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Genetic variation of lotic fish: A case study of Garra cambodgiensis at Mang River,

Nan Province

waad lagu’ aanssAn Asuad’, anste aanadA’, 40106 ASWEN', Wis) WElsauans’?

WRZARG AEI LR

Chaowalee Jaisuk'*, Julatat Keereelang', Amornchai Lothongkham', Supawadee Sriyam’,

Patchara Nithirojpakdee” and Dusit Srivilai®

'AngAnanAaniuazinalulatinnainemns unanandumaluladsusasdiunn Wil Samdnunu

* pnszinalulagigraminssunisiness amanendowalulagngunanydiean measums

1Faculty of Science and Agricultural Technology, Rajamangala University of Technology Lanna Nan Campus, Nan, Thailand
2Faoulty of Argo-Industrial Technology, Rajamangala University of Technology Tawan-Ok Chanthaburi Campus, Chanthaburi,
Thailand

*Corresponding author: chaowalee2009@hotmail.com

Received: Sept 15, 2023
Revised: Fab 2, 2024

Accepted: Feb 9, 2024

UNARED
= a ¥ ¥, . ¥  a = =0 v o
nisilazunlasaesiivnaunssindinasielaiiastiu nsanwidlinouanlaszauniy
wilstsaunnsiugnesuaesilaiestiuluuvasinlua lasdnuluilardediudesainunsnszanansag
wulfinauynarinananaesudtntiu JEaaneiadranulaiviestunataaila iwaidusounulunng
asamnudinlanisilasuuilacsing o) NdsnasiaRugnasnzestan WAnwUadsiuluatiinng an
Tulasuaninaladh 6 daumis liun GC203, Gara, Gar6, Gar13, JQSO uaz HOLN ngusaatetinuiie

1A (N = 20) uaztinudady (v = 16) manudntanaefiul A unainuanan1siugnesugs daAas

A9l AN A 9.67+3.35 8.17+1.86 A1 A_ 5.1342.75, 5.28+2.65 A1 A 8.88+3.03, 8.17+1.86 AN H,
0.64+0.14, 0.58+0.17 A1 H, 0.75+0.11, 0.75+0.14 n1slatluannaania-loilidsn vesngusiaating
fihudenaamuiisauits JQSO daunguietnetinudadsnuil JQSO waz HOLN HassamnAuwmi
e 2 nawliagluanna ﬂzimﬁqmjﬂw%a 2 {1 N, Auaunn TNUANI92ABL9A WUANEWNNINRLGNITH

sendangy Hnsdvtuniaiugnesnszndiaia 2 nguanalunaniannszuaiiian nauliuguas

| I~ = = : % o &y cao Ay 3 =
vL‘]J‘]J@’W]LﬂuLLUUﬁN@NﬁN@@HLLW?ﬂﬁ‘ﬁ@’]ﬂiﬂiﬂﬁl@@ﬂ@’]u’] fayadaaiasieauiinlanenseuaunng

a
2 2] 1 v

a o o o a A v ¥ o 4 a 2 =y =2
NWEITNTVARRICALNUINITH mum@ma‘mwmmLmﬂfaﬂuﬂmmmu‘lum@uﬂzgumnmummﬂm

' 1
o a

AugNeIuaeslafiesiunidadnensvaintanasininenistssilussAuiugnesuaesdanaiin

9 lAREe

=_

Ay dandeiiu, Wugnssw, tulasumnimalas, a11n4n, wliniu

Do

9ansidematulagnisdszas TN 17 atiui 2 (nsngIAx - fuanAN 2566)



mailto:chaowalee2009@hotmail.com

Abstract

Changes in the aquatic ecosystem have an impact on local fish. This study focuses on the
genetic variability of lotic fish, with a specific focus on Garra cambodgiensis. This species is widely
distributed and can be found in nearly all tributaries of the Nan River, and its biological similarities
to various local fish species. It serves as a representative species to understand the genetic changes
resulting from various environmental alterations. The G. cambodgiensis in the Mang River was
studied using six microsatellite loci (GC203, Gar3, Gar6, Gar13, JQSO, and HOLN) in sample groups
from Ban Bo Luang (N =20) and Ban Wang Pa (N =16). The findings indicated that G. cambodgiensis
exhibited a high level of genetic diversity, with the following average values: A 9.67+3.35, 8.17+1.86,
A, 5.13+2.75,5.28+2.65, A 8.88+3.08,8.17+1.86, H 0.64+0.14, 0.58+0.17, H, 0.75+0.11, 0.75+0.14.
The Hardy-Weinberg equilibrium test also revealed deviations at loci JQSO for the Ban Bo Luang,
and JQSO and HOLN for the Ban Wang Pa. The sum of all loci showed significant deviation from
Hardy-Weinberg equilibrium. The sample groups had a high effective population size (N,), and no
bottlenecks were detected. Genetic differences were found between the two sample groups, and
there was genetic admixture between both groups. This could be attributed to the influence of
discharge, contributing to the movement of broodstock, and the presence of semi-buoyant eggs that
can disperse downstream, playing a role in the observed genetic distribution. This information
enhanced our understanding of natural genetic processes. For a more comprehensive understanding
of local fish species, itis recommended to investigate the genetic diversity of local fish species, which
have distinct biology from G. cambodgiensis, in order to assess their genetic diversity more
effectively.

Key words: Garra cambodgiensis, Genetic, Microsatellite, Wa River, Nan River
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Table 1 Descriptions of primer sequences, fluorescent labelling, and annealing temperature (T )

(°C)) of microsatellite loci analyzed in this studly.

Locus name Primer sequences 5 -—-> 3" Fluorescent T, (°C) Ref.
labelling
F:GTTCTCCAGGTGTGGATTTCTC (Jaisuk et al.,
GC203 VIC 58
R : AACATACACTCACAGTTTGGCCT 2014a)
F: ATTACTGATGCTCCCG (Su et al., 2013)
Gar3 FAM 58

R: GTTGCTGCTCTTGTCC

F: GCTTTACCTCCATCGC
Gar6 HEX 58
R: GTCACTCCACCAACCC

F : ACTCACGCAGACTCGC
Gar13 FAM 58
R : GACTACAGAAATAGGGTT

F: TTGGCTGGAGCGATGGCTG (Kirchner et al.,
JQSO HEX 54
R : AGGGCTACATCACAGACTCAC 2014)

F: ACTGCGCTCGTACCCTATG
HOLN FAM 60
R : CAGCAGCCGGTAAATAGCTG
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Table 2 Temperature profile of the polymerase chain reaction (PCR) used in this study.

Step Temperature (°C) Time Cycle
Initial denaturation 94 2 min 1
Denaturation 94 30s
Annealing 54-60 30s 40 cycles
Extension 72 30s
Final extension 72 5 min 1

200 bp
100 bp

Figure 1 PCR product of locus GC203, lane 1: blank; 2, 3, 4, 5, 6, 7 and 9, 10: Sample, 8: DNA
Standard 100 bp

N5ILATIZNLAYA
UsziduAunaInaanIaiugnssun e Ul sz mnsan A ILLE ARRAD A ULNALE RS
Tﬂﬂﬂ%ﬁyiﬂﬂmﬂmw GenAlEx version 6.1 (Peakall and Smouse, 2006) A1 allelic richness (A)a7n
Tusunau FSTAT version 2.9.3 (Goudet, 2001) mmmfaumﬂ,ﬁmmumn@u@@aﬁﬁlqmﬁﬁfn Ineinng
1321 1A exact p-value #2835 markov chain AMN3TU84 Guo and Thompson (1992) Faellsunss
GENEPOP version 4 (Rousset, 2008) U5uszaumiuinazidu (p-value) AR A (multiple
test) #iel Bonferroni correction (Rice, 1989) Usziiuanuau effective population size (N,) taeilisunay
NeEstimator version 2.01 (Do et al., 2014) NAaLANIITABIA lWNgNFI8tiN9AaeTUsunss Bottleneck
version 1.2.02 (Piry et al., 1999) NAABLAINNLANFANIBITEALAIMNUAINUAILNINRUTNTTHNAN AN

allelic richness (A) TgNNINAgaL Mann-Whitney U
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dszifiuannuulslsunisiugnssuseudnailszanamsuiuanuudsdsaunnaluilszains
noaauAans QST szudnaranedng Taallsunss ARLEQUIN version 3.11 (Excoffier et al., 2005) A1
?zﬂzﬁWQWWGWuQﬂiiu (genetic distance) el s1nsN GenAlEx version 6.1 (Peakall and Smouse,
2006)

