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Water quality monitoring and aquatic insect communities as indicators of
water quality in Maan River at agricultural highland, Dan Sai District, Loie
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ABSTRACT: Aquatic insects are generally recognized and widely applied to environmental monitoring as
bioindicators of surface water quality. The objectives of this study were to monitor the water quality and investigate
the diverse aquatic insects for environmental indicators in the Maan River in agricultural highland areas of Loie
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province. The water and aquatic insect samples were randomly collected at six sites upstream and downstream of
the river during the rainy and winter seasons. The results revealed that the temperature and pH did not exceed the
surface water quality standard of Thailand, excluding NO;', pH, Cu, and Mn, which slightly exceeded the standard
criteria. Besides, the water quality depended on the land use patterns of the areas and the concentration of
pollutants (TS, TDS, Cu, Mn) tended to increase along the river. Additionally, the number of 426 aquatic insects
were found from six families and nine species in Maan River. The most abundant family was Hemiptera (98%)
followed by the Coleoptera family (4.93%) and Ephemeroptera (1.64%), respectively. This study demonstrated that
the Shannon-Wieners diversity index, the Evenness index, and the Richness index were 1.644-1.655, 0.748-0.758,
and 1.376-1.552, respectively. The dominant family was the Notoctidae, in which Anisop sp. and Limnogonus
mastudai were mostly found. The study showed a difference in the diversity of aquatic insects between the rainy
and winter seasons, and it increased the diversity of aquatic insects in the winter. The Biological Monitoring Working
Party score (BMWP) reported a score of 7.000-0.733, which classified the water quality of the Maan River as rather
good and adequate for aquatic biota.

Keywords: land use; water quality; biodiversity; bioindicator; aquatic insect
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Figure 1 Map of water and aquatic insect sampling sites in Maan River

Source: Figure modified from Pollution Control Department (2016) and Tourism Authority of Thailand (2019)
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Figure 2 Water quality monitoring of Maan River in rainy and winter seasons
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Figure 2 Water quality monitoring of Maan River in rainy and winter seasons (continue)
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Table 1 Water quality monitoring of Maan Watershed at agricultural highland
Mean value of water quality, n=6 Standards
Parameters Surface Aquatic
S1 S2 S3 S4 S5 S6
water organism
Temperature (°C) 27 26 26 25 25 25 23-32 23-32
EC (uS/cm) 11.76 36.42 48.49 56.17 53.58 78.61 n/a n/a
+0.05f +0.03¢ +0.16¢ +0.12¢ +0.15° +0.56%"
Turbidity (NTU) 11.87 61.30 112.81 214.30 158.50 145.67 n/a n/a
+0.98 +3.06° +5.59¢ +2.507"  16.69° +1.16°
TS (mg/L) 301.04 418.45 528.57 687.67 797.45 979.67 n/a n/a
+20.56"  +11.37° 411.249 1541 +18.01° 422267
TDS (mg/V) 31.19 48.67 83.33 131.78 153.89 263.33 n/a n/a
+3.90° +5.93° +8.41¢ +0.77¢ +1.90° +13.97%"
DO (mg/V) 3.52 5.00 4.44 4.75 4.58 4.62 > 4.0 >3.0
+0.66° +0.37% +0.88% +0.18° +1.28%  +0.21°
Alkalinity (mg/0) 25.67 35.34 40.00 49.67 45.00 60.34 n/a n/a
+4.51° +3.79¢ +1.00% +2.31° +1.15% 4573
Hardness (mg/1) 0.00 30.00 41.00 42.67 49.50 49.00 n/a n/a
+0.00¢ +0.00° +0.00° +0.00° £359°7  +1.73°
NO; (mg/l) 0.17 3.49 4.02 5.67 4.38 5.89 <50 n/a
+0.06¢ +0.09° +0.285¢ +0.33° +0.33° +0.76%"
PO,* (mg/l) 0.64 0.53 0.13 0.09 0.06 0.08 n/a n/a
+0.00%" +0.08° +0.02¢ +0.04<¢ +0.00¢ +0.02¢¢
pH 5.96 5.88 6.65 6.49 6.54 4.83 5-9 5-9
+0.30° +0.01° +0.01%" +0.01° +0.02° +0.01¢
Cu (mg/\) 0.05 0.38 0.91 1.87 2.28 241 <0.1 < 0.02
+0.98¢ +0.98° +0.98¢ +0.98° +0.98° +0.98%
Mn (mg/l) < 0.01 0.34 0.11 1.03 1.13 1.23 <1.0 n/a
+0.14°¢ +0.29° +0.04% +0.00° +0.03%"
Zn (mg/L) < 0.01 0.02 0.02 0.02 0.60 0.67 <1.0 < 100
+0.01° +0.01° +0.27° +0.05° +0.04="

