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Effect of Dietary Supplementation of Vitamin C on Growth Performances and

Feed Efficiency of Striped Snakehead Fish (Channa striata) Fingerlings
SINA NIFLNG’, LUYANS TNAT WATAISS TUSansw
Thuchapol Karaket*, Benjapon Chomcham and Sathorn Prongkasem
AITRTANANARTNTLSTIE ANARTTINENANGRSNNSINEAT ALIZINEATANARS NFNENNIBITNINR UasRauandeN
WNANENAEUAIT 2. Enan 65000
Fisheries Science Program, Department of Agricultural Science, Faculty of Agriculture Natural Resources and Environment,
Naresuan University, Phitsanulok 65000, Thailand

* Corresponding author. E-mail address: thuchapolk@nu.ac.th
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Abstract

This study was conducted to determine the level of vitamin C supplementation in diet for
growth of striped snakehead fish (Channa striata) fingerlings. The 45-day-old fingerlings with initial
average weight of 3.61 + 0.30 g and length of 6.32 + 0.54 cm were raised in 250-L cement tank at 60
fish/m” stocking density. Fish were fed on a commercial diet (40% crude protein), which contained
different levels of vitamin C (VC) supplements (0 (control), 500, 1,000 and 1,500 mg/kg) in triplicate
replications. After 8 weeks, final length, final weight, SGR, ADG, FCR and survival rate were not
significant different (p>0.05). Moreover, vitamin C in commercial diet was not detected. So, vitamin
C supplementation in diets for aquatic animal is essential.

Keywords: Vitamin C Supplementation, Growth Performance, Fingerling, Striped Snakehead Fish
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Li'ﬂa”u@ﬂﬂ’lﬁ“l’lm@'ﬂ\iﬂ’l?ﬂj’ﬂﬂ;lj@‘lf’mﬁ/ﬂ wazArNEN9189La S1uautlaniivdesen wacdieya
30NV ANANLIRINTMTNIeAY AINENILRRE TN TIRaEY (Weight gain) Snvininsad
(Average daily growth; ADG) amsnisiastytaulnaniwie (Specific growth rate; SGR) Smsmsulae
awnailuiile (Feed conversion ratio; FCR) wazénsnissenms thdeyaiAuandliuinaziaau
WANANNNINEDA tAeATN193LATITRANNLL 139U [Analysis of Variance (ANOVA)] wazidFavuiiey

ARTNUANFNNTBIANDALIZTNINNTANIINAABIAEAE Duncan’s New Multiple Range Test (DMRT) #

sLALIAMNITRNY 95 Wasidus Falilsunsnpaniomas

NAN19I9¢
NAN15ILATIETRYALSENAUMIAAN LR UNS
anuani1saLAsIziasAlsznaunisailuannisdniagd wudﬁﬁ@mmmwmm@ﬁ'ﬁndqﬁ
Arantsalliiantieslinaianizaaeallsiusan (Table 1) warnsaalinudnnNud AR ST LAY

INAWTNIZALEAN ] armnsamsanuEunndaiug i infiResiussdunidiuasly (Table 2)

Table 1 Proximate analysis (dry weight basis) of the basal commercial diet.

Calculated composition Amount
Crude protein (%) 32.9
Crude lipid (%) 8.34
Crude ash (%) 10.25
Crude fiber (%) 6.76
Moisture (%) 9.93
Carbohydrate (%) 38.58
Gross energy (Cal/g) 4,096
Vitamin C (mg/100g) ND
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Table 2 Vitamin C concentrations (mg/100g; DM) in the experimental diets.

Dietary vitamin C level (mg/100g diet)
0 500 1,000 1,500

Vitamin C ND 49.5 100.5 148.5

msm‘%mnﬁu‘ﬂm (Growth performances)
iﬂuﬁﬂLmzmwmqG;:Jﬁummgﬂﬂmﬁ@ulunﬂqmmimmm LaiflAonuunnsnaiun19a s
(p>0.05) Lﬁ'@%”uzgmmamm@mwud’]i’mﬁm@ﬁﬂ ANEI9LRRY NN T angnisiasnyLauinse
Tu dnannnasyauinauwag Jaonuuansieiuad e ldddadAyn1eaia (p>0.05) usniadia
Smfiudluewnsandeuiisziu 500 fadnfusieenns 1 ilaniu duadinlfinnasyiuiasfiga

(Table 3 wa Figure 1)

Table 3 Growth performances, survival rate and feed utilization of striped snakehead fish fingerlings

Dietary vitamin C level (mg/kg diet) P - value
0 500 1,000 1,500
Initial weight (g) 3.67 £0.28 3.55+£0.32 3.55+£0.32 3.67 £0.28 0.9589
Initial length (cm) 6.29+0.48 6.22 £ 0.60 6.40 £ 0.51 6.35+0.54 0.3842
Final weight (g) 13.12+4.67 14.78 +4.61 1455+4.28 14.37 £3.95 0.6360
Final length (cm) 1014 +£1.29 10.62+1.16 10.63+1.14 10.48 +0.98 0.4020
Weight gain (g/fish) 946+199 1123+1.74 11.00+240 10.70+1.30 0.6356
ADG (g/fish/day) 0.17 £ 0.04 0.20 £ 0.03 0.20 £ 0.04 0.19+£0.02 0.6810
SGR (%/day) 2.27 £0.39 2.55+0.32 2.51+0.45 244 +0.19 0.7801
Survival rate (%) 90.00 £10.00 92.22+5.09 93.33+8.82 97.78+1.92 0.6220
Feed intake (g/fish) 21631242 2098+1.18 20.81+2.06 19.75+0.38 0.6181
FCR 2.36 £0.45 213 +£0.58 1.90 £ 0.05 1.88 +0.27 0.4535

feed different ascorbic acid levels for 8 weeks (mean+SD).
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Figure 1 Average body weight at 0, 2, 4, 6 and 8 weeks of striped snakehead fish fingerlings fed

different ascorbic acid levels for 8 weeks.
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nnaasuvise ladiddunaninugaldlua s lddanansenusanisinannissesgnianden
(0>0.05) wrifluunindngndandeud lFsuemnadiuiniviluszigeassnanisivemssefuan
frasningnuanilisuewnslugamuan daushsnisiasuemaduiieRacuunnsneiuednlil
TdAyn9ada (p>0.05) wAn 93 NARN LT luaunstanden Sunaliiamnlfsasnisndasy
annailuideaniasliiduiu (Table 3)
anﬁwﬁyﬁ (Water quality)

o o

AN TUsE I N9N1INAReIN NN FH A NUANFNS TRt iua e Tl HTad Ay nis

anf (p>0.05) tneimpuuninestinludaadn (08.00 W.) HARAH 26.01 + 1.03 seATAITHA UAzEININe

(16.00 W.) HALRAY 28.52 + 1.37 asAtaiiaa Araadunsa-iluasaeeindategludos 7.62 -

8.83 Fnnueandiauazaatiniaagludae 4.98 - 6.24 Hadniu/ans UsnnnuwenluilasouiiAieg

a

al

Tug99 0.11-0.43 Radniu/ans waziFunnslulagiila1sendng 0.08 - 0.24 Fadniu/ans Geaglugdod

WHNZaNA MU TN A dR SN wazldiiludumnsasadndun

easadtwmatulatinnaleza 09 12 11U 1 WnsAN-Rguieu 2561



ands1auanisias

@ ° o

AINNANIINAAAIATIHLAAS 1NN 17T HARIRUT I ua s g5l d 1 nFuanidandans

al a

v '
o o '

=l a a o U 1 dl Vo = a a dd‘ o 1 = o o =l
fpoudndnysianisasoyiuin inligniandeunlafuemnsadsatniugnesAusng - Hwinied
ANENALeRE TNMINTINTL dRsnnaesn AL TR LazenmnisasyiulnAedl nunae
| Al M v a a a a a a ' 13 a a o rop (%
wazganantannlilfFuenmaadudnndiug Inedndudazdonlinnsasyiutavesgndadundulills
aen9Unfm waz/vse ATWLA WiwAgadunisAneludanuuelne (Pimpimol and Klahan, 2014)
1/a1 Asian catfish (Kumari and Sahoo, 2005) a1 Indian major carp 781881 (Misra et al., 2007)
/a1 red sea bream {88 u (Gao et al., 2013) Uan yellow catfish da88u (Liang et al., 2017) LU
TR NUTAZANNTDTIEANANLATEATRAER TN 1HaeannnaeedndnluAnnds wazluaninnig
IRENA39ANNETINTN AT dRdrinanafiaranuesealilnanssainuaisame wu nsdaesdndnnly
ANINVLILUNES N199U N192UAS N1921AANT8IMNILNTHA wazRianssuau | Nenan Widndunlafy
waaLluseEndneniamnzides (Rottmann et al., 1992) grungi n1sniidsaasansdurignazan lute
BN SUNANAEe N TMAeuas AT Ua1814dndin MR ANt eswenTudle Tulnsd
Asuaulaaanlas wAlEN1e9eenTIauaza18anad ANNLTuNTA -A19Teetin lud el Aeundag
& = = o oo o o o A \ = o oo
AN AT un i luTadaNiA ud ATy Nan NAINAFa4ININUAT A INLATEATBIERTTIN
(Portz et al., 2006) AawiuldannnisiinduzestFuimnanludle wazlulnsiluddna1vii 5-6 199013
naaed (lilfuansdioys) HasaINnsaranaa@uaInniIaaen G99 danasanuLATanTadLan W
4 < - - - . - = C dwse
WaAnewanisasyiulnludlaifd 6 2asn1maaasnudinnisasiiuinaaslandeunléfuaimsg
@A RuIinsesyuinandlateun ldliFua v ndindnndud faiasudaslififiud it dud
= | a o a4 A Yo o Y A ey a = IR AN =
Auasionisiasnyle dumelaseniolan lifudanssfunnelififiananuesaanaiipeiiuauen i
Tuln9ilusin s19n1geesdararinisneuaued 28N 131add1s corticosteroid 88NN1NINNG1LUNRA
(Iwama, 1998) aaualiliifinnisilasuutlassianszuaunisiuniueddxeng <) lusienie gy dnng
Ao o gya o o 2 - o \ . p i
aaneinalaauiisi vinlidszataaluinengs Ansaanalasiulusenie angaussinuazinaaus

= P a a p 2 a  a o | % o c a a
?q\iﬂqﬁlLﬂ@ﬂuLLﬂ@\‘liﬂ I@ElLllﬂﬂ@qLﬂﬂﬁq’]ﬂLﬁ?ﬁlﬂqzﬁ\lﬂq?@\'nmqﬂuﬁ@qﬂimmquﬁuqﬂqlm INUUIRNTNL

= ! ¥ ' = ' 491 o v A o o & . 3 v elx
mxgﬂmLm"Lﬂ’l,um'awufmvl,mmmuu%mumwmmme:mme@ﬂm (steroid) M IFARNINAI8N9

3

= °

corticosteroid TagIad TAMINUERNNANT 115719718 HN1INNBIBINTZLIWNNT NATLARTNNINTL LiND
TaeaRAINNLATEATULTEINNIANTAdan 9 RauIndan (Pimpimol and Klahan, 2014)

UANAINTNA1T corticosteroid NMAAANNAINNLATHAFINANY THNEILARNNANTLNUMAANNT

A o o o o a

waryiuTnvesdndnnwintu falinaseszuudauiug uardainlinisinauaesssuugiAniulueniy

3

o £ o ¥ g a a d” Yo £ o Y a dl a ! | a
anpNas A liidatgeauue Lﬂﬁﬂ’]ﬁ‘[ﬂﬁmﬂiﬂxﬂﬂ ?QNE]\W]’]TWLT]ﬂﬂ’]ﬁ‘Lﬂ@ﬂuLLﬂ@\iWﬂﬁmiﬁ‘Nﬁl'N"I SN

v
& 0

2INN9NILIUNTZINY HUNAuNA denaliidndtiniiansinissanmanannlé (Barton, 2002) WAaNNIsANEN
Tulargeunsell wudn nadinandudluevns inlfidardeudniaasyiiulng Lazsanmauindy

' A a a A |dl ¥ ¥ a a A 9 rob 1 a A
@]ﬂﬂmmﬂumemuusnm"l,ﬂummi WALHaYAELENNUANARINTIANNWT IudRdTLERa T TiaN

easadtwmatulatinnaleza 09 12 11U 1 WnsAN-Rguieu 2561



ANNLANANNAURL NN (NRC, 2011) Fivatinaiu gnilanindedausiaanisssuin 45.3 Hadniuse
Alan3uanms (Lin and Shiau, 2005) andaunsiadaseuiaausiasnisa ludag 96.6 — 386.5 Haan3u
panlaniueuns (Zhou et al., 2012) d9uilan largemouth bass Jusausiasidsuidinliaglutdos 102.6-
109.5 AadnFumanlaniuaung (Chen et al., 2015) asazdqaliilinngiasnAnin wazausinunulsn
as Vo o = o , A ye A a a a o o a a o
A11 WAG1MFUNNTANHATIH Yandeun liFue1msidduinnud lussau 1,500 Jaaniuseevng 1
mo e Ae y d' . Y - = o
nlaniu densnissanmiegedn aauuiFuinuinndinisldinantaasayiivinesnamen anaudu
wartandeudulanluen’en aeliaansiaanisaniiuunniu wiedn ld 1 lunszuaunisiefinu
a dl a o QI % 1 1 = o a o {
ANHLATER (Azad et al., 2007) Miinanntladadauandansine] wWwhaaiy danlus wazdanliaduden
NdAMNFADINT9g9Te 9,900 uay 5,000 Hadniusenlaniuannis mua16L (Mapanao and Jiwyam,
2010; Suwanmanee et al., 2012)
\asfaaamnsdadnidagfiesunszuaunisnannainaiadunan AnaN1sIuEs waziiy
Snnldmnnzan &auduanuginliguamisennisanadld arnuanisaszid iiuaauiiig
o 1 1 < o =3 oI 1 a o o o a dl
FaLaudIAuAININeINITTeIeIuNslnd1daglanAtasetnaltadndty Tnaanasldsaunidu
ansevsandunandiniudan daudnnfudiuenaidenanin vireNUTunouvdetesnnn auly
anugnnsaanuld WeRansaunislddselamiannennns angnsin1siue1nis uazensnisidaau
~ o & | , AWy o A a a aa a a
a1vnululiie (FCR) 184n13naaedafaiinudn dardeunliiuenunsninnsdsndnniud dulszdnsnn
n13ldeunsliRTum NN1TNIZ AL A AT lUa11T TnenuANERsINTIL Aeua 1 suiiann
NgaNszAUNILEIN 1,500 HaanFusieainis 1 Alanfu Ae 1.88 Asdaldua NanaauAs (NgE

a ' '

Tnavialdudadmiudanfwliaarldegszndng 1.5-2.0 usislidnsnisidasuamsduiianigeana
Wasandandewiudanfiuie uazingfnssuiiuingn avinlietaniuemadladdagU1aluFunn
e . . - A day e d . »
niey wsrdrainadeddagiazastegion uazlindeunasliidunaulazeslanden dseneuru
o o o o qyu o 2 a = . .
ainaieeglundunauminliiensaaiesa Auiansgoydeemisszudnimaaesllunedon

(DOF, 2010)

agUnanisidauaztaldualus
D a a A ° @ 1 IS o 1 &I IS ° ¥

NMaEINARIHUT Iua N4 Taglresgniandeuiavinaduadranin delinanliinng
WwsryiAnte YssAnsnimnisldannng uazdnsnissennnanedgnilandeiuiiigalu 1ieananniug i
amnsdgagienatinisgoyidel luszudnanszuaunian@s naaininmn vizenszuauni9au | wimos
K A a r . - o v ay o A
WNLEN AR ANE I ueNMNT e TEALTIMNNzAN& ML ST RL TR waTNIaNTzEunRANTY Wiie
nssiadnudelsaaauaiull inszannisAnenluaisiionad@udniuilulzuuinieanull $eena

TdieeneiumNfininsresgnilateuatinauiias

easadtwmatulatinnaleza 09 12 11U 1 WnsAN-Rguieu 2561



fnanssuisznA
ALTENNEURUIDLANS AMUTINHATAIANT NTNLINTTITHING UATRIMIAADN NUNINEALIULIAT

A mFueinend uazanund miunismnauiaaluaieil

LANA15A19DY

Ai, Q., Mai, K., Tan, B., Xu, W., Zhang, W., Ma, H., and Liufu, Z. 2006. Effects of dietary vitamin C on
survival, growth, and immunity of large vyellow croaker, Pseudosciaena
crocea. Aquaculture 261(1): 327-336.