3mmzﬁmﬁmmjuumm?dwmﬁu@iw‘lﬂﬂmm Structure 2.3.4 (Pritchard et al., 2000)
mmfumﬁwﬁuﬂizamﬁmﬂﬂumm%ﬂmmLwimﬁfmﬂﬁﬂw,wi@zmjuimﬂiﬂmmu Pophelper R v.1.0.10

(Francis, 2017)

NANI5AeLazanNlsana
AMNUAINUAIENNE UL TSN URINGN DL

dl e‘:/’ i 1 dl % =2 dyd :/J
wisaanunelulasuaninalayivia 6 aruns A4 lunnsAnedianisznaingluuuluisaes

o {

dszans nadaAneauangaisgeanluusazlszansusazaiumisiulasuanmalast aell ngusaatig
fiutianasaiuaudaetng 20 faating tiudsly 16 faetng AnunanuatanIeiugnssuinulungy

' 2
al

finatinatinuLianaauazAeat NANMat A HA1lW 4.00 (Gard)-13.00 (Garé way Gar13) hasieiaas)

9.67+3.35 UDAAR AN A_ 2.69 (Gar3)-9.41 (Gar6) ANL@AY 5.13+2.75 A1 A 3.80 (Gard)-12.25 (Garé)

ARt 8.88+3.03 LBAAA A1 H, 0.40 (JQSO)-0.85 (Gar3) ANaAt 0.64+0.14 AN H, 0.60 (Gar13)-0.89

e

'S

(Garé) ANLaAL 0.75£0.11 WazWUAT F, Aikdasianisaanainanaaania-ladidinnmumis JQSo Ing

o

‘W‘Llllﬁ’}LiiﬁlLV]@T?VLGHTﬂ%a”@’mﬂ’]ﬁ‘ﬂWﬁWm’]?;I (H,) N’mﬂ’j"lﬁlﬂLETG]LVI@TTVLGHTﬂ%a”@’mﬂ’]?ﬁQLﬂ[ﬂ (H,) b&men
{nAq1 1849 heterozygosity AndnTimasaziily waslngaanuEana 2 ngudatinseanaInaNnaaIFa- il
\fn (Table 3)
ﬂmwmnmwmqﬁuﬁqﬂﬁuﬁlwﬂumﬁmﬁm&iwﬁmdﬁﬂumxﬁqLfﬂ?ﬁlﬂ AT A ey
5.00 (Gar13)-11.00 (Gar6) wazilAniade 8.17+1.86 uaadn A A, 1.85 (Gar13)-10.24 (Gar6) et
5.28+2.65 A1 A 5.00 (Gar13)-11.00 (Gar6) ALade 8.17+1.86 LBARR AN H, 0.25 (JQS0)-0.81
(GC203) Anvade 0.58£0.17 AN H, 0.46 (Gar13)-0.90 (Gar6) AR 0.75£0.14 WaZNLAN F, Idns
fenseanannangasnia-1ailidsn fikaumia JQSO uax HOLN Taemuiananmalslaindaannnis
ANAUNTE (H,) ynndrAanmelslringRannnisdang (H,) hanaindnda1aes heterozygosity AN
fiasazilu (heterozygosity deficit) (Table 3) HANINARALAIINUANANTBITLHLAINLNGINIATE
NNAUFNIINANAN allelic richness (A) linuANNWANG WAl ATz dngusatinstinuLanaeiu
tiudsde (p>0.05)
NITWUAN F SERAY: ﬂ@imﬁfmﬂ'wﬁlLmmﬁﬂun@juﬂixmmﬁmLawm@‘iﬂﬁinmﬁ@ﬂﬂdﬁﬁmmt
W waraInen Fixation index (F,) fifAeaeuuan (fuenans F, =0.12+0.25 uaztinuiale F,
—~0.19+0.28 LAAITNEIN9IN AL sL NN T AL LEARARNRY (Wahlund effect) (Hedrick, 2011)
n191sziiiuanuau effective population size (N,) Wungusiaag19Ldnuiinulanada Iy 269.9

' a ' '

(HA19j921919 34.8 - Infinite) nguanatietinudstlednnifunisseunild (infinite) (HAagisznang

U U
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v
34.0 - Infinite) wazaINNIIMARaLanIIzAeLanlungusatnlinunslian1azaaanlusia 2 ngu

AaaEg (Table 4)
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0.67, A1 H, 0.73 - 0.83 LAZ Jaisuk et al. (2021) ﬁﬂmﬂmlﬁﬂﬁuziﬁﬁﬁﬂw A1N017 A9UIAUIU AN
nssausansede 3 Wnumaeasingte anlilasuammalast 5 Snumis nufldeaedu A v
12.33+0.57 AN A_7.14+0.40 A1 A 10.54%3.40 AN H, 0.6320.04 WALA1 H, 0.85+0.01 NITWLTLAL
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Aediulugnieng @rnanengnningi) HAMNUAMNANENWAUGNITH a1aaztiunannanaae iy
Wuanafiedifinisungnszanening mmmﬁuﬁ:mﬂﬂLﬁﬁ”uiwﬁqqq@ﬁmmﬂ‘ﬂmﬂﬂﬁ‘xLmeﬁ%ﬁmWﬂ
e wiufilanldedniiendn - vidernnmndng feasduiondifimmaaiuginglauasssnauty
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(Jaisuk et al., 2015) TeaannReaiunTwLTa 2 nguaetweananangaania-ladidsn Tneilen £, &
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o &

Wugszudnasany d nsteluiuaesilszang 2 dszains nsluauainaesinluumasin lnadenasie
m’uﬁumm‘wmm/mﬁmm\iﬁxﬁuﬁuﬁqm@uwﬂ’ﬁL‘ﬁuﬁﬂfgﬁumﬁ?ﬁﬂmmm Barson et al. (2009)
o : & B - y o N TN
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Table 3 Allelic variability at 6 microsatellite loci of Garra cambodgiensis in the Mang River

Population Gar3 Gar6 Gar13 GC203 HOLN JQSO ﬁ’lmgﬂ + SD

Ban Boluang N 20 20 20 20 20 20 20
A 4.00 13.00 13.00 12.00 9.00 7.00 9.67+3.35
A, 2.69 9.41 2.47 8.42 3.72 4.04 5.13+2.75
A 3.80 12.25 10.99 11.45 8.52 6.27 8.88+3.03
H, 0.85 0.70 0.60 0.70 0.60 0.40 0.64+0.14
H, 0.63 0.89 0.60 0.88 0.73 0.75 0.75+0.11
F -0.35 0.22 -0.01 0.21 0.18 0.47 0.12+0.25

Ban Wang Pa N 16 16 16 16 16 16 16
A 7.00 i %00 5.00 9.00 9.00 8.00 8.17+1.86
A, 3.48 10.24 1.85 6.65 4.79 4.66 5.28+2.65
A 7.00 11.00 5.00 9.00 9.00 8.00 8.17+1.86
H, 0.63 0.63 0.56 0.81 0.63 0.25 0.58+0.17
H, 0.71 0.90 0.46 0.85 0.79 0.7 0.75+0.14
F 0.12 0.31 -0.23 0.04 0.21 0.68 0.19+0.28

Note: sample size (N), number of alleles per locus (A), effective number of alleles (A ), allelic richness (A), observed

e T

heterozygosity (H.), expected heterozygosity (H,), fixation index (F); F. values and probability of significant deviation from

Hardy-Weinberg equilibrium (P) are given for each population and locus. Values underlined indicate statistical significance, P

< 0.0042, after Bonferroni correction = 0.05/ 12.