n/a = not available; surface water and aquatic organism standards are as follows: I.

Notification of the National

Environmental Board, No. 8, B.E. 2537 (1994), issued under the Enhancement and Conservation of National

Environmental Quality Act B.E. 2535 (1992), published in the Royal Government Gazette, Vol. 111, Part 16, dated

February 24, B.E.2537 (1994); Il. Academic Article of the National Inland Fisheries Institute, Issue 75/2530 — water

quality criteria for the protection of freshwater aquatic organisms (Department of Fisheries, 1987)
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NaNTENTIIAILMEINTAIEYekIA lukid TN e 3 SusU 6 296 way 9 wila Tauviaviun 426 &
(Figure 3) 1n&uFY Hemiptera WukLaULINTigATILIL 398 77 (93.43%) F04a3u1AD Coleoptera (4.93%) WAz
Ephemeroptera (1.64%) Aua1fy 4 23A7 nusniigade Notoctidae NauuIUIL (Anisop sp. Wag Enithares ciliata
(Fabricuius, 1798)) 594891170 137 Gerride ﬂijumuﬁﬂﬁ?ﬁfﬂ (Limnogonus mastudai (Miyamoto, 1967)) wag Limnogonus
nitidus (Mayr, 1865)) 29 Veliidae ﬂfjumuax‘iﬁ‘j%ﬁﬂ (Strongylovelia sp.) 24# Dytiscidea ﬂa;uﬁwalﬁ (Hyphydrus sp. way
Laccophilus sp.) ImmﬂﬁﬁaﬂmﬂﬁﬂzLLuusTﬁUﬁ'ma%am‘wiumsu’waﬂﬂqmmwfmm BMWP score t¥NAU 5 @1u23d
Caenidae Wunauuuasilza1InNsElUse (Caenis sp.) fAvkuun1d BMWP score Wiy 7 wazlviriaziuu ASPT iy

7.000-7.833 Gs3nannsgrunmn i luuvasiniiAueglusedu 2 (ASPT 7-8) uazRaunminAeudned (Table 2)

Table 2 Biodiversity index of aquatic insects in two seasons on Maan River

Parameters Rainy season Winter season
Diversity index (H") 1.665 1.644
Evenness index (J') 0.758 0.748

Richness Index (R) 1.552 1.376
Biomonitoring working party (BMWP) score 42 ar

Average score per taxon (ASPT) 7.000 7.833

Thai surface water quality standard Good (class 2) Good (class 2)