Azad, I. S., Dayal, J. S., Poornima, M., and Ali, S. A. 2007. Supra dietary levels of vitamins C and E
enhance antibody production and immune memory in juvenile milkfish, Chanos chanos
(Forsskal) to formalin-killed Vibrio vulnificus. Fish Shellfish Immunol. 23(1): 154-163.

Barton, B. A. 2002. Stress in fishes: a diversity of responses with particular reference to changes in
circulating corticosteroids. Integr. Comp. Biol. 42(3): 517-525.

Chen, Y. J., Yuan, R. M., Liu, Y. J., Yang, H. J., Liang, G. Y., and Tian, L. X. 2015. Dietary vitamin C
requirement and its effects on tissue antioxidant capacity of juvenile largemouth bass,
Micropterus salmoides. Aquaculture 435: 431-436.

Darias, M. J., Mazurais, D., Koumoundouros, G., Cahu, C. L., and Zambonino-Infante, J. L. 2011.
Overview of vitamin D and C requirements in fish and their influence on the skeletal
system. Aquaculture 315(1): 49-60.

Department of Fisheries. (2010). Striped snakehead fish culture. [Online] Available from

http://www.fisheries.go.th/if-ubon/web2/images/download/plachon2.pdf [2017, February 14]

[in Thai]

Gao, J., Koshio, S., Ishikawa, M., Yokoyama, S., Nguyen, B. T., and Mamauag, R. E. 2013. Effect of
dietary oxidized fish oil and vitamin C supplementation on growth performance and reduction
of oxidative stress in Red Sea Bream Pagrus major. Aquac. Nutr. 19(1): 35-44,

lwama, G. K. 1998. Stress in fish. Ann. N. Y. Acad. Sci. 851(1): 304-310.

Jiménez-Fernandez, E., Ponce, M., Rodriguez-Rua, A., Zuasti, E., Manchado, M., and Fernandez-
Diaz, C. 2015. Effect of dietary vitamin C level during early larval stages in Senegalese sole
(Solea senegalensis). Aquaculture 443: 65-76.

Kumari, J., and Sahoo, P. K. 2005. High dietary vitamin C affects growth, non-specific immune
responses and disease resistance in Asian catfish, Clarias batrachus. Mol. Cell.

Biochem. 280(1-2): 25-33.

easadtwmatulatinnaleza 09 12 11U 1 WnsAN-Rguieu 2561



http://www.fisheries.go.th/if-ubon/web2/images/download/plachon2.pdf%20%5b2017

10

Liang, X. P., Li, Y., Hou, Y. M., Qiu, H., and Zhou, Q. C. 2017. Effect of dietary vitamin C on the growth
performance, antioxidant ability and innate immunity of juvenile yellow catfish (Pelteobagrus
fulvidraco Richardson). Aquac. Res. 48: 149-160.

Lin, M. F., and Shiau, S. Y. 2005. Dietary L-ascorbic acid affects growth, nonspecific immune
response and disease resistance in juvenile grouper, Epinephelus malabaricus. Aquaculture.
244(1):215-221.

Mapanao, R., and Jiwyam, W. 2010. Effects of Vitamin C in Diet on Growth, Feed Efficiency and
Survival Rate of Pangasius bocourti Sauvage, 1880. KKU Res. J. 15(11): 1043-1052. [in Thai]

Misra, C. K., Das, B. K., Mukherjee, S. C., and Pradhan, J. 2007. Effects of dietary vitamin C on
immunity, growth and survival of Indian major carp Labeo rohita, fingerlings. Aquac. Nutr.
13(1): 35-44.

Narra, M. R., Rajender, K., Rudra Reddy, R., Rao, J. V., and Begum, G. 2015. The role of vitamin C
as antioxidant in protection of biochemical and haematological stress induced by chlorpyrifos
in freshwater fish Clarias batrachus. Chemosphere 132: 172-178.

National Research Council. 2011. Nutrient Requirements of Fish and Shrimp. Washington, DC: The
National Academies Press. 376 p.

Pimpimol, T., and Klahan, R. 2014. Dietary vitamin C to influence growth and yield of Climbing perch
(Anabas testudineus). Thai Journal of Animal Science 1(1): 35-44. [in Thai]

Portz, D. E., Woodley, C. M., and Cech Jr, J. J. 2006. Stress-associated impacts of short-term holding
on fishes. Rev. Fish Biol. Fish. 16(2): 125-170.

Rottmann, R. W., Francis-Floyd, R., and Durborow, R. 1992. The role of stress in fish disease. Southemn
Regional Aquaculture Center. pp. 474.

Suwanmanee, P., Areechon, N., Srisapoome, P., and Taparhaudee, W. 2012. Effect of vitamin C on
growth and disease resistance of Nile tilapia larvae (Oreochromis niloticus Linn.).
Proceedings of 50" Kasetsart University Annual Conference: Animals, Veterinary Medicine,
Fisheries. Kasetsart University, Bangkok, January 31- February2, 2012. 418-427.

Zhou, Q., Wang, L., Wang, H., Xie, F., and Wang, T. 2012. Effect of dietary vitamin C on the growth
performance and innate immunity of juvenile cobia (Rachycentron canadum). Fish Shellfish

Immunol. 32(6): 969-975.

easadtwmatulatinnaleza 09 12 11U 1 WnsAN-Rguieu 2561




11

4

HADIAUIADNSIASTYLALTALAZARTINITTAAAILARILAINZNIUNIIEFY
Mmassluszuunyudauiiuuuaniding
Effects of Water Colors on Growth and Survival rate of Juveniles Asian Seabass

(Lates calcarifer Bloch 1790) in Aquaponic Systems
Anyey Yaylsziaty’, dszanu aneny?, \NFE9ANA LINBIRY®, A9na WeNEE' LA TUAUA AnNE®
Winyoo Boonprasert', Prachaub Chaibu?, Kriangsak Mengumphan?®, Jongkol Promya*
and Chanagun Chitmanat®
AnzmAtlaEnsLsraauasnInenIaTn uAnendeuls Feelusd 50290
Faculty of Fisheries Technology and Aquatic Resources, Maejo University, Chiangmai, 50290

Corresponding author: lactasai@hotmail.com

UNARER
= o a

danfianuaiunanlunisueiugd Tedunsiaaunsndenansznusaniaaatyiiuln ensnng

¥
o

saapng uaziduilinlunismiziaeednsunadsunsuany fldvasliaulanazAnsnarasdnny

1 v
oAl

wANFeiu 4 @ senisaiasnyiula wardnsnisseamaaesdaingneanndasuninisaeslule sl

9

©

|
|

AoaszuunyuReutiuuuaalling laalaingwennadagunAneduiuin 10.0941.09 niuuas

q

v
A )

ANENILRARE 8.0621.03 luRumg Ul iaeeluAduIiunnseiY Ae 1. AUNEIINTIR (NGUALIAN)

)}

%

2. AUANA 3. AUIRU LAY 4. RITLIBNUIRY FRTIANNAUILUL 153 Fa/anurAfiung Wia1uisida

a

° &

Angagulusmn 42 nlefifus @waslaniluszezioan 10 4Uanii iWedugan1amaasd Wi gaANIINAAES
P o a a A ! | ANe o o aa ~ o o a &
1 4 Juualdunisasiauinandinguatuanee9lled1ATYNNanR (p<0.05) Inadtinutiniliiuau
58.08+2.72 N§N WAZARIINI3FAAANE 83.11+6.48 1aFFUR AuAaFU Aann1ANEIATaing aalifidiu
o ae A & a A Y A \ g o = &

41 AaereNiRu ks Tiun i sanden1saeelan a9 da g lus s UM WIRILENMLILA AN
TUand

AfAny: darnzweann &un apanluliing

Abstract

Fish are capable of color vision and certain colors have been shown to affect growth and
Survival rate. The researches were interested in studying the effects of four different water colors on
growth and survival rate in juveniles asian seabass (Lates calcarifer Bloch 1790) were investigated
in aguaponic systems in the cement ponds. Juveniles asian seabass with average weight 10.09+1.09
grams and average length 8.06+1.03 centimeter were cultured in different water colors including 1.
Natural water color (Control), 2. Brown color, 3. Blue color, and 4. Blue-green color. The fish were
reared at stocking of 153 individuals/cubic meter. Fish were fed 42 percent protein pellets for 10

weeks. After experimental termination, fish in the treatment four were significantly better than the
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control groups (p<0.05), with weight gain increasing to 58.08+2.72 grams. and survival rate of
83.11+6.48 percent. In conclusion, the blue-green color was suitable for juveniles asian seabass
cultured in aguaponic systems.

Keywords: Lates calcarifer, Water color, Aquaponic
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Figure 1 The different water colors. A. Natural water color (Control), B. Brown color, C. Blue color,

D. Blue-green color
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Table 1 The methods of water quality analysis

Parameters Methods

pH pH-meter (pH /lon 510)
Dissolved Oxygen (ml./l) Azide modification
Ammonia (ml./) Phenol method

Nitrite (mg./I) Reddish purple azo dye
Nitrate (mg./1) Phenoldisulphonic acid
Phosphorus (mg./1) Stannous chloride
Temperature (°C) Thermometer

Figure 2 Schematic configuration of the aquaponic systems A: Biofilter tank B: Aquaponic C: Pond
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Average daily gain (g./body/day) = (HntiniedsiiiaAugnnN1sMaaed — TIMNIRALLHe ENNAARY)

7282 UNINAADY
, , L d4 e F I
Feed conversion ratio, FCR = Wuinamsndannu / danidndanniva
Survival rate (%) = (AuuLlanileAugan1amMaaedx100) / ausulaiaBunaaed

nsaneitlszansninnistgndniis taeldsaunisuandni 30 Su Gesiessanszaziaanlunng
W1ZN&17 10-14 41 (Boonlearnirun, 2004) Tnalunnsmaaasldscazinainisilgndny 20 Jusia 1 sau
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LR NI = ATNANIRRLLNBAUGANINAADY — ANAIRALLHD TN AADS
fRINT9LATTYLAL IR Average daily gain (ADG) cm./qu

= ANANIRALLIAUAANINAADY — ANAIRALLHDEUNAADS

7221219AN LN AREY

N5IAsIERtaNaNIeaD s
o v a e aa a g k4 . .
unfiayaliAinsziineads Tnednsziaainudslsouaasiiagys (Analysis of variance) was
WEEUREUAMNLANAINANRALUBITANNINAAEIH2835 Duncan’s New Multiple Range Test N3¢A1

pNEeNl 95 wadiiug Tnaldllsunsudnidagy 1IBM SPSS Statistics 22

NANITNAARN

nsAnENIsaLNgNlaINTNaIadafuiinuar A NeNgL@AY 10.09+1.09 NFN 8.06+1.03

UALNAT ANANAL N1elHAUNNUANFNTY 4 GAN1INAAEY LHBAUAANIINAADY WU ANRARTBN

a

Ui NI ansInaRsaiuiasiadu dnsnissenvasgnilainzwsanadaiuluganimeaassi 4 §

o

° o aa

AU THNTIGININNTANIINAR09EY | e N A1ATYN19aTiA (p<0.05) A 66.62+2.60 NiNFas)
0.78+0.40 nFupiasasadu uay 83.11+6.48 1lofdUR MINAIAL 789A9NAR JANITNAASNT 3, 2 LAY 1
= = ! = aa o & o = g

WalrauiauA1eaEn At A1ed AN §R31N1998R FNTERIINsIALwa sl renn

AN1INAABIW WL TEANLANFANTLe N T A ATy AR (p<0.05) (A9197 2)

Table 2. Growth performance of juvenile Asian seabass in recirculating aquaponic system

Parameter \ Treatment Control Brown Blue Blue-green
Initial weight (g./body) 8.18+0.19° 8.43+0.15° 8.54+0.09° 8.64+1.70°
Final weight (g./body) 51.34%1.02° 52.11+2.57° 63.51+3.00" 66.62+2.60°
Weight gain (g.) 42.91+¢1.15°  43.93+2.41°  54.87+2.24°  58.08+2.72°
Initial length (cm.) 7.30+0.44° 7.08+0.33° 8.06x1.03" 8.56+0.28"
Final length (cm.) 16.70+0.86° 17.000.70° 17.28+0.73° 18.39+0.34°
Length gain (cm.) 8.94+1.73° 9.40+1.10° 9.83+0.57° 10.20+0.79°
Average daily gain (g./body/day) 0.57+0.02° 0.58+0.03° 0.73+0.03° 0.78+0.40°
Survival rate (%) 79.33+2.40° 79.78+7.78° 80.89+2.34° 83.11+6.48°
Feed conversion ratio (FCR) 1.27+0.35° 1.25+0.06° 1.15+0.04° 1.07+0.04°

Note: Different letters in the same row are statistically different. (p<0.05)
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(M19799 3 )

Table 3. The growth of vegetables co-cultured with juvenile Asian seabass in recirculating aquaponic

systems
Production efficiency Control Brown Blue Blue-Green
Initial height (cm.) 18.24+1.62 | 18.96.+0.45 18.75+0.29 18.82+1.10
Final height (cm.) 45.18+1.90° | 51.47+5.62% 57.24+2.40° 59.96+3.41°
Height gain (cm.) 26.29+0.91" | 33.07+0.80° 38.15+0.38" 40.61+0.86"
Average daily gain (cm./day) 1.31£0.45° 1.65+0.40° 1.91£0.19% 1.98+0.11°

