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Abstract

This study aims to investigate the composition of phytoplankton, variation, and the relationship
between water qualities and phytoplankton. Seawater samples were collected bimonthly from 6
stations along the coastal area of the upper gulf of Thailand during November 2017 to September
2018 a total of 6 times. A total of 75 genera of phytoplankton were found in this study.
The Bacillariophyceae was found as the dominant group throughout the year, followed by
Dinophyceae. The density of phytoplankton varied between 3,421-2,427,088 cells/L. The average
density of the Blue-green algae and Dinoflagellate was significantly different among 6 stations
(p < 0.05). Additionally, the average density of the Green algae and Dinoflagellate between the two
seasons was also significantly different (p < 0.05). From the analysis of the relationship between
water qualities and the density of each group of phytoplankton, it was found that the Green algae
had a positive correlation with nitrate, ammonium, and phosphate (r=0.56, 0.61, and 0.57, respectively).
It also had a negative correlation with pH (r=0.70). On the other hand, Dinoflagellates had a positive
correlation with pH and dissolved oxygen (r=0.53 and 0.49, respectively) and a negative correlation
with silicate (r=0.50).

Keywords: Phytoplankton; Water quality; The Upper Gulf of Thailand
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Figure 1 Sampling stations along the coast of the Upper Gulf of Thailand.
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Table 1 Methods and equipments used for water qualities analysis.

Parameters Equipment Methods of analysis
Dissolved - Azide modification method by (according to the
oxygen (mg/L) method of APHA AWWA and WEF (1992) [20]
Total suspended - GF/C filtration (according to the method of
solid (mg/L) APHA AWWA and WEF (1992)) [21]
Nitrite Spectrophotometer Diazotization (according to the method of
(ug at-N/L) Brand: Perkins Elmer, Model: Strickland and Parsons (1972)) [20]
Lambda 35
Nitrate Spectrophotometer Cadmium reduction method + Diazotization
(pg at-N/L) Brand: Perkins Elmer, Model: (according to the method of Strickland and
Lambda 35 Parsons (1972)) [20]
Ammonia Spectrophotometer Phenol-hypochlorite (according to the method
(Mg at-N/L) Brand: Perkins Elmer, Model: of Grasshoff et al. (1999)) [22]
Lambda 35
Phosphate Spectrophotometer Ascorbic acid method (according to the method
(ug at-P/L) Brand: Perkins Elmer, Model: of Strickland and Parsons (1972)) [20]
Lambda 35
Silicate Spectrophotometer Silicomolybdate (according to the method of
(pg at-Si/L) Brand: Perkins Elmer, Model: Strickland and Parsons (1972)) [20]

Lambda 35

Und wevlianuuUsusiudaniinnu Ine sty
ARIRENEY (Logarithmic Transformation) [19]
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Tafiuanseiu sedSvesdivwes (Fisher's least
significant difference: LSD)
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Table 2 Criteria for interpreting the correlation coefficient according to Best [23]

Correlation coefficient

Relationship level

0-0.20 Very low relationship
0.21-0.50 Low relationship
0.51-0.80 Moderate relationship
0.81 - 1.00 High relationship
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Figure 2 Composition (%) of phytoplankton along the coast of the Upper Gulf of Thailand.
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Table 3 Shannon-Weiner diversity index of phytoplankton along the coast of the Upper Gulf of

Thailand.
Diversity Number Number of phytoplankton (cells/L)
Stations . Evenness
index of genus  Minimum  Maximum Mean + SD

Mae Klong 2.00 0.51 a9 3,421 42,307 15,081 + 14,752
Tha Chin 1.48 0.37 53 15,524 1,001,378 284,823 + 362,869
Bang Khun 1.93 0.53 39 16,300 592,175 203,100 + 202,164
Thian
Chao Phraya 1.14 0.31 40 17,609 864,541 219,742 + 322,237
Khlong Dan 0.64 0.17 a5 28,762 2,427,088 578,323 + 934,780
Bang Pakong 1.49 0.38 a9 20,305 1,534,163 466,468 + 660,489

100%

80%

60%

40%

20%

Phytoplankton contribution (%)

