 5.05 34.9
November 2015 RC1 | wosthwfedthena A002 0.399 5.99 642 0.060 8.24 1.52 13.3
Wosthaana A014 0.413 7.23 189 0.100 10.1 0.266 17.7
WowAsn A015 0.495 4.99 267 0.112 233 0.238 21.7
Wosiadouudediig A016 0.102 6.99 348 0.067 11.7 0.421 9.62
Wowhariiy A017 0.039 4.80 201 0.046 4.32 0.346 438

98



A1519%1 N6 (%d)

. Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code cd Cu Fe Hg Ni Pb Zn

RC2 | vesmfedhana A002 0.201 4.20 872 0.056 8.59 1.52 29.9
Wosiuadoudih A011 718 3.99 306 0.047 4.01 0.581 401
slasivionuduns A013 0.242 7.94 1247 0.063 16.9 2.57 15.2
Wowhaana A014 0.585 7.90 203 0.091 11.1 0.352 21.3
Wosinden A019 1.79 6.22 366 0.064 5.36 0.381 723

RC 3 V\Iaaﬂfwiavjuﬁum A013 0.135 11.5 972 0.077 26.7 2.91 28.6
WowAsn A015 0.340 5.45 891 0.059 11.6 1.44 19.3
Wosindon A019 1.26 8.68 545 0.065 4.83 0.380 88.7

Wostiln A022 0.185 4.13 807 0.069 9.82 1.14 36.5
Woshaeud A027 0.456 21.0 793 0.130 24.7 2.12 25.7

RI 1 Woshmdsdhma A002 0.286 10.1 605 0.200 14.0 2.44 45.9
Woshmidmane A003 0.472 16.5 207 0.561 36.6 0.377 49.2
Waaﬁwﬁmmjuﬁﬁw A006 0.234 58.3 1070 0.173 28.0 5.51 71.5
Wowthuaude A007 0.052 11.0 1069 0.078 4.81 2.03 74.1
sosthviovuduns A013 0.063 139 1216 0.097 21.0 3.57 33.2
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A1519%1 N6 (%d)

. Sponge Heavy metal concentration (mg/kg dry wt.)
Date Station Common name

code cd Cu Fe Hg Ni Pb Zn

Waqﬁwqmaav‘d A026 0.973 10.3 511 0.097 15.3 0.772 341

R2 | veshwilddthana A002 0.182 9.27 1105 0.126 11.8 1.91 37.9
CHI1 | wenhdulddem A001 0.193 12.3 613 0.057 20.3 1.10 40.3
Wosmidmane A003 0.688 16.7 462 0.128 45.7 0.789 63.7
WowAsn A015 0.188 4.48 149 0.069 19.1 0.175 32.2
Wosinden A019 0.889 9.71 720 0.045 4.33 1.30 113
Wowhdmiiensias A025 0.314 7.39 595 0.047 6.31 0.664 199

CHI 2 V\Iaaﬂfmmu?lwwu A004 0.322 4.45 2821 0.039 7.46 4.57 70.3
V\Iaaﬂfﬁmmjuﬁﬁﬁ A006 0.703 28.8 1023 0.083 22.9 4.69 57.8
Wosindoudiig A012 8.78 212 948 0.045 6.48 3.62 160
WowAsn A015 0.263 3.81 182 0.051 16.3 0.173 337
Wowhadu A017 0.137 5.61 505 0.051 7.40 0.603 92.0
Wosindon A019 1.40 7.54 440 0.047 5.90 0.838 102
wowhasiilonsias A025 0.283 6.44 712 0.040 6.13 1.17 169
Wowhidenud A027 0.761 16.4 2748 0.082 332 20.3 59.2
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Waﬂﬁﬁﬁulﬂﬁﬁ”l Penares nux (de Laubenfels, Waﬂﬁl’mﬁfd?‘iﬁ’lma Chondrilla australiensis
1954) (Carter, 1873)

Wenhwilsddnate Chondrosia reticulata (Carter,  Weshwuwdwsw Dysidea arenaria Bergquist,
1886) 1965

Wostn8anguduna Ircinia mutans (Wilson, 1925) Wosn8angudan Cacospongia sp. "black"
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Wosthviedwdes Chatinula sp. "yellow" Waﬁﬁﬁmﬁakuma‘uuwﬁ Dasychalina fragilis
Ridley & Dendy, 1886

Wosthiadeudih Gelliodes petrosioides Dendy, Wes AR udLN Gelliodes sp. "purple”
1905
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Wamfwiavjuﬁl,ma Oceanapia sagittaria (Sollas,  Wesdun1a Neopetrosia exigua (Kirkpatrick,
1902) 1900)

QPR 1#.;\".. > "
WoAIN Petrosia (Petrosia) sp. "vase" WealiAdoundediing Xestospongia sp. "purple”

A018
We3dURU Neopetrosia sp. "blue” wealgnuea Tethya aff. robusta Bowerbank,

1872
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Wowthiden Clathria (Thalysias) reinwardti WouHedduns Mycale (Mycale) grandis Gray,
Vosmaer, 1880 1867

=o

s
w}".&: s : > ]

- - 2z %
Wosth@duniu Desmapsamma vervoorti van
Soest, 1997

Weninsyne Coelocarteria singaporensis Wostiim Mycale (Zygomycale) parishii
(Carter, 1883) (Bowerbank, 1875)
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V\Ia\‘iﬂfﬂgﬂﬂaa‘f\l Paratetilla bacca (Selenka, 1867)

WesnUAsud Pseudoceratina purpurea
(Carter, 1880)

o ARnuUWEUIRY, Terpios granulose Weswedeuusddy, Clathria (Microciona) sp.
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No9ULARDUNUNEFY, Thrinacophora incrustans ‘V\laﬁ‘ljﬁasu?zjiz, Stylissamassa

Wesupdeudiiag, Haliclona sp. “purple” Wespdeuusddy, Hexadella purpurea
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Wosdnadeudvuy, Aplysilla aff. Rosea Woswaeud, Pseudoceratina purpurea
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“Moving Forward to a Prosperous and Sustainable Community”

Marine sponges in the industrial and conservation areas of
Chon Buri and Rayong provinces
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®Institute of Marine Science, Burapha University, Chon Buri Campus, 169 Long-Hard Bangsaen Road, Saen Sook Sub-district,
Mueang District, Chon Buri Province, 20131 Thailand

Abstract

Species diversity and distribution of marine sponges was investigated in the industrial and conservation area along Chon Buri and
Rayong provinces. Sample collection was conducted three times during January, October and December, 2014 from 7 sites of 2 industrial
areas (Sichang Islands, Chon Buri and Koh Saket, Rayong) and 1 conservation area (Mun islands). The specimens were collected by
Scuba diving during daytime and the observations were randomly conducted through collection sites. The results show 38 marine sponge
species of 32 genera, 26 families and 10 orders from this study. Of these, 24 species are found in Mun Islands, 21 species found in
Sichang Islands and 14 species found in Koh Saket. Almost species were previously found in the Gulf of Thailand and the South China
Sea. The most distributed marine sponges are Paratetilla bacca (Selenka), Biemna fortis (Topsent), Gelliodes petrosioides Dendy,
Oceanapia sagittaria (Sollas) and Cacospongia sp. which were found in all study areas. Order Haplosclerida (13 species) was the highest
species diversity, followed by Poecilosclerida (10 species). Five sponge growth forms were found and the encrusting growth form is the
most abundant (50% of total species), follow by branching (18.4%) respectively. The result of cluster analysis showed the similarity of
the areas divided into 2 groups: Sichang Islands and Mun islands and another area, Koh Saket, which is different from both areas.
Moreover, species occurrence in various habitats and potential to be bioindicators were noted for some sponges.
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1. Introduction

The Eastern Seaboard plays important roles for Thailand. Thai government has been developed this area for
many purposes such as industrial estates, refineries, port, urban and marine tourism. All of these activities may
in some way influence affect to marine ecosystems, corresponding to marine pollution problems, biodiversity
lost and fisheries resources degradation, etc. We therefore need to be monitored marine environmental quality
in order to follow the situation and correct the problems promptly.