Note 1. Average data per production cycle of 20 days. 2. Different letters in the same row are statistically different. (p<0.05)

(n=10)

AIVATTBIATUNINUNTY 3 ATNAUNANIINAASY A UBIALY T2UUNIBITINN UAZITLILBA-
Tfind Weduganimmasas wud goungil lugannmeaesil 1 uag 4 HAuuanseiuiuganis
NAADIN 2 Uaz 3 B NNUBA1ATYNINATR (p<0.05) ABeNNAALILFAaEg 1,2 uaz 3 douifsunmn
aandaunazatsluin Avuilunsa-Ang wesluts-lulnsiay wlps-lulnsau lunm-lulnseau uas

Wagnafasn tiAMNLANANaTWN94DRA (p<0.05) (AN31497 4)
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Table 4. Water quality in recirculating aquaponic systems
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Ponds Biofilter tank Aquaponic

Water quality
Control Brown Blue Blue-green Control Brown Blue Blue-green Control Brown Blue Blue-green
pH 8.52+¢0.78° | 8.08+0.02° | 8.1£0.02" | 8.04+0.04° | 8.02+0.07° | 7.83+0.20° | 7.93+0.09° | 7.97+0.12° 8.2+0.07" | 8.16+0.05° | 7.99+0.16" | 7.92+0.17°
Dissolved Oxygen (ml./l) | 4.31+2.16° | 529+2.64" | 4.96+2.48° | 4.36+2.18" | 3.22+¢1.61° | 4.11+2.06" | 4.02+¢2.01° | 4.00+2.00° | 4.38+2.19" | 4.22+¢2.11° | 4.38+2.19" | 4.18+2.09°
Ammonia (ml./) 0.31%0.13° | 0.1820.10° | 0.29+0.11° | 0.32+0.18" | 0.2920.13° | 0.16%0.10° | 0.26+0.11" | 0.29¢0.16° | 0.27#0.14° | 0.1720.10° | 0.28+0.11° | 0.34%0.17°
Nitrite (mg./) 0.3120.30° | 0.28+0.16" | 0.34+0.28" | 0.26+0.27° | 0.17+0.07" | 0.2620.13° | 0.33+0.31" | 0.29+0.30" | 0.24+0.17° | 0.19+0.11" | 0.29+0.17° | 0.28+0.26"
Nitrate (mg./l) 0.40+0.27° | 0.42+0.29° | 0.51+0.33° | 0.39+0.26" | 0.41+0.27" | 0.43x0.31° | 0.52+0.30" | 0.42+0.27° | 0.41+0.27° | 0.41+0.28" | 0.50+0.32° | 0.39+0.26"
Phosphorus (mg./l) 0.35+0.13° | 0.26+0.10° | 0.32+0.15° | 0.32+0.13" | 0.36£0.12" | 0.27+0.70" | 0.33+0.12° | 0.32+0.14° | 0.35+0.10° | 0.27+0.08" | 0.340.14" | 0.32%0.14
Temperature (°C) 29.60+0.00° | 28.63£0.06" | 28.53+0.06" | 29.53+0.06° | 29.60+0.06° | 28.70+0.00" | 28.60£0.00° | 29.47+0.00" | 29.60+0.06" | 28.70£0.06° | 28.60+0.06° | 29.47+0.06°

Note: Different letters in the same row are statistically different. (p<0.05)
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Abstract

The effect of six different light regimes on growth and survival rate in marble goby (Oxyeleotris
marmorata (Bleeker, 1852)) juveniles was studied. Fish with average weight of 0.18+0.01 g (2.42+0.01
cm) were subjected to different photoperiods [natural photoperiod (NP), continuous dark (24D/0L),
18 h darkness and 6 h light (18D/6L), 12 h darkness and 12 h light (12D/12L), 6 h darkness and 18 h
light (6D/18L) and continuous light (0D/24L)] for 60 days. Fish were fed with Moina sp. and blood
worm two times daily (08:00 and 16:00 h) to apparent satiation. After termination period, the 18D/6L
treatment (weight gain 1.64+0.02 g) showed the best growth performance (p<0.05). The lowest
weight gain was 0D/24L (0.74+0.06 g). The survival rate of the experimented fish reared at 18D/6L
was significantly ( p<0.05) higher than other treatments. In conclusion, the best photoperiod
manipulation for marble goby juveniles should be under the photoperiod of 18D/6L.
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Figure 1 Average length-weight of marble goby juveniles at different photoperiod manipulation after
60 days rearing; a) average lengths (mean + SE) and b) average weights (mean + SE).Groups with

the same letter index on the same day are not statistically significant differences (Duncans’ test;

p> 0.05).
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Table 1 Growth performances and survival rates of marble goby juveniles under different photoperiod manipulation after 60 days of rearing

Parameters Treatments P-Value
NP 24D/0L 18D/6L 12D/12L 6D/18L 0D/24L
Initial length (cm) 2.46+0.04 2.43%0.02 2.42+0.08 2.44+0.09 2.37+0.08 2.40+0.02 0.478
Final length (cm) 4.90+0.01° 451£0.04°  544+0.02°  5.13+0.06" 4.74%0.01° 4.31+0.06° 0.000
Length gain (cm) 2.34+0.04° 2.07+0.06°  3.02+0.09°  2.69+0.11° 2.3620.07° 1.91+0.06° 0.000
Initial weight (g) 0.18+0.01 0.19+0.00 0.18+0.01 0.17+0.01 0.17+0.01 0.18+0.01 0.199
Final weight (g) 1.22+0.01° 1.09+0.02¢  1.83+0.01°  1.53+0.06" 1.15+0.02 0.92+0.05° 0.000
Weight gain (g) 1.03+0.01° 0.90£0.02°  1.64+0.02%  1.36x0.06" 0.99+0.02° 0.74+0.06° 0.000
SGR (%/day) 3.15+0.04 " 2.95+0.04°  3.83+0.12°  3.68+0.03° 3.24+0.14° 2.71+0.17 ¢ 0.000
Survival rate (%) 57.50+3.97° 68.33+2.75° 77.83+2.02° 65.33+2.31%  63.83+2.93™  61.17+1.89* 0.000

Note: Mean + SE in rows with the different alphabets were statistically different at the significant level of 0.05 when compared by Duncans’ test

Table 2 Water quality parameters of marble goby juveniles cultured under different photoperiod manipulation (mean + SE)

Treatments P-Value
Parameters
NP 24D/0L 18D/6L 12D/12L 6D/18L 0D/24L
Temperature (°C) 27.82+0.40 28.59+0.20 28.12+0.27 28.32+0.27 27.93+0.42 27.47+0.47 0.298
pH 7.26+0.03 7.27+0.03 7.17+0.04 7.22+0.04 7.26+0.03 7.15+0.04 0.086
DO (mg/L) 6.60+0.10 6.62+0.07 6.56+0.08 6.55+0.09 6.47+0.06 6.53+0.04 0.797
NH, -N (mg/L) 0.01+0.005 0.02+0.007 0.02+0.006 0.01+0.005 0.02+0.007 0.02+0.006 0.882

Megnsasamatulatiniglezas I7 12 21109 1 unsAN-Rguieu 2561

31



32

LANA15A19DY

Adewolu, M. A., C. A. Adeniji and A. B. Adejobi. 2008. Feed utilization, growth and survival of Clarias
gariepinus (Burchell 1822) fingerlings cultured under different photoperiods. Aquaculture
283: 64-67.

Almazan-Rueda, P., A. T. M. van Helmond, J. A. J. Verreth and J. W. Schrama. 2005. Photoperiod
affects growth, behaviour and stress variables in Clarias gariepinus. Journal of Fish Biology
67: 1029-1039.

Amatyakul, C., W. Leelapatra, S. Sumanochitraporn, T. Viputhanumas, P. Sripatrprasite, and S.
Kulbul. 1995. Sand Goby (Oxyeleotris marmorata (Bleeker)). Inland Fisheries Division,
Department of Fisheries, Ministry of Agriculture and Cooperatives. Bangkok. Thailand. 89
p. [in Thai]

Appelbaum, S. and E. Kamler. 2000. Survival, growth, metabolism and behaviour of Clarias
gariepinus (Burchell, 1822) early stages under different light conditions. Aquaculture
Engineering 22: 269-287.

Appelbaum, S. and J.C. Mcgeer, 1998. Effect of diet and light regime on growth and survival of
African catfish (Clarias gariepinus) larvae and early juveniles. Aquaculture Nutrition 4: 157-
164.

Britz, P.J. and A.G. Pienaar. 1992. Laboratory experiments on the effect of light and cover on the
behaviour and growth of African catfish Clarias gariepinus (Pisces: Clariidae). Journal of
Zoology 227: 43-62.

Boyd, C.E. 1990. Water Quality in Pond for Aquaculture. Birmingham Publishing, Alabama, 482 p.

Cheah, S.H., S. Senoo, S.Y. Lam and K.J. Ang. 1994. Aquaculture of a high-value freshwater fish in
Malaysia: the marble or sand goby (Oxyeleotris marmoratus, Bleeker). Naga ICLARM Q.
17(2):22-25.

Falahatkar, B., S. Poursaeid, |. Efatpanah, B. Meknatkhah and A. Biswas. 2012. Effect of photoperiod

manipulation on growth performance, physiological and hematological indices in juvenile
Persian sturgeon, Acipenser persicus. Journal of the World Aquaculture Society 43(5): 679
-687.

Fischer, P. 2000. Test of competitive interactions for space between two benthic fish species, burbot
Lota lota, and stone loach Barbatula barbatula. Environmental Biology of Fishes 58: 439-
446.

Gehrke, P.C. 1992. Diel abundance, migration and feeding of fish larvae (Eleotridae) in a floodplain

billabong. Journal of Fish Biology 40: 695-707.

a3t Tulatinnglaza 19 12 a1 1 ungAN-Hguis 2561




33

Ghomi, M. R., R. M. Nazari, M. Sohrabnejad, M. Ovissipour, M. Zarei, A. Esmaili Mola, C. Makhdoomi,
A. Rahimian, H. Noori and A. Naghavi. 2010. Manipulation of photoperiod in growth factors
of beluga sturgeon Huso huso. African Journal of Biotechnology 9(13): 1978-1981.

Gunnarsson, S., M. Johansson, A. Gustavsson T. Arnason, J. Arnason, H. Smaradéttir, B.T. Bjérnsson,
H. Thorarensen and A.K. Imsland. 2014. Effects of short-day treatment on long-term growth
performance and maturation of farmed Arctic charr Salvelinus alpinus reared in brackish
water. Journal of Fish Biology 85: 1211-1226.

Hansen, T., O. Karlsen, G.L. Taranger, G.-l. Hemre, J.G. Holm and O.S. Kjesbu. 2000. Growth,
gonadal development and spawning time of Atlantic cod (Gadhus morhua) reared under
different photoperiods. Aquaculture 203: 51-67.

Hoa, N. P. and Y. Yi. 2007. Prey ingestion and live food selectivity of marble goby (Oxyeleotris
marmorata) using rice field prawn (Macrobrachium lanchesteri) as prey. Aquaculture 273:
443-448.

Jourdan, S., P. Fontaine, T. Boujard, E. Vandeloise, J.N. Gardeur, M. Anthouard and P. Kestemont.
2000. Influence of daylength on growth, heterogeneity, gonad development, sexual steroid
and thyroid levels, and N and P budgets in Perca fluviatilis. AQuaculture 186: 253-265.

Lam, S.S., N. L. Ma, A. Jusoh and M. A. Ambak. 2014. A study on the optimal tank design and feed
type to the growth of marble goby (Oxyeleotris marmorata Bleeker) and reduction of waste
in a recirculating aquaponic system. Desalination and Water Treatment 52: 1044-1053.

Leelapatra, W. and T. Viputhanumas. 1995. Experimental on feeding sand goby fry, Oxyeleotris
marmoratus [Bleeker] with live feeds. Technical Paper no. 14/1995. Royal Thai Department
of Fisheries. Thailand. 30 p. [in Thai]

Leonardi, M.O. and A.E. Klempau. 2003. Artificial photoperiod influence on the immune system of
juvenile rainbow trout (Oncorhynchus mykiss) in the Southern Hemisphere. Aquaculture 221:
581-591.

Mukai, Y., A.D. Tuzan, L.S. Lim, M.S. Sitti Raehanah, N. Wahid and S. Senoo. 2008. Development of
sensory organs in larvae of African catfish, Clarias gariepinus (Burchell). Journal of Fish
Biology 73: 1648-1661.

Mukai, Y., A.D. Tuzan, L.S. Lim and S. Yahaya. 2010. Feeding behavior under dark conditions in
larvae of sutchi catfish Pangasianodon hypophthalmus. Fisheries Science 76: 457-461.

Mukai, Y., L. L. Chai, S. R. M. Shaleh and S. Senoo. 2007. Structure and development of free

neuromasts in Barramundi, Lates calcarifer (Block). Zoological Science 24(8): 829-835.

a3t Tulatinnglaza 19 12 a1 1 ungAN-Hguis 2561




34

Nagasawa, K., A. Giannetto and J.M.O. Fernandes. 2012. Photoperiod influences growth and m//
(mixed-lineage leukaemia) expression in Atlantic cod. PLoS One 7(5): €36908.
Petit, G., M. Beauchaud, J. Attia and B. Buisson. 2003. Food intake and growth of largemouth bass
(Micropterus salmoides) held under alternated light/dark cycle (12L:12D) or exposed to
continuous light. Aquaculture 228: 397-401.
Rainboth, W. J. 1996. Fishes of the Cambodian Mekong. Food and Agriculture Organization of the
United Nations. Rome. 265 p.
Ruane, N.M., E.C. Carballo and J. Komen. 2002. Increased stocking density influences the acute
physiological stress response of common carp Cyprinus carpio (L.). Aquaculture Research
33: 777-784.
Seetapan, K., N. Puanglarp and O. Meunpol. 2012. Study of optimal culture conditions for juvenile
marble goby (Oxyeleotris marmorata Bleeker, 1852). In The proceedings of 2" Annual
International Conference Syiah Kuala University & the 8" IMT-GT Uninet Biosiences
Conference Banda Aceh, 22-24, November 2012.
Senoo, S., K.J. Ang and G. Kawamura. 1994. Development of sense organs and mouth and feeding
of reared marble goby Oxyeleotris marmoratus larvae. Fisheries Science 60(4): 361-368.
Taylor, J.F, B.P. North, M.J.R. Porter, N.R. Bromage and H. Migaud. 2006. Photoperiod can be used
to enhance growth and improve feeding efficiency in farmed rainbow trout, Oncorhynchus
mykiss. Aquaculture 256: 216-234.
The Customs Department. 2017. Import/Export Statistics. [Online] Available from http:/search.
customs.go.th:8090/Statistic/Statisticindex2550.jsp?lang=en&left_menu=menu_report_an
d_news [2017, January 12].