0%

Mae Klong Tha Chin Bang Khun Thian Chao Phraya Khlong Dan Bang Pakong
Class Cyanophyceae (Blue-green algae) [ Class Chlorophyceae (Green algae)
[ Class Euglenophyceae (Euglenoid) B Class Bacillariophyceae (Diatom)

[ Class Dinophyceae (Dinoflagellates)

Figure 3 Percentage contribution of phytoplankton groups in seasons in the coast of the Upper Gulf of
Thailand.
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aenilau laeilnwiniu 13,536 + 32,640 CelUL dau
amiltnusiiusinaes feneumuuduedenaon
syogasAnwsnhaniidu Aewindu 262
377 CellL Tngnuilaluunaniaaian ana Proto-
peridinium wag Ceratium Lﬂuaqawiuﬁwuﬁmm
vuuLueABgImasnsrarnatviinsAnulunn
a014l tmedawinnu 540 + 430 Cell/L way 1,323
+ 4,910 Cel/L muansu agalsimanilofionsan
Wisuieuluwsiaziiui limusuuuumsiudsves
ana Protoperidinium waz Ceratium 7w i
onananliimsfulusvesAAMLLULAY
suvesunasinouiivlungulaluuwaniaaianiiny
Tuusasfiufifuisndesanunasinoufialungy
Iolunananlunansanasiuiu aglsinu ua
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wAsrefuiiidulumunenimagevvesiives
wngludiuvaunasinouiivnguavsiediden
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Phytoplakton contribution (%)

Dry

Dry

Mae Klong Tha Chin

Class Cyanophyceae (Blus-green algas)
Class Euglenophyceae (Euglencid)
B3 Class Dinophyceae (Dinoflagellates)

Figure 4 Percentage contribution of phytoplankton groups between dry and wet seasons in the coast of

the Upper Gulf of Thailand.
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Bang Khun Thian
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Feuleasne 4 meszuviing Sasududesiiansan
feesruszneudu q Tunmsamanetadesiudesn
wui
3.3 N13HULUTRNRANIAYRILNAnaUNY
nnsAnwadell wud Aaumuwy
WAsseasineuiwivun fnuluusazeng
gania ladanuuandiaiuniadd (p > 0.05)
Tngnunndunasinouiy 2 nau lawn nguamsie
#7e7 (Green algae) wazngulaluuaniaaian
(Dinoflagellates) fiAadsaunuiuiuiiuansig
fuluudazyivganiasgeldedAgynicaia
(p < 0.05) lngunasinouiignguaIns1edLTy?
(Green algae) fianuvnuuulugngahannniigg
W&q WAy 1,147 + 1,313 Cell/L way 156 +
243 Cell/L mua1dyu wavuwasnnauiyngy
Ialuuranaian (Dinoflagellates) AAuMuILLY
Turaenquisninninggru adewinfu 6,652 +
10,054 Cell/L uag 2,589 + 4,480 Cell/L muamu
(Figure 4)