The use of bioindicators in different levels of biological organization, molecules to communities, is one
such technique. A bioindicator can be an organism, species, or community, and may serve as a target of both
biological and chemical monitoring. Sponges are dominant members in many benthic communities. As filter-
feeders, sponges are exposed to pollutants present in water, and accumulate impurities present in
phytoplankton or other suspended matter. Since the sponges are permanently attached to substrates, they
provide information on habitats affected by local factors. However, the use of sponges in monitoring studies is
still limited by the little knowledge available on biotic and factors affecting the structure of these
communities. (Carballo et.al., 1996; Carballo and Narajo, 2002)

The species diversity of marine sponges in the eastern coast of the Gulf of Thailand has been studied as
follows Putchakarn et al., 2004 reported 52 demosponge species and 2 species of calcareous sponges in the
coral reef habitats along Chon Buri province. Putchakarn et al., 2004 described a new species, Cladocroce
burapha from Bangsean Beach, Chon Buri and reported on another 56 demosponge species from the Gulf of
Thailand in his dissertation (Putchakarn, 2006). Putchakarn et al., 2008 reported 57 marine sponges from Mun
Islands, Rayong provinces. Moreover, Putchakarn, 2011 reported 72 species of marine sponges from 11
orders, 37 families and 52 genera along the coasts of Chanthaburi and Trat provinces.

The objective of this present study was to investigate the species diversity and distribution of marine
sponges in the industrial and conservation areas along the eastern coast of the Gulf of Thailand and serves as
baseline study for the application of marine sponges as bioindicator to monitoring marine pollution in the Gulf
of Thailand, which part in the research project in the title of “Environmental quality in marine sponge habitats
in the eastern coast of the Gulf of Thailand of the research program “Marine sponges: the new alternative
bioindicators to monitor heavy metal pollution in the eastern coast of the Gulf of Thailand”

2. Methodology

2.1 Collections. Sample collections were conducted in the industrial area and conservation area along the
Chon Buri and Rayong provinces, covering 7 sites of three areas (Fig. 1) namely, CHI, represent to coral reef
of industrial area of Sichang Islands, Chon Buri province, RI, represent to submersible rock of industrial area
of Koh Saket, Rayong province, and RC, represent to coral reef of conservation area of Mun Islands, Rayong
province. The sponge collected had been carried out during January, October and December, 2014. The
specimens were collected by SCUBA diving during daytime and observations were randomly through in all
collection sites. The specimens were photographed in situ and noted based on morphological and ecological
features such as growth form, color, depth, and substrate, etc. Specimens were preserved in 70%ethanol and
deposited at Institute of Marine Science, Burapha University, Thailand.

2.2 Laboratory work. Histological sections were made with a scalpel tangentially and perpendicularly to
surface of the sponge. Sections were dried on a slide warmer and subsequently mounted in Canada balsam,
and examined under light microscope. Spicule preparations were made by putting fragment of sponge in
boiling concentrated nitric acid, washed and centrifuged 3 times in distilled water and 3 times in 95% alcohol,
and suspending in 95% alcohol. Spicule suspensions were pipetted onto microscopic glass slides, dried and
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mounted in Canada balsam for light microscopy. Spicules were measured based on 25 randomly chosen
spicules for each category (Putchakarn et.al, 2004; Putchakarn, 2006).

2.3 Data Analysis. Marine sponges are identified by macroscopically features, architecture of the skeleton and
spicule characteristics following by Boury-Esnault and Ritzler, 1997, systematics following by Hooper and
Van Soest, 2002 for the genus level and the species level follows the collected reference papers and confirm
valid species by World Porifera database. (Van Soest et.al., 2015) Species composition of sponge from the
study areas was grouped by similarity (Cluster analysis) using Sorenesen (Bray-Curtis) method and links
between nearest neighbor technique by PC-ORD for Windows version 4.17 (McCune and Mefford, 1999)

T
{Bangkok
(J pe J\./FT

Hin Sanpayeu (CHI2)

Sichang Islands

Koh Thaai Taa Muen (C

Koh Mun Nai (R

Koh Mun Klang (RC2)

Koh Mun Nork (RC1)

2t
Hin Yai, Koh Saket (RI1) _~~
\_
|
Koh Saket
i

VSubmers!ble rock, South of Koh Saket (SIZ) & The Gulf Of Thailand ,.MMGOOSI()-‘

Fig.1. Collection site map in the industrial and conservation areas of the study
3. Results and Discussion

The results showed 38 marine sponge species of 32 genera, 26 families and 10 orders were found from this
study (Table 1 and Fig. 2). Of these, 24 species were found in the conservation area of Mun Islands, Rayong
province and 21 species in the industrial area of Sichang Islands, Chon Buri province and 14 species in the
industrial area of Koh Saket, Rayong province. Most species were common components in marine benthic
habitats in the Gulf of Thailand and in the South China Sea (Hooper et al., 2000; Putchakarn et.al., 2004;
Putchakarn, 2006; Putchakarn, 2007, and Putchakarn, 2008). The most distributed marine sponges were
Paratetilla bacca (Selenka), Biemna fortis (Topsent), Gelliodes petrosioides Dendy, Oceanapia sagittaria
(Sollas) and Cacospongia sp. which were found in all study areas. While, Penares nux (de Laubenfels),
Clathria (Thalysias) reinwardti Vosmaer, and Neopetrosia sp. “blue” were found common in Sichang Islands
and Mun Islands. Order Haplosclerida (13 species) showed the highest species diversity, followed by
Poecilosclerida (10 species), corresponding to Hooper and Wiedenmayer, 1994 suggested that these sponge
orders often found dominant in tropical shallow-water marine ecosystem. Five sponge growth forms were
found from the study as follows: encrusting, massive, submassive, sphere, burrowing and branching growth
form. The encrusting growth form was the most abundant (50% of total species) follow by branching (18.4%)
respectively. This may be corresponding to substrates in the study area were massive coral head, shelter and
old dead coral, which provided space for encrusting sponges grow cover.
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Table 1. Species and distribution of marine sponges in Chon Buri and Rayong provinces
Area code: Industrial area: CHI1 (Koh Thaai Taa Muen) and CHI2 (Hin Sanpayeu), Sichang Islands, Chon Buri province;
RI1 (Hin Yai, Koh Saket) and RI2 (Submersible rock, south of Koh Saket), Koh Saket, Rayong province
Conservation area: RC1 (Koh Mun Nork), RC2 (Koh Mun Klang) and RC3 (Koh Mun Nai), Mun Islands, Rayong

province
Distribution: v" — found ; - not found

Taxa

Chon Buri

Industrial area

Industrial area

Rayong
Conservation area

CHI1

CHI2

RI1 RI2

RC1 RC2 RC3

Phylum Porifera Grant, 1836

Class Demospongiae Sollas, 1885

Order Spirophorida Bergquist & Hogg, 1969
Family Tetillidae Sollas, 1886

1. Paratetilla bacca (Selenka, 1867)

2. Paratetilla abracadabra (de Laubenfels, 1954)
Order Astrophorida Sollas, 1887

Family Geodiidae Gray, 1867

3. Penares nux (de Laubenfels, 1954)

Order Chondrosida Boury-Esnault & Lopes, 1985
Family Chondrillidae Gray, 1872

4. Chondrilla australiensis (Carter, 1873)

5. Chondrosia reticulata (Carter, 1886)

Order Hadromerida Topsent, 1894

Family Suberitidae Schmidt, 1870

6. Terpios granulosa (Bergquist, 1967)

Family Tethyidae Gray 1848

7. Tethya aff. robusta Bowerbank, 1872

Order Poecilosclerida Topsent, 1928

Family Microcionidae Carter, 1875

8. Clathria (Microciona) sp.

9. Clathria (Thalysias) reinwardti Vosmaer, 1880
Family Raspailiidae Hentschel, 1923

10. Thrinacophora incrustans (Kieschnick, 1896)
Family Desmacididae Schmidt, 1870

11. Desmapsamma vervoorti van Soest, 1998
Family lotrochotidae Dendy, 1922

12. lotrochota baculifera Ridley, 1884

Family Desmacellidae Ridley & Dendy, 1886

13. Biemna fortis (Topsent, 1897)

Family Mycalidae Lundbeck, 1905

14. Mycale (Zygomycale) parishii (Bowerbank, 1875)

Family Isodictyidae Dendy, 1924

15. Coelocarteria singaporensis (Carter, 1883)
Family Crambeidae Lévi, 1963

16. Monanchora unguiculata (Dendy, 1922)
Family Hymedesmiidae Topsent, 1928

17. Phobas arborescens (Ridley, 1884)

Order Halichondrida Gray, 1867

Family Dictyonellidae Van Soest, Diaz & Pomponi, 1990

18. Scopalina australiensis (Pulitzer-Finali, 1982)
19. Stylissa massa (Carter, 1881)
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Table 1(cont.) Species and distribution of marine sponges in Chon Buri and Rayong provinces