Webb, M.AH., J.A. Allert, K.M. Kappenman, J. Marcos, G.W. Feist, C.B. Schreck and C.H.
Shackleton. 2007. Identification of plasma glucocorticoids in pallid sturgeon in response to
stress. General and Comparative Endocrinology 154: 98-104.

Wendelaar Bonga, S.E. 1997. The stress response in fish. Physiological Reviews 77: 591-625.

Wocher, H., A. Harsanyi and F.J. Schwarz. 2011. Husbandry conditions in burbot (Lota lota L.):
Impact of shelter availability and stocking density on growth and behavior. Aquaculture 315:

340-347.

a3t Tulatinnglaza 19 12 a1 1 ungAN-Hguis 2561




35

£ 4 = 4 a ] =
NANIS LELATINUBLARNNEITNINALLIVLNRIFITE LUR1MT e nag
Effect of natural carotenoid as sources of pigment in goldfish (Carassius auratus)
diet
USTIARN HAUFNIN*
Bancherd Sornsupharp*
*anaRTezas anszmalulagnianwes iininendesaAnysiued e.1ie A.47NE 31000

Program of Fisheries, Faculty of Agricultural Technology, Buriram Rajabhat University

Muang District, Buriram Province 31000

UNANER
=S v a c a 1 a 1
AngAnENAaN7 I uATINuREFAI NG NI AT ULAAYA13R laTlanes wvaantilu 2 nng
- ~ = ~ - o Ay o a
NARDY ABNIINAABIN 1 N12ANEILEN AT Uat AN ULATaN WNNad HUmAREN TumARN

~ =2 alaa a e A Ry v | = -
LaZUNIN FINITNNTLATUNLANANNAU AD W AN LLRSALI LAY WUQWIE‘NWEMLLF‘]I?V]H@H@?QNIuﬁﬂ‘ﬂ@ﬂ

MI9aNNNsHaLATSN HANgegn Windu 26.54+1.40 way 27.32+2.78 Tulasniusiania anaa daunn

wAlsNUaLATINAINNITAULIINLGN wATen HiFuugengn indu 478+1.54 lulasnFusaniu
= = a a a a |

nsmAaesd 2 iunisulauinaunissyiulawazniafisdlulaines aununImaaasLULgN

anysnd § 4 ganmaaed | oz 3 91 s mesrminGusiuiedusyindng 18.21-18.98 niu n31nng

a

daae 100 daslagnuiatiums Taalddngauainnisauuisnana1nnsfell anusgnanaua (T1)

q

AUITHANLATEN (T2) ATUITHANANNDN (T3) WAZANMTNANTWNARE S (T4) Imﬂmm@nﬂ@;mﬁﬁmm

TsRwade 30 wWadidus vinnisdatianin 408 Auamlsnuenwisniugn < 20 34 szaziaaInig

q

NAABY 60 JUu WUT1 Uarlansanisfiuennsgas T3 gaiign 6n3n13sannne ansnsLasgyAuln

1

zsaduLazdnsnIsas iU laeatsadu aaglaniliiueuisic 4 gas Tddaonuuansinei

a

neans Bunnualiueadmuuar Bunaminauluielanlfifuamnsgns T2 JAngeign Araa

al q
1
=

alneuazANdindunsdnluamsmngnsliuansneiu Aesd hue aagtlaingunlifuannisgns T2

FausSuRt 20 - 60 fAngegqainiL 70.88+8.87, 70.83+6.74 Uz 80.76+4.34 ANNANAL T9iiAana
WANENN AN At 9HTANATY (p<0.05) FiununisuanaIslaInaaasiAtasendng 38.61-39.93
umsianlaniu annisidagdlfdnsanunsoldinnesauuiicuazuasenavuiauiuunasansdly
awstlamedld duinliuadiduncduuaziand hue gafian

o o a

mdAn: walsueafossndng, 4198, Uanes

MeaadamaTulatinislszas 19 12 917091 1 WnsAN-Hguieu 2561



36

Abstract
The effects of natural carotenoid as sources of pigment in goldfish were determined in 2
experiments. The first experiment; the total carotenoid (TC) in steam, boil and oven dry procedure of
carrot, pumpkin, sweet potato, purple potato and beet root were investigated. The result found that
pumpkin had high TC by steam and boil procedures with 26.54+1.40 and 27.32+2.78 ug g'w,
respectively. However; the carrot had highest TC by the oven dry as 478.97+1.54 ug g'1. The second
experiment; the growth and skin pigment of goldfish were investigated. The experimental design was
completely randomize design as 4 treatments and 3 replicates. Goldfish with initial weight between
18.21-18.98 g. were reared in the aquarium with 100 fish per m°. Four trial diets included control diet
(T1), carrot diet (T2), pumpkin diet (T3) and sweet potato diet (T4) with 30% protein in each diet. The
body weight, skin pigment, and feed intake were measured every 20 days until 60 days. The result
showed the highest feed intake asT3 diets. Survival rate, specific growth rate and average daily
growth were not significant differences in all fish groups. The amount of carotenoid and total
carotenoids increased amounts of fish that were fed formula T2 were the highest. At the end of the
period (60 days), the light (L*) and chroma of all fish were not significant differences. The hue value
(h*) during 20-60 days of the fish fed by T2 had shown high value with 70.88+8.87, 70.83+6.74 and
80.76+4.34, respectively (p<0.05). The costs of experimental diets ranged from 38.61 to 39.93 baht
per kilogram. These research conclude that oven dry pumpkin and carrot can be used for natural

carotenoid in goldfish diet which their high hue value.

Keywords: natural carotenoid, pigment, goldfish
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UV/VIS Spectrophotometer (PG Instruments T60)
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Table 1 Feed ingredient of experimental diets (Kg)

v
o

ANU

Ingredients control diet (T1)  carrot diets (T2)  pumpkin diet (T3)  sweet potato diet (T4)
Fish meal 22 23 25 22
Soybean meal 21 20 23 20
Carrot 0 1.6 0 0
Pumpkin 0 0 9.3 0
Sweet potato 0 0 0 32
Corn flour 23 18 4 23
Wheat flour 22 18 4 22
Yeast 5 5 5 5
Soybean oll 3 3 3 3
Tuna oil 2 2 2 2
Choline chloride 0.4 0.4 0.4 0.4
Vitamin premix 0.5 0.5 0.5 0.5
Mineral premix 0.5 0.5 0.5 0.5
Vitamin C 0.1 0.1 0.1 0.1
Lecithin 0.02 0.02 0.02 0.02
BHT 0.5 0.5 0.5 0.5
Total 100 100 100 100
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Table 2 Proximate analysis and cost of experimental diets

Composition (%) control diet (T1) carrot diets (T2) pumpkin diet (T3) sweet potato diet (T4)

Moisture 10.49 10.54 10.28 9.63
Ash 7.50 6.57 7.33 9.54
Crude protein 30.01 30.57 30.08 30.15
Fat 9.07 9.13 9.28 9.17
Fiber 2.52 2.46 2.28 1.94
NFE 45.06 45.05 39.14 48.74

Total carotenoid

(ug g™ 88.39 139.21 110.45 99.09
Cost (baht) 39.12 39.53 39.93 38.61
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3) #M91N1990ARANE (Survival Rate) =  Aa1uutlanfiwman x 100
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NSETUNARNALLLUAULIAS (Oven dry) wudn uaseniiffunuiiBunnialsnueafngangn

WiNAU 478.97+1.54 lulasnfusaniy sa9aau1ldun JumaAddn Anneq TunAddag waziinem

al

S ] o

ANAAL TelAmNNLANANSTUN Al AateildadAty (p<0.05)
AINNNTANIUTIANDMNERS Lae 1E T sunsnAaNiames wudn anunslaineaaaluasaliian

gaz1dng 38.61-39.93 L wistailaniu deyauanslilunisedh 2
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Table 3 Total carotenoid in natural carotenoid material (ug g'1)

Materials Pumpkin Carrot Sweet potato Purple potato Beet root
Steam 26.54+1.40™ 24.40+0.68™ 24.28+0.75™ 25.59+4.15™ 23.00+1.32™
Boil 27.32+2.78° 24.36+0.40° 24.03+0.07% 25.68+0.33° 21.03+2.51°
Oven dry 86.00+8.95° 478.97+1.54°  285.14+2.08" 9.54+2.29° 8.10+5.81¢

[n= 3, means in the same row, sharing the different letter are significant difference according to Duncan’s new multiple range

test]

NMsnNAaan 2 MaAnwnsasRLlawazmMaind ludainas

a

= a a al v Ui dl [ d’j
nsAnsnnesyALinuaznaiadlulames lEuanimaans wanal3lumnsed 4 fall
snntuanmnsinu (Feed intake, FI) lugnsanung T3 #6731 d8msn1siuninndn T4, T2 uay

T1 adeflidadAyn19adin (p<0.05)

IS 1 o

fR9IN199aARATEURILaIMNNaN HAINAL 100 Wefidus dnsinisiasayiiuinaniniziadu
uwazdnInsastyivlaeaesiaiuaesanliiiuennma 4 gas Tilauuanssiuneats
nnnuualsnuasfsnluilalafladuewisgas T2 aAngenga deunnualsiuaafsu

P g Anvo @ ! o , = o
LW@J?JUI‘HLU@‘JJ@qmimiﬂﬂquqﬁ‘@jﬁ? T2 ﬂllﬁ’]@j\?ﬂqf]'ﬂf]ﬁqﬁ’ﬂ@qﬂ'ﬂu"] LIULAEIAN L (p<005)

Table 4 Feed intake (Fl), survival rate (SR), growth rate and Total carotenoid (TC, (ug g'1)) of the

experiment
Parameter control diet (T1) carrot diets (T2) pumpkin diet (T3) sweet potato diet (T4)
Fl (g) 131.47+1.70° 133.17+1.95™ 136.37+1.05° 135.24+0.96™
SR (%) 100™ 100™ 100™ 100™
SGR (%/day) 0.46+0.19™ 0.55+0.24™ 0.52+0.23™ 0.60+0.29™
ADG (g/n/day) 0.130+.06™ 0.12+0.05™ 0.11+0.05™ 0.09+0.04"™
TC in fish flesh 26.54+1.40™ 24.40+0.67™ 24.28+0.75™ 25.59+4.15™

before feed

TC in fish flesh 40.20+1.87° 45.63+2.16° 44.03+3.12% 41.52+2.64%°
after feed
Accumulate TC 13.66+3.17° 21.23+2.50° 17.24+2.92% 18.43+1.72%

[n= 5, means in the same row, sharing the different letter are significant difference according to Duncan’s new multiple range

test]
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NN9IAAINNSLINAR

ANATINNN3TPATE 1uA A1AnNEdna (Lightness: L) Anudiu@unsduiiiinainnnsvinmuas
(Chroma; ¢) wazA9daLand Hue (h) GaflurnganansunlnelifiaaAidunan nanimaans
Laaslumn9R 5 TefleavifnreaAduesamaneaEud 1EuA Aauadng (Lightness; L) uaz
Anedeland Hue (h) SAnldunnsnaiunneada dounnudindussdufiinannisinmueas (Chroma:
o) fegegalutlaniilifuaimegms T3 usfliumnsnsanasgms T2

fisvezinan 20 $1 NEIRINNARDINUIT ATAINAT (Lightness; L) wazAuilindunada
(Chroma; ¢) iflAanuuansinameadin wsir Hue (n) TesUanguilléfuanmisgas T2 uansnsarnngs
B4 ) atheihludnArynneada deflengegawiniu 70.88+8.87

fisze1987 40 34 WU91 ANANNATNS (Lightness: L) lEANLLANANMNgRR daupnuidig

wasda (Chroma; c) HAgelula1fizueannsgns T4 uaz T3 HAWINAL 47.20+10.89 uay 45.87+8.46

al

b

1 o o '

TneumnsngaInnguay 7 aeinal T8 ANATUNN94DH (p<0.05) A1 Hue (h) mﬂ\‘lﬂmﬂzjuﬁ"lﬁ%ummm;m

o

'
a oA ISP

T2 fapAeHANGINdINGNDY 7 2 lBE1 ATyn19atiA (p<0.05) TR ANGeAALYINGL 70.83+6.74
NIreLi9a1 60 T WLLN ANANNAIS (Lightness; L) wazaanudinduneds (Chroma; c) Mina

'
=

Pladdpnuuans1am1eadia dousn Hue (h) aaetlanguinlfifueiusgmns T2 waz T1 HAgandnngu

a o o

7 2t WA ATYNNATA (p<0.05) InediAngagavinfiu 80.76+4.34

o

)

Table 5 Light, chroma and hue value in the skin of experimental fish as different time

Times Skin pigment control diet (T1) carrot diets pumpkin diet sweet potato diet

(T2) (T3) (T4)

Initial Lightness (L)  67.92+6.44™ 66.1249.75™ 65.54+4.21" 63.48+6.87"
Chroma (c) 56.48+6.86™ 51.98+9.11° 58.74+5.68 57.72+5.19°

Hue (h) 63.25+7.22" 65.93+8.77" 63.42+5.28" 63.04+8.17"

20 days Lightness (L)  64.40+6.05™ 67.82+6.06™ 64.005.57" 66.45+7.36"™

Chroma (c) 51.53+8.84"™ 51.8245.42" 52.75+7.64"™ 53.11+9.40™

Hue (h) 68.10+7.58™ 70.88+8.87° 64.49+6.20° 66.23+6.07%°

40 days Lightness (L)  70.44+9.57™ 74.65+5.01™ 73.82+5.14™ 72.66+5.49™

Chroma (c) 36.83+6.81° 41.58+6.25% 45.87+8.46° 47.20+10.89°

Hue (h) 68.50+4.03"  70.83+6.74° 65.34+5.69° 69.38+5.75™

60 days Lightness (L)  65.65+5.37"  67.18+5.93™ 63.29+4.59™ 66.57+4.65"

Chroma (c) 52.05+4.49"  52.26+4.64"™ 53.26+8.48"™ 52.4749.34"