Dry Dry Dry

Chao Phraya Khlong Dan Bang Pakong

[] Class Chlorophyceae (Green algae)
B Class Bacillariophyceae (Diatom)
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dutgeeu Snnuunngmsaiimzadeuas
AURNNAIN Skeletonema costatum \Anftaond
Urnusitiusnass Uanuaidivindu danuaih
Wmszen wastnuaitiunseng uidaudsiuns
fnw1@4 Thitimon and Suchart U a.a. 2018 [41]
finuunasinoufivana Skeletonema A
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Urnusdtvindu Fsiarudunsa-dne denalidd
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Feaonndostumsinuilunel Anuiandneils
ngianaewLiAAIIULRABTR UNANReY
fislusouTigefign wasflanriurnuaitwinidu den
ALLdsYenasinoufitluseuTiiian
panTlauavareilAluLUsegening 3.28-6.28
mg/L TnefiradegegalusouTiiandveilmeia
AaDIY wazianianiiuinuaitvinu U
asuuaosanua fafuuUsogsening 16.58-
59.77 mg/L lasfiAadsgsgaluseudiianii
Unnusithidmszen LLaxﬁ?’]EjmﬁﬁﬂﬁﬁﬂﬂﬂLLﬂﬂf’]LLﬂ
naes lulnsvisiAduwdsegsening 1.10-9.68 ug
at-N/L Tnefiradegegelusouditaaniivanushin
Wmszen wazshanfiuinaamitinusitiuinges
TupsniaAfuulsegsening 0.72-13.87 pg at-N/L
Tnefiadegeamlusoutitaaniiunnusididmszen
wazaaafianiduinuaiiviidy ueuladedan
FuwUseEsEMing 2.49-35 20 g at-N/L Tneilaniade
auaaluseullandunnusidvinidu warsiaeiiannd
Urnusliunadeng WoamnilAfuudsegsening
1.15-5.25 ug at-P/L Inefiaindogsgalusoudi
goniurnusithvindu LLaxﬁwqmﬁamﬁﬁmaﬁsza
UNYULTgY Lardiineaiimiuulsedsening 63.15-
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149.83 pg at-Si/L Inefleniadegsanluseudiianid
Urnuidmszen uazshaaflanfusiloeia
UNYULTEY (Table 4)
HANTIATIZIANLLANBIARaEtade
Al wud aanudunsa-ang eendiau
avane USunasansuviuaesiiun luasy weslude
waznoawn Tulsazandinnuunnateiueg1ed
odAyn1eadn (p < 0.05) Tnemuin Anadeaarw
(Tunsa-ne Ihnwiidmsze uansafurneila
wsLaWtyuLﬁauLLamaﬁqmLaﬂamfﬂ'm Faraau
\Hunse-Asvesiin Vsuendeusinamududumes
Telaswulessuluth Yimziamluaziiaaudy
nIA-Ang agsEuing 7.9-8.3 thndesiidnogseming
6.0-9.0 TaAraufunsa-ans Sannnvidetiosiu

ogffudnuarresiuiuwasiu Usinaeu saon
qumsl¥iRuUsnauENh SudErEnaveadl
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[44] FsoraTulUlg S Nt s zen S
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maﬁ;uLﬁauLLamﬂaﬁwmaﬂaawhu \ilosa1n
Uinusithidmszonduundssesfuindnainuith
fravasan 95 ane [31] Juduundesessuiiey
wazifunramnitunuYeImEnoUYLNALENTINANIAN
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Table 4 Water qualities along the coast of the Upper Gulf of Thailand.

Bang Khun
Mae Klong Tha Chin Chao Phraya Khlong Dan Bang Pakong
Thian

pH 7.88+0.29° 7.57+0.31°  8.00+0.39°  7.58+0.24°  8.13x0.32°  7.75+0.48"
Dissolved oxygen 4.85+1.06°  328+1.65°  6.07+2.25°  332+1.18°  6.28+2.22°  523+1.05%
(mg/L)
Total suspended 16.58+12.41%° 28.15+18.01° 22.70+31.43" 59.77+49.80° 20.67+17.60° 35.62+21.10*
solid (mg/L)
Nitrite (pg at-N/L)™ 1.10+1.08 3.44+5.26 2.27+2.06 9.68+7.34 6.81+11.27  5.90+10.30
Nitrate (ug at-N/L) 555+5.45°  0.72+41.01°  1.02+1.70°  13.87+12.72° 5.46+10.63°  7.66+12.22"
Ammonia (ug at-N/L)  4.83+3.66°  35.20+25.00° 14.40+21.52° 23.25+16.83° 12.04+16.42°  2.49+3.44°
Phosphate (ug 1.83£0.87°  525+321°  151+1.35  4.48+1.97°  2.38+2.37™  243+1.80°
at-P/L)
Silicate (ug at-Si/L)™  120.43+67.59 140.38+74.77 63.15+49.13 149.83+76.44 73.96+85.06 83.30+81.72

Note: 1) Data shown as means + S.D.