Chon Buri Rayong
Taxa Industrial area  Industrial area Conservation area

CHI1  CHI2 RI1 RI2 RC1 RC2 RC3

Order Haplosclerida Topsent, 1928

Family Callyspongiidae de Laubenfels, 1936

20. Callyspongia joubini Topsent, 1897 - v - - - - -
Family Chalinidae Gray, 1867

21. Chalinula sp. “black” - - - - - -
22. Chalinula sp. “yellow” - - -
23. Haliclona sp. “purple” - - v

24. Haliclona sp. “black” - - v - -
Family Niphatidae VVan Soest, 1980

25. Dasychalina fragilis Ridley & Dendy, 1886 - - - - -
26. Gelliodes petrosioides Dendy, 1905 v v - -
27. Gelliodes sp. “purple” -
Family Petrosiidae VVan Soest, 1980

28. Neopetrosia exigua (Kirkpatrick, 1900) -
29. Neopetrosia sp. “blue” v
30. Petrosia (Petrosia) sp. v
31. Xestospongia sp. “purple” - - - - -
Family Phloeodictyidae Carter, 1882

32. Oceanapia sagittaria (Sollas, 1888) v
Order Dictyoceratida Minchin, 1900

Family Dysideidae Gray, 1867

33. Dysidea arenaria Bergquist, 1965 - v v - - - -
Family Irciniidae Gray, 1867

34. Ircinia mutans (Wilson, 1925) - v - - - - -
Family Thorectidae Bergquist, 1978

35. Cacospongia sp. - v v - - v -
Order Dendroceratida Minchin, 1900

Family Darwinellidae Merejkowsky, 1879

36. Aplysilla aff. rosea Barrios, 1876 v - - - - - -
Order Verongida Bergquist, 1978

Family lanthellidae Hyatt, 1875

37. Hexadella purpurea (Burton, 1937) - - - - v - -
Family Pseudoceratinidae Carter, 1885

38. Pseudoceratina purpurea (Carter, 1880) v v - - - - -
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Fig.2. Underwater photos of most marine sponges in the study areas
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Fig.2(cont.). Underwater photos of most marine sponges in the study areas
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Chalinula sp. “black”
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Dysidea arenaria Ircinia mutans
Fig.2(cont.). Underwater photos of most marine sponges in the study areas
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Aplysilla aff. rosea ' Pseudoceratina purpurea
Fig.2 (cont.). Underwater photos of marine sponges in the study areas

Cacospongia sp.

The sponges from this study should be noted as follows Paratetilla bacca (Selenka), Biemna fortis
(Topsent), Oceanapia sagittaria (Sollas) Coelocarteria singaporensis (Carter), and Ircinia mutans (Wilson)
might be used as bioindicator for high sedimentation area. O. sagittaria (Sollas) and C. singaporensis (Carter)
have special growth form “Fistule” which sponge has tube-like protuberance projecting from the sponge
surface (Boury-Esnault and Ritzler, 1997) and are found burrowing in soft bottom. If this tube was high, we
might indicate that there was high sedimentation in this area. P. bacca were known as the golf-ball sponge
and appear to be particularly found in shallow depth and somewhat turbid water and often were covered by
sediment. B. fortis was burrowing sponge in sandy bottom between coral head or rocks and usually was
covered by sediment. I. mutans was also in high sedimentation and to be found in reef slope and outer reef on
soft-bottom. Mycale (Zygomycale) parishii (Bowerbank) was an encrusting sponge and usually associated
with live bivalve shells or barnacles and occurs on dead gorgonians. Xestospongia sp. “purple” was thick
encrusting sponge and usually found in the shelter or in the cave of big coral head. Additionally,
Desmapsamma vervoorti van Soest and Dasychalina fragilis Ridley & Dendy should be indicated as indicator
of cleaned areas since both species found only clear water sites of Mun Islands.

Species composition of sponge from the three areas was grouped by similarity of each study area (Cluster
analysis) using Sorenesen (Bray-Curtis) method and links between nearest neighbor technique as shown
Dendrogram in Fig. 3. The result showed the similarity of the area divided into 2 groups: 1) the industrial of
Sichang Islands (CHI) and the conservation area Mun islands (RC) and 2) industrial area of Koh Saket (RI).
The species composition of marine sponges found in the industrial zone of Sichang Islands, and marine
conservation area, Mun Islands are very similar. This might be due to the structure of coral reef is similar,
which massive coral growth form is dominant species and is influenced by fresh water run off through the
community. While the industrial community sponge of Koh Saket had a different, because this area was high
turbid and plenty of sediment in water and the structure of coral reef is degraded with coral rubble and the
submersible rock community.

Distance (Objective Function)
1.86-0.1 23601 28801 33601 39601
L 1 1 1 I

Information Remaining (%)
100 s 50 25 o
L 1 '

Fig.3. Cluster analysis dendrogramof species composition of sponges in the industrial and conservation areas of the study
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Tuihou ﬂ:umwuﬁ mmau WATNEATNIEU W.A. 2558 NANITANYT WU ﬂmmwmmﬂumnmmmm’a X
Aluas wail ammum 28.0-32.0 °C oandLauazais 5.2-6.9 mg/L anuidunsn-tua 8.2-8.6 A1ULAL
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ND-3.57 pg-N/L 1uLmV| lulnsiau 1.27-19.8 pg-N/L adiivin- Woanesa ND-10.0 ug-P/L wardainm-saneu
42.5-370 pg-Si/L mu WU ﬂmmwm‘mvLawum‘ﬂuLmaamﬂmmwgamma gamsagluinausiuinsgiu
ﬂmm‘wm‘wvm Lwamiamﬂwmwmﬂiﬁiimm LLa”‘lJiiJWm‘U’e]\‘iLLGUQLL‘U’JuaaEJ i’aﬂuum%a Haudusius
fudauinegdideddyfurinwasuinamemenimea wanshifusud Vnamwewduiuasslu
neiafinariensegeorfbuazininsyatsvesanivzaUin

ABSTRACT

Seawater quality in marine sponge habitats in the Eastern Coast of Thailand was
investigated. All samples (7 stations) were collected 3 times in 2015 (February, June and November).
The results showed that the seawater quality were in the following ranges: temperature 28.0-32.0

°C, dissolved oxygen 5.2-6.9 mg/L, pH 8.2-8.6, salinity 30-31 ppt, suspended solid 8.60-38.8 mg/L

ammonia-nitrogen 4.76-34.3 ug-N/L, nitrite-nitrogen ND-3.57 pg-N/L, nitrate-nitrogen 1.27-19.8 ug-N/L,
phosphate-phosphorus ND-10.0 ug-P/L and silicate-silicon 42.5-370 pg-Si/L. It was also found that
seawater quality in marine sponge habitats were in the range of the coastal water quality standards
of Thailand. (Natural resources conservation Zone) Quantity of suspended solid was significantly
correlated with species and amount of marine sponge, suggesting that the quantity of suspended

solid affects habitat and distribution in marine sponge species.

