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Abstract

Background and Objectives: Chonburi Province is a key coastal area along the upper Gulf of Thailand with high
economic and social importance, particularly for marine shellfish farming, which represents a major coastal fisheries
activity in eastern Thailand. This activity plays an essential role in supporting coastal livelihoods and contributing to
national food security. Shellfish farming systems in this region rely heavily on natural environmental conditions,
especially water quality and phytoplankton communities, which function both as the primary food source for shellfish
and as primary producers in coastal ecosystems. Phytoplankton species composition, abundance, and diversity
are highly sensitive to variations in physical and chemical water parameters, including temperature, salinity, and
dissolved inorganic nutrients. Alterations in phytoplankton community structure, particularly blooms of potentially
harmful species, may negatively affect water quality, lead to toxin accumulation in shellfish, and pose risks to food
safety. Therefore, understanding the interactions between water quality and phytoplankton dynamics is crucial for
sustainable management of shellfish farming areas. This study aimed to assess the relationships between water
quality parameters and the structure and diversity of phytoplankton communities in shellfish farming areas along
the coast of Chonburi Province. Temporal variations in phytoplankton species composition were also examined to
support monitoring of potentially harmful phytoplankton and to provide scientific information for effective and
sustainable shellfish aquaculture management.

Methodology: Field surveys were conducted in coastal waters of Chonburi Province, Thailand, adjacent to shellfish
farming areas. A total of 15 sampling stations were established in Mueang District, with sampling undertaken during
five periods between December 2023 and August 2024 to capture seasonal variability. In situ measurements of
temperature, salinity, dissolved oxygen (DO), and pH were performed using a multiparameter probe. Surface water
samples were collected at approximately 30 cm depth in triplicate at each station, stored in acid-cleaned HDPE
bottles, and maintained at 4°C prior to laboratory analysis within 24 hr. Samples for dissolved inorganic nutrients
were filtered through pre-combusted glass fiber filters (GF/F) and stored at 4°C, whereas chlorophyll-a samples
were stored at -20°C until analysis. Phytoplankton samples were obtained by filtering 20 L of seawater through a
20-um mesh plankton net and preserved with 4% formalin. Taxonomic identification was performed to the lowest

possible level using light microscopy, and abundance was quantified with a Sedgewick—Rafter counting chamber.
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Community structure was assessed using the Shannon-Wiener diversity index (H') and Pielou’s evenness (J’).
Spatial and temporal variations were evaluated using one-way analysis of variance (ANOVA) followed by Tukey’s
HSD test. Relationships between environmental variables and phytoplankton assemblages were examined using
Pearson’s correlation and multiple linear regression, with model performance assessed by the coefficient of
determination (R?). All statistical analyses were performed using Minitab Statistical Software.

Main Results: Water quality in shellfish farming areas along the coastal zone of Chonburi Province exhibited
pronounced seasonal variability. Seawater temperature ranged from 29.2 to 31.3 °C and showed no significant
spatial differences among stations, whereas salinity, dissolved oxygen (DO), chlorophyll-a, and dissolved inorganic
nutrients varied significantly over time (p < 0.05). Salinity decreased during the rainy season due to freshwater
input, while higher and more stable salinity in the dry season favored phytoplankton growth. Chlorophyll-a
concentrations ranged from 4.4 to 14.4 ug L™, with peak values observed during the dry season, indicating elevated
phytoplankton biomass. Phytoplankton assemblages comprised three divisions—Cyanophyta, Chlorophyta, and
Chromophyta with a total of 68 genera. Chromophyta dominated throughout the study and exhibited pronounced
blooms during the dry season, resulting in the highest phytoplankton density in February (mean: 527,504 cells L™
maximum: 1,337,125 cells L"), whereas densities declined markedly during the rainy season. Phytoplankton
diversity (H') and evenness (J’) decreased during diatom (Bacillariophyceae) bloom events and increased toward
the late rainy season, reflecting a more heterogeneous community structure. Potentially harmful dinoflagellates were
detected, particularly during the dry season, including Prorocentrum spp. (6,500 cells L") and Gymnodinium sp.
(800 cells L™). Correlation and multiple linear regression analyses identified salinity, temperature, and dissolved
inorganic nutrients as key drivers regulating phytoplankton density. These findings highlight the seasonal risk of
phytoplankton blooms and harmful species, with potential implications for water quality and shellfish safety in the
study area.