Hue (h) 80.32+6.76° 80.76+4.34° 74.06+7.17° 77.0215.22%°

[n= 5, means in the same row, sharing the different letter are significant different according to Duncan’s new multiple range

test]
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a = dJ 1 = 8 1 1 o aa dJ
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NAABINLLIINTTENIRAURILHN AnnesiBuinualsiuesfeangenign winiy 27.32¢2.78
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wWafiiusd deannnimaaestiu wann lfuugiidinistieaziiudsnisfneguAiresaisa sl

o

nnAUlARNdINIesin luinuasRenmii Palermo et al. (2014) fiuuztinginsisasinsnannaasiuas
wazngladluan luiadnlfiandidsau o luansiinisay Aensinlienmsgningliaaeuainsey
fAan1eniglud szmatineanandaniu AnNn1IeaesATENLIINNsERENdRgALLLLa LU Taald
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ISP 1 Q.
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|
PN !
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NARBIT81 Zhou et al. (2005) finudn nslfimmstamesdnaermnsfiuansneu luunaiimin
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= o o

paalsfadisn annuuanzandansnziuasls (Rhodopseudonmonas palustris) A8 UNTEBL

Da
z

a

(Effective microorganism) uazauingaligaun dasdatunudanin wudnenmsusiazaiinliianing
padnsnisasnAuTnanie sniuansinananiaaligauinliidiigegauazuansigainng

au atraiuléidn (p<0.05) TuaneNseuaes Yanar et al. (2008) wudniamesnlaFuemnsnas

MeaadamaTulatinislszas 19 12 917091 1 WnsAN-Hguieu 2561



44

|
o o

fodaanlufiunungeauazinliviminsuuasansinisasyiulaa i zaeslananasas 19

Todn delaanuduldlfdnludadatandiBunassaaglaavisaarsfinunisldansanunsiu

o

a9flsznaugs lwinuesdaiula e lifuamamidiunanseslanluiazdouasmsingas dnis

Wiyt Tatiaandndamesnlfiiuemnsnandantduatinumes dartunanamisaligauiuie uas

o o

datlunaslaanfely egrelisd1Anun1eadin (p<0.05) (Ungsethaphand and Wankanapol, 2008)

douiFurunisiueisreslamaansluafNEALANFA9Y Tnaanizdainesnlisuannisnas

N o

Wnnas ArdananldnuannA1ganin asainlunimmaaaainizliatisdanludduiuiuan

au

T9lpein Tl udn1amaalAdNABINIFANMNTNANITANTNTNIZUING 11.47-25.79 RAaANTNATY FaLHa

a U

Andu e T uAa s AT 1INg 29-53 1 afliumAuaatininfawming (Sales and Janssens, 2003) kae

o a

1Funns el A NdNRuE A UsRI NITe s AL IRAwAzaaalamasan Iaeenislsianungly

o

Ysnnns 70 wWefidusresinmingasiadu azinlilArdnsnisasgauinaninizgangaszunn

=

35 wafidusiradu Nguugiun 28 asAtadaa wanaintunisienmsluliuungaauazyinliilan

q al

1 2
o a ,a o

mINTRARINGgITUITURALATY (Kestemont, 1995) Tnelunismaaasafatnudntlamnnguilasns,

U

X
N1398ARNWINAL 100 wWlafidus

AnnImAaBAsaiinLdn Aranadng (L) mmﬂmmqﬁiuwiﬁuﬁmu@yuzgmmam@mﬁm
3EN974 63-74 9l aT L LAN AT UN19aAT TgAAN a9 TE AN N AL AIT LN Aa D40
Gouveia et al. (2003) 7il¥ansuanaminaaiingng 1 A Bunnualifivesfmuetfaadaalames
LaziilasaAnALadng (L*) Afamaan "Lé”wmfﬂﬁ_niiwdw 68-69 LABNMNINHANAVINEARDLIAAT
(Chiorella vulgaris) Wax@M3EALAS (Haematococcus pluvialis) ANANNIHALAN (a%) WATHNNBITDY
89 (h*) HARaduesnaiulE9n 39 Gouveia and Rema (2005) 1 s1e19uandlamesdilisuams
AL EALTUTILAUAI SR sZ AU 45-120 RaAn3usenlaniy uavAMINEAABLIAAN 45-80 HAANY
FRATANTN LaAYANAINATIN (LY) T umnFANeAun 194 TneidAnlaanszdn 40-45 5 luanisdidamas
T ueMsHANa I ARRITAaN 120 fadnTusaRlaniu uanerinANadN (L) AIN9MNNGNLATH
ANHUANENNAUNNATRaE9HTBANATY (p<0.05) Kiriratnikom et al. (2005) Anwnseauansalilsaun
Tuaussanisiasyiuiauazn1sddlames wudn AANEdNe (L) ﬁﬁhl,faﬁ'mgqqmsluﬁmmiwmm

a a '

lliddualisaun dAminiu 50.86 Tunmenluganimaaesmidiualisqauinsciu 1, 3 uay 5

1
' a I

WesiduAlAafevindy 48.23, 48.53 AT 47.53 ANNANAL T4A1IANELNY (LY) vedlaineailpn
In&AsaruiuAIANg919 (L) 1esfionilalaudduunsaesdatunwdansniisnaeulng Sun et al.
(2012) NAANRAHTZNINN 54-71 Uanuwiudansninuenunsnanansdauninaalsiasisn 1HA1Ax
PN

ANTATHN (C*) 18IN1INARBIATIEAANRARTEIING 52.02- 53.26 \uAniat] lutdasnasiiuu
a ° v Al Yo dl a a o | v a a a v
Auad nn e maaea lEFUe1M1INNANANTRAINITNTNRFANNAU AN 0 49 lHAnAwaan InALAsl

fu Ingannzamsnaninnedlifirn Indiaesiuiuenmaniasen douayuNedadds (h) 1eea

MeaadamaTulatinislszas 19 12 917091 1 WnsAN-Hguieu 2561



45

NFFueswAsanilAgInIINgNay 7| et el dAynatARwssTeziaan 20 Juauiduganis
A

NAAaY IALHANLRANTENINY 70.88-80.76 TaR AN INALALNALNNIMARRIU8Y Kalinoski et al. (2007) Nl

waanfarhuiuunasansdluamnsdamaauns (Pargus pargus) wudn WatlanliFuanmsuasilasn

2 '
=3

AegeauazyinliiAyuNesraeA1ds (h*) anas Inafszazioan 60, 120 LAz 180 Ju HANRAHTENIN
60.18-67.55, 58.53-64.38 WAy 50.47-66.51 AMNAIAL
a o :// alsjo ¥ ! a 1 ¥ o v
HaaINn19ade luaia i liinsaudn naswiraninnesuuufinuarniseuuisuaseaniin il
nnnuualsnuas faangangaacaduadAnynieads Bunnualsmuesfsouuazfianamnnauly
& v ye = = o a = | ANae o o aa
Wadanfliiuensgns T2 Hengangn danddnsinisiuennnsges T3 gangaesinaiibdAnynieatia
fRTIN1970ARNY SRInITasRLInaWnzAaduLazERsIN IR L ineAsady aasdannlATy
ua/l 1 1 o a o Yo v v 4
2119919 4 gm9 lailanunnsinaii anniidaagiddisainisnlitnneseuuisuazunsenauuiv
Wuunasansdlueinsameslsd doinlidaJduasduuaziand hue gaN4n uazAWLNNINAARINNT

UamnaasilAnagszidne 38.61-39.93 uvsanlaniu

nnAngsNUsenA

'
o 1%

2978 UAMANNTUITE LAWY HUAnedesTanYIing A ldinsatiuayusuilssunn

T w.a. 2559 lunisaniiunisas lumsail

LANA15D19DY

Bandyopadhyay, P. Swain, S.K. and Mishra, S. 2005. Growth and dietary utilization in goldfish
(Carassius auratus Linn.) fed diets formulated with various local agro-produces. Bioresource
Technology 96: 731-740.

Baranski, R., Allender, C. and Klimek-Chodacka, M. 2012. Towards better tasting and more nutritious
carrots: Carotenoid and sugar content variation in carrot genetic resources. Food Research
International 47: 182-187.

Baron, M., Davies, S., Alexander, L., Grove, D.S. and Sloman, K.A. 2008. The effect of dietary
pigments on the coloration and behavior of flame-red dwarf gourami, Colisa lalia. Animal
Behaviour 75: 1041-1051.

Britton, G., Liaaen-Jensen, S. and Pfander, H. 1995. Carotenoids. Volume 1A: Isolation and analysis.

Birkhauser: Basel, Switzerland. 328 pp.

Carvalho, L.M.J., Gomes, P.B., Oliveira Godoy, R. L., Pacheco, S., Monte, P.H.F., Carvalho, J.L.V.,
Nutti, M.R., Neves, A.C.L., Vieira, A.C.R.A. and Ramos, S.R.R. 2012. Total carotenoid
content, O-carotene and B—Carotene, of landrace pumpkins (Cucurbita moschata Duch):

A preliminary study. Food Research International 47: 337-340.

MeaadamaTulatinislszas 19 12 917091 1 WnsAN-Hguieu 2561



46

Chatzifotis, S., Pavlidis, M., Jimeno, C.D., Vardanis, G., Sterioti, A. and Divanach, P. 2005. The effect
of different carotenoid sources on skin coloration of cultured red porgy (Pagrus pagrus).
Aquaculture Research 36: 1517-1525.

Ezhil, J., Jeyanthi, C. and Narayanan, M. 2008. Marigold as a carotenoid source on pigmentation and
growth of red swordtail, Xiphophorus helleri. Turkish Journal of Fisheries and Aquatic
Sciences 8: 99-102.

Fikselova M., Silhar S., MareCek J., FranCakova H. 2008: Extraction of carrot (Daucus carota L.)
carotenes under different conditions. Czech J. Food Sci. 26: 268-274.

Gouveia, L. and Rema, P. 2005. Effect of microalgal biomass concentration and temperature on
ornamental fish (Cyprinus carpio) skin pigmentation. Aquaculture Nutrition 11: 19-23.
Gouveia, L., Rema, P., Pereira, O. and Empis, J. 2003. Colouring ornamental fish (Cyprinus carpio
and Carassius auratus) with microalgal biomass. Aquaculture Nutrition 9; 123-129.

Ishida, H., Suzuno, H., Sugiyama, N., Innami S., Tadokoro, T. and Maekawa, A. 2000. Nutritive
evaluation on chemical components of leaves, stalks and stems of sweet potatoes (/Jpomoea
batatas poir). Food Chemistry 68: 359-367.

Kalinowski, C.T., Izquierdo, M.S., Schuchardt, D. and Robaina, L.E. 2007. Dietary supplementation
time with shrimp shell meal on red porgy (Pagrus pagrus) skin colour and carotenoid
concentration. Aquaculture 272: 451-457.

Kestemont, P. 1995. Influence of feed supply, temperature and body size on the growth of goldfish
Carassius auratus larvae. Aquaculture 136: 341-349.

Kiriratnikom, S., Zaau, R., Suwanpugdee, A. 2005. Effects of various levels of Spirulina on growth
performance and pigmentation in goldfish (Carassius aurarus). Songklanakarin J. Sci.
Technology Vol. 27 (Suppl.1), 2005 : Aquatic Science.

Maoka, T. 2011. Carotenoids in Marine Animals. Marine Drugs 9: 278-293.

Murkovic, M., lleder, U. MU. and Neunteuflw, H. 2002. Carotenoid content in different varieties of
pumpkins. Journal of Food Composition and Analysis 15: 633-638.

Palermo, M., Pellegrini, N. and Fogliano, V. 2014. The effect of cooking on the phytochemical
content of vegetables. Journal of the Science of Food and Agriculture 94: 1057-1070.

Pinheiro-Santana, H.M, Stringheta, P.C., Brand&o, S.C.C., Vitarelli de Queir6z, V.M. 1998.
Evaluation of total carotenoids, O- and B—carotene in carrots (Daucus carota |.) during

home processing. Cienc Technology Aiment 18: 1 Campains Jan/Apr.

MeaadamaTulatinislszas 19 12 917091 1 WnsAN-Hguieu 2561




47

Preti, R., Rapa, M. and Vinci, G. 2017. Effect of steaming and boiling on the antioxidant properties
and biogenic amines content in green bean (Phaseolus vulgaris) varieties of different colours.
Journal of Food Quality Volume (2017): 8 pp.

Promya, J., Ungsethaphand, T, and Saetun, K. 2007. Effect of raw Spirulina on growth performance,
nutrition valued and carotenoid in red Tilapia (Oreochromis sp.). Journal of Fisheries
Technology Research. Vol.1, Jan-June; 30-41. [in Thai]

Ramamoorthy, K. Bhuvaneswari, S. Sankar, G. and Sakkaravarthi, K. 2010. Proximate composition
and carotenoid content of natural carotenoid sources and its colour enhancement on marine
ornamental fish Amphiprion ocellaris (Cuveir 1880). World Journal of Fish and Marine
Sciences 2 (6): 545-550.

Roncarati, A., Sirri, F., Felici, A., Stocchi, L., Melotti, P. and Meluzzi, A. 2011. Effects of dietary
supplementation with krill meal on pigmentation and quality of flesh of rainbow trout
(Oncorhynchus mykiss). Italian Journal of Animal Science 10: e27.

Sachindra, N.M., Bhaskar, N., Siddegowda, G.S. Sathisha, A.D. and Suresh, P.V. 2007. Recovery of
carotenoids from ensilaged shrimp waste. Bioresource Technology 98: 1642—-1646.

Sales, J. and Janssens, G.J. 2003. Nutrient requirement of ornamental fish. Aquatic Living Resoures
16: 533-540.

Sermwatanakul, A. and Bamrungdham, B. 2000. Ornamental fish nutrition. Extension paper No.
1/2000. Department of Fisheries, Bangkok Thailand. [in Thai]

Sermwatanakul, A., Somseub, P., Tongsree, N. and Wongsawan, S. 2005. Aquatic food and
production. Department of Fisheries, Bangkok Thailand. [in Thai]

Sornsupharp, B., K. Lomthaisong, H.-U. Dahms & L. Sanoamuang, 2015. Effects of dried fairy shrimp
Streptocephalus sirindhornae meal on pigmentation and carotenoid deposition in flowerhorn
cichlid; Amphilophus citrinellus (Gunther, 1864) x Cichlasoma trimaculatum (Guinther, 1867).
Aquaculture Research 46: 173-184.

Sun, X,, Chang, Y., Ye, Y., Ma, Z., Liang, Y., Li, T., Jiang, N., Xing, W. and Luo, L. 2012. The effect of
dietary pigments on the coloration of Japanese ornamental carp (koi, Cyprinus carpio L.).
Aquaculture (342-343): 62-68.

Tejera, N., Cejas, J.R., Rodriguez, C. Bjerkeng, B., Jerez, S., Bolafios, A. and Lorenzo, A. 2007.
Pigmentation, carotenoids, lipid peroxides and lipid composition of skin of red porgy (Pagrus
pagrus) fed diets supplemented with different astaxanthin sources. Aquaculture 270: 218-

230.

MeaadamaTulatinislszas 19 12 917091 1 WnsAN-Hguieu 2561




48

Ungsethaphand, T and Wankanapol, A. 2008. The effect of dietary pigment on the coloration
and growth of gold fish Carassius auratus. Faculty of Fisheries Technology and Aquatic
Resources, Maejo University, Chiangmai Thailand. [in Thai]

Yanar, Y., Buyukcapar, H., Yanar, M. and Gocer, M. 2007. Effect of carotenoids from red pepper and
marigold flower on pigmentation, sensory properties and fatty acid composition of rainbow
trout. Food Chemistry 100: 326-330.