mamie‘hi’mLLuaaﬁ'ﬂ,uLL;meﬁusumq@Munwuﬁwmuuuaaﬁwmﬂﬂ’i’]ﬁ]@ﬁluqaﬁa 3.68 wih Tnedusuuaaiusiuiily
f9UNIFAe Hemiptera 589a311Aa Coleoptera WAy Ephemeroptera auaiu Fafidruru 9 viia wiad 3 ngu 1éuA nau
19uth 319 §2 #29R 10 6 warTzan 6 da luvmefiggiunuidios 91 #1910 8 vda uaglainuiuau (Naucoridae
scutellaris, Stal, 1860) (Figure 3) Seuuastngusu Hemiptera uay Coleoptera ﬁaaﬁﬁmﬁw%nmﬁa%LLazmmmasﬂé’
Tugaamiiuiunans Sais 6 annnmataluwdiiniuvesisassggmanuinfien DO 3.52-5.00 mg/L lulumnannasi
AuamLRoduAsesEnfthde (D0 > 3 mg/l) (nwsza, 2530) 1l Luggplu (Feunnsiau 2566) fivinisd1madsns
mﬂwamaaﬁmgjswd’m 0.11-0.20 m/s Wildtanaid sﬁﬂﬁmmmﬁu 15 — 403 NTU uagwaaudasiu 397-1,230 mg/l
(Table 1) Fufnanliusslovifimuitensimnzugniiaiivarnvans (817 417 191 winlne ndae sudzvdn dUdzse
uazdisinanunsa) fivvdnsounamieg asgusitiviu Jmuarmumannvanevesusanilungguush aonedestusienuanu
yannuansvesuLaslugafutiusis nuusanisnfigaluggrum (feuunsie) weenuhdusuuanhibuiigade
Hemiptera 5898410 Ephemeroptera Wag Odonata Aid15anunnLfeuLarHULANZ A Corixidea luifeudsnay B
AnnnurasihsessumssednmemuainAnssudie deademnurainvatsveuuaning (yyaly wasane, 2563)
Wudsrtunmsliussleniiiau end manuasnssuililoniiaaeimannnunswesnsiswendsanlsaugaamng
Tuusnadnddrheuinniivudeuasuadv vildarumainnansuazarugnyuesdsddinluumanihanas (faden uas

AY, 2555)
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Number of species in the rainy season
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Limnogonus Limnogonus  Naucoridae  Anisop sp. Enithares  Strongylovelia Hyphydrus  Laccophilus ~ Caenis sp.
matsudai nitidus . scutellaris ciliata sp. sp. sp.
(Miyamoto, (Mayr, (Stal, 1860) (Fabricius,
1967) 1865) 1798)
Gerride Naucoridae Notoctidae Veliidae Dytiscidea Caenidae
Hemiptera Coleoptera Ephemeroptera
mS1l mS2 53 54 mS5 mS6
Number of species in the winter season
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matsudai s nitidus scutellaris ciliata Sp. sp. sp.
(Miyamoto, (Mayr, (Stal, 1860) (Fabricius,
1967) 1865) 1798)
Gerride Naucoridae Notoctidae Veliidae Dytiscidea Caenidae
Hemiptera Coleoptera Ephemeroptera

W51 W52 W53 W54 mS5 WS6

Figure 3 Survey of aquatic insects at Maan River in rainy and winter seasons

Avlianuvainvate (H) veswuadtuwidmiulugaiuuazgmnimiiu 1.665 uag 1.664 auddu (Table 2)
o a a = o € v IS 1 1 J g; lﬂld U v
Weansuiguiiguiuinaeinviinisiinme1us1891ues Tudorancea et al. (1979) nan13dn @iffiAduiianng

nanvaten1eInIneglugie 1-3 (H' = 1-3) wansdawasifinandauaudfivngaunenismsdiinvesdniuivs ol

o

ANuRANANYIalsEAUUINNAN ATAINAINTY 1 (H' < 1) wansiuvasitudauaudfldvingauion1sasdiinvesdniun

@

V309ANANYTATEAUAN Uazdinndn 3 (H' > 3) uansiunduhdanmmngauiusenisiasayiulnveddidinviedaig
ANNALNTININGS (Hansnsal uazame, 2565; fygynalg wagaAne, 2563) d1msu Wilhm and Dorris (1968) nan731A

srdanuvanraten N meIndt 1 uanstaunanihiinisiuioutaiivg (highly polluted) aglutig 1-3 Yuiounadiv