Conclusions: Overall, the results demonstrated that temperature, salinity, and dissolved inorganic nutrients were
key drivers influencing phytoplankton density, diversity, and community composition in the study area. During the
dry season, phytoplankton blooms dominated by Bacillariophyceae (diatoms) were observed, resulting in reduced
diversity, whereas the rainy season promoted shifts in community structure with an increased occurrence of taxa
tolerant to low salinity conditions. Harmful and bloom-forming phytoplankton, including Thalassiosira sp. and
Bellerochea sp., as well as potentially toxic dinoflagellates such as Prorocentrum spp. and Gymnodinium sp., were
detected, particularly during the dry season. The proliferation of these taxa may contribute to oxygen depletion and

increase the risk of toxin accumulation in shellfish. Therefore, continuous monitoring of water quality and
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phytoplankton communities, particularly during the dry season, combined with effective management of nutrient
inputs and environmental conditions, is essential to reduce ecological risks, ensure food safety, and support the
long-term sustainability of shellfish aquaculture.

Keywords: water quality; phytoplankton; shellfish farming areas; Chonburi
*Corresponding author. E-mail : patrawut@buu.ac.th
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Figure 1 Map showing 15 sampling stations (red triangles) for water quality and phytoplankton in shellfish

farming areas of Chonburi Province, Thailand.
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nzia0glugaq 29.2-31.3 °C TelA1RALgIqn lABUNEIEY LazANgA uRaui AN 2567 TiatlgnangRun luiny
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ANNLANANIRLNelTdN Aty TTdneannil (p>0.05) (Figure 2a)

o

Table 2 Mean (+ SD) water quality parameters in coastal areas of Chonburi Province, Thailand.

Water quality unit Dec 2023 Feb 2024 Apr 2024 Jun 2024 Aug 2024
Temperature °‘c 29.2+0.7 29.2+0.6 31.320.7 31.2+0.6 31.0+0.3
Salinity psu 31.0£1.1 33.7+0.3 32.8+0.5 23.320.8 11.5£3.8
pH - 7.7+0.2 8.0+0.1 7.5+0.1 8.2+0.1 7.8£0.2
Depth m 1.5+0.5 1.4+0.5 1.3x0.5 2.0£0.4 1.7+0.5
Dissolved Oxygen mg L’ 4.9+1.3 6.8+1.4 4.9+0.7 5.6+0.9 4.0+£0.8
Chlorophyll a Ve] L’ 7.65.2 14.4£11.8 11.249.5 4.4+1.8 9.1£5.8
Total Ammonia Nitrogen UM 18.9£19.2 2.8+2.5 11.546.2 3.6+2.1 11.8£10.0
Nitrite UM 1.1£0.3 0.5+0.6 1.9+0.7 0.6+0.3 2.2+1.2
Nitrate UM 3.5¢1.4 0.8+0.8 6.6+3.2 1.6£1.1 5.1+6.1
Silicate UM 58.0+£23.7 17.845.8 25.3+9.3 14.746.3 117.6£17.1
phosphate UM 3.7+2.3 0.9+0.4 2.2+0.5 1.56+0.5 2.6x1.1

anwouziiallaasunAnsanudilacnanaesiniedsag ludag 1.320.5 1 2.040.4 m lngiAeaeAaudig

A ) & ¥ @ = T o ) & , e &
ﬁﬂ%TuLLﬁlﬂszﬂu LLamﬂMLMumM’]&I@ﬂ“ﬂmuﬁuﬁmmLL'ﬂi‘Nuﬁ‘z%Q’]\‘iL@’r]ﬂﬂLLﬁlﬂﬁlNﬂ'l&N”lﬂ (Table 2) AVUANLAN

o

gashdnniasundaslutdaandresiaus 11.5 + 3.8 09 33.7 + 0.3 psu kazlAuuANF1IANTaaanad e liad Ay

' |
a o

NN&DNA (p<0.05) (Figure 2b) mehm’mLﬁuqﬂwﬁ@uqumﬂ’uﬁ(q@m’fq) nuzAAAgaNL lwAeuAINAN 2567