Table 4 Estimates and 95% confidence intervals of contemporary effective population size (N,) and
the detection of bottlenecks based on Wilcoxon’s test for 2 population samples at 6

microsatellite loci.

Effective population size Bottleneck test
Based on linkage disequilibrium
Samples
95% Confidence intervals
N, Lower bound Upper bound TPM (P-value)
Ban Bo Luang 269.9 34.8 infinite 0.843
Ban Wang Pa Infinite 34.0 infinite 0.562

AMHNULANANNIINUGNTTNTENINLSETING

ﬂmﬁﬂﬁuﬁyq 2 ﬂzy:s\lﬁ']@ii’]\iﬁﬁma\lLLlﬁlﬂﬁh\‘mNW‘uQﬂ??N (A1 Global Fg, = 0.04890) N3N AZDL
AN TUIIUNTUENTIN AMOVA WL91 4.89 % 2189ANNLUTLTIUNARINANUANANEIENIS
Usza1ns 1Az 95.11 % TesanauLlnlauiifaaineanauansnsszwinegandnlutszanns dwiunas

NARDUIZLUNNNRUGNITH (genetic distance) FRaNguAIBL NN AT 0.279
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HANTRLATIZNNIAANGNUATNNITEINEBIBINANAIDENT 2 NN WUANANNTNTBIUFAL

4 o 1 = o [ X A 1 = ' :/J J = =
nauFnetainIslrdulussAuiugnIsNLaAINNENTTINEEINIEdNNN 2 Ngu TnafiansinanunL A
WA lULAA T AR89 WA Y NANAZLFENAL AR UGN ITNVBITN 2 NFNFABENNLATNNINAADUNAS
Aanguiilu 2 (K=2) (Figure 2) wansdailanaaiiuis 2 nquasatineiionainisizilulazaiawmey

FEMINNGNFNENNUATNHANE NN INAUFNITNITNT I 2 N

Figure 2 Bar plot of membership coefficients of individuals assigned to genetic clusters (K =2 ).
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Abstract

The goal of the research is to determine the effectiveness of digestive enzymes in Climbing Perch
on 30 different native yams for potential use in fish food production. Therefore, enzymes for food digestion
were extracted from Climbing Perch to test in vitro digestibility. A Completely Randomized Design (CRD)
experiment. The results indicated the top 5 protein digestion efficiencies as follows: Man Phrao Pu, Man
Lueang, Man Hua Chang, Man Chao, and Man Wai, with values of 1,872.3+69.0, 1,764.2+13.1,
1,667.5+75.6, 1,593.5£13.1, and 1,542.3+42.7 umol DL-alanine/g feed/trypsin activity, respectively. In the
statistical analysis, Man Phrao Pu exhibited no significant difference (P>0.05) when compared to Man
Lueang, Man Hua Chang, Man Chao, and Man Wai. However, Man Phrao Pu showed a significant difference
compared to other native yams (P<0.05). The results revealed the top 5 carbohydrate digestion efficiencies
as follows: Man Wai, Man Plaeng, Man Sao, Man On, and Man Hu Chang, with values of 4,390.1+324.2,
3,417.1+403.8, 3,165.1+56.5, 3,156.0+250.8, and 3,040.5+122.9 umol maltose/g feed/amylase activity,
respectively. Man Wai exhibited a significant difference in carbohydrate digestion efficiency (P<0.05).
Based on this study, Man Wai is considered suitable for use as an ingredient in Climbing Perch fish feed
formulations, as evidenced by their performance in protein and carbohydrate digestion efficiency assays.
Nutritional analysis of Man Wai reveals high protein content (9.24%) and carbohydrate content (78.38%),
with low fiber content (1.27%). This suggests that enzymes from the intestines of Climbing Perch are most
efficient in digesting Man Wai.

Keywords: native yam, digestive enzymes, Climbing Perch, food production.
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Table 1 The proximate composition of 30 native yams

proximate composition (% dry weight)
Type of Yam

Carbohydrate Protein Fiber
Man Phrao Pu 60.43 11.23 417
Man Lueang 62.48 10.30 511
Man Hua Chang 62.83 11.55 2.59
Man Chao 80.59 11.62 2.37
Man Wai 78.38 9.24 1.27
Man Pla 60.83 8.69 3.71
Man Sao 64.46 7.82 4.15
Man Nep 63.30 11.55 3.40
Man Aon Bokluea 64.42 8.30 4.44
Man Kong Khao 51.88 9.90 5.04
Man Chao Phrao 57.01 7.70 4.54
Man Khao 51.95 12.31 9.11
Man Lueat 66.69 9.03 2.56
Man Plaeng 56.69 11.40 413
Man Ku 48.28 10.07 7.49
Man On 57.46 7.77 4.53
Man Aon 60.78 7.59 3.92
Man Yueak 72.90 8.13 2.07
Man Liam 66.64 10.65 2.68
Man Sa 66.64 11.17 2.20
Man Saeng 57.07 6.84 2.99
Man Klam 59.82 7.68 4.23
Man Hu Chang 64.17 8.98 2.35
Man Klaep 59.58 11.95 3.90
Man Lueat Nok 67.26 9.94 3.03
Man Kong Khi 68.95 3.20 2.34
Man Mi 47.03 12.83 5.64
Man Hep 55.83 9.92 4.09
Man Phrao Yao 65.36 8.86 4.74
Man Mue Suea 69.00 7.87 2.63
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Table 2 Protein digestion efficiency (umol DL-alanine/g feed/trypsin activity) with digestive enzymes of the

Climbing Perch on 30 native yams

Type of Yam Average + SE Type of Yam Average * SE
1 Man Phrao Pu 1,872.3 +69.0° 16 Man On 1,360.2 + 36.1°%9"
2 Man Lueang 1,764.2 + 13.1%° 17 Man Aon 1,354.5 + 19.7°%9"
3 Man Hua Chang 1,667.5 + 75.6° 18 Man Yueak 1,331.7 + 6.6%"
4 Man Chao 1,593.5 + 13.1° 19 Man Liam 1,331.7 + 78.9%"
5  Man Wai 1,542.3 + 42.7°° 20 Man Sa 1,320.3 + 19.7°°"
6 ManPla 1,536.6 + 13.1°° 21 Man Saeng 1,314.6 + 42.7°°"
7 Man Sao 1,491.0 + 144.6°°° 22 Man Klam 1,291.9 + 3.3%1"
8 Man Nep 1,479.7 + 13.1°9%" 23 Man Hu Chang 1,257.7 + 3.3°"
9  Man Aon Bokluea 1,468.3 + 118.3™°°" | 24  Man Klaep 1,212.2 + 3.39"
10 Man Kong Khao 1,445.5 + 32,9°°9" 25  Man Lueat Nok 1,212.2 + 55.9"
11 Man Chao Phrao 1,439.8 + 62.4°°" 26  Man Kong Khi 1,200.8 + 128.1%"
12 Man Khao 1,434.1 £ 92°°°" 27  Man Mi 1,178.0 + 75.6%"
13 Man Lueat 1,422.8 + 6.6°%" 28 Man Hep 1,172.4 + 4.8%"
14 Man Plaeng 1,405.7 + 42.7°%°" 29  Man Phrao Yao 1,161.0 + 6.6"
15 Man Ku 1,400.0 + 65.7°°" 30  Man Mue Suea 1,104.1+ 6.6'