Keywords: Seawater qualities, Marine sponge, Eastern Coast of Thailand
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(Figure 1 wag Table 1)
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e Chon Buri Province
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Koh Mun Nork (RC1

Raygng Province

MunTslands  Chanthaburi Province

The Gulf of Thailand -...GoOgle

Figure 1 Study sites in the Eastern Coast of Thailand

Table 1 Station and Location

Code Province Station Location
Latitude Longitude

RC1 Rayong Koh Mun Nok N12°33' 58.4" E101° 41' 56.9"
RC2 Koh Mun Klang N12° 35" 45.7" E101°41' 28.4"
RC3 Koh Mun Nai N12°36' 49.2" E101° 41" 11.7"
RI1 Rayong Koh Saket (Hin Yai) N12°38' 58.0" E101° 10' 32.3"
RI2 Koh Saket (South of Saket) N12°28' 50.3" E101° 10' 09.4"
CHI1 Chonburi Koh Sichang (Thaai Taa Muen)  N13° 06' 33.8" E100° 48' 14.3"
CHI2 Koh Sichang (Sanpayeu) N13°11' 20.5" E100° 47" 52.9"
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(Table 2) Wiudegrsimziadennnatain PE wun 1 dns Tasliuuu Fusnwdedsliludumidy
warINAUNINTOINENTEAENTBY GF/C luesuURnsanfuine mansniansia In1ine1qeysng
dufiauarnimsiuaifiviinisdnsiduludes arsenmns Tdun wenludeimun Tulnsy lunm
Woawn waz¥dainm (Table 2)

2 W ' H v o o a Y . L. o 9 v A ' S

nsiiumeg1anesdt Tnsauwuuiiaul (Skin diving) wagnmsanuwuuldiasesdremelaliun

(SCUBA diving) muusianwauzilusvinavesiiuiifne weshazgnduiinanla wfeuduiindoyasieg
wielduszneunsduunviinvesas

Table 2 Water quality parameters

Parameter Unit Method Model / Reference
Temperature °C Electrical sensor method YSI Model 550A

pH - pH meter WTW pH100

Salinity ppt Hand refractometer ATAGO 508 W

Dissolved Oxygen meg/L DO meter YSI Model 550A

Suspended Solid mg/L  Glass fiber filter (GF/C) APHA (1992)
Ammonia-Nitrogen (NH*-N) pe-N/L  Phenol-hypochlorite Grasshoff et al. (1983)
Nitrite-Nitrogen (NO2-N) pe-N/L  Diazotization Strickland and Parsons (1972)
Nitrate-Nitrogen(NOs-N) pg-N/L  Cadmium reduction + diazotization Strickland and Parsons (1972)
Phosphate-Phosphorus (PO*s-P) ~ pg-P/L  Ascorbic acid Strickland and Parsons (1972)
Silicate-Silicon (Si(OH)4-Si) pg-Si/L  Silicomolybdate Strickland and Parsons (1972)

NALAZAATUNANITNAADY

1. Mswasuulasvasaunwimsiavaudazaall Tuszesiiaiisnaiu

nannTzinan mivsaiug Iud gungl sondiauazans Anudy esdunsn-ua a
ansonslutmeia 1oun woslude-lilasiou lulasilulasiau Tussn-lulnsiau sleawia-Weaneasa uas
Fane-aneu dredsuazadosuuinasgiu (Table 3) wag (Figure 2) nudhdnilvajfansegluinas
mmgwu@mmwﬁmua ilensousnEninenIssTNTIR (NsuAUANNATY, 2549) sntiuunsaani wazung
a1 aenndesiunsinmauamimzaluinumeilmziamanyfusen sausuunUInushiuee
n Smfansdans audsnudingn Smdanme Wl wa. 2548 wuinimsaluaeiiuideniseysng
yinensssnnd daulvgjogluinasiinasgiuauninimeia pneiuuaEnil (@M uazany, 2549) diu
u,miuzuLUaEJuLLanaaﬂmmwmmvLawmm wazansomnslutmzia vesia 3 Wudl Iummmmﬂmaﬂu
sgwisnauazan (P>0.05) Tasfiviinavesudauiuasesn ynannd Tudousunauaziiavesgegn
iesnnidunisiiduguasselunsifumeganniian ieafutsifinduangunnluseud wa. 2558 lag
nsilansyasvemenawioniariuegfunssrdunasnszuaindundn  Wosrnuinameiladuaaiiihiy
Furhlsdanunedusaznssiainashuadluisfunzneutiufenh  vhliaznewionhifanszarendu
fuurluanaiin (Posma, 1967: Schubel, 1972) Im8117'1'mmmmaﬂumﬁmzﬂauﬁuaamaﬁwwﬁjwzsﬁuag
fundanuvesnausnnimdsnuannssuat @i uar Unlamd, 2555) shldnstlnszaevesmznou
fosthaneduauiiuususu WuawmmyhliAseudumussssluiiiumnunusdy
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2. AnuFuNusSvaasmanuiInasulunzia

MnmsimamaausLaziuieslanimzianiuiAnwaIndmiasayTuas T inssees
Tud w.a. 2558 nunosiviavua 48 ¥ila a7n 36 ana 28 296 uaz 9 SUAU B17u Paratetilla bacca
(Selenka), Biemna fortis (Topsent), Oceanapia sagittaria (Sollas), Ircinia mutans (Wilson) wag Tedania
(Tedania) aff. maeandrica Thiele (Figure 3) Wahwu T, (Tedania) aff. Maeandrica \Jusnuauuin lu
U%LamﬁﬁﬁumLL%&LLmuaaeiaﬂuﬁﬂgq A0AARDINUY 'ﬁwmumqﬁmzLaﬁwuiu%’qwi’mmaﬁLLazizEJEN g
2549 wustaAy 1w 62 win 990 11 Sudy 33 29duay 39 ana Inslawe 7. (Tedania) aff. maeandrica
Wuresihiimuluuinaiifinisnnasnougauasldudvinavenidnlvaasgvzia uTnauauuviu Sme
YaUT (Fuund Lazane, 2551) ) Inedi O. sagittaria (Sollas) ﬁﬁ‘UVl'Nﬂ’]iLT\]%EUﬁL%EJﬂj’] “Fistule” %aWaqfwx
a¥raviedngatuangisaasin mwuﬁquiumnmwwawuLawaauummmsmﬂmmau Fednsny
‘v\laqmmmuaiwmamulﬂmmmumﬂ,ﬂam mmsammvLulmwmmuum%“umwmm“ﬂauamm
(Boury-Esnault and Rutzler, 1997) ) warlut w.e. 2556 Leys, S.P. PUIT ANUFUNUSVDINITWNINTLANY
GUEN‘V\JE)\‘I‘SW Glass Sponge (Porifera, Hexactinellida) ﬁumzﬂauiuﬁﬂ USLed Pacific Coast of Central
America Tngangnauluti Aifldnunnnin 15-35 mg/L ﬁ]33?'maGiammwéﬂizmwmﬁi’mauwgﬂﬁﬂ(Leys,
2013) LLam’LﬁLﬁudm‘%mmmzﬂauLLmuaasﬂuﬁmzLaﬁmasiaﬂﬂﬁasjaﬂﬁﬂLLazLLwﬁﬂizmammmaﬁmzLaim
wiln

ayUnanI1sAny

Launmdmzialuunasondevesasiivziausuuisilivgianians fusonvedlny dA1aau
Wudusgluinaueiunsgiununmdmeayeiaiion1seusnenine1nssssud vessvinalng wuiliy
AuNMABLTNR entiuusanntilaru1agisianinty Nddgaiunitnuansguiivnea

2 Usinauweaudaunniuasesinluinzainasenisegendenasunsnssatevemonimeiaunsin

AnRNISUUIZNA

senunIdatuilifudunisvedasinsidedes aunindsndenlufuedevesnoni
nzlavinameilmeianiany fusenvedlng Faldsunsatuayuidennauszanaiuneld anky
9AVLUIFUTA (SUUTENMILKLAY) N Inendeysni Uszdil we. 2558 auiidayen 154/2558 H1unns
anSuingIemansmamzia wninedoysn aneiistlasveveunseanufuogisgan w Tomail
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Table 3 Seawater quality (Mean+SD) in marine sponge habitats