[
a

(n9eln) axieusninaresinananEuinilusarnisluatinanuiuAugnunaeds Aravanidunsa-sng ag

w194 7.5-8.2 AaBAMIN1TANEN LazwLAMNLANFA1satneliadAun1eala (p<0.05) (Figure 2c) Uz BN
@@ﬂ%mu@mwﬁmglum\i 40+08096.8+1.4 mgL’ uaziAuuansisdasianetsldad1Aty (p<0.05)
(Figure 2d) IaeilAgegalumaununinus uazanatlunaudanan 2567 duiunaslsiasd-1a Fodusaununag
FUNINVRIUNAITABUNT WuATeY 1T 4.4 + 1.8 D9 14.4 + 11.8 pg L uazlAa uuans19mIng999a1ae1d
e d1Aun19adia (p<0.05) (Figure 2¢) InadAngelunaununIiusuaziuEey 2567 nauanadluinauiiguiay

2567 uAzNIUENAS TWRBURIMNAN 2567 azfiaunnuiurIuerandndusiuluscuLtinAgs TssudnTafs

424



B M9ANIINENAIARTYINT TN 31 (AL7 2) NaEnAN - ASAN W.A. 2569

e — BURAPHA SCIENCE JOURNAL Volume 31 (No.2) May —August 2026 Research Article
BURAPHA SGIENGE JOURNAL
ISSN 2985-0983 (online)

a a 84

230 320 s I b El
b b - o2
320 b b |; B
P 24.0 : 8.0
< 30 1 I 1 _ _+ c

30.0

q '7 c 76
290 =
. 20 B3

Temperature [°C]
o
[
Salinity [psu
3
>
pH
~
=
o

Dec_2023  Feb_2024  Apr_2024  Jun_2024 Aug 2024 Dec_2023  Feb_2024  Apr_2024  Jun_2024 Aug 2024 Dec 2023 Feb_2024 Apr_2024 Jun 2024 Aug 2024

(a) (b) (c)

9.0 38.0

8.0 b 32.0

B 70 =0 ab
E bc o
- bc c S 240
§ 60 - E)
g B ap ab
< — = 200
o £

50 £
B 1]
2 5 10
[=3 £
g 40 o
2 120

30

| 80 b
20 w0 [—
|
10 00
Dec_2023 Feb_2024 Apr 2024  Jun 2024  Aug 2024 Dec 2073 Feb 2024 Apr_2024  Jun_2024  Aug_2024
(d) (e)

Figure 2 Box plots showing temporal variation of temperature (a), salinity (b), pH (c), dissolved oxygen (d),
and chlorophyll-a (e) in shellfish farms of Chonburi Province from December 2023 to August 2024.
Different letters indicate significant differences among months (p<0.05; one-way ANOVA with

Tukey’'s HSD). Sample size was n=45 per month.

nan1sAnENsasuwlaspansdndurasanse I se luvd azan e WudIHANLANFNAINTAN
2t HTEAATYN9ATE (p<0.05) datau TnauanTutlediAnag lugoq 2.8+2.5 01918.9419.2 pM FanuAgegalunan

$191AN 2566 TDIAINIABIABULNHEU UAZIADURINIAN 2567 UATHAIAN IUABUNNNIALS LaziRaulguIEw 2567

(Figure 3a) TuinandlAalutaq 0.820.8 7iv 6.6+3.2 M TaanuA1gIlUABWNEN U LATIAAURINIAN 2567 T4

U

o

uwANsingaeNaTdATY (p<0.05) AINABUNNNIWUS uaziRaudnuiay 2567 (Figure 3b) auitlulnss danagludos
0.5+0.6 14 2.2+1.2 uM TaaduwsTilngeauludaaunaueuian (Figure 3c) NadinilAaglutdas 0.9+0.4 Tis 3.7+2.3
uM TaanuA1gelulAouF AN 2566 (3.7+2.3 M) WAZLABURINNAN 2567 TauANF19at AT 4 AN INana

(p<0.05) WanFatiaunuBauNNANUE uaziRaulnuIeu 2567 (1.5+0.5 uM) ALA1ENG1 (Figure 3d) TawNe HAN

v
=< 1

ag U199 14.7+6.3 D9 117.6+17.1 uM TnamuAgelumpeusuinan 2566 uazinnauatinadnaulunaugmnau 2567
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Figure 3 Box plots showing temporal variation of ammonia (a), nitrite (b), nitrate (c), phosphate (d),

and silicate (e) concentrations in the coastal waters of Chonburi Province, Thailand. Different letters

indicate significant differences among months (p<0.05; one-way ANOVA with Tukey’s HSD).