Note The values with different superscripts are significantly (P<0.05)
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Figure 1 Protein digestion efficiency with digestive enzymes of the Climbing Perch on 30 native yams
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Juiang AAwinfu 3,165.1+£56.5 umol maltose/ g feed/ amylase activity Suaais HA1WNIU 3,156.0£250.8
umol maltose/g feed/ amylase activity siuy%19 ALY 3,040.5+122.9 umol maltose/g feed/ amylase
activity Sutan 8Aniiu 3,013.74211.9 umol maltose/ g feed/ amylase activity 571Laan AA1LYNAL
2,844.7+209.2 umol maltose/g feed/ amylase activity 34419 NAvinAL 2,812.1£192.9 umol maltose/g feed/
amylase activity SWaeALN JAWINTL 2,785.3£94.9 umol maltose/g feed/ amylase activity siua1 ANy
2,367.0+102.9 umol maltose/ g feed/ amylase activity STuLHL HALATAL 2,355.3+134.6 umol maltose/g
feed/ amylase activity Tugeudeainae JA1WINAY 2,266.9+74.0 umol maltose/g feed/ amylase activity 31
943 ANV 2,153.6437.7 umol maltose/ g feed/ amylase activity Jun3ot] A 2,144.1£103.2
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Juunay TALYINAY 1,491.5+135.5 umol maltose/ g feed/ amylase activity Tuns19812 TALYI1ALD
1,468.4+18.9 umol maltose/ g feed/ amylase activity Judeu JAwiniy 1,441.6+134.6 umol maltose/g feed/
amylase activity Suwgs HA1TU 1,409.0+106.0 umol maltose/ g feed/ amylase activity 51L1aa4 JAN
WinrTL 1,403.1+18.8 umol maltose/ g feed/ amylase activity il AANWINTL 952.2450.2 umol maltose/ g
feed/ amylase activity 14191519 TA1WNL 806.2488.6 umol maltose/ g feed/ amylase activity Lozl

FedsrAninmnisdesTilsiutlasign InadAini 660.3+29.5 umol maltose/ g feed/ amylase activity
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Table 3 Carbohydrate digestion efficiency (umol maltose/ g feed/ amylase activity) with digestive enzymes

of the Climbing Perch on 30 native yams

Type of Yam Average = SE Type of Yam Average = SE
1 Man Wai 4,390.1 + 324.2° 16 Man Ku 1,777.4 + 59.1%"
2 Man Plaeng 3,417.1 + 403.8° 17 Man Yueak 1,679.6 + 74.0°"
3 Man Sao 3,165.1 £ 56.5™ 18 Man Klam 1,670.0 + 147.7"%"
4 ManOn 3,156.0 + 250.8™° 19 Man Kong Khao 1,604.8 + 147.7%"
5 Man Hu Chang 3,040.5 +122.9% |20 Man Mi 1,544.3 + 85.0"%"
6 Man Pla 3,013.7 £211.9°" | 21 Man Mue Suea 1,506.9 + 162.0%"
7 Man Lueat 2,844.7 +209.2°° | 22 Man Hua Chang 1,501.0 + 37.7%"
8 Man Khao 2,812.1 £192.9°%° | 23 Man Klaep 1,491.5 + 135.5%"
9  Man Lueat Nok 2,785.3+94.9°° | 24 Man Phrao Yao 1,468.4 + 18.99"%
10 Man Sa 2,367.0 + 102.9°" | 25 Man Aon 1,441.6 + 134.67""
11 Man Hep 2,355.3 +134.6° | 26 Man Saeng 1,409.0 + 106.0™
12 Man Aon Bokluea 2,266.9 + 74.0°° | 27 Man Lueang 1,403.1 + 18.8""
13 Man Kong Khi 2,153.6 + 37.7°" | 28 Man Nep 952.2 + 50.2™
14 Man Phrao Pu 2,144.1 £ 103.2°" | 29 Man Chao Phrao 806.2 + 88.6"
15 Man Liam 1,827.3 + 18.2" 30 Man Chao 660.3 + 29.5¢

Note The values with different superscripts are significantly (P<0.05)
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Figure 2 Carbohydrate digestion efficiency with digestive enzymes of the Climbing Perch on 30 native

yams
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Abstract

The study on species and abundance of phytoplankton as bio-indicator of the King ’s Royally
Initiated Huai Bon project, Ubon Ratchathani province was conducted. Samples were collected from
3 stations in March (summer season) and June (rainy season) 2022. Absolutely, there were 4 divisions
and 41 species of phytoplankton, with an average density of 646.33 cells per liter. The dominant
species in summer season was Trachelomonas sp., followed by Oscillatoria sp., Eudorina sp. and
Lepocinclis sp. and dominant species in rainy season was Trachelomonas sp., followed by Euglena
sp., Pandorina sp. and Strombomonas sp.. Species and diversity showed the highest diversity of
phytoplankton in the rainy season and lowest in summer season. As evenness index showed the
highest pattern of distribution and abundance of phytoplankton in rainy season and lowest in summer
season. The classification of surface water by using phytoplankton with AARL-PP Score can be
concluded that in summer and rainy seasons were eutrophic status and indicated polluted water. The
results showed that phytoplankton can be used as water quality indicator in the King 's Royally
Initiated Huai Bon project followed AARL-PP Score.

Keywords: phytoplankton, Bio-indicator, water quality, Huai Bon Project
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(2o 2], Srpamiei nON
S galstnu, -
5,000 13/

station 1 station 2 station 3
Figure 1 Sampling sites of The King’s Royally Initiated Huai Bon Project, Ubon Ratchathani

Province

2. ABNSANETIRNALAZUT NI UL NARIN D UN T

nsAneaiaeunaiseulaaiufet19@IAUNN (Qualitative) INBTINNNA LN HA 11

- Aa \ PN o P A
f]‘\'i@qﬂLLW@\?ﬂmﬂumﬁJﬁluqﬂﬂjﬂ\?mq 10 1Nﬂ?ﬂu @qﬂsL'HLLu'Jﬁ\? AMNTEAULTEN 0.5 WHATIUANUNAIUN

(bottom) NNRARAN (surface) 3 AT WBLSNMIENNFILN9898 lugol 's solution 1 RARARAT LATALLN

#Hinn1unfesqanssal A uunaiiauazgiisnuauienansdni8eaes Wongrat (1999) N13ANELES

a

Bunauiufaes1adaFunn (Quantitative) iiatinusiy (niheaseiaaans) 14 Patalas Sampler iy

Fti19fl 2 s2AL RN wazNa1RH Haugeunasiaeuawia 10 Tuasen andiuludasggfeussaun
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UNANNTAWAUNTALABE 199N 1B lan1ZUTR RN wasFnenan wsaag19fag lugol s solution

1 fadwns tniuluiiesdjumnisfoaaladiuunasineu (Sedgwick-Rafter Counting Cell) N1

ﬂé/'ﬂ\‘l%mﬁ‘ﬁﬁmﬁ%mm Wongrat and Boonyapirat (2003)

3. MsAnuAmANIE

Lﬁ‘uﬁf;faf;mmfmﬂmmﬁimwmﬂmumu?ﬁmeéﬁﬂu &11n1vnslAsang naNTalseyu 81989
ANNLTE N AR NIINNNS AN A BN ARITUT 8 (W.A. 2537) WeramynfAdaLaInLazine
AMNNAWINEBNUVITR W.A. 2535 fé"a\iﬁmummmgm@mmm‘fﬂuwmaaﬁu (Office of the
National Environment Board, 1994) AR FRRE TN AR AN TN e AR T 15 APHA,
AWWA and WPCE (1998) thnsdnsnmwsesAinsnssiamnininunesadifisinis deuulaslideans
AuFNEFaeeng wirefasianignsaadariuin luniaauin 1Hun anmgd Aty Annwtin Wi aaw
Tunsn-Ae uaziiunmueendiauaranstin faenaiesile YSI 556 Multi Probe System LTuNnu4178 119
AN Greenberg et al. (2005) Taun Tumen (NO,-N) Ime3% Cadmium reduction ke lxLilel (NH,-N)
1nei33 Nesslerization uaz Wagin (PO,*-P) Tned3 Ascorbic acid Fatsunnieandiauiiaaunid
fasntsldlunistdesaaiaansdunsd (BOD) Taads iodometric wul azide modification method

(Greenberg et al., 2005)