2) Mean value labeled with different letters horizontally showed a statistically significant difference (p<0.05)

3) ns = non-significant
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Figure 5 Box and whisker plot of seasonal variation of water quality parameters in the coast of the Upper

Gulf of Thailand.
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AMLduNTA-A1e (r=0.53) LaviAnuduiusAanig
deniulussiumiudSinaueendwuazais (r=0.49)
nanafe lutsiinuiiaianudunsa-ae way
PONTLIUALAILEY T NULNAIANBUNYNGY
iquLLWaﬂLaaLamﬁU%mmmmumLLﬂuﬁqq way
wnasineuiwngulaluwlanaendslinnuduiug
Tufirnmenseinalussausiuusinadamne (=0.50)
Na1IAD ‘Luﬂmﬁwudwu,wdaﬂf']ﬁﬂ%mm%ﬁmmqwz

Science31N2-C.indd 97

nuunasinouivngulaluunaniaaaniiusunu
ANITINUALTIN wansdsnsadt 5 :nnsanuily
afail unasdmeufivudaznguinuuinameis
grlnemeuvy fanuduiuidetafoamnmihi
uaneneiu mslulasi wenlunde wagosinn 3
Anuduiuslufianafgafuunasinauivngy
amiediden enavsdisansihas Tinisasnds
vounasinoufiunguienanilidoundsidiuiina
Tulnsyi woslandle uagoaiaiifingenn Sediun
Tusonisiinusingnisalglnsiiadudady
Usngnsaifiandudesnluumasinivinas
gt manasuszneululasiou uazweanesaly
Usanauiige [51) Tneunansdldumeliider ey
Frurusniflesanaunimindoulnsuas 1wy
USinueandiuaraneinanasinannlunanansiu
viounasrnoufivUdesansiundsiiusnssiodn?
thoonnUZinasnn iy weslandle Hus [52] 53]
nsAnuAse Smuiuiinadanadaudius
TuiirnanseiufuAuIwULYRIW A N UilY
naulaluusianivaian esanddnadusinerms
Adndusensarandaivaduesunasineuiungy
laegmau [54] 9nnsAnwves Darley Tul a.e.
1974 [55] nuiluanngiviauraudainnazdna
nsEnuseNIsLUlas i wadvedlaenay 3a
Hululihlunsiiiviinaummuduturestdinngs
szidutsivmnzausonisaiyfvlnveaunasd
nouigngulnegnenunnilaluunanan wenain
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Table 5 Correlation between phytoplankton and water qualities along the coast of the Upper Gulf

of Thailand.

Density (Cell/L)

Water quality Blue-green
Green algae Euglenoid Diatom Dinoflagellate
parameters algae
r p-value r p-value r p-value r p-value r p-value

pH -0.16 0.44 -0.70* 0.00 -044  0.15 0.28 0.10  0.53*  0.00
DO (mg/L) -0.05 0.08  -0.51 0.02 -034  0.27 0.39 0.02  0.49*  0.00
TSS (mg/L) 0.16 0.44 -0.19 0.69 0.41 0.19 0.07 0.69 -0.25 0.16
Nitrite 0.38 0.07 0.56* 0.01 0.67 0.02 -0.10 0.58 -0.23 0.20
(pg at-N/L)
Nitrate -0.23 0.38 0.27 0.32 0.27 0.56 -0.20 0.33 -0.39 0.50
(pg at-N/L)
Ammonia 0.54 0.01 0.61* 0.00 0.52 0.10 0.07 0.70 0.12 0.54
(ug at-N/L)
Phosphate 0.14 0.51  0.57*  0.00 0.20 053  -0.15 0.39 -0.31 0.08
(ug at-P/L)
Silicate 0.20 0.35 0.23 0.01 0.47 0.13 -034  0.05 -0.50* 0.00
(ug at-Si/L)

* Correlation is significant at the 0.01 level (2-tailed)

fﬁ’uﬂ%mmmﬁmmsLLaxﬂaﬁaﬂmmwﬁw a1 ety
wiosldazieuiisUSunaesenmstisneufiasiia
muﬁmﬁ’wmu‘uaqLL‘waqﬁmaué’ﬁﬂLﬁuﬁaﬂizﬁuaéw
Witk vdewsinsgisensensfinseduliAnnsifia
Suuvosnasineuiiveraduamsemsluguilsl
Ieviin13nsI19in WU giSe viseansusenaudaiin vive
msmmiﬁgnﬂdaaaanmmﬂmzﬂauﬁwua
Jusiu [5] Uszneufuledsdanndeuudnameils
galnemeuuuituifianufunusaeuttannly
seuiu Wesniidnwalussuuinanusily
SUNANSENUIINNNTTUAIVEILT FeUTHnSR
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