Sample size was n=45 per month.

nansAnEunasinauialuLsinne o fansia AATALT NUANUAINUAILLBIUNASTAEY 3

6 AANA 68 ana (Table 3) TneAddu

'
aa o

'
o

AT

Cyanophyta wutfandnAaylaun Oscillatoria sp. luaiznainau 11w

Merismopedia sp. Microcystis sp. Pseudanabaena spp. Wae Spirulina sp. WLLANILLARURINNAN 2567 dvianled

WILAIINUANANNTBITNIANFNI9INIZANEATRIWN AT IBUNTN N A1FUATT Chiorophyta WLLNASFAEWNT

WealulAeuRINIAN 2567 L1 Actinastrum sp. Closterium spp. @& Trachelomonas sp. ludauaas A

'
aa o

11U
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Chromophyta #1113anw ldRaanTas19anTivinnnsAne Tnaunasrimeuangu Bacillariophyceae (Diatom) AR
nuduasuAazeiawananeiuld i Amphora spp. Waz Thalassiosira sp. Tuanusiiuneiin iy Cymatosira sp.
Wae Lyrella sp. WULﬂqu\iﬁjQQanqﬁLL@@\‘]ﬁQﬁQ'\INWﬂWﬂV@qﬂLL@gq@jﬂ’]@ﬂ@\ﬂm'ﬂgm’ﬂN ﬁquluLLW@\iﬂrﬁl@uﬁmﬂ@;Nm@\ﬂ
Dinophyceae (Dinoflagellates) WULNNTHA VT Peridinium spp. A< Noctiluca sp. ﬂ?‘m’mlﬁfﬂunﬂﬁwlﬁm’m'ﬂ\i

=
NITANI

Table 3 Phytoplankton species recorded in the study area of shellfish farming zones, Chonburi Province, Thailand

Division Class Species Dec 2023 Feb 2024 Apr 2024 Jun 2024  Aug 2024 Division Class Species Dec 2023  Feb 2024  Apr2024  Jun 2024  Aug 2024
Cyanophyta  Cyanophyceae  Merismopedia sp. - Chromophyta  Bacillariophyceae  Lauderia spp.
microcystis sp. - Leptocylindrus spp.
Oscillatoria sp. Lyrella sp.
Pseudanabaena Melosira sp.
SPp. Navicula spp.
Spirulina sp.

Nitzschia spp.

Chlorophyta  Chlorophyceae  Actinastrum sp. Odontella spp.
Closterium spp. Paralia sp.
Crucigeniella sp.
oo 3. i
it e
::Zii’:; Si’pp Pseudonitzschia sp.

Scenedesmus spp. Rhizosolenia sp.

Staurastrum spp. Skeletonema sp.

Tetraedron spp. . Surirella spp.
Euglenophyceae  Trachelomonas sp. * Synedra sp.
Chromophyta  Bacillariophyceae  Actinoptychus sp. . . B . Thalassionema sp.
Amphora spp. - - "~ . . Thalassiosira sp.
Aulacoseira sp. . Thalassiothrix sp.
Bacillaria sp. e - N Trachynies spp.
Bacteriastrum sp. * > " * * Triceratium sp.
ellerochea sp. o e e * : Dinophyceae Amphidoma sp

Chaetoceros spp. Gonyaulax sp.

Corethron sp. Gymnodinium spp.
Coscinodiscus spp. Noctiluca sp.
Cyclotells .
yelotella sp. Peridinium spp.
Cylindrotheca sp.
Prorocentrum spp.
Cymatosira sp. .
Protoperidinium sp.

Ditylum s,
. v P Pyrophacus sp.
ntomonies sp. * * e

Scrippsiella sp.

Epithemia sp. . P &
Tipos sp.

Eucampia sp.
Funotio sp Dictyochophyceae  Dictyocha sp.

Guinardia spp.
Haslea sp.

Hemiaulus spp.