4. Wpsrzndays
4.1 NINAIITAANARATLTHIUUNASTIRDY
ﬁﬁﬁq@ﬂwLL‘wmﬁmu‘ﬁliﬁﬂﬁnmm"ﬁLLqu@‘Luﬁmﬂﬁﬁﬁma AINANDANLUN 189 Wongrat
(1999) Prescott (1962) waz Needham and Needham (1967) mmfuﬁmqmmﬂ?mmuwmﬁmuﬁifa
ams Fatl UNDUUNANTAAY (MazAadRT) = 1,000 ab/c
e a = WBunnsinluanafufetaunasTne
b = SuruunasTreuiiinléee 1 gnunAtiaudms
oy ﬂ"‘immifﬁﬁmmmuq\mimLmeﬁﬁmu
4.2 FapaNNNINTNA (richness index)
Lﬂum'ﬁﬁﬂﬁyﬁfnwmwmmmmﬁuLmeﬁmuﬁwﬂuLuﬁi@:@mLL@:ﬁNLqmﬁﬁﬂmuﬁ”uﬁm
AR AN LTINS ALAT S Ui aie TaelE TRy niA FTTiAs N NN
A3n197949 Margalef index (Ludwig and Reynolds, 1988; Clarke and Warwick, 2001) Iﬂﬂﬁ@]mﬁﬂﬁ”
R =(S-1) /In(n)
Ine R = A1AgHANNINTe
S = SuauTTAT L AT
n = AuusaTaMNATING

In = natural logarithm
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4.3 fatianua nNnaeuesiniug (diversity index)
1En13AT1UIUAINATIBA Shanon-Wiener Diversity Index (Washington, 1984; Ludwig and
Reynolds, 1988) ANATHN LA lEUs2naun1sNanstIANNAINUAIL 9L 2T ANUWNAS TAEULAY

AnEurANINALIARaNTIE i UA T ueu ialugadimanazdaaaan Tnadigaasan

S
H' = Z(pilog(p(i))
i=1

/ o
oy H' =datianuvainuane
S = AMUIUTHAUNAINTADUVIINA
P. = AARIUIDIRUIUN | ANUALIISUNA Wa | Wil 1,2, 3, .08 s

o =

4.4 ATUAMNANNAND (evenness index)

2
oA ¥ A

Lﬂumﬁ'mmmimmﬁmmLmeﬁmuLLﬁi@mﬁmmLLﬁi@xam fndlANgeuanadnqatlsznausas
inassmeuTiTe N E AR uLas NI sz ane il awiu nnsAnEn ARTIEN IR U A FTAY
mjmmmu%%mm Pielou index (Washington, 1984; Ludwig and Reynolds, 1988; Clarke and
Warwick, 2001) Tneiigmasieil

Evenness (J)) = H’/ log(S)
Tt Evenness (/) = ArfaiAdnudsinIgxe
H'= drsatinanuvainians
& ﬂ%ﬁmuﬁnﬁmﬁwuiw-gmfu

%mﬂaLmeﬁﬁmuﬁmLm:ﬂmmwﬁﬁﬁmﬂ%ﬂuﬁmﬁwﬁ‘zuuﬁmm WATUNAIILATIZHAN WY
NNNILNINUATN AN Lﬁﬂﬁﬁmﬁﬂmiﬂi:Lﬁuqmmwfﬂmzuuﬁmm‘iﬁﬁq‘lﬁmﬂ%ﬁﬁumeLuum;iN
418 AARL-PC score (Applied Algal Research laboratory Physical and Chemical score)
(Peerapornpisal et al., 2004) TaglEnns0mas 6 15ia L&A n19sinlwin Funneendiauiinzaneliin
ANdiasnisliaandiaulunisaanaansauvistaasqauviae (biological oxygen demand, BOD) lusism
(NO-N) wanTaiile (NH-N) wazwagaine (PO,-P) Imﬂﬂi:qﬂﬁmmnmmﬁm@mmwfﬂmm
(Lorraine and Vollenweidar 1981) Lmzmmg’m@mmwﬁyﬂmmmgﬁqﬁmmmmzm@umﬁiqLmé’@m
WA W.A.2537 LL@:‘lﬁmuuummaﬂiuﬁumqLmﬁLLmLLﬂmmmmwfmw (Appendix 1 and 4
AUN1TIAINTFANBULNTININ ImﬂinLmeﬁmumﬁmLm'umﬂa:Lﬁu@mmwﬁﬂmﬂ%zﬁq&Tummuu
2819418l AARL-PP score (Applied Algal Research Laboratory Phytoplanktons score) (Peerapornpisal
et al., 2007) AN LT LA LU NN WA ZA T UM 9T N0 Tneaunguunasinaung
aTinTES sl 3 FuFULInLALTIAIwIINNNIFetas 10 TeuNAITRELRTTNLTanATn
m:uuu‘ﬁlvl,éﬁmmﬂ'ﬁmﬁlﬂ‘ﬁ'wmmﬂumuuumﬁqm‘wLLmﬁﬂﬂzLLuu?zﬁu@mmwf’mm (Appendix 2

and 3)
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NANITANT
1210 13800 uazTRsa3 198 UNaTRa T
1.1 TUATBIUNAITABUNT
ANNNIANENTTATDILNATADUNT ‘Emﬂmm"'}LLuﬂﬁﬁxﬁmq@‘ﬁlwmqﬂ‘ﬂmqmﬁwLﬁ’uﬁﬂ

ANfine UaUEULHeINNIAINNIENTATE IUITETNIINaaTIe AUl 3 and199a DA lutaegFeunas

'
o

faelu 99u 2 A%e NUUNAITROUTT 4 AT 41 18a THun FAdy Cyanophyta 4749w 4 1in Aadu
Chlorophyta a11214 18 1A Radu Euglenophyta Aa7u91 5 4l LAz ARdY Chromophyta a112u 14
10

Lﬁ'@ﬁmimﬁmfgummmLmeﬁmﬂuﬁmmmMﬁm@ Wudwmzﬁﬁm@‘ﬁl 38R
UAMNNANLVBITRAUNAITAOUNTAIFA AU 30 THA Im\!;1ﬁfﬁmquu‘wmﬁmuﬁﬂu&gmﬁﬁm@ﬁ' 1,2
WAL 3 WU 25, 22 uaz 30 Tia MINEL uazifiefiansuiaindiurusfingasunasmeuiiniu
doaiaan Tuianeien warludaeguy nudgfeutiacunainuaisvesaiaunadineuizaiuan 33
wiin uaznwuludaeg e A1uau 31 Tila (Table 1)

1.2 Bundaeunasinauig
annatuliunasesunasireuiaaugadisanuiunnunasinauisieds 646.33

A o dl a

Liassaans Inaqad139aNWLT N UN AT UNTLRAL 494 RaqAR199a7 1 HBNIMUWASSRaUNT

q

=

742 [adRaanT WazANgAluqnd199aN 3 HITNIUUNAITROUNT 475 LTaRHAART (Table 2) Lila

a

fansengRg1sanulBNuNasTraUNTIRAE 1,278.67 imadsiadns TuggiaunuBuIuunaar

AOURTNINNGIE AW HAWWINAL 965.67 lradsedns wazluggruilAunaineunaiads 313 wadse

amng (Table 3)
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Table 1 Biodiversity and number of phytoplankton (cells/l) in The King 's Royally Initiated Huai Bon

Project, Ubon Ratchathani.