Station Temperature Suspended DO Salinity pH NH*s-N NO’--N NO5-N (ug- PO 4P Si(OH)4-Si
°C solid; SS (mg/L) (ppt) (pg-N/L) (pg-N/L) N/L) (pg-P/L) (pg-Si/L)
(mg/L)
RC1 30.5+1.4 17.2+8.2 5.8+0.6 30.0+0.0 8.4+0.2 17.8+10.0 0.24+0.4 4.85+1.3 1.27+1.3 217.2+72.5
RC2 30.7+1.5 18.8+9.1 5.9+0.8 30.0+£0.0 8.4+0.2 14.0+5.7 0.32+0.5 5.62+2.6 2.38+1.9 276.9+38.7
RC3 30.8+1.6 17.5+4.3 6.1+0.3 30.0+0.0 8.4+0.2 17.4+6.9 1.07+0.8 15.4+4.2 2.22+1.9 281.1+96.0
RI1 31.2+1.1 19.4+5.2 6.0+0.7 30.0+0.0 8.4+0.2 16.8+9.3 0.95+0.9 11.6+2.9 1.59+1.3 286.9+68.7
RI2 31.3+1.1 19.5+6.5 6.1+0.9 30.0+0.0 8.4+0.2 17.9+11.2 1.23+1.3 12.1+6.6 1.27+1.1 207.8+50.9
CHI1 29.9+1.7 15.6+5.8 6.1+0.2 30.7+£0.6 8.4+0.1 17.1+8.3 0.48+0.7 5.80+0.9 3.65+2.9 99.2+68.2
CHI2 29.9+1.7 17.3+£9.3 6.4+0.5 30.7+£0.6 8.4+0.2 13.1+6.8 0.48+0.7 3.27+1.0 5.24+4.3 106.7+51.9
V’i%ﬁg‘ﬂ 30.6+1.3 17.9+6.9 6.0+0.6 30.2+0.4 8.4+0.2 16.3+8.3 0.68+0.9 8.36+5.3 2.52+2.6 210.8+97.7
* - - o A10%  7.085 170 - 120 115 -

* VLB ATIATIIUAMAINUIMELR WBN15aYSNENTNeINTeTINYIF (NSuAIUANLATY, 2549)

A

- = ldlemvun

a a
= LlUaguLUasNN@nNIngIsuYe

399



Proceedings of the 51 Marine Science Conference
1-3 June 2016 Rama Gardens Hotel, Bangkok

Temperature (C)

pH

0.0

%
o

%
i

80

Ss (mg/L)

NO-2-N (ug-N/L)

PO* P (ug-P/L)

1

o
o

o
o

o

.0

3.0

25

~
o

=
o

00

=
o
2
2
£
w
n
Koh Mun (RC) Koh Saket (RI) Koh Sri Chang (CHI)
W Feb-58 ®Jun-58 M Nov-58
~
d
>
£
I |
' I Q
Koh Mun (RC) Koh Saket (RI) Koh Sri Chang (CHI)
mFeb-58 ®Jjun-58 ®Nov-58
o
s
=z
on
S
z
T
L~
I
Koh Mun (RC) Koh Saket (RI) Koh Sri Chang (CHI)
HFeb-58 mJun-58 MNov-58
~
4
s
z
o
=]
=
z
R
- o
z
Koh Mun RC) Koh Saket (RI) Koh Sri Chang (CHI
W Feb-58 WJun-58 M Nov-58
=
>
v
o
3
=
&
"
=
I
)
. ‘ﬁ

Koh Mun  (RC) Koh Saket (RI) Koh Sri Chang (CHI)

WFeb-58 ®Jun-58 M Nov-58

315

8.0
7.0

6.0

18.0
16.0
14.0
12.0
10.0
80
6.0
4.0
20

0.0

350.0

300.0

250.0

200.0

150.0

100.0

50.0

Koh Mun (RC) Koh Saket (RI) Koh Sri Chang (CHI)

M Feb-58 ®Jun58 M Now-58

Koh Mun (RC) Koh Saket (RI) Koh Sri Chang (CHI)

W Feb-58 ®Jun-58 M Nov-58

Koh Mun (RC) Koh Saket (RI) Koh Sri Chang (CHI)

WFeb-58 ®Jun-58 M Nov-58

“i “I Iii

Koh Mun  (RC) Koh Saket  (RI) Koh Sri Chang (CHI)

M Feb-58 MJun-58 M Nov-58

kL.

Koh Mun (RC) Koh Saket (RI) Koh Sri Chang (CHI)

W Feb-58 mJun58 mNov-58

Figure 2 Seawater quality compare between study sites.
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3 g

Biemna fortis (Wenhlw

Ircinia mutans (Wesgangudui)
Figure 3 Sponges species which are tolerate to high suspended solid

LONESD19D9

nIUATUANNATIY. 2509, ANATFIUAMAINLN waznaalsERuamawilulssmAlne. nsumuALLaTy
nsnsInemand waluladuazdauandon ngamme.
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USueilmzia manzusen U 2548 100umsite. uviinendeysnn. 53 i,

vt Aaslodla wazusilame 1adans. 2555. BvswavasaduuaznsvuatdenIsTlnszaneresmznauiing
i wagaudungnauwriuasyluial velsduyuaunsiu Sminaynsusinig. asens
IngAEnyYIWI. 17(2): 60-71.
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UATINIRBYITN. 75 neln.
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P-F-024

NITUNINTZABUATAMUNUIULUYD WA NBUNYUTIUMLINZETS Jendnvays waznginizdly
Izdasin JmInTEEes

Distribution and density of phytoplankton at Sri-Chang Island, Chonburi Province and Man
and Saket Islands, Rayong Province

ANAST AZIRAU* 9175 PAUHE TUTY WAANITIN ey EjLumﬁ Yan1n19
Supattra Taleb*, Arvut Manhapol, Wanchai Wongsudawan and Sumaitt Puttchakan

an T AneImansnmela I Ie§YIII
Institute of Marine science Burapha University

* Corresponding author’s e-mail: taleb@buu.ac.th
UNANED

NSANYINITUNINTEINBUAZAUNUIUUUVBIUNAINABURY UMY EYe Janinyays uagwy
sy, innzasiia Yaniaszeas Tul 2557 31nN158157908N UGB 7 @01l 971U 3 ads luiiou
UNINAU AAAU WaESUIAL NULWAIANBUNY 78 dana wiatdu Class Cyanophyceae 4 @na Class
Chlorophyceae 1 @na Class Euglenophyceae 1 @na Class Bacillariophyceae 59 @na Class
Dictyochophyceae 1 @na wag Class Dinophyceae 12 @nNa aqaﬁﬁmmwiﬂizmmazmmmm,u'wfuaé
La?ﬂ'aqa?jm lawn Skeletonema 589891 bAN Chaetoceros, Bacteriastrum, Guinardia, Pseudonitzschia
war Thalassionema MU&IFU nunsHius et 195InEwes Skeletonema sp. lufieuunsay U3
imzazfin uwasineuiivdiniumuiuiuadiadegegaluiiounniau uazmgalufiousuina Tnowy
unasineuiivANTUIIugIan U3hasnzasiin wagmanuinamginesiu Ansselianumainvaneien
0.07-2.59 assyianuainaneiian 0.02-0.68 uazassuiauynyuiial 2.28-5.01 dmduanuduius
sprisaunMngakaruNassnouiiY wuhAnuuIwlte AN ne Uit TauduusfuAeLEn
Apnulusdla FainauaznznaulIuasy

Abtract

Distribution and density of phytoplankton were studied at Sri- Chang Island, Chonburi
Province and Man and Saket Islands, Rayong Province.The samples were collected from seven
stations, three times in 2014 ( January, October and December). Seventy eight genera of
phytoplankton were found including 4 genera from class Cyanophyceae, 1 genus from class
Chlorophyceae, 1 genus from class Euglenophyceae, 59 genera from class Bacillariophyceae, 1 genus
from class Dictyochophyceae and 12 genera from class Dinophyceae. Phytoplankton genera with
the highest distribution and density of cells were Skeletonema followed by Chaetoceros,
Bacteriastrum, Guinardia, Pseudonitzschia and Thalassionema, respectively. Phytoplankton blooms
were found during the study with the blooming of Skeletonema in January at Saket Island. The
highest density of phytoplankton cells was recorded in January and the lowest was recorded in
December. Diversity index was 2.59-0.07, Evenness index was 0.68-0.02 and Species Richness was
2.28-5.01. The highest density of phytoplankton was found at Saket Island and the lowest was found
at Man Island. For the relationship between sea water quality and phytoplankton, density of

phytoplankton was correlated with depth. transparency, silicate and suspended sediment.
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Figure 1 Study sites at Chonburi Province and Rayong Province
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Tablel Station and Location at Chonburi Province and Rayong Province

code Province Station (Island) Location
Latitude Longtitude
CHI1 Chonburi Sri-Chang (Taitamuan) N13° 06' 33.8" E100° 48' 14.3"
CHI2 Chonburi Sri-chang (Sampanyuan) N13°11' 20.5" E100° 47" 52.9"
RC1 Rayong Man Nok N12° 33" 58.4" E101° 41' 56.9"
RC2 Rayong Man Klang N12° 35'45.7" E101° 41" 28.4"
RC3 Rayong Man Nai N12° 36' 49.2" E101° 41" 11.7"
RI1 Rayong Saket (Hinyai) N12° 38' 58.0" E101° 10" 32.3"
RI2 Rayong Saket (South) N12° 28" 50.3" E101° 10' 09.4"
aunIaluazisns