U1una13 (moderately polluted) warannnin 4 unasinldfinnsuwileuvadis (Prommi and Payakka, 2015) Tuagiinis
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dsefumnumanemeinmues Fernando (1998) ulanarndvdienaumainvatemsdinmuazdviienuasiiauevesns
undnsEateuIanil (' = 1.664-1.665 uaz J' = 0.748-0.758) Wudﬁmwwa’mwmmadLLuadﬁﬂuLLﬂfﬂuﬁua&ﬂuwﬁuﬁw
17 (H' < 1.99) uindulviandadanuainaueagluseduga (' = 0.75-1.00) (Sarmiento and Mercado, 2019) & sA314
adanslunisnszeimessaniniudnduveuuanheiaie fordsegludmsiuitamuandsiululuutaz i
frogs Tasendaiinnuasiiaueiidnuidilng 1 waneh Sanuadiauelunisnszedvessaniluuidntugdlug gy
(' = 0.758) wAndggrun (' = 0.748) dmfurrdviianusnneialugeuu (R = 1.552) fidwnniiggun (R = 1.376) §9
Asriauneininnuduiussusunuriauanidnuluudazggnia Inedwauiinufistudinavi e dvdaumn
yiafiud uiae uiegaslsfinm S1uausiin (Taxa richness) vesdniavananilonmuaminaias Surunazanadaniw
(Biomass) maqé’miamLﬁwfuﬁaamaaﬁuaavJ'ﬁ’wﬁmaamawaﬁmax?ﬁlaﬁ%ﬁmﬁLﬁ'wﬁaﬂ (yRuwazdaasni, 2550; Norris
and Georges, 1993) Ingianziigounuaingy Ephemeroptera, Plecoptera wag Trichoptera (EPT) lauf fiageuuuangs
Fugam wiasalauransuazuasuauUaent) fnnulennsuafiviarnumanszaediluuvasihifinisuudioust s
gl dudaiivsdauamidléf (unua uazame, 2502) oy namsdisaaniluwiihmiumusasdzaily
anudi 1 esanndifoidaduanrdduiuazinisuuidou cu Mn way zn ﬁwnﬁmmﬁ’?ﬁluﬂ (Table 1) Fapasidnseds
Usinaeendauiiazaesiwemnaniiluggruiinulusinashniunasiguamdifteduasosdniiia fudiduadeiaes
Praqgdensegluinasindinnue

mMavsggndldunasihuasiniiodusudlunmsfenunsasouamnimitluwiimy SdunsAnuaded du
Tngj 98.36% vesuuasiimuiuguitvsvenamamirsgduuiunats meld) uazdn 1.649% Hunduitvsuenamarwinun
(Figure 2) danguuuasinudsnanannsnlssdiuguamiiiiomsoufndnineinsiuaraunndon nenguuuasiived

A mieendu 4 sufie AuAMUANIN (DO > 7 mg/l) NUAIBRUTRILLAINEALLAZAISaUTEMNATULY AAN N

q

v
o a v

M (DO 5-7 mg/\) wusgauvewuaIUaontuasfiigouratiate Aunmumeld (DO 3-5 me/l) wumiuil 390 A

q

1
Y e wazAmuAINEeNlnsy dadzuaiiy (DO < 3 mg/l) wunuauwad Ldfoudndn (YauIALAZINAT, 2552; NBITANIS

N, 2565) Lilanan1sAnwilaen1siasizia ASPT Wuaflduszidunmninuy JaiiA1 BMWP Score 11vns6iag

Do LD

usdinuluggHusagggvuaNuTn ASPT AU 7.000 wag 7.833 nudidy feguaiminiiaesngniadnuinsgu
aun i luuasiiifueglusedu 2 wegamuamihlveglussdudeudied (augnssumsdanadouwsisnd, 2537)
f%’m%’wﬁmaaLLuaaﬁwL@iuﬁwﬂmujﬁmﬁumaaﬂmq@Nuuazq@mn’ﬂuagmﬁ S3 (g aunae Istiudenduardulzsn)
uazqAfl S5 (YuTuLAYaILNEIn) Ao wauam (Enithares ciliata (Fabricius, 1798) uazanudsldth (Anisop sp.) muddy

aunsalfilusvinsnnessiihniusesUsuenquainilwaiidvua liwuashusazadadianuvuniuseaninuaiiv
wseaUSunaeangnuluuvaniitug Funuuiesiiudddanganhegliuudniareiniisen@aulsuiumin d1anusn