Yanar, M., Ercen, Z., Hunt, A.O. and Bliytkcapar, H.M. 2008. The use of alfalfa, Medicago sativa as
a natural carotenoid source in diets of goldfish, Carassius auratus. Aquaculture 284: 196-
200.

Zhou, Z., Xie, S., Lei, W., Zhu, X. and Yang, Y. 2005. A bioenergetic model to estimate feed

requirement of gibel carp, Carassius auratus gibelio. AQuaculture 248: 287-297.

MeaadamaTulatinislszas 19 12 917091 1 WnsAN-Hguieu 2561




49

NmmmmumLmuﬁ'mfé'mmmm‘%zyLﬁuim"lumslﬁyﬂw'amm“‘}
AAEIUENNLALTE L UTEEEIEFUTIUUIAARA
Effect of Stocking Density by Tropical Carpet Grass (Axonopus compressus)
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Abstract

This research was undertaken to study effects of stocking density on growth rates of Golden
apple snail (Pomacea canaliculata) which were fed by Tropical carpet grass (Axonopus compressus)
from juvenile stages to marketable sizes. The experimental design was conducted according to

completely randomized design (CRD) i.e. four different density levels of 30, 60, 90 and 120
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individual/m® (20, 40, 60 and 80 snails/tank) with 3 replicates. The snails were collected from natural
resources. These thereafter were sorted for obtaining uniform snail size and subsequently were kept
in the 100x65x30 cm’ tank containing 10-cm water height (0.065 m°). Initial average weight of the
snail was 22.27-23.06 g. Prior to experiments, there were trials for feeding the snails with the grass,
to make them acclimatized the particular feeding materials. During experiments, individual cultured-
buckets were covered with 25 mesh-nylon nets to protect the snails from escaping. The snail were
daily fed and monitored for 120 days (from March to June 2017). The results showed that there were
no statistical differences among treatments in terms of weight, length, width, rate of weight gain per
day, FCR, survival and meat proportions of the carcass of golden apple snail. Research finding
showed that returns of investments in the tank culture of Golden apple snail in the 120 individual/m’
(173.54£2.10%) which were economically higher in comparisons to those of snail in 90,60 and 30

individual/m2(108.92i1 .60,41.90+0.69 and -29.89+0.32% respectively).

Keywords: Golden apple snail, Local material, Tropical carpet grass
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Table 1 Growth performance and survival rate of the Golden Apple Snail with different densities. The

data presented was average +* standard deviation.

Stocking density (individual/m?)

Growth parameters

T1 (30)

T2(60)

T3 (90)

T4(120)

Initial weight (g)
Final weight (g)
Initial length (mm)
Final length (mm)
Initial width (mm)

Final width (mm)

ADG (g/day)
FCR

22.64+0.30™

81.80+0.37"™
33.34+0.45"
59.82+0.80"
23.48+0.18"™
42.43+0.43"™
0.493+0.001™

3.77+0.09™

23.06+0.21"
82.54+0.40™
33.79+0.49"™
61.10+0.88"™
23.91+0.34™
43.61+0.37"™
0.496+0.004 ™
3.71+0.24"™

22.68+£0.35™
81.25+0.62"
33.10+0.61"
60.09+0.48 "
23.43+0.43"
42.53+0.34™

0.4880+0.002 ™

3.80+0.09™

22.27+0.34"™
80.78+0.61"
33.06+0.48"
59.760.86™
23.40+0.34 "
42.47+0.36™
0.4793+0.002 "™
3.89+0.09 "

Survival rate (%) 100™ 100™ 100™ 100™

Note : ns = no significant difference
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AMNNUIARBATEELLIAINITNIARDY
AsENTRL0t lUN1IMAGeY WU HANRALAseAsEaZIIaIN1IMAGeY (Table 2) e luinauein

dnfunasnyiduinldanudng (Duangsawat and Somsiri, 1985; Tuntoolavest and Phorprapa, 1995;

Boyd, 1982; 1990)

Table 2 Some major water quality parameters in the rearing of Golden apple snail. The data presented

was average t* standard deviation.

Stocking density (individual/m?)

ltems
T1 (30) T2 (60) T3 (90) T4 (120)
pH 7.49+0.19 7.70£0.20 7.58+0.21 7.59+0.19
Temperature (°C) 34.13+3.14 35.13£3.15 33.88+3.23 34.06+3.01
DO(mg/l) 5.58+0.38 5.7310.40 5.86+0.23 6.06+0.18
Alkalinity(mg/ICaCO,) 70.75£5.92 74.13+5.54 73.38+6.89 75.63+5.66

Hardness(mg/ICaCO,) 120.38+15.88 122.50+13.87 127.50+14.67 128.50%£12.19

CO,(mg/) 3.14£0.22 3.1420.29 3.23%0.26 3.2540.27
NH,(mg/!) 0.08+0.02 0.08+0.01 0.09+0.02 0.0800.02
ATMATNTN

b

1
=l o

Waduganimaasviladifusinuninainseanesiges deilsznaufoeilaneines aduas
Nl uazdin (Table 3) AMNNANNINARBINUIN NNFANIINAADS HUANANAUNNATE (p>0.05) 119
&9/ [ % = o (% 1 491 v ] = a a
Wavey adenznialy wazgin wansienisliusasaaninnisaeslin devananisesoduis uwaznng
azananaiannayAule uazmanluaduaamesger waznisazanladuludanesiesliunnsig
fiu (Le Dividich et al., 1992; Singpa and Gatphayak, 2014) Inefivastasaiunsn sz laadanein

wade 1Fedneldszdninwadawinfauiulunisiasoduls (Ani et al., 2013)

Table 3 Ratio of Carcass quality (% wet weight) of Golden apple snail. The data presented was

average + standard deviation.

Stocking density (individual/m?)

ltems
T1(30) T2(60) T3(90) T4(120)
Meat 36.03+1.07™ 37.00£1.36™ 36.90+£0.97™ 36.76+£1.47"™
internal organs 31.41+0.66"™ 32.20+0.94" 32.49+0.63" 32.70+1.02"
Carcass 32.56+0.42" 30.80+0.53"™ 30.60+0.52" 30.54+0.51"™

Note : ns = no significant difference
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Table 4 Economic returns of Golden Apple Snail (Pomacea canaliculata) production, raised in all

experimental treatments.

Stocking density (individual/m?)

Item
T1(30) T2(60) T3(90) T4(120)
1.Cost(Thai; Baht)
- Fingerling1 0 0 0 0
- Feed’ 0 0 0 0
- Labor cost’ 30 30 30 30
- Other (water + Nylon net) 5 5 5 5
Total Cost 35 35 35 35

2.Production (individu::ll/tank(kg))4 1.635+0.007 3.301+0.016  4.874+0.037 6.382+0.049
- Production Cost (Baht/Kg) 21.39+0.10 10.60+0.05 7.18+0.06 5.48+0.04
3.Income (Thai; Baht)

- Total income from selling
24.54+0.11 49.52+0.24 73.12+0.56 95.74+0.73

(Baht/Tank)’
- Profit/Tank -10.46£0.11 14.52+0.24 38.12+0.56 60.74£0.73
- Profit/Kg -6.39+0.10 4.40+0.05 7.82+0.06 9.52+0.04
4. Return on investment (%) -29.89+0.32 41.9+0.69 108.92+1.60 173.54+2.10
Note : " Fingerling Apple snail cost was free because of collecting from natural resources.

* Feed cost was free due to collecting from grass mowed from the campus lawn.
* Labor cost was calculated only during the snail rearing.
“The data presented was average * standard deviation.

* Market's selling price 15 Baht/Kg for individual snail (Surin Province and Northeast, Thailand).
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Abstract
The use of effluence from aquaculture ponds to grow crops is a cost-effective way to
reduce costs and efficiently use of resources. The nutrient contents in the effluence from Nile tilapia
(Oreochromis niloticus) and hybrid catfish (Clarias macrocephalus x C. gariepinus) tanks at a density
of 20, 25 and 30 fish per tank were investigated. The effluence from the fish tanks was irrigated to
Riceberry plants every 14 days. The best result showed at a density of 30 fish per tank, which had

the highest contents of ammonia, nitrite and nitrate in the effluence from the Nile tilapia tank
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throughout the experiment. This led to the best growth of rice, with a height of 129.3+2.8 cm. and
19.2+2 .1 tillers per plant. In addition, the highest net profit of 105.20 baht per 1 fish tank and 1 rice
plot was calculated. At the same density of 30 fish per tank, high phosphorus content in effluence
from the hybrid catfish tank resulted in the best trend of rice yield. They were 53.2+9.6 grams per
plant and 446.7+113.4 grams per plot and a high investment return (71.6%) was gained, whereas a
rice height of 115.4+8.5 cm., a tiller of 12.6+2.1 per plant and a rice yield of 266.0£132.2 grams per
rice plot were found in the plants irrigated from tap water. Overall, the results indicated that the use
of effluence from Nile tilapia and hybrid catfish tanks at a density of 30 fish per tank in order to
stimulate growth and yield of Riceberry plants are technically and economically feasible.

Keywords: fish stocking density, effluent nutrients, Riceberry
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Figure 1 Nutrient concentrations from fish tanks; (A) ammonia; (B) nitrite; (C) nitrate; (D) phosphorus
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andadesanfianaauuuiuiu 30 fasieds Jluddaadissnsanniudianlfifuinandainineeing

winl@gmau (Figure 2)
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Figure 2 Rice height and rice leaf color under irrigated from 30 fish Nile tilapia tank (left) and irrigated

from tap water (right)

annstiludnaundessiiunueaslsiad wudnBuiueaslsflad uludinaluueiingeau

ANNANUUIBUUTEIL AN WATAN THWANANSAUN19ETA (p >0.05) an¥uludiailAfuinaindaass
UargngnuanndnsiaumuiLuy 20 faslads unuaaalsiad O deandiludnanlfifuniainds

o '

aelaInngNNANTIdRTIANIIILLL 30 Fasady uazuanimasaswugn ludinanlFfutinaindaaes

ﬂm@n@mﬂmauﬁﬁmqmﬁwmLuiu 30 fivsiacia Hiinounaelsilad 1 Aaelsiad 1 uazpaalsviads
AL 2.99+0.97, 1.12+0.24 waz 4.10+1.20 faAnFusaimiIngn 1 nFu AANFL FeiAngandn
e lEsuianndaintinedaitud Aoynieadn (p <0.05) AfBunnunaelsilad 1o Aaslsiias 1
uazAaalsiladenn es 1.930.25, 0.7140.15 ua 2.64+0.35 AaAnusatwingn 1 nfu Au AL

(Table 1)

Table 1 Effects of effluence from fish tanks on rice leaf chlorophyll content (mg/g fresh weight) and

rice yields
Treatments Chlorophylla Chlorophyll b Total Tiller per Grainyield  Total grain
chlorophyll  plant per plant (g) vield (g)

20 tilapia ~ 2.52+0.42%°  0.82+0.16™  3.33+0.57° 15.1+3.1™° 51.2+8.6" 421.9+65.9°
25tilapia  2.76+0.21%°  0.92+0.09"  3.68+0.18% 18.3+4.2% 50.1+4.2"  400.9+33.5%
30 tilapia  2.87+0.61%°  0.95+0.20° 3.82+0.79" 19.2+2.1* 51.9+65"  430.3+27.6"
20 catfish ~ 2.28+0.47*°  0.74+0.12°  3.02+0.59" 13.6+0.4°° 412428 329.5+50.7*
25 catfish ~ 2.83+0.56™  1.04+0.23"  3.86+0.46™ 15.5+1.6°° 46.5+7.8"  389.4+90.4°
30 catfish ~ 2.99+0.97"  1.12+0.24°  4.10+1.20° 17.8+6.7"° 53.2+9.6"  446.7+113.4°
Tapwater  1.93+0.25°  0.71£0.15°  2.64+0.35° 12.6£2.1° 31.7+7.2°  266.0+132.2°

Data presented as means + SD and values in the same column with different letters are significantly different (p < 0.05)
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Haduganisnaaesluszaziiunen wugnfudiianlfiuinanduaeslanatiaseiuuaz Ay

o

v
PUILUUANABRRITUIUTFAAND UIrnNAnfananasuananAawilas THuANA19 T UN19a0 A

(p>0.05) wsduualiingeauninauuuILiuaaslan aniuutlasunnlfzunniaindeassilaign

o o '

ANHANTERINAINULILLL 20 Avsiats Haruausassianatisandiulasunlifuinainduasslaign

o 1 = o o

] 1 %
Qﬂmuﬁﬁmmmﬁwmmu 30 Fiapladd adneldad1Atyn19ana (p<0.05) uazudasunnlfFuinann

o 1

feaentanfianasfaaelaiangnuanndnsANNuWILL 30 AosaialaIuauIEana WIMINNGR

o o

1 v ¥
fane waskanansawlas ianndnulasunilsfutinandawniines e ldadAunneata (p<0.05)

o

(Table 1)
ANANAINNLATHFAAATURINTIRLIUATIARTIANHNUILUUAAY
ANNIIANEIAUNUNNTHER 9elH wazinls aanniaaaslattawazlangngnuaniaaiy

WLLUUANTW NUTFUUNITuER 9els waznils IiNAuANANTIUI BT aRNTY LaznIg

k4

dg/ a o a % o 1 d” dﬁl a aAy

wevlanflafifiununisuan 9eld wazinls ianndinisiaesilangngnuan Tnanisiaaslantiadisiugu
TIAALRNIZANGNAUTUATAB1N9LIAN HANTENINN 154.8 — 184.6 Unsiata MalidANIzdne 1815 -
279.0 Umsad uazdinnle 9x1de 26.7 - 94.4 uwsans Tuanziinaiasslaigngnuas Jfunung

NARMTYUINN 76.8 — 119.3 umsada e ldNA7eMI1e 119.7 — 192.3 unsada wazinnls 251119 42.9

T o

~73.9 UMABNY LATWUIINITAENUaTanANNuWILL 30 Faslade HAUUNINARGINgnARD 184.6
' o a o dl A ' o
s uazinilegeaiign Aa 94.4 Lmsiads

IHeNAsI AR LIWNUNNTAIY AN AL A uazn1stgninanudinsdssdaiangnuas

IS

HUARDLUNUNNTAIYUITNTN 67.9 — T4% TNHAIGINIIUARDLUNIBNITAUUBINITALL A TaN AT

o

NN 24.0 — 56.6% WANAINTNANIINARIATIHNLFINI9IALNIAANGNNANATATIAINNUI LY

o o

25 FsaiIHNARALUNUNIIAIYUEINGARD 74.0 % (Table 2)
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Table 2 Total input cost, income and net profit from rice and fish with different stocking densities