Lasiiudegedmsuiiasizimunuiiiuwnasinouily LHufeg1elagaingansesunadinoy
(Plankton net) auagosnt 22 lulasiuns Tunwads Snwranindiegneseaisazals Lugols solution
vsstlunvugfivuas anilay 3 61 Tiseirdauasiinuanuuwiuresunasinoufinlasnisduy
TuunviiauasUinarnumnsiulussivananigldndeansseiuuuiauduseneu tneldaladduunas
nou (Sedgewick - Rafter slide) vu1aAduy 1 Taddns (dan1 waglanmn, 2546) n1s91wunana by
1ONA1991989Y84 dAA1 (2544) 83251050) uazAe (2545) 933t (2545) uag Tomas (1997) Msdutiu
wazduunedaunasineuiivazduunluseiuana uazdnisldmietuded 1 wadld 1 wiae uay 1 18y
angld 1 mheuiu

2.MTIATIERTONANMIAINTIULR99)

u

2.1 Anssviiauvainalevessiiniiug (Species Diversity Index) N153tA5IEMMIATsviiAY
“anNvaneg %%aﬁﬂﬂiimﬁﬂﬂﬁmLLmﬂﬁhﬂ‘U@ﬂﬁjﬁﬂﬁuﬁ: ﬁﬂuammuqmﬁuaq Shannon- Wiener Diversity Index
(Washington, 1984) ¢ail

H - =Y _(00/0.0000/0)

H = ASIFRANNVEAINTATY

S = FIUIUANAVDIL WA NDUNY

N = Srauunasimeufivnan

Ni = IUIUUNAINNBUTVYDIAAZANE

2.2 A1ASSTUAINUALLEAND (Evenness Index) ATUIANNEATVDY Pielou Index (Clark and
Warwick, 1994) ¢i9il

E = H/In' S

E = assviinuaiaLe
H = AssYIANUBAINaY
S = $ruauanaluanildy
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2.3 A1A55¥IAMUYNYUNYTR (Species Richness) AMUIMANLITYDY Margalef Index (Clark and
Warwick, 1994) ¢isil

R = (S-1)/tn(n)

R = ANTIFLAUYNYN
S = Sruruanaiiny

N = Sruausataueiiny

3avaeumdwesiimeia laud anulswas gaaumgd anuiunsn-ane aAueu Aeendiau
Naranyin @154IUanY Wara15919sUSHIUTe UNAIMNNISIELABTUNNUTENITUN AT IE M AUEURUS
AUAUAUILUUYDILNAINADUNY LAENITUNANEUUSEANTANAUNUS Uy Pearson (Pearson Correlation

Coefficience)

NALAZAATUNANITNAADY

N5NTTINYUATAIUNUIUUUYDIUNASAADUNY

nsAnwIN1INTEeRarUSINaMANUIILLUTe LA R Uy U 2557 lad151900niiuiingis
1w 3 ade TuifouunTAN@VIUTI) gA1ANEIRY) wWagtuIAN(VIUT) fmunveuaifiAnyITely
wadsminvayuardminszees 311 7 @andl LL‘U'QLﬂuﬁuﬁtﬂummLﬁaqmammimuazmm%‘%a Laziui
L‘ﬁamsaw%’ﬂﬁﬁwmﬂiﬁimmaLLa::miViaaLﬁm WULWAIARaUNY 3 AT (Division) llA Cyanophyta ,
Chlorophyta thag Chromophyta W‘U‘V%d ??u 78 @na wuatdu Class Cyanophyceae 4 d@na Class
Chlorophyceae 1 @na Class Euglenophyceae 1 @na Class Bacillariophyceae 59 @na Class
Dictyochophyceae 1 @na wag Class Dinophyceae 12 @na lngagnuunasnmnauNy Class
Bacillariophyceae (lnaznow) iunguiau anafinuiluiunaanunuiuiusindign 1éun Skeletonema
2.21x10° nIR0aANT 899a9U1A0 Chaetoceros 1.91x10° wilawsedns Pseudonitzschia 5.80x10" wiay
moans Thalassionema 2.08x10" Wieredns way Guinardia 1.27x10* MesodanT ANEIAU UNAINADY
fiwfinuldynidounaziinsunsnszaneynandiviinnsdnuiie unasdnouiivngulaoznou anadiiing
ﬂizmagﬂléfm Bacteriastrum, Chaetoceros, Guinardia, Hemiaulus, Navicula, Nitzschia, Pleurosiema
waz Rhizosolenia FIdoAAEDITUNANISANBIVDITINNTNG Uazamy (2501) ANWINITUNINTZINEVDY
LLwaqﬁmauﬁw%nmmaﬁjwzLam‘?‘uaaﬂﬁuaqa'nimwuiﬂawamqa Coscinodiscus, Pleurosiema Wae
Rhizosolenia Lﬂuaqaﬁwulé’ﬁwmummmzaﬁ%aua HAN1IAN®IU0IUNE LarAMy (2548) Faladnu
51/1%‘1/\161%6\‘lﬂmﬂﬁwﬁﬂﬁiamiﬂizmEJ‘ZJENLLWﬁdﬁ@auﬁﬁIU%L’Jméﬂ’mi’mLLa:ﬁ‘U'EJ\‘i‘i’jJN Jaminnsia 1891l
SELIRH LﬂuﬂajmﬁﬁﬁmaumﬂLLazWULauamaam‘ﬁﬂ Lawn Rhizosolenia, Coscinodiscus, Bacteriastrum,
Plerosigma, Thalassionema, Biddulphia wag Ditylum Wara@enndesfuNanIsAneIved Uigl3ou Ly
AMY (2552) ﬁﬂmmsﬂizL:ﬁuamumwENﬁiJizﬂau%amwmaaswuﬁLaﬂiuﬁuﬁqmamﬂismﬁmaﬁquLa
nziusen wulnezpoudunguiiinunuiniuasge waznulaozneuana Amphora, Chaetoceros,
Diploneis, Guinardia, Navicula, Nitzschia, Odontella, Pleurosiema Ww&a¥ Thalassionema nﬂamﬁﬁ
Mn1sAnm

nUSILNasinauivagn Ao annd
fnunuILUugeanfe Skeletonema
gafe annilinizdiuuen 2.94x10° mie

wiasnneuigdaunuILluaEaluioulnsIAL a7

@ A Y = ' 6 1 1A
wizaziiaiald dadnuvuiuuy 1.141x10° wiligdedns ana
1.13x10° ndIgsiadnT wazandnnuANUNUILLULNASARDUNY