K% '
a

glvadunnAneandiauddy 8slunindy wuiiviseladanuanziawnsaldviavioanatsvenaninuingeuls

@

uean9nil wuthfiunumardaluniseuaslasdis (Biological control) Tussaud neftunumiduswhaudaiudos
&N 5’3’&Lﬁué’mimgﬁmazwmzﬁﬂmﬁmnméumluuﬂﬁwﬁwmi (@381, 2549) Fauandliidiuin wauauinuluwitnsus
Uselomiiognanniuiefidusuvioogifomdsluaruaugavesanmuindouuarszuuinmi uanaind Tunsne
awé’uﬂ’uﬁ‘iwiwmﬂmmﬂwmama%qmwmaumaqﬁﬁmmmwﬁw (Table 3) WUIANMURAINRAIENITINTWLUSHUAU
Qmmwfﬂumﬁfmﬁu (r = 0.039-0.827; p-value = 0.042-0.445) Imaﬁﬁaﬂmmwﬁmwmamw (Temperature, EC,
Turbidity wag TS) ﬁmmé’uﬁuﬁ‘igﬁ’umuﬂaNlﬂauﬁasxﬁuqqﬁ’uLLuaqfﬂﬁWU‘LuLmﬁmﬁu (r = 0.6646-0.7829; p-value =
0.066-0.150) wagngulavientin (Cu, Mn uag Zn) ﬁﬁizG‘]’Ummé’uﬁuﬁ‘izﬁuﬂmﬂm&iﬂwﬁﬁzﬁuga (r = 0.623-0.741; p-
value = 0.092-0.186) L% UNU Iu%maﬁ'ﬂaﬁ’aﬂmmwmqmﬁ (TDS, DO, NO5, PO,”*, Alkalinity, Hardness tag pH &

o
[

AUFTUNUS ‘"aLmizé’wﬁlﬂauﬁaizﬁ’uqaﬁmi”mammmﬁ'] (r = 0.390-0.828; p-value = 0.042-0.445) lagLawizaAi DO,
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Temp wag pH ﬁmmé“uﬁuér"fuiussﬁuqqﬁmmaﬂﬁﬂ (r = 0.7602-0.8272) (Table 3) FsdonadaiuseNuvos eyeyady
LAZANE (2556) WUTNAMUMEANNTANENNSTINMYe IlasilmLduRUEiU Temperature waz pH luuithds dauaana
‘via’m‘mmasuaqLLuaqﬁﬂuﬁuﬁsquﬁ’mumLﬁwmsﬁm’mé’uﬁuéﬁ’um Temperature, DO, pH, EC wag TSS (angaild, 2553)
wanslidfiuiusina DO Sruduiuslulufiemadentusiauasnisuninszanevesuani iWeswnuSinaeendaulu
fiismedimnuddgronuamirifuarnsmssdinvesuuasimnsuuuy luvaeiiansemnsiauduiuslulufianig

q
%

NNEUAUTIUIUVDILUAIUN

Table 3 Correlation analysis on water quality parameter with aquatic insects in Maan River