Note: * indicates 1-100 cells L', ** indicates 100-1,000 cells L™, ** indicates 1,000~10,000 cells L, and **** indicates >10,000 cells L

NANNTANHINLAT ANNAUIWUUTDIuNAITAauAa lulsAazan 1R il JAaunanAfeiuatinaliadAnunig

(7

alid (p > 0.05) DawdignazwuAuuansadeBunsluunsanill (Figure 4a) (v annil 10 uay 15 TuBaununIwug

waz@amAx 2567) TeilAraanuiudugendnaniiaustnsdaau agnelstinun annuulslaunalunguideudnag
o/ 1 dl L o/ 1 1 = aa U dl a 1

geuazawndaednsiante denalilinsanuauuansiadeans lusunisulasuulaadsaainuaanuuansing
] 1 o . 1 = v U 1 A A o a -dl

atasudn (Figure 4a) Ingarunuiuiuduunldugelugaudazanasluggiu na1ode neuiuaaniAads

70,772 cells L uaziinaulunaunun1ius (1ade 527,504 cells L; Angagananiil 5 winiu 1,337,125 cells L)
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anntuanadluinaN eI (60,557 cells L) waranadasinataiauluifauigune uhas8annas 2567 (2,990 Lay

]

o

2,777 cells L") wananil demsoanuunasinauiangulaluuaniaaaaniddnaninlunisaireansie loun

Protorecentrum spp. WAL Gymnodinium sp. TuRauiuNAN 2566
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Figure 4 Phytoplankton density (cellsL™) by station (a) and month (b) in Chonburi shellfish farming areas.
No significant differences among stations (o > 0.05, n = 5). Different letters indicate significant

differences among months (p < 0.05, n = 15).

uﬂﬂmﬂﬁlﬁaﬁ@ﬁmqLmeﬂ‘muﬁ‘ﬁLawwxﬂziul,ﬁuiﬁl,l,ri nax Bacillariophyceae wag Dinophyceae GR
anunsonulalunndasinan wardadlaonduulsdaau Tnangu Bacillariophyceae Tuthauiunnan 2566 uazinau
NNAIWUE 2567 ﬁLLuni’Iu@;andwqmm%u (Figure 5a) A9ua83unasinauiang Dinophyceae wudnluinau
FUNAN 2566 DNRINIAN 2567 ﬁgﬂLLUUﬂ’]?Lﬂ?]l?_IuLLﬂ@\‘iLL&’]ﬂm"N@’mLLW@\‘iﬂfﬁl‘ﬂuﬁ‘nﬂQ‘ﬂJ Bacillariophyceae 2814
daLau (Figure 5b) meﬁmimmwﬁqm@\ﬂﬂi’f@y‘@ﬂ%ﬂumwwLqm Lwimﬁﬁﬂﬂmﬁqm&ﬁ;ﬂﬂdﬂLmenfmuWﬂﬂziu
Bacillariophyceae ag19l1iadnAmy

mmﬁLﬁm:ﬁmmﬁuﬁuﬁ‘iwdwﬂqﬁﬂ@mmwﬁﬁﬁ’uLmeﬂfm'auﬁmwud’] naelsladia luszuuiveded

=2 Yo a a % v . o = . a &

AnmlasuavinaandaulsinusineisuazesAlsynauguauinasiaauitangy (Figure 7) nupaalsias o
FAuAURAUSFUNTUNadN A 2UzPe AR TsNAR BRAAIANNANAUSITIAUTUTANM ANUSU WNRITADLNCT
ngx Bacillariophyceae w91 A udniusiieauivdainniaenndasiunislitainnatinganio smuunasinau

Wangx Dinophyceae HAudniusidsuaniuneannuazlumsm
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Figure 5 Temporal changes in diatom (a) and dinoflagellate (b) densities in coastal shellfish farming areas of

Chonburi, Thailand (log,,-scale on y-axis). Different letters (a, b) indicate significant differences among

months (p< 0.05, n = 15 per month)

Table 4 Phytoplankton diversity indices (mean + SD and range) in coastal shellfish farming areas of

Chonburi Province, Thailand.

Dec 2023 Feb 2024 Apr 2024 Jun 2024 Aug 2024
Species (s) 24.3+2.8 19.4+£3.7 23.8+5.0 12.4+£2.2 13.5+6.1
(19.0-29.0) (12.0-26.0) (13.0-30.0) (8.0-16.0) (3.0-25.0)
Shannon-Wiener Index (H’) 1.69+0.29 0.68+0.59 1.63+0.51 1.73+0.51 1.86+0.67
(1.10-2.18) (0.25-2.54) (0.63-2.32) (0.94-2.56) (0.67-2.71)
Evenness index (J) 0.53+0.09 0.23+0.18 0.48+0.14 0.53+0.09 0.76+0.23
(0.36-0.66) (0.09-0.80) (0.24-0.70) (0.36-0.66) (0.25-0.94)