Summer season

Rainy season

Division Class Order Family Species
St1 St2 St3 St1 St2 St3
Cyanophyta Cyanophyceae Nostocales Oscillatoriaceae Oscillatoria sp. 0 0 392 1 0 0
Pseudanabaena sp. 0 0 0 0 5 0
Spirulina sp. 0 0 3 0 0 0
Oscillatoriales Gomontiellaceae Komvophoron sp. 0 0 104 0 0 0
Chlorophyta Chlorophyceae Chlorococcales Coelastraceae Coelastrum sp. 3 0 3 0 0 0
Hydrodityaceae Pediastrum sp. 0 0 1 0 0 0
Oocystaceae Tetraedron sp. 0 18 0 0 0 0
Ankistrodemus sp. 0 0 0 1 0 0
Zygnematales Desmidiaceae Desmidium sp. 0 8 1 22 4 0
Staurastrum sp. 1 0 0 11 0 1
Closterium sp. 5) 0 142 4 3 5
Cosmarium sp. 5 0 3 9 5 1
Xanthidium sp. 3 0 3 0 0 0
Euastrum sp. 0 0 i 5 1 0
Micrasterias sp. 0 0 0 1 0 0
Arthrodesmus sp. 0 0 0 0 1
Zygnemataceae Spirogyra sp. 0 2 44 0 1 0
Mougeotia sp. 0 0 0 2 1 0
Mesotaeniaceae Gonatozygon sp. 0 3 10 21 0 0
Onychonema sp. 0 0 1 0 0 0
Volvocales Volvocaceae Eudorina sp. 167 191 0 0 2 0
Pandorina sp. 0 88 0 0 141 0
Euglenophyta Euglenophyceae Euglenales Euglenaceae Euglena sp. 5 3 1 82 167 4
Lepocinclis sp. 57 46 36 17 0 9
Phacus sp. 6 134 1 10 17 8
Strombomonas sp. 1 12 1 0 34 14
Trachelomonas sp. 984 385 88 39 216 49
Chromophyta Bacillariophyceae Bacillariales Bacillariophyceae Nitzschia sp. 1 1 1 1 0 1
Eunotiaceae Eunotia sp. 0 0 0 1 1 0
Fragilariaceae Synedra sp. 0 0 1 1 1 0
Naviculaceae Navicula sp. 1 1 1 1 1 1
Pinnularia sp. 0 0 0 0 0 1
Rhopalodiaceae Rhopalodia sp. 0 0 0 1 0 0
Surirellaceae Surirella sp. 0 0 1 1 0 0
Aulacoseirales Aulacoseiraceae Aulacoseira sp. 0 0 1 0 0 1
Naviculales Amphipleuraceae Frustulia sp. 1 0 1 0 0 0
Pennales Diatomaceae Tabellaria sp. 0 0 1 0 0 0
Rhizosoleniales Rhizosoleniaceae Rhizosolenia sp. 0 1 0 0 0 0
Chrysophyceae Ochromonadales Dinobryaceae Dinobryon sp. 1 0 0 0 1 0
Synurales Mallomonadaceae Mallomonas sp. 1 1 1 1 1 0
Dinophyceae Peridiniales Peridiniaceae Peridinium sp. 2 2 1 0 1 0
species 17 16 27 22 19 13
Phytoplankton (cells/l) 1,244 841 854 240 603 96
St1 St2 St3 Summer  Rainy
Total species 25 22 30 33 31
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Table 2 Number of Phytoplankton (cells/l) in The King s Royally Initiated Huai Bon Project, Ubon

Ratchathani Province in 3 sampling stations during the summer and rainy seasons.

stations  Cyanophyta Chlorophyta Euglenophyta Chromophyta
No. of % No. of % No. of % No. of % Total
phytoplakton phytoplakton phytoplakton phytoplakton
1 0.50 0.07 134 18.06 600.50 80.93 7.00 0.94 742.00
2 2.50 0.35 206.50 28.60 507.00 70.22 6.00 0.83  722.00
3 249.50 52.53 108.50 22.84 110.50 23.26 6.50 1.37  475.00
average 84.17 17.65 149.67 23.17 406.00 58.14 6.50 1.04 646.33
Genera 4 18 5 14 41

Table 3 Number of Phytoplankton (cells/l) in The King ’s Royally Initiated Huai Bon Project, Ubon

Ratchathani Province in the summer and rainy seasons.

Cyanophyta Chlorophyta Euglenophyta Chromophyta
Season No. of % No. of % No. of % No. of % Total
phytoplakton phytoplakton phytoplakton phytoplakton
Summer 166.33 17.22 216 22.37 575.67 59.62 67.00 0.79  965.67
Rainy 2.00 0.64 83.33 26.62 222.00 70.93 5.67 1.81  313.00
average 84.17 8.93 149.67 24.50 398.83 65.27 6.67 1.30 1,278.67
Genera 4 17 5 14 41

1.3 TAs9aF19109UNAIS Re LN

annnafnesflsrnettesunasaeuRlagEinafinyulAsansenafUNg e
UauSUITaNIAN NNTZINTAT TusraTnn TR a3 SNLUNAI A uRT TuAnduy Euglenophyta {14
Taseas1andn Anludndibasias 58.14 109a911 Aa AITL Chlorophyta At Cyanophyta LazAATY
Chromophyta Aaludndausesas 23.17, 17.65 uaz 1.04 muanau (Figure 2a) SeRansaniaseaing
BunuunasinaunTnINand1394 wurjﬂf-gm?wfmﬁ 1 WL A uRe luAAT Euglenophyta 11
Tasaasrandn Anflubesas 73.16 78489871 A0 ARG Chlorophyta Aadu Chromophyta Lazaddu
Cyanophyta Anifludndiubeaas 24.90, 1.74 uaz 0.21 AMNAIAL Qma‘h?fm*ﬁ' 2 WAty Euglenophyta
Fulaseatrandn Andlubanns 69.63 509a5an Ae AATY Chlorophyta At Chromophyta WazAg1
Cyanophyta Aaludadiusaaaz 29.08, 0.87 Uaz 0.41 AMNAIAL f-gmz%wamﬁ' 3 WUty Euglenophyta
Aulaseasranan Andufanny 51.76 3898911 A8 AATL Chlorophyta At Cyanophyta Lagmaatu
Chromophyta Aaludngdiusasas 16.39, 29.18 LAz 2.67 AMNATAL A9WIATIAFIAINTIIAT WLHN
‘Luq@’é@uwuLmeﬁmuﬁ‘ﬂuﬁﬁsﬁl’u Euglenophyta wulaseairanan Andusesas 55.99 3898981 Ae

A2 Chlorophyta A Cyanophyta Wazaad1 Chromophyta AsLiludndiuasay 23.73, 19.45 Las
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0.83 ANNAAL Lmz"luqmﬂduwuimm’éwLmeﬁmauﬁmsLuﬁ%*ﬁ"'u Euglenophyta \ulaseas1enan AnLilu
%euaz 73.71 909098 A AT Chlorophyta A Chromophyta UazA%G1 Cyanophyta ARLIUARARIU
SR8ay 23.18, 2.69 WAY 0.42 ANaAL (Figure 2b) Slafas0in I A SR NPT AT I UNASTR AL
frafasufinuniudanaan wudnlugaseunuunasinaufinaiaiey Ae Trachelomonas sp.
Oscillatoria sp., Eudorina sp. W< Lapociclis sp. Imﬂ‘wuﬂ?m’]mma‘ﬂ 485.67, 130.67, 119.33 LAY
46.33 \aanedns Auansu Andudndiulesas 50.29, 13.53, 12.36 uav 4.80 ANa1AL uazlugg
lunuunaaineungsiiam e Trachelomonas sp., Euglena sp., Pandorina sp. Wae Strombomonas
sp. TaemutBunnaade 101,33, 84.33, 47 uaz 16 LIaAA0ANT ANA" AL Andludadiutenas 32.37,
26.94, 15.02 uaz 5.11 MNAIFL (Table 4 and Figure 3) uaziiiaRansnnmuqndisanudngndnsaa
7 1 wuunaTeuRTRAY Aa Trachelomonas sp., Euglena sp., Lepocinclis sp. Wag Gonatozygon
sp. TaemuLBunnaeas 511,50, 124.50, 37.00 ua 10.5 adAaans Auasy Andudadoufanas
69.17, 16.84, 5.00 UAY 1.42 AMNSAL dauqndnaadl 2 nuwnastaauiaiasie Trachelomonas
sp., Euglena sp., Pandorina sp. Wae Phacus sp. Tmﬂ‘wuﬁmmmgﬂ 300.50, 180.00, 87.00 waz 54.00
IAAARANT MINAAL ARTudRgauTetay 42.99, 25.75, 12.45 uar 7.73 AINaAL Lazlugndiana
‘171' 3 WuwNALTRauTiaALAe Oscillatoria sp., Trachelomonas sp., Komvophoron sp. wae Closterium
sp. Taemi3unnueae 196.00, 168.50, 52.00 UAT 45.50 i1adaAaans AuS AL Anludndnfanas