). =D
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O8NS LADUTUINANITTAIUVUIMUUUNAINADUNYTOIRW A TNNUANUNUILULEIER AB INzawLAN
eld 3.10x10° Mieradng ananianunuiuuuganae Skeletonema 2.97x10° niesiadns aatiind
ANUVLIRLUUAER Ao n1zduly 2.0x10° MiReRAT WaTABUTINUANUNUILILWNAINABUNYFEARAD
= ~a i = 2 a i q 1 I a o
Weunaa lngan1linuanuvuIitugege fe invasiiniiulvg 6.04x10° vilesedng ananiaiu
MILUUgIgAAe Pseudonitzschia 3.62x10° nuagadns aninflaunuiuuusiiga fe in1zduuen
9.0x10° wulwsoans (Figure 2)

nMsasuulasmnumnuiuvesunasireuiviiiigdluriaggrun Weuunse wazdunay lng
wuluthaieuidmunisifiusuuegusiniSives Skeletonema sp. luieunnsiau Unanmzasio
Tnadanununiueag 1.13x10° wihesedns luandinisazinaield waz 7.82x10° wilesedns Tusaandl
ineaziiniiamie wazwuiunasdneufivazdusuaniunuiuiuianludiaggdy Wounaiau 3
donARBItuN1IANYIVBIUTEYS (2536) SIUMING Uazany (2541) N UAzANE(2548) finuiunasineuy
fiusnmmeimsans fuoonisdenarueusuuiugdluggrun wagiiUsuansadlugienguu i
o1osnandedvduindenddutinguuin unseu funau SdvsnausaunsTusonideaunio ane
wandeuiimngay ey gaungll AanulUsuamon saenIusno NN aLoMaTyAule
yosunasinouiiy drnlurigguuiidvinavesaunsquaz Sunnidesls daduay USmautieu denaseniny
wufinisdsuudas sarnuluswamwesimea Jademariiililivnzautensadyiulnvounass
nauvIvhvUSIamNunIkiLana

daghuanuvuiuiuvedwnasineuiy luseuuniay wulnezneuddadiuaumuiuiugiandn
Hufeuaz 95.42 vesUSnunasineufinfinuiun sesasnliud amsedidsunuhiiuosas 3.40 In
luuanalaniosay 0.87 uaz@dlawnaniaaansevas 0.31 MUY HBUARIANNUAAZIUAIUVUILIY
vosnainmeuiyngulnoznouganiovay 98.18 sosmunlaun laluwnaniaaaniosay 1.00 amsedden
unaiudosay 0.80 Falauranivalaniesas 0.22 uay gndussdiesar 0.003 awddy ualuieu
Suraunudadiuauruibiuvsunasineuiivngulaerneugegatuiy danuvuiutusesas 97.68
sosaaldun Taluulannaandosay 1.14 awsiedideumniituiosar 0.85 Falaunanaaianiosas
0.30 uag awmsedidersesas 0.02 auaau (Fisure 3) INNIsANYIIENUTIUNAINRBUNYNAulAoENaY
Junguittidndrunumuiniuinnfigannaniuasynifeuiivhnsinuidaenadosiunanisinmves oy
305 (2542) AnwiuwasinoufivuTnameilmeiainet faiavay? nuunasineuiivlungulaozneud
AnYINATRE R URAMSAnwwesTudin (2547) Anwimsunsnszanevesunasineuiivuina
ninzde Yardnnsn uaznsAnwiveeinyl (2548) AnYINITWNINTEANBVDIULNAIARDUNLAUTIIN
ineaTIn Sunedaiiv Smiavayd wuiuwasdneufivngulaesnendungusuiainsonuyTmaey
vutunnnIunasneuivlungudug

ANNSIVUN19TIINY

AATsTEN19TIInen Wun assvdininunainvians (Species Diversity Index) assvfiauasiaye
(Evenness Index) uaznssvilaanugnaa (Richness Index) (table2) fiAndsil nssviinanuvainuate i
Agegelufousunauyiniy 1.61 sesaswlufouunsiauiiiy 151 wagsgaludfounanauiiniu 0.87
Taswuenssuiianuvainvany gegaiianid RC1 (inzsfuuen) Tufousnsiauwintu 2.53 uasnuendis
i1 1.00 Tuieunnsan @il RI1 (inzaziiaiiulng) uazRi2 (nzazindiald) Weunaiay annd RC1
RC2 RC3 wag RI1 iiiousuiAy @01il RC1 wag RC2
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Assviianuadiane dAaanlufieusuAuviniy 0.43 se9a3uAUNNIIALYINGY 0.42 Uay
mgaludouranuiiy 0.23 laenumdviianuainaueluusazanidegluaig 0.02-0.68

~ P = Y -:4 9 Y °
Assyianuynyy dagegalufouunsiauminiy 4.00 5e9aiousuIANWINAY 3.89 wazsinan
luideunarnuwiiiu 3.28 Inenuadviianugnyy luwiazaniieglugig 2.28-5.01

AATITiAuaInale ‘WlI‘W’JﬁiU‘?J (2546) lmﬂa’nl’m AATTIEALAINTAI Yl I’Wﬁﬂ’ﬂ 1
LLammLmaqmuulummuamamimﬁaﬁua&mumm bbeY S ﬂ’lE]EJiu'WJ’N 1-3 LLﬁ@ﬂ’J’]‘NﬂMﬁQJ ﬁﬁqﬁd"?mwa

a1fegla nan1sfnwinuateglugig 0.07-2.53 Tagnuin wuw‘ummmLmuuuuammmz?{mﬁ ANSIUL
ANNMAINTANEANGINIIUS AL TazNe uasdAnssTieglutie 1-3 Fudurfuansindaddinanunse
a1fagld sniuninmezsiuluounainu (gauu) FflenssTanunainuaiesinin L mmqﬂmhamqu%q
litladeasnndonlimunyausenismsdin Seaenndesfunanisfinuves Ruradus (2546) finuinen
pssviarumannuanedandiluggau uenndnmsfiorsanesselimanurainuans Senansafinsantd 2
Snwaz Tnedndun (2564) nanliin mnmeanuvainvansiia Trdnenanssyianuasiiaueun s
fansandne fedAnssadanumainanss LLmiiﬁuﬁmmaﬁmuaﬁmqa uansuwasnneunyluusu
Tuflrunuriatos uarUsinausazadndalndifesiy uidrassylaumannvaneiiiei uavaassuil
mvasaneRiiAmie uwitsausdannuansinluganiitu unasinousrazeinesiiuiinallaiieae
oraflunasdnou vialuduiuundu dominant species dwalinssyiinnunainuateidis arnwa
nsAnwmunsdwuiiluunanzasfinluiouunsiay inunsifiusiuiuegiasindiveunasinouit
ana Skeletonema sp.+u dominant species wazdanuiiuiiuinaiimasseinnuainnaiesinii
U3naduivnsine deRersananaiassediaunainvans finuiiusnasnsasiindanssyisni
1 uanslidivinfuiivinadlivasandenisogendoresdedidin viedultinfionduogluviiami
3gLAvlalaliain

AUFURUTTENTNAUNINUILAZANURUILUUVDIUNASANDUNY

anuduiussvisaanmimzanazunasineufis unasineufivdanuduiusivangneu
wruasslufiavieuan fianudesiu 0.01eg1ediduddnBa (Table 4) JsaonndenanisAnu1ves Sa1ns
(2540) ﬁﬁﬂmmmﬁmﬁuﬁ‘ﬂmmwfﬂLLasLLwaqﬁmauﬁm Uhamitunadsene wuindeusinaasuriuase
Tudwfufldnn farnvunasireuiinfivsuaunniuie weuiloasuriuassluihanas Usunmnina
MLLTeNa TR Ranaiie TeiUSInaETuuaesiimsasuulas enaieananmsiunds
USinaunassaeuiis iszaswivassluituazdsznoudie Aussneu Sunidans elunidans unasd
neuLarAiTInEnau q (Oschwald, 1972 #1ediclu $A1ws,2540) uenaniransAnedmuindsyenay
wasimouRindauduiusuuunnfuiumaudn wazianullswawenimea fiannudesiu 0.01
agnafifadfayBa (Table 4) Fsaenadasiunansinyivesiunindad (2546) finuin Usunaunasinoufied
AruduiusfuaaslUssuasuuIndy Ssianalusuamenihmiieananihiieniugu dianneynie
Aunznoukazunassaeuiiy nanredeUsinaunasineuinunvlialuswasnas wazduiusuiiui
UIaiiAn ‘Luu’%nmmzasLﬁmzwuﬁmwaaﬁmauﬁﬁvﬁﬂ%mmmmumLLﬁuqqﬁq 3 FoufiviinisAnu
waztfuiuiififiaiuiusauasd osnaniiuiideglusseglndumeiluarlndaasstuniniu Felésu
Svswavewnznouiivaneananweiituazainuitn uenniiuinaanumuiuvesunasinouity &
Aunusiua

FAneuuuandy finnnandesiu 0.05 sgrsditeddey (Table 4) nanafeiileunasdnoufiviiusunn
wn Addnafazdiaianas wazdeunasinoufivdvmadesadainafaeiidgeiu feaonadosiuna
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Figure 3 Percentage density of phytoplankton in 2014