Y

m@mﬁLmﬁw’mmﬁuﬁuﬁ’@wdwQmmwﬁﬁmq’uLmeﬁmuﬁwﬁﬂhﬁuﬁLaﬁwmﬁwiﬁ‘mﬁimﬂ%’
aunIsnnnaunyA (Table 5) wa A9 LELA NI TR AT UNNEAINLAZAIIDINNTRBNTNAFD AITNALILULUBILNAGTT
muﬁmLwi@xﬂ@jﬂmzﬁuﬁt,mmmﬁu &FUNgN Bacillariophyceae mqwmuﬂuﬁﬂmuﬁuﬁuﬁ%muﬁuqmmﬁﬁﬂ
wazaams uazilanduiusisuoniuauan Insaunisannsnesunaanuilslsuresdasyaldsesas 34.8
Tungu Dinophyceae AMNMULUUHANNANWUFITILUANTLAINLAN TANA uazWadm PV T A AT EROT
Auwenluiily lnsannisanunsnedunaanulslsulsfensy 39.4cmmﬁmmzﬁmmz@ﬁuﬁiwdw@mmwﬁﬁu
ﬂfojuLLWMﬂ’WﬂuﬁwﬁﬂiuﬁuﬁL'gmuﬂﬂﬁ'ﬁ’qw‘fm@ﬁimﬁmummmmfaﬂwvg@m (Table 5) hansliiiiuddade sy
ﬂ’mm‘wLmzmammiﬁﬁwﬁwmrﬁifamwumLL‘Lium'aqLLWmn’muﬁmwfa:mﬁulm:ﬁuﬁLmeiNr"fu g1nfungu

Bacillariophyceae A NnuuinTANNANRUS T LA Ut uasnaams wazlavNduiusidauaniumany
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win Taaaunisanuisnaduigaainuilslsauassdayalafeaay 34.8 lungu Dinophyceae A2 1NMUN LU
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v o &

ANNANWUSTIUINTUANNLAN TANA wazWagm anseniAuduiusidaauiuLanIudle Inaanni1sa13190
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Figure 7 Pearson’s correlations between water quality and phytoplankton composition (P < 0.05, n = 15).

Table 5 Multiple linear regression equations describing the relationships between water quality variables

and major phytoplankton groups in shellfish farming areas of Chonburi Province

Major phytoplankton groups Equations of relationship R?
Bacillariophyceae [cells L™ =3,220,817 — 102,418 [Temp] + 5,734 [Sal] — 58,282 [PO43’] 0.35
Dinophyceae [cells L™ =-5,497 + 150.7 [Sall + 20.45 [SiO,] + 1,449[PO43] - 178.4[TAN] 0.39

Discussion

nMsANEIBNENATRIAUNINUIAETATIAFIILATANINUAINUAT LT IUNAS TR LT IUUNALN ZIAENMa S

IMIPTALT 3TUINREUTUINAN 2566 DNRIMIAN 2567 uans iliudnAnn Wi tnasaneg lussAunmunvanseanis

'
a

AN99T9m209R9NTI0 lunzia TnaA1anmgi Aondunsa-A1s wazaonuAnes ludaamunran anicheaniau
o : qd e um ¥ s - Ea
aza18UINAININNGT 4 mg L Gaiileanasianisnnssdinaesdndin (PCD, 2006) atnslsfimnu szuuilioaluiun
=2 = dl ] o | A o =< o o ¥ a
Anmdnsulasuudasmuganiastednan Tnelugdobeuiunnan 2566 BanNuNRUE 2567 (17uad) goungiiaed

Wi DN 20ssiANANeE TWsEALIgR (31-34 psu) uazanadludanReuliguIauiv@anan 2567 (q9e)

D

AUANGALRALIVINAL 11.5+3.8 psu TulAauAMIAN 2567 Teasiiaudninanasuianainnisinatinaasiidudngnum

o o '