Parameter Tap Nile tilapia pond Catfish pond

water 20 fish 25 fish 30 fish 20 fish 25 fish 30 fish

Fish seed cost (baht) - 40 50 60 20 25 30
Total feed (kg) 4.10 4.02 4.45 2.03 2.98 3.19
Fish feed cost (baht) - 114.8 112.6 124.6 56.8 83.4 89.3
Yield of rice (kg) 0.2660 0.4219 0.4008 0.4303 0.3295 0.3894 0.4467
Income from rice (baht) 6.6 10.5 10.0 10.8 8.2 9.7 11.2
Yield of fish (kg) - 2.42 3.25 3.72 1.71 2.56 2.76
Income from fish (baht) - 181.5 243.8 279.0 119.7 1791 192.3
Profit from fish (baht) - 26.7 81.2 94.4 42.9 70.7 73.9
Net profit (baht) 6.6 37.2 91.2 105.2 51.2 80.6 84.7
Investment return (%) 24.0 56.1 56.6 67.9 74.0 71.6

Note: 2 baht per Tilapia seed, 1 baht per hybrid catfish seed, 28 baht per fish feed, 75 baht per kilogram Tilapia, 70 baht per

kilogram hybrid catfish, 25 baht per kilogram rice

AATOUNA
=2 Y & 1 1 a = 1
HanIsAnEuans i areslan AmnumuwluaeslatuazsinsestlaninasaiFuin
8161219179 U7 Aesnnn wenlude lulaed lumen uasveaeda lutiisanduaesdand
Bunugeiuialaniauinlug warnisiaeslannanunuiniuanniu denafasiuannanisld
o = : g a : o A a o =
BIMNIUAZNNIATANNAIIU B09taAinudnsideslalausazaoilefivainisly 498.5 n¥u azdl
AN98uVElUNN 150.7 NN (30.23%) waziasatiuviad lugtlaaqlulnsian 7.3 nfu (1.46%) (Ferreira
et al., 2015) AariunIsiatglaiAIRrILdLNIn danfuetmisliliisuuaninndnnisaeesnaa g
wwdutien Al uansetiuvisd lugdaesiulngau uasWeaneda Tudnfisuinnda wazann
| oal a” [ d” a = = s 1 09/ a” [
HaNMIMAaeINUdITsandaaeNtan s diinnuen Tt Tulnsd uwazlumm gendniniieainds
dgslaiangnuas vistanaliiasinainianfianuasuinndnlaigngnuan laanaannismaaasilan
fanuasliisunn 12.57 Alanin lwanzidagngnuaninemsidianuaies 8.2 Alaniu awin
Titlanfadudeaesdelugtlaslulnsauluiiununuinndnlaigngnuas witnvisandaaeslangn
anuandiBunueanaialuBunuingaindnisainduasslaila anduludeedui 98 uay 112 1as
% [ a a v dl U ¥ dld

nnmaaed aanrdiasnulsz@nininnisldaunsaesdaigngnuaninudnnislieunsndiliunm
Tulnsiaugan 95% uaznaanaiasan 97% JiNeN 14.5% 1a9lulnsiausan uay 10.10% aaanaanaia

91 AUati U (Yi et al., 2006) satiuaann lineanefawaennA1elusnaluFNnamnn
o o o ' v P A S o o =
HaRINNIsEisantudtslandaesasulasundnlefiuesaliviudniifsaindaaesland

g ¢ ao P a  a = a a L A4 o o Anye o

s1mevnsinalsfiuenin i iien sy iuTawacdnandaniinduiieisuiuulasnnlfifuiiann

o o

& Ay oy Anye o o a A 1 P | o g v
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2017)
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o

k4 1
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Abstract

The aim of this research was to increase Moina (Moina macrocopa) and Chorella sp.
production with four different waste water sources and three replicates (Department of Fisheries
formula, hybrid frog wastewater, hybrid catfish wastewater, and dried chicken manure wastewater).
Chorella sp. were fed in 250 L-plastic container for 7 days and the yield were collected by using Olon
cloth sieve. The results revealed that the average number of Chorella sp. fed by frog wastewater and
control group were comparable at 138.77+11.82 x106 and 101.94 +4.87x106 cells.ml”, respectively,
higher than those of hybrid catfish and dried chicken manure wastewater (p<0.05). Moina macrocopa
yield fed with control waste, hybrid frog wastewater, hybrid giant catfish wastewater were 0.62+0.12,
0.681£0.14 and 0.61+0.06 gL’1, which were significantly different from the group fed with dried chicken
manure (p<0.05). The total yield of Moina macrocopa obtained from frog wastewater were
significantly different (170.66+13.54 g) from other groups (p<0.05). For water quality parameter, there
were not significantly different found in DO, temperature and pH value (p>0.05) with the exception of
ammonia, nitrite and nitrate obtained from frog wastewater which showed significantly higher than
other treatments (p<0.05). Therefore, Chorella sp. and yield of Moina macrocopa feeding with frog
wastewater and giant catfish wastewater were more pronounced than dried chicken manure
wastewater which could decrease nitrogen from water before release to environmental reservoir.

Keywords : Moina macrocopa, Chlorella, Bioremediation, Aquaculture Wastewater
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al dl | dl v 091 + | v 09, le d”
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LRALAAAANIINARDY WU FANTIMAsadlETINTIsaNNITAENUgNNAN uAzgAN1INaae N T]ugas
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AngnEaNLazgAnImaaed iiiudnyaliudic Hisunueasisaaiunnsneii A3 Table 1

Table 1 The comparison results about density of total Chlorella sp. in tanks with different nitrogen

sources over 7 days (mean * SD)

Treatment Density of total Chiorella sp. (10° cell.ml™)
start Day 0 Day 3 Day 5 Day 7 average
Dep.Fisheries 1+0.23° 12.08+0.99° 158.28+7.61°  236.41+7.63°  101.94+4.87°
Frog culture 140.21° 4.90+1.37° 242.23+26.40°  274.94+2.97°  138.77+11.82°
Catfish culture 1+0.09° 26.33+0.89"  117.40+10.58° 9.53+0.05° 38.57+2.32°
Chicken manure 1+0.22° 4.94+0.52° 25.49+1.65° 7.34+0.49° 9.69+1.04°

Mean values with different superscripts in the same column are significantly different (p<0.05)
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Uargngnuanliuansneiunala (p>0.05 ) A Table 2

Table 2 The wet weight of Moina from aquaculture wastewater for 1 week

wet weight of yield (mean +SD)

Treatment
g/l Total yield (g/250L™)
Dep.Fisheries 0.62+0.12° 145.04+10.54°
Frog culture 0.680.14° 170.66+13.54°
Catfish culture 0.61+0.06° 152.35+36.44°
Chicken manure 0.31+0.12° 77.07+21.06"

Mean values with different superscripts in the same column are significantly different (p<0.05)
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Table 3 The comparison results of water quality removal of chlorella sp. in different aquaculture wastewater (mean+SD)

Treatment/ Begin (day 0) Final (day 7)

Water qualit
g y DO pH TEMP NH,-N NO, -N NO, N DO pH TEMP NH,-N NO, -N NO, N

Dep. Fisheries 6.50£0.11°  7.52:0.32° 20.39:0.52" 0.039£0.02° 0.022:0.002° 0.001:0.0004°  6.21:0.10° 6.49:0.01° 29.06:0.63" 0.032:0.02° 0.003+0.002°  0.001+0.0001°

Frog culture 6.67+0.12° 7.34+0.24° 29.58+0.42° 3.705+0.10° 0.032+0.003° 0.354+0.012° 6.18£0.14" 5.50£0.02° 29.19+0.52° 1.072£0.03° 0.013£0.002° 0.002+0.0001"

b

Catfish culture 6.12¢0.10"  7.51:x0.20° 29.96+0.50° 0.550+0.03° 0.015+0.003"  0.006+0.020" 6.30£0.02" 554+0.01° 29.18+0.43°  0.240+0.01 0.006+0.003"  0.001+0.0002"

b

Chicken manure  6.62+¢0.11°  7.15:0.43° 29.83+0.50° 0.033x0.01° 0.011£0.001°  0.002+0.0001 6.22¢0.11°  5.40£0.03° 29.230.73° 0.012:0.02° 0.003+0.001°  0.001+0.0001"

Mean values with different superscripts in the same column are significantly different (p<0.05)
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Abstract

Study on abundance and diversity of aquatic worms from natural ditch in Sansai, Chiang
Mai Province using 3 sampling stations 3 times in 3 seasons (summer, rainy and winter) and
harvested in March, July and November respectively found Aeolosoma sp. to be the most
abundant in winter. Lowest richness index, diversity index and evenness index were 0.20, 0.11
and 0.12 respectively. Summer found aquatic worm to be the lowest in population but with the
highest richness index, diversity index and evenness index which were 0.22, 0.54 and 0.64
respectively. Every season found Aeolosoma sp. to be the main species. When comparing

between seasons and stations Aeolosoma sp. was found to be the most abundant in winter station
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3 with the lowest richness index, diversity index and evenness index which were 0.11, 0.01 and
0.01 respectively. There were similarity between seasons and sampling stations which were clearly
divided into 2 groups (p>0.05). Group 1 was composed of aquatic worms in every season at
stations 1% and 2™ and summer station 3". Group 2 was composed of aquatic worm from rainy
and winter season at station 3".

Keywords: abundance, diversity, aquatic worms, Oligochaeta

Introduction

Aquatic worms are segmented worms ranging in size from a few millimeters to fifteen
centimeters. They resemble earthworms but more slender segmented; color is reddish, brown or
grey. Currently, there are approximately 80 species of freshwater Oligochaetes. They are benthic
dweller and found anywhere in freshwater, including lakes, ponds, marshes and streams in shallow
sediment layers where they live off organic material, algae and lived bacteria. They are soft-bodied
organisms, so easy prey for many other organisms, including fish, crustaceans and leeches. They
are important parts of the aquatic food chain. Moreover, they are food sources for young fish and
used in the aquarium hobby as fish food. Because of their natural sources of proteins and
polyunsaturated fatty acids, they are possible alternative aquaculture feeds. Chemical composition
analysis of aquatic worms were 50-60% min Protein, 10% min Fat, 2% max Fiber, 4% max Moisture,
0.1% max Phosphorus and 0.1% max Ash. They do not need additional processing and can be fed
directly to the fish. New reactor concepts and pre-processing technologies of organic waste streams
to feed to the aquatic worms are needed in order to produce sufficient amount of aquatic worms for
the aquaculture industry. Moreover, they also help breakdown pollutants in the mud at the bottom of
lakes, ponds, marshes and streams (Brinkhurst and Chua, 1969; Wavre and Brinkhurst, 1971;
Densem, 1982; Ratsaket al., 1993; Elissen, 2007). As yet, there has been no study on aquatic worms
in ditch at Sansai District, Chiang Mai Province, THAILAND. The aim of this study was to investigate
the abundance and diversity of aquatic worms (Oligochaetes) from ditch in Sansai District, Chiang

Mai Province, THAILAND.
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Methods
1. Planning and period of explore
Samples of aquatic worms, sediment and water were collected from 3 sampling stations
(3 replications/sampling stations) (Table 1 and Figure 1) and 3 seasons followed as summer in
March 2014, rainy in July 2014 and winter in November 2013 at ditch in Sansai District, Chiang Mai

Province, THAILAND.

Table 1 Sampling station at ditch in Sansai District, Chiang Mai Province, THAILAND

GPS
Sampling station
°N °E
1° 18.971251 98.983027
2" 18.972431 98.982812
3" 18.973293 98.982681

Google earth
C

Figure 1 Sampling station at ditch in Sansai District, Chiang Mai Province, THAILAND

2. Collecting samples

Aquatic worms samples were collected by 15X15 cm Ekman dredge and split by sieve no.
40 mesh size after that fixed and stored in 70% alcohol. When required for identification, they should
be transferred to 30% alcohol. For Oligochaetes, the identification was based on Edmonson (1968)

and Brinkhurst (1971) using stereoscopic microscope.
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3. Statistical analysis

Analysis and comparative distribution of community of aquatic worms in each sampling station
were evaluated according to species abundance distribution (Clarke and Warwich, 1994). Species
richness index were evaluated according to Margalef Index (Ludwig and Reynolds, 1988).
Diversity index were evaluated according to Shanon-Weiner Diversity Index (Washingon, 1984;
Ludwig and Reynolds, 1988). Evenness index were evaluated according to Pielou index
(Washington, 1984; Ludwig and Reynolds, 1988). Similarities of distribution of aquatic worm

species were determined according to Bray Curtis Similarity Index (Clarke and Warwick, 1994).

Results

Classification of aquatic worms

Classification of all aquatic worms by sampling stations and seasons using external
appearances was determined by Edmonson (1963) and Brinkhurst (1971) under the stereomicroscope.
It was found that all aquatic worms were classified in 1 order 3 Family and 3 Genus as follows:

Phylum Annelida
Class Oligochaeta
Order Haplotaxida

Family Aeolosomatidae
Aeolosoma sp.

Family Tubificidae
Branchiura sowerbyi

Family Naididae
Nais sp.

Types and quantities of aquatic worms and their distribution

When analyzing the quantities and distribution of aquatic worms according to sampling stations,
it was found that station 3° had the highest number of aquatic worms at 23,587 worms per square meter.
However, there were only two types of aquatic worms such as Aeolosoma sp. and Branchiura sowerbyi.
Secondly, station 2™ had 10,137 worms per square meter. And station 1* had 6,908 worms per square
meter. The station 1% and 2" had 3 aquatic worms such as Aeolosoma sp., Branchiura sowerbyi and Nais
sp. Aquatic worms found at all stations were Aeolosoma sp. and Branchiura sowerbyi. Aeolosoma sp.
found the most common at all stations and accounted for 91.71%. (Table 2)

When analyzing the quantities and distribution of aquatic worms according to seasons, it was
found that in winter had the highest number of aquatic worms at 20,241 worms per square meter and
Aeolosoma sp. found the most common. Secondly, in rainy had 12,981 worms per square meter.