41.31, 14.44, 10.96 WAz 9.59 AINATAL (Table 5 and Figure 3)

100
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Percentage of phytoplankton (¥

Chromophyta, 70
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Cyanophyta, 10

17.65% 0

Chlorophyta,
23.17%

St.1 St.2 St.3 Summer Rainy

[ Cyanophyta [ Chlorophyta [ Euglenophyta |l Chromophyta
(a) (b)
Figure 2 (a) Group of phytoplankton; (b) Percentage of phytoplankton in The King 's Royally
Initiated Huai Bon Project, Ubon Ratchathani Province in 3 sampling stations during the

summer and rainy seasons. (St: Station, S: Summer season, R: Rainy season)
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Table 4 Dominant species and number of phytoplankton in the summer and rainy seasons.

Season No. Dominant species Average amount (cells/l) % Total amount
Summer 1 Trachelomonas sp. 485.67 50.29
2 Oscillatoria sp. 130.67 13.53
3 Eudorina sp. 119.33 12.36
4 Lepocinclis sp. 46.33 4.80
Rainy 1 Trachelomonas sp. 101.33 32.37
2 Euglena sp. 84.33 26.94
3 Pandorina sp. 47.00 15.02
4 Strombomonas sp. 16.00 5.1

Table 5 Dominant species and number of phytoplankton in 3 sampling stations.

Station No. Dominant species Average amount (cells/l) % Total amount
1 1 Trachelomonas sp. 511.50 69.17
2 Euglena sp. 124.50 16.84
3 Lepocinclis sp. 37.00 5.00
4 Gonatozygon sp. 10.5 1.42
2 1 Trachelomonas sp. 300.50 42.99
2 Euglena sp. 180.00 25.75
3 Pandorina sp. 87.00 12.45
4 Phacus sp. 54.00 7.73
3 1 Oscillatoria sp. 196.00 41.31
2 Trachelomonas sp. 168.50 14.44
3 Komvophoron sp. 52.00 10.96
4 Closterium sp. 45.50 9.59

n3gnaenaTulatinnssene U9 17 a1

o

U

12 (nangnAx - §1AAN 2566)
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Figure 3 Dominant phytoplankton species in The King 's Royally Initiated Huai Bon Project, Ubon
Ratchathani.
A) Trachelomonas sp. B) Oscillatoria sp. C) Eudorina sp. D) Lepocinclis sp. E) Euglena sp.

F) Pandorina sp. and G) Strombomonas sp.
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D

o a
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wudrugaruliinaunasineuianaiu 3 vindlemeuiuggiew InefFuinuiniy 313+261.26

WIARFIRAnT (Table 6)

Table 6 Shanon-Weiner index and abundance of phytoplankton in The King ’s Royally Initiated Huai

Bon Project, Ubon Ratchathani Province in 2 seasons and 3 sampling stations.

No. of
Diversity Richness index Total number of
Season  Stations Evenness (J) Phytoplankton
index (H ) (R) species
(Cells/l)
Summer 1 0.77 0.27 2.24 17.00 1,244.00
2 1.56 0.57 2.23 16.00 841.00
3 1.74 0.53 3.85 27.00 854.00
Average 1.36+0.52 0.46+0.16 2.77+0.93 20+6.08 979.67+229.01
Rainy 1 2.21 0.71 3.83 22.00 240.00
2 1.58 0.54 2.81 19.00 603.00
3 1.67 0.65 2.63 13.00 96.00
Average 1.82+0.34 0.63+0.09 3.09+0.65 18+4.58 313+261.26

3. N7UsLLEUAIANNININ
3.1 ANHUTAUNALAB N9
o dl o/ d’l all [~3 (% 1 0” 1 % oil q' al U v 1
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3.2 AT NN MRAZATIIR LAY

mnmilﬁuﬁfmﬂwmfﬁLﬁ'@ﬁﬁmiﬁﬂm@mmwfﬁmqmﬂmwLmeqLmﬁmmu?l,qmrim’éwdw
futhaseusuiiennainnszaas s v 3 andnma uan1eLlszifiugon AARL-PC qndnsaad 1,
2 uay 3 HAwiniy 2.70, 2.50 uaz 2.60 TutdaegpFaunazn gy Lﬁ@ﬁ’]N@ﬁiﬁmﬂmﬁuﬂmmm‘iﬂmﬂ

Ta1fAuazunuet1enanissziugion AARL-PC score wudnuggenuazggely JAwiniu 2.80

1 o

WAy 2.30 (Table 6 and Figure 4) E91v@ I pninningaulunidnag luszauaisamnstiaanailiug

U

¥
o o

nan3 (Oligotrophic-mesotrophic status) waziatFauAtUnusigunIniialldnat luseauna

11uUna19 (Appendix 1 and 4)
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Meso-eutrophic status

4

3.5 4 Mesotrophic status

3

25 A Oligo-mesotrophic status
2 B
15 4 Oligotrophic status
1 4
0.5 4 Ultraoligotrophic status
0
St1 St2 St3

Summer Rainy

Score

Figure 4 AARL-PC Score of Trophic status values in The King ’'s Royally Initiated Huai Bon Project,
Ubon Ratchathani Province in 2 seasons and 3 sampling stations. (Note —— = value limit

between categories)

3.3 AN INENNNGTINN
= < o a 4 = 3 - 4 A, Ao
annsAnATinnsdssiiunun i na TN ning lunasineuitTiaAun a4
NINNG1308aT 10 TBIUNAITABURTRINNA 2033 IINeAT19E L ALRIRIEuauduiliasnian
WI¥319A3 NaN1TUsTIUGY AARL-PP 9pd13947 1,2 4az 3 HAIWINAL 9.00, 8.33 uay 8.50 Laz
wudinisulasuulasludaennfeuuarngeu HA1windy 7.67 uaz 8.00 (Figure 5) a1u1saulIng
ATUNINUIMSTINN Usziiludiag AARL-PP score wanaliitiiugnanunniindansanuisge (Eutrophic

status) AnsNMINARDE luseALN 3R (Polluted) (Appendix 2 and 3)
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10 -
Very polluted (9.1-10.0)
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Score
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Clean-moderate (2.1-3.5)
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Summer

7
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4 4
3 4
2 4
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Figure 5 AARL-PP Score of Water pollution values in The King 's Royally Initiated Huai Bon Project,

Rainy

Ubon Ratchathani Province in 2 seasons and 3 sampling stations. (Note —— = value limit

between categories)

Table 6 Some parameters of physicochemical and biological water quality in The King 's Royally

Initiated Huai Bon Project, Ubon Ratchathani Province in 3 sampling stations and 2 seasons.