1124 (Buranapratheprat et al., 2008) N171U AU UKL ATBIAMULANLATAN TN AF BN AINA1INUNUINF ALY A

o
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Wadnesasasetiunsy Ingludaanguununisiinauresasesuatetiin lnaansanm 3 qunusiy
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NITUIUNIITLANAMNUEUAY (Cloern, 2001) anusineannuaz lulnsaugluuusing ) Juwslduiinauieswnan
nstiagaanedurssdRguasn19UENA1981MNIANUNAILULN (He et al., 2023; Peierls et al., 1991; Howarth et al.,
2006) @Tﬂwmxﬁ\ﬁnfdwmzﬁ@uﬁqmnﬁqzﬂqquqmmauyimj (eutrophication) NANARNAINNLALNABNTAZNTIURALNASTT
Aaut at19lsAnNluTRaUNNANRUE 2567 NAN1FATNIIVBIUNATFOUNTNAUNLFI1A178190 90U IHHARRS
deazaunisgnldlilatiesmnialaaunasinauig Tvaanadaeiusnasuaes Jin et al. (2013) Anudiaardidudu
a a ¢ 1 n; a alz & ]
1898172 9900wl Ineannluinsauuasnaginmn azanad e NiAANITaE NI ILNAIT AW
4 . o vy da X e X A . . 9
annindasuulasresarsarisiarfada@auandan Mianaulunum deazdenasalaseaieguaunes
- o \ v ¥ . Y a ~ ~ ) o - ~ A o 9
wnasrimauig TnaludeanguasianinuiiAeudneiiuasluaaiesne azdanaliunasinouizainisniinanuuls
agigsiaiiias (Niyomsilpchai et al., 2023) ausiin1sanasadauinlugguinaseanInszatsaenguunadines
NINNUABANNLANAT 1T Cyanophyceae WAz Chlorophyceae wazananalfinanissunaussuuiling (disturbance)
ﬁﬂﬁ‘iﬂNm%’ﬂmmw,ﬂaﬂul,l,ﬂm (Paerl et al., 2011; Kholssi et al., 2023) WanNa1n N1IANTULeITAN A MT291las
fauduRedanIsIyresuNasinauNaNgy Bacillariophyceae (Egge & Aksnes, 1992) TudnuAINgANANYTDRL
1 1 a & = £ 1 U £ o 1 6 A dl QI 14?1 1 o
nudn Anpaelsiad 1o Auudltiugaludaenguas 4enAaBIiLANILILUNTEIUNAITROWNTNANTY Laves/luseay
eutrophic 014 hypertrophic AKINUaiszIi (Smith et al., 1999) TeaziaUINN1IENRAIDINIEI UAZBIALANNANN
@easannginan1aznsasaandian (hypoxia) liszevene (Diaz & Rosenberg, 2008)
TA129INANIANHIATINUAINUATETRIUNATIBURTNLI I AN AR Nast AR ulnen g uAINLINgNT B
Bacillariophyceae tunguiaunasiAifaiinauainuaiesi (H = 0.68) aziauliiiuienisaznisasunasinay
N lutaanansanana (Hilaluddin et al., 2020) zﬁ'quiuq@.rzlumwumLLuuiqu@mmLﬁ@amﬂmwLﬁmmﬁmmmu@:

- =

AN191A8219619019179 TUENTINA19 QA UANITIANNATUIULTRIUNASTRaUNTNEN Cyanophyceae AT

o O o a -

Chlorophyceae Y liaaHA AN aNaT8UNAsT R UNTgIBLTA WIUTEAIATTA NM133LAIREALATTINA N

¥ '
o Ao 0 o

‘wmwmmm:mnmﬁqmumjfmLmeﬂ‘mauﬁmLﬂummmmmylumiﬂi:l,ﬁumwLﬁmﬁifam:wé"wmuwmn’muﬁm
6 (Valenzuela-Sanchez et al., 2021) lutaenguasnuunasinaunnguuan Liun Bacillariophyceae (diatom) 11w
Pseudo-nitzschia sp. Wa¥ Skeletonema sp. Fatlaanumn wiuganazeanaliii mﬂmﬂgﬂ’wmﬁqmmﬂﬁ'wa LAY
Winntaznsaseandauls (Wu et al., 2012) uan@’mﬁﬁqwuLLW@\m’muﬁﬂjﬂfcju Dinophyceae AN TiA 111

Peridinium sp., Prorocentrum spp., Protoperidinium sp., Gymnodinium sp. W& Tripos sp. TagunetialAnanin

v '
a A

Tun1sai1eansie warananaldfiianiazdiin@aiiainismnawiansu (Paerl et al., 2011) Famnnsd1s9any
wnadriFauNTNgN Dinophyceae mwmq@ﬁﬁ fnenwlunisaineansisluiuiinnsaamesnia Siasiauaany
Readslinauazanutlaaasadiueis TmﬂLfaquﬁi@zﬁ”mq’ﬁwﬁfrwqﬁnamm@ﬁummmnummﬁu fagnunInazay
aafluiefelneliuansanisialng (Anderson et al., 2012) Inglan1zunasinauitana Prorocentrum spp.