Alkalinity  Cu DO EC Hardness  Insects  Mn NO5 PO> TDS TS Temperature  Zn pH
Cu 0.9634
P-value 0.0020
DO 0.09824 0.9180
0.0005 0.0098
EC 0.9952 09180  0.9637
0.0000 0.0098 0.0020
Hardness 0.9847 0.9705 0.9739 0.9851
0.0003 0.0013 0.0010 0.0003
Insects 0.7011 0.7318 0.7602 0.6646 0.7623
0.1207 0.0983  0.0793  0.1499  0.0781
Mn 0.9823 0.9902 09499  0.9883  0.9913 0.7406
0.0005 0.0001  0.0037  0.0002  0.0001 0.0922
NO3 0.9921 09647 09707 09925  0.9876 0.6886 0.9858
0.0001 0.0018 0.0013 0.0001 0.0002 0.1304 0.0003
PO, 0.5561 0.3582 0.6583 0.4904 0.4789 0.3896 0.4052 0.4913
0.2518 0.4857 0.1552 0.3234 0.3365 0.4452 0.4255 0.3223
TDS 0.9616 0.9745 0.8977 0.9779 0.9423 0.5862 0.9669 0.9531 0.3935
0.0022 0.0010  0.0152  0.0007  0.0049 0.2214 0.0016  0.0032  0.4402
S 0.9935 09843 09643 09949  0.9858 0.7117 0.9911 09845  0.4946  0.9794
0.0001 0.0004  0.0019  0.0000  0.0003 0.1127 0.0001  0.0004  0.3186  0.0006
Temperature  0.9786 09085  0.9973 09571  0.9643 0.7646 09417 09593  0.6776  0.8925  0.9598
0.0007 0.0122 0.0000 0.0027 0.0019 0.0766 0.0050 0.0025 0.1392 0.0167 0.0024
Turbidity 0.9623 0.9590 0.9488 0.9951 0.9707 0.7829 0.9748 0.9777 0.4264  0.9059 0.9563 0.9369
0.0021 0.0025 0.0039 0.0030 0.0013 0.0656 0.0009 0.0007 0.3992 0.0129 0.0028 0.0059
Zn 0.8732 0.9503 0.8026 0.8956 0.8785 0.6231 0.9108 0.8575 0.2717 0.9522 0.9218 0.7959 0.8242
0.0231 0.0036  0.0546  0.0158  0.0212 0.1864 0.0116  0.0290  0.6024  0.0034  0.0089  0.0583 0.0436
pH 0.9554 0.8883  0.9899  0.9282  0.9553 0.8272 09265 09412 06633 08456  0.9340  0.9915 0.9408  0.7532
0.0029 0.0180  0.0002  0.0076  0.0029 0.0422 0.0079  0.0051  0.1510  0.0339  0.0064  0.0001 0.0052  0.0839

G
Han1snTIRnnuAnn U lukddiudngegluinusiaun ninduasamsneInsdniuda wazinae

WINTFIUAUAMUIERRAY 8niu NO5, pH, Cu uar Mn Ainuluaanlin 6 Usanuduldeglunariuinsgiudangs msie

'
faa o %

Juaalgavefiazauuazsessumsuulounaansannslausslovifidu dmsuusaahinvdnlugidunguuiuiu wou

o w

3919 uaws9me Taagluad Notoctidae, Veliidae wa Dytiscidea auanu &

' =]

Tudmnafiazuuussdni@innlunisus

venAMATI BMWP score Wiy 5 uaw 7 Foanmsgrunmihluwdniffueglussdu 2 wasaunimihdeuted (ASPT=
7.000-7.833) ilofiansanenamannvianevnsdinndneglusesiusun (H= 1.664-1.665) usndulardvdauasiiae
ogflusedugs (U= 0.748-0.758) wandliifiud Sruauriinvesuuasitosudauasiianslunsnssaisiesuuaigs
wsgnuktasiidueganuuweziuiddi- luwiiviuisuunieund Ssszgndldidudrsineianmanis

wiithudu dauededanunnefinlugaru (R=1.552) fiduinnitgauis (R=1.376) dsiu madssendlduuasiuuaniniu
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=2 o

AusgRuninseauliunans (weld) gefis 98.36% wag DO, Temperature wag pH dAnuduiusivwiasegluseduas

Y
v '

(r = 0.7602-0.8272) Fsdpyaiildnnmsidvansalidudeayaiugiulunisuimsinnisuasfnnunsivaeunan i i
nseudnYuaraNumIzaudani1sidusylevivesunasin dnviaieasisanunsendnialymiazaiiudrfAgyves

NININTITTIUVRUUNUNGvRIguvUgumliudely

AUBUAN

o & Ya v

UdSaqalamed angITeveunndYIetinide WIEINMINIA WIYRaT @1 IYTINEIRERsAsInaey

U q

o

MUY
ANgINeImaniuazinalulag laranduideuasinu uninerdesvdglageansal lunssususyuius Swiauyusiil

1A
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