Stations Season Specification’
Parameters
1 2 3 Summer Rainy

Air Temperature (C°) 27.00 29.50 29.00 29.33+2.08 28.00 -
Water Temperature (C°) 39.38 29.56 28.32 28.59+2.34 27.56+0.91 -
Conductivity (EC, us/cm) 58.00 51.50 91.00 94+39.85 39.67+5.86 <300 ps/cm
Turbidity (NTU) 7.65 25.35 38.15 14.23+4.97 33.20+25.86 25-100 NTU
Suspension Solids (mg/l) 10.65 14.05 21.30 8.93+5.60 21.73+13.66 < 30 mg/l
pH 7.15 6.75 6.80 6.67+0.06 7.13+0.42 5-9
Alkalinity (mg/l as CaCO,) 17.75 {iE¥5 21.25 27.83+5.51 8.67+0.58 <50 mg/l as CaCO,
Total Dissolved Solids (mg/l) 29.00 25.60 45.70 47.07+20.05 19.80+2.96 <500 mgl/I
Dissolved Oxygen (mg/l) 4.87 5.37 412 3.32+0.98 5.55+6.27 4-6 mg/l
BOD (mg/l) 9.30 8.80 6.90 11.50£3.72 4.75+1.81 1.5-4.5 mg/l
Nitrate (NO,-N, mg/l) 0.90 0.90 0.55 1.10£0.20 0.47+0.25 <5mgl/l
Ammonia (NH,-N, mg/l) <0.10 <0.10 <0.10 <0.10 <0.10 < 0.5 mgl/l
Phosphate (PO,*-P, mg/l) 0.0065 0.0135 0.014 0.0147+0.0083 0.0080+0.0104 0.05-1 mg/l

Note: Office of the National Environment Board (1994)

ANSNANITANEN

miﬁﬂmmﬁm TR ala IS TaN LLW@\?TTGI@MW“]] UsulATaNI989 Lﬁuﬁﬂﬁwmuﬁmﬁmmmﬂ

WIEITAT IWsTeznioae Tudungfou (IReuluwIAN) LATOAEY (RaulquIew) W.A. 2565 WLLNAT
RauNT 4 Addu 41 1lln AdduIWuNINNgaRe Addu Euglenophyta 1898911A8 ARG Chlorophyta,
Aad4 Cyanophyta WAz #3914 Charomophyta AMNANAL WNATReWNTINAAUANLAR Trachelomonas

sp. 984 AINTAD Euglena sp., Oscillatoria sp., Eudorina sp., Pandorina sp., Strombomonas sp. a e
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Appendix 1 Translating score values of physiochemical water quality with AARL-PC Score

(Peerapornpisal et al.,2004)

AARL-PC Parameter
Score DO (mg/l) BOD (mg/l) Conductivity (us/cm) ~ NO'N (mg/l)  NH,-N (mg/l)  PO,>P (mg/l)

0.1 >9 <0.2 <10 <0.1 <0.01 <0.01

0.2 8 0.2-0.5 10-20 0.1-0.2 0.01-0.03 0.01-0.05
0.3 7 0.6-1.5 21-40 0.3-0.4 0.04-0.06 0.06-0.10
0.4 6 1.6-3.0 41-80 0.5-0.8 0.07-0.10 0.11-0.15
0.5 5 3.1-5.0 81-120 0.9-1.5 0.11-0.30 0.16-0.25
0.6 4 5.1-8.0 121-200 1.6-3.0 0.31-0.50 0.26-0.35
0.7 3 8.1-15.0 201-300 3.1-10.0 0.51-0.70 0.36-0.50
0.8 2 15.1-30.0 301-450 10.1-20.0 0.71-1.00 0.51-1.25
0.9 1 30.1-50.0 451-700 20.1-40.0 1.10-3.00 1.26-2.50
1.0 <1 >50.0 >700 >40.0 >3.00 >2.50

Appendix 2 Translating score values of phytoplankton with AARL-PP Score (Peerapornpisal

et al., 2007)

AARL-PP Score

Genus of Phytoplankton

1

a A W N

Dynobryon

Cosmarium, Cyclotella, Eunotia, Micrasterias

Elakatothrix, Centritractus, Ceratium

Botryococcus, Centritractus, Ceratium

Acanthoceras, Actinastrum, Aphanocapsa, Aphanothece, Golenkinia, Cymbella

Fragilaria, Isthmochloron, Kirchneriella, Melosira, Navicula, Nephrocytium, Pinnularia,
Rhopalodia

Achnanthes, Amphora, Aulacoseira, Chlorella, Chlamydomonas, Chroococcus

Cocconeis, Encyonema, Epithemia, Eudorina, Gomphonema, Gonium, Gymnodinium,
Oocystis, Pandorina, Peridiniopsis, Peridinium, Rhizosolenia, Surirella, Tetraedron, Volvox
Ankistrodesmus, Bacillaria, Coelastrum, Crucigenia, Crucigeniella, Cylindrospermopsis,
Dictyosphaerium, Dimorphococcus, Gyrosigma, Micractinium, Monoraphidium, Pediastrum,
Planktolyngbya, Pseudanabena

Phacus, Scenedesmus, Strombomonas, Synura, Hantzschia, Anabaena, Microcystis,
Cryptomonas, Rhodomonas, Trachelomonas

Nitzschia, Spirulina, Oscillatoria, Phormidium, Merismopedia

Euglena
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Appendix 3 Score of biological water quality followed trophic level with AARL-PP Score

(Peerapornpisal et al.,2007)

Score Water quality by trophic level General water quality
1.0-2.0 Oligotrophic status Clean

2.1-3.5 Oligo-mesotrophic status Clean-moderate
3.6-5.5 Mesotrophic status Moderate
5.6-7.5 Meso-eutrophic status Moderate-polluted
7.6-9.0 Eutrophic status Polluted
9.1-10.0 Hypereutrophic status Very polluted

Appendix 4 Score of physioc hemical water quality followed trophic level with AARL-PC Score

(Peerapornpisal et al.,2004)

Score Water quality by trophic level General water quality
<0.7 Ultraoligotrophic status Very clean
0.7-1.4 Oligotrophic status Clean
1.5-2.2 Oligo-mesotrophic status Clean-moderate
2.3-3.0 Mesotrophic status Moderate
3.1-3.8 Meso-eutrophic status Moderate-polluted
3.9-4.6 Eutrophic status Polluted
> 4.6 Hypereutrophic status Very polluted

o
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Abstract

This study aimed to study the cultivation of Ceratogarra cambodgiensis (Tirant, 1884) in
cement ponds with different density rates by community participation. The completely randomized
design was used, and the experiment was divided into 3 treatments including 20, 30, and 40 fish per
square meter with 4 replications. The fish, originally, had an initial average weight of 0.30 grams and
an initial average length of 2.80 centimeters. The experiment had been conducted for 11 months,
during September, 2022 to July, 2023. The results showed that the growth rates of fish with the
densities at 20 and 30 fish per square meter were not statistically different (p>0.05). However, both
densities were significantly (p<0.05) higher in final weight, final length, daily weight gain, and daily
length gain than the fish density at 40 fish per square meter. Moreover, specific growth rate of all fish
densities was statistically different (p<0.05). Feed conversion ratio and survival rate of all fish
densities were not statistically different (p>0.05). The water quality was within the criteria for fishes to
live and grow. Therefore, this study concluded that the optimum density rate for culture of C.
cambodgiensis was 30 fish per square meter.

Keywords: Cultivation of fish, Ceratogarra cambodgiensis, Growth rate, Muang Khong subdistrict
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Figure 1 Morphology of Ceratogarra cambodgiensis
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(Table 1)

Table 1 The results of statistical analysis of growth performances on cultivation of C.

cambodgiensis with different density rates.

Treatments (Density levels; fish/pond)

Parameters P-Value
1(20) 2 (30) 3 (40)
Initial weight (g) 0.30+0.01° 0.29+0.01° 0.29+0.01° 0.925
Final weight (g) 3.51+0.24° 3.79+0.09° 2.50+1.99" 0.000
Initial length (cm) 2.80+0.08° 2.80+0.08° 2.80+0.08° 1.000
Final length (cm) 6.83+0.06° 6.95+0.07° 6.13+0.14° 0.000
Daily weight gain (g/day) 0.009+0.01"  0.010+0.01"  0.006+0.01° 0.000
Daily length gain (cm/day) 0.012+0.01°  0.012+0.01°  0.009+0.01° 0.000
Specific growth rate (%/d) 1.06+0.4° 1.09+0.01° 0.09+0.00° 0.000
Feed conversion ratio 2.73+0.05° 2.71+0.01° 2.77+0.02° 0.620
Survival rate (%) 82.8145.98°  85.41+5.38"  79.68+4.03° 0.340

Remark: The different superscript letters of Mean+SD in each row are significantly different (p<0.05)
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