8519813 ENgu diarrhetic shellfish poisoning (DSP) 1% okadaic acid Teniaaanuideesaduilna (FAO, 2004;
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' '
= a

Reguera et al., 2014) 40Uz Gymnodinium sp. Ns189 UNINARA1 IR BN deRansznuAataLazdndiiafinn i

AUIUGITY (Hallegraeff, 1993) dau Tripos sp. uddiuunasrineuiartai iafearsfinlaonss winisivaaiuau

o [
a a

@ﬂ"]\mfmL%qmWmmﬁﬂﬂzjmmwém'ﬂ@ﬂ%LWLLmﬂ”mwmrﬂmmm’?ﬁmmﬁm’ﬁmwﬁuﬁw (Horner et al.,
1997)
3 o a I3 a!l/ v & 1 o ¥ aol = 1 v
F1UFUNAN19TLATITIINNTAna LW AT WLTudNTadu A uAn NN unuIsetasea e zAN

wuturasnaaineung luwszAulunan Tnadn R? aglugag 0.33-0.39 Geazieuiaarndudensetssuiivnamia

YT > o o \ o P ] - = ] ] e
u’]‘l/]gﬂﬂ')']_lﬂum')ﬂﬁ@’]ﬂﬂ@@ﬂ?qﬁﬂu (Cloern, 2001) ﬂ']']llLLWﬂW']\T’]J’ﬂQﬁ]QLLﬂTV]@QN@mﬂLLW@QﬂW@uWTLLﬁlﬂzﬂ@‘NU\iaﬁﬂ\i

nInaLauesuansNiusaanInwanden Inanguiduiusiuanuanuasaamniuu Musuluaninzimes

' o

LAZNFANTUIAI81687919 BUEIInguRdNRusIL IuInsauuas i NN us T UiIA AN o UBN I N AT

a

UNAAANUNGILULN (Paerl et al., 2011) udiutataasazanisnesunauuslinlaunedon wirn R2 Negfluszduilu

Y @ g

nang (Jacob Cohen, 1988; Daniel Borcard et al., 2018) AN TR 8N19N AN AT TINTND U I LT3 WS N9

o '

TaRaurel wazdJdniusniedonin enalunumdrdndelassadreguauunasinauiawazaaslaiunis

o

AangaunlunnsAns el

Conclusions
nisAnuEnEnazesnunIniifelarafisLazpNiaINUAN TEIUNAS TR WA T IUULMALN TR Y
Jaudprans lAiudn Maasuulatesguungil ANNAN wazanseIMseiuristara e uNUANATy e AN
UL AMAINYAE kazatiaiuzesunaaineuitluusazngnia InangudabesienisarnisTesunaine Y
nanlneznen danalirAdnunainuanaesunasineuiaanas ausingeuunastneuigazininasuutlas
TaseafeguauuasnunguunasfnauiainuAan  ANaLANTL Tud1uA a1t AN LN AT na Ui
da o - % da e o o - ¥ . K
nAnsnwnefruazsngnisaiimzialasudnuinutaludoenguas sadutosmanimiimuizassanisivg
f‘i’ﬁmummLLW@\m’m@uﬁmmmq@ Vi Thalassiosira sp. Bellerochea sp. LL@XLLW@\‘meﬂquﬂ@jN Dinophyceae &)
Prorocentrum spp.waz Gymnodinium sp. NMaNAMBIesunaiaauianaanaillgnisldeandiaugawaznis
azaNA TN lUNeENZIA AT NIRARINATIAEDLAININUILATINAIT R URTN AN Aot 9ANLaNe Taelanne
Tuda9gguds AvsanfinauaiuNILEMsaANIAtuANTTadendn Taun Usunuansenmsluuy naasuuas
% =X o o 4 A U £ o Y a o Ly =2 %’/ d’l
PRIANINUINRBN PINTINIRRIUNTT UL sz duaznsuARauasmtih ine enAe dayaialsrandainnisine viadl
WWINAINAINAz AN IgaRENaNAR WNANLaeadusedUEIna uazatiuayunIsnI AR e aNzLa il
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