Table 2 Biology index of phytoplankton

station No.genus (total) Diversity Evenness Richness
CH1 43 1.39-24 0.38 - 0.64 3.57-4.69
CH2 41 1.55-23 0.42 - 0.61 3.45-4.66
RC1 35 0.42 - 2.53 0.13-0.68 3.29-5.01
RC2 33 0.31-242 0.08 - 0.65 3.08-4.67
RC3 32 0.29 - 1.99 0.08 - 0.56 2.28-4.47
Ri1 41 0.08-1.8 0.02 - 0.48 3.09-4.28
RI2 39 0.07 - 1.20 0.02 - 0.32 2.77-3.99

Table 3 Sea water quality at at Man and Saket Islands, Rayong Province and Sri-Chang

Istand, Chonburi Province

aonil Temperature °C SS (mg/L) DO (mg/L)  Salinity (psu) pH NH"¢-N NO,-N NOs-N PO4-P Si(OH)q-Si

(ug-N/L)  (ug-N/L)  (ug-N/L) (pg-P/L) (ug-Si/L)
CHI1 27.7£2.0 13.7£1.9 6.9+1.0 30.3+0.5 8.3+0.0 174452  2.1+2.1 22.1+25.0 6.5+2.9 231.7+£80.2
CHI2 28.7+1.3 13.1+1.1 6.2+0.1 30.0+0.0 8.3+0.1 13.7+6.1 7.2+7.3 9.2+5.5 10.7+4.3 166.3+37.1
RC1 28.5+2.3 12.9+1.3 6.6+0.7 30.3+0.5 8.3+0.0 14.8+45 0.8+0.6 19.0+£7.5 2.4+1.3 195.5+35.9
RC2 28.3+2.6 11.8+2.1 6.9+0.8 30.3+0.5 8.3+0.1 10.4+6.0 1.6+1.6 14.2+5.1 4.6+1.9 244.2+15.3
RC3 28.2+2.6 10.9+1.7 6.8+0.4 30.3+0.5 8.3+0.1 129469  0.7+0.4 10.0+2.6 29+1.9 168.3+61.6
RI1 27.8+2.3 14.7+1.4 6.7+0.5 30.0+1.7 8.3+0.0 12.8+4.1 1.3+0.8 13.6+5.6 37+1.3 122.5+43.7
RI2 27.9+2.1 16.4.+2.5 6.9+0.5 30.0+1.7 8.3+0.0 13.2450 0.6+0.4 16.4+£9.7 2.7+1.1 213.1+101.4
ﬂ‘TLa?{EJ 28.1+2.1 13.4+2.5 6.7+0.6 30.2+£1.0 8.3+0.1 13.6+£5.6 1.8+3.0 15.2+11.6 4.5+2.6 192.9+70.4

* [a A10% 7.0-8.5 7o - 20 [1s
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Table 4 Correlation density of phytoplankton with sea water quality

Salinity ~ Depth  Transparency pH DO Suspended NOz-  NOs-N  Si(OH)s-  POg-P

solid N Si
Density of 161 -.408**  -358** -001  .065 .342%* -063  -126 -.275% -.071
phytoplankton .218 .001 .005 994 620 .008 643 .338 .033 .602

** Correlation is significant at the 0.01 level(2-tailed)
* Correlation is significant at the 0.05 level(2-tailed)
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Figure 1 Study sites in the Eastern Coast of Thailand

Table 1 Station and Location

Table 2 Water quality parameters

Parameter Unit  Method Model / Reference

Temperature °C Electrical sensor method YSI Model 550A

pH - pH meter WTW pH100

Salinity ppt Hand refractometer ATAGO 508 IIW

Dissolved Oxygen mg/L DO meter YSI Model 550A

Suspended Solid me/L  Glass fiber filter (GF/C) (APHA, 1992)

Ammonia-Nitrogen (NH* -N) bg-N/L  Phenol-hypochlorite (Grasshoff et al., 1983)

Nitrite-Nitrogen (NO™,-N) ue-N/L  Diazotization (Strickland and Parsons, 1972)

Nitrate-Nitrogen(NO™,-N) pe-N/L - Cadmium reduction + (Strickland and Parsons, 1972)
diazotization

Phosphate-Phosphorus (PO*,-P)  ug-P/L  Ascorbic acid (Strickland and Parsons, 1972)

Silicate-Silicon (Si(OH) -Si) pe-Si/L  Silicomolybdate (Strickland and Parsons, 1972)

NAN1SANEA

Figure 2 Sampling in fleldwork

Table 3 Seawater quality (Mean£SD) in marine sponge habitats

Zone Parameter Result Standard*
Range Mean * SD

Koh Mun Temperature (°C) 29.0 - 31.8 307113

(3 station) Suspended solid (mg/L) 10.5-32.4 179172
DO (mg/L) 53-6.9 59 %05 >4
Salinity (ppt) 30.0 - 30.0 30.0 £ 0.0 4>10%
pH 8.2-86 8.4%0.2 7.0-8.5
NH+4—N (ug-N/L) 571 -31.90 16.40 £ 7.67 =70
NO",-N (ug-N/L) ND - 1.07 0.54 10.69
NO",-N (ug-N/L) 1.90 - 19.82 8.62 * 5.66 220
PO*,-P (ug-P/L) ND - 4.29 1.96 * 1.73 215
Si(OH)A-Si (ug-Si/L) 152.5 - 370.0 258.4 % 76.1

Koh Saket Temperature (°C) 30.0 - 32.0 3131209

(2 station) Suspended solid (mg/L) 12.2 - 30.6 194157
DO (mg/L) 52-6.9 6.0 0.7 >4
Salinity (ppt) 30.0 - 30.0 30.0 £ 0.0 A>10%
pH 8.2-8.6 8.4%0.2 7.0-8.5
NH+4—N (ug-N/L) 7.14 - 31.43 17.35 £ 10.03 =70
NO’,-N (ug-N/L) 0.40 - 2.14 1.69 £ 0.09
NO’,-N (ug-N/L) 3.32-17.70 11.80 £ 4.95 =20
PO*-P (ug-P/L) ND - 2.86 1.43 * 1.20 215
Si(OH)4—Si (ug-Si/L) 150.0 - 347.5 2474 71.4

Sichang Island Temperature (°C) 28.0 - 31.3 299% 14

(2 station) Suspended solid (mg/L) 8.6 - 38.8 16.4% 7.6
DO (mg/L) 5.9 -6.9 63103 >4
Salinity (ppt) 30.0 - 31.0 30.7% 0.5 A>10%
pH 8.3-8.6 8.4%0.1 7.0-8.5
NH+4—N (ug-N/L) 4,76 - 23.33 15.08 £ 7.65 =70
NO’,-N (ug-N/L) ND - 1.79 1.48 £ 0.71
NO’,-N (ug-N/L) 1.98- 6.94 454 * 1,59 =20
PO*,-P (ug-P/L) ND - 10.00 4.44 * 3.66 215
Si(OH)4—Si (ug-Si/L) 42.5 - 202.5 102.9 £ 59.0

Location
code Province Station
Latitude Longitude
RC1 Rayong Koh Mun Nok N12o 33' 58.4" ElOlo 41" 56.9"
RC2 Koh Mun Klang N12° 35'457"  E101° 41' 28.4"
RC3 Koh Mun Nai N12o 36' 49.2" ElOlo a1 11.7"

RI1 Rayong Koh Saket (Hin Yai) N12° 38 58.0" FE101° 10' 32.3"

RI2 Koh Saket (South of Saket) N12° 28 50.3" E101° 10' 09.4"

HI1 Chonburi N13° 06' 33.8" E100° 48' 14.3"

Koh Sichang (Thaai Taa Muen)

Koh Sichang (Sanpayeu) N13° 11' 205" E100° 47' 52.9"
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Figure 3 Seawater quality compare between study sites.
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Figure 1 Study sites at Chonburi Province and Rayong Province
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Distribution and density of phytoplankton at Sri-Chang Island, Chonburi Province

and Man and Saket Islands, Rayong Province
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Table 2 Biology index of phytoplankton
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Figure 2 Density of phytoplankton in 2014 (unit/L)
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Figure 3 Percentage density of phytoplankton in 2014
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