Summer had the lowest number of aquatic worms at 7,410 worms per square meter. Aquatic worms
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found at all seasons were Aeolosoma sp., Branchiura sowerbyi and Nais sp. but found in different
quantities. Aeolosoma sp. found the most common and accounted for 91.71%. (Table 2)

When analyzing the quantities and distribution of aquatic worms according to sampling
stations and seasons, it was found that in winter at station 3 had only Aeolosoma sp. and Branchiura
sowerbyi and found the highest number of Aeolosoma sp. at 11,482 worms per square meter. At other
stations in all seasons found at all were Aeolosoma sp., Branchiura sowerbyi and Nais sp. but found in
different quantities. (Table 3)

The Index indicates
1. Richness Index

When calculated according to sampling stations found that station 1* had the index for more
types of most was 0.23 and the lowest value was 0.10 in station 3, (Table 4) When calculated
according to seasons, it was found that summer had the index for more types of most was 0.22 and
winter had the lowest value was 0.20. (Table 5) When calculated according to season and sampling
stations, it was found that summer station 1* had the index for more types of most was 0.28 and the
lowest value was 0.11 in summer and winter station 3°. (Table 6)

2. Evenness index

When calculated according to sampling stations, it was found that station 2™ had evenness
index to the most was 0.48 and the lowest value was 0.24 in station 3°. (Table 4) When calculated
according to season, it was found that summer had evenness index to the most was 0.58 and the lowest
value was 0.11 in winter. (Table 5) When calculated according to season and sampling stations, it was
found that summer station 2" had evenness index to the most was 0.76 and the lowest value 0.01 in
winter station 3. (Table 6)

3. Diversity index

When calculated according to sampling stations, it was found that station 2" had the index of
a variety of the most was 0.53 and lowest value was 0.16 in station 3, (Table 4) When calculated
according to season, it was found that summer had the index of a variety of the most was 0.64 and
lowest value was 0.12 in the winter. (Table 5) When calculated according to season and sampling
stations, it was found that summer station 2™ had the index of diversity the most was 0.84 and the
diversity had the lowest value was 0.01 in winter station 3. (Table 6)

4. Similarity Index

When calculated according to season and sampling stations by Bray-Curtis Similarity and

Multivariate Dimensional Scaling (MDS) from PRIMER (Plymouth Routine in Multivariate Ecology

Research), it was found that similarity index had valuable between 40.26-91.25. In rainy station 1% and
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station 2™ had similarity most equals to 91.25. While summer station 1% and winter station 3“ had valuable
similarity index least equals to 40.26 (Table 7). Bring all data index to determine in picture get dendrogram
at 75% levels of Bray-Curtis Similarity. Analysis MDS found that had stress value equal to 0.01 showed
that had good reliability and had high accuracy. Almost aquatic worms in this research had similarity
according to season and sampling station and it can be divided in to 2 group clearly (p<0.05) (Fig 2-3).
Group 1 composed of aquatic worms in all season station 1* and 2™ and summer station 3“ and had
similarity percentage equal to 80.35. It showed that there were 2 families of aquatic worms which had
resemblance (Particular valuable more than 10.00%). Aeolosoma sp. had valuable similarity percentage
equals to 53.84 and Branchiura sowerbyi had valuable similarity percentage equals to 20.07 (Table 8).
Group 2 composed aquatic worm in rainy and winter station 3” and had similarity percentage equal to
84.88. There was just one family which was valuable similarity percentage more than 10.00%, Aeolosoma
sp., by valuable average similarity percentage equaled to 81.32 which were found regularly and had high
valuable confidence of the accuracy (Table 9). When considered average dissimilarity percentage
between group 1 and 2, it was observed that it was equal to 36.21 by Aeolosoma sp. which had the most
valuable dissimilarity percentage equal to 27.01 and was found most in both of in group 1 and 2 while

Nais sp. did not show in group 2.

Table 2 Distribution of aquatic worms in ditch according to sampling stations or seasons (Chiang

Mai, THAILAND)

Sampling station Seasons

Aquatic worms Average %
1 2 3 Summer Rainy  Winter
Aeolosoma sp. 6,150 8,446 22,668 5,705 11,794 19,765 12,421 91.71
Branchiura 564 1,364 919 1,423 993 431 949 7.01
Nais sp. 194 327 0 282 194 45 174 1.28
Total 6,908 10,137 23,587 7,410 12,981 20,241 13,544 100
Average 2,303 3,379 7,862 2,470 4,327 6,747

Table 3 Distribution of aquatic worms in ditch according to sampling stations and seasons (Chiang

Mai, THAILAND)

Aquatic Sampling station 1 Sampling station 2 Sampling station 3

worms summer  rainy winter summer  rainy winter summer  rainy winter
Aeolosoma 845 1,793 3,512 1,497 2178 4,771 3,363 7,823 11,482
Branchiura 178 252 134 667 415 282 578 326 15
Nais sp. 104 60 30 178 134 15 0 0 0
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Table 4 Structure and community of aquatic worms in ditch according to sampling stations

(Chiang Mai, THAILAND)

Stations Richness Evenness Diversity

1 0.23 0.37 0.41
2 0.22 0.48 0.53
3 0.10 0.24 0.16

Table 5 Structure and community of aquatic worms in ditch according to seasons (Chiang Mai,

THAILAND)

Season Richness Evenness Diversity

Summer 0.22 0.58 0.64
Rainy 0.21 0.32 0.35
Winter 0.20 0.1 0.12

Table 6 Structure and community of aquatic worms in ditch according to sampling stations and

seasons (Chiang Mai, THAILAND)

Seasons & Sampling Stations Richness Evenness Diversity
Summer St 1 0.28 0.66 0.73
Summer St 2™ 0.26 0.76 0.84
Summer St 3" 0.12 0.60 0.42

Rainy St 1 0.26 0.45 0.49
Rainy St 2™ 0.25 0.56 0.61
Rainy St 3" 0.11 0.24 0.17
Winter St 1° 0.24 0.19 0.20
Winter St 2™ 0.23 0.21 0.23
Winter St 3" 0.11 0.01 0.01
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Table 7 Similarity index of aquatic worms in ditch according to sampling stations and seasons (Chiang

Mai, THAILAND)
Season Mar_st1 Mar_st2 Mar_st3 Jul_st1 Jul_st2 Jul_st3 Nov_st1 Nov_st2 Nov_st3
Mar_st.1
Mar_st.2 80.65
Mar_st.3 63.00 78.47
Jul_st.1 84.60 86.65 78.67
Jul_st.2 80.18 90.29 8346 9125
Jul_st.3 53.31 61.56 80.67  67.51 69.93
Nov_st.1 71.55 72.31 8787 8349 8226 7750
Nov_st.2 65.03 70.83 87.07  79.76 79.99  87.51 89.98
Nov_st.3 40.26 45.07 64.09 5222 53.30 84.88 67.40 72.67

Table 8 Analysis similarity percentage of community of aquatic worms in ditch according to sampling

stations and seasons (Chiang Mai, THAILAND)

Arrangement Average Similarity % Average Abundance % Contribution % Cumulative %
group 1 80.35
Aeolosoma sp. 53.84 49.01 67.01 67.01
Branchiura sowerbyi 20.07 18.26 24.98 91.99
group 2 84.88
Aeolosoma sp. 81.32 97.8 95.8 95.8

Table 9 Analysis dissimilarity percentage of community of aquatic worms in ditch according to sampling

stations and seasons (Chiang Mai, THAILAND)

Arrangement  Group 1 Average Group 2 Average Dissimilarity%  Contribution %  Cumulative %

Group 1 and 2 had valuable average dissimilarity percentage 36.21

Aeolosoma sp. 49.01 97.8 27.01 7457 7457
Branchiura 18.26 10.96 5.07 13.99 88.56
Nais sp. 7.46 0 414 11.44 100
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Figure 2 Group arrangement of aquatic worms in ditch according to sampling stations and seasons

(Chiang Mai, THAILAND)
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Figure 3 Distribution of group arrangement of aquatic worms in ditch according to sampling stations and

seasons (Chiang Mai, THAILAND)
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Discussions and Conclusions

Abundance of benthic fauna depends on its surrounding environment such as property of
water, mineral, bottom of water. Aimost benthic fauna were lived plentifully in clean water without decay
except some species can live in the decayed environment. (Siri et al., 1976) Species diversity index of
benthic fauna showed a relationship between species and quantity of benthic fauna in source of water.
Under suitable environment, an index value was high showing that the environment had plentiful of
benthic fauna and each species had amount resemblance. On the other hand, under inappropriate
environment or polluted water, an index was low showing that environment had few benthic fauna and
each species had different amounts. (Bung-on, 1996) Similarity index was determined in community of
living things to compare between 2 areas for observing benthic fauna in 2 areas whether had
resemblance or different or not. General similarity index will be high when comparing in the
resemblance area. (Tudorancea et al., 1979)

From the results, it can be concluded that Aeolosoma sp. was distribution in public abundance
through all year, it was found to be the most in winter station 3 and the least in summer station 1°.
When considered according to season found Aeolosoma sp. was the most in winter which resembled
with research of Veerasak (2000) studying abundance and distribution of benthic fauna in Tajin River
found aquatic worms which were found the most in the winter especially November. When considered

according to sampling station, it was found Aeolosoma sp. to be the most in station 3"
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Abstract

Northeastern Siamese Tigerfish (Datnioides undecimradiatus), the native freshwater
species has become the valuable ornamental fish. Although the classification of this species was
ranged into genus Datnioides, it is likely that external characteristics may be variable due to similarity
with the other species, D. microlepis, D. campbelli, D. polota and D. pulcher. The present study
employed 25 morphometric measurements to investigate differentiation among 5 species. Principle
component analysis clearly revealed that there were 2 groups consisted of first group (D. campbelli,
D. polota and D. pulcher) and second group (D. microlepis and D. undecimradiatus). Meanwhile,
the cluster analysis differently showed that D. undecimradiatus was in the same group as D.
microlepis and D. pulcher. Fourteen decamer random primers were amplified to investigate the
genetic relationship among Datnioides using randomly amplified polymorphic DNA (RAPD). It
showed that the highest polymorphic content was presented in D. polota (53.57%), while the lowest
polymorphic contents were found in D. microlepis (29.35%). The phylogenetic tree revealed the
closest relationship between D. undecimradiatus and D. pulcher followed by D. microlepis, D.
campbelliand D. polota. It is concluded that the morphometric measurements and analysis of DNA
markers may support the taxonomic identification.
Keywords: Northeastern Siamese Tigerfish, Morphometric Characteristics, Genetic Relationship,

RAPD Marker

Introduction
Northeastern Siamese Tigerfish (Datnioides undecimradiatus) belongs in order
Perciformes and family Datnioididae. Its distribution was found in the Mekong river and its tributaries
in northeastern of Thailand (Nong Khai, Nakorn Phanom, Mukdaharn and Ubon Ratchathani
provinces). The common characteristics of this genus were black-lined body, long and hard spine of
anal fin, spiny preoperculum bone and position of eyes at the middle of the head (Rainboth, 1996).
With external characteristics, Northeastern Siamese Tigerfish was classified into Siamese Tigerfish

(D. pulcher) which is the critically endangered (CR) species in the redlist and the valuable species
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in ornamental market of the world. Currently, a large amount of Northeastern Siamese Tigerfish were
captured to be the ornamental fish and ranked in the vulnerable (VU) species (lucnredlist.org., 2014).

Genus Datnioides is composed of 5 main species; Northeastern Siamese tigerfish (D.
undecimradiatus (Roberts and Kottelat, 1994)), Silver Tigerfish (D. polota Hamilton, 1822), Finescale
Tigerfish (D. microlepis Bleeker, 1854), Newguinea Tigerfish (D. campbelli Whitley, 1939) and
Siamese Tigerfish (D. pulcher (Kottelat 1998)). The limitation of taxonomic identification was
presented in the grouping and scientific name. Siamese Tigerfish (D. pulcher) was grouped in the
same species as Finescale Tigerfish (D. microlepis). Then it was separated into the new species (D.
pulcher) in 1989 (Calacademy.org., 2014:online).

All Datnioides species are the popular ornamental freshwater fish, especially Siamese
Tigerfish (D. pulcher) which are expensive and decrease in amount in the wild. It is considered similar
in term of morphology to D. microlepis, a cheaper species. Both fish have been classified in the same
species and used the same scientific name in the past. Itis very confusing and difficult to distinguish
between these two species. In addition, some of academic data related to the study of genus
Datnioides were reported on the equal number of meristic counts including the number of dorsal fin
rays, anal fin ray, gill racker and the lateral line scale between D. pulcher and D. microlepis.
Consistently to results of the Karyotypes study, it was found that both D. pulcher and D. microlepis
appearance as well as the structures’ number of the Chromosome was equal (Pacharaphan, 2007)
In contrast Dutrudi and Nontree (2014) reportedly revealed that D. microlepis had a more genetic
similarity to D. undecimradiatus, compared to D. pulcher. There were also discrepancies in the data
which could be used to identify these fish separately. The taxonomic information in morphometric
measurements and genetic identification is essential. The objectives of this study was to determine
the morphometric differentiation of genus Datnioides and genetic relationship within and among

species of genus Datnioides using rapid amplified polymorphic DNA (RAPD) marker.

Materials and methods
Fish samples
Forty three fish samples of 5 species in D. undecimrediatus were collected from the lower
part of Moon River and Mekong River in Ubon Ratchathani province region. The 3 samples of D.
pulcher and 10 samples of D. microlepis, D. campbelli and D. polota were transferred from
ornamental fish shops in Bangkok, Thailand. The taxonomic identification was based on Smith (1945),

Rainboth (1996) and Kottelat (2001).
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Morphometric studies

The standard method of characteristic measurement was based on Hubbs and Lagler
(1947). The one characteristic were compared in percentage of total lengths, nineteen characteristics
were compared in percentage of standard lengths and five characteristics were compared in
percentage of the head length lateral as in table 1. All of 25 morphometric measurement characters
were examined using correlation matrix in principle component analysis (PCA) and cluster analysis
by the R program.
Genomic DNA Extraction

The 500 pl blood samples were collected from 5 species of Datnioides. Genomic DNA
was extracted using protein precipitation method (Endlard and Seifter, 1990). Blood samples were
digested with 500 ul TNES-urea buffer and 5 pl proteinase K enzyme. Genomic DNA was washed
with 200 pl protein precipitation buffer, 600 pl; isopropanol and 700 pl of 70% ethyl alcohol. DNA
samples were stored in 30 pl TE buffer at -20 °C untiluse. The 5 ul of genomic DNA was electrophored
on 1% agarose gel and checked the quantity with spectrophotometry.
RAPD-PCR Analysis

The 80 pairs of universal primers were used in RAPD-PCR technique. The PCR was
carried out in a final volume 10 pl. The reaction consisted of 1.0 pl of template DNA, 1x of 10x PCR
buffer, 0.6 pl of 50 mM MgCl,, 0.8 ul of 0.0256 mM dNTPs, 10 uM primer, 0.2 pl of 500U Tag polymerase
and 5.6 pl sterile water. The PCR was carried out on a thermal cycler, with predenaturation at 94 °c
for 3 min, followed by 40 cycles of 94 °C for 30 sec, 38 °C for 30 sec, 72°C for 1 min, and a final
extension at 72 °C for 10 min. The amplified DNA fragments were analyzed using 1% agarose gel,
electrophoresis checked by UV light transilluminator and documented using the gel documentation
composed of dark hood and Canon camera with UV light filter.
Statistical analysis

The morphometric data were presented as mean * standard deviation. Differences in
characteristics between the different species were analyzed by one-way ANOVA and Tukey HSD
multiple comparison test (R-package). Significant values were considered at P < 0.05. The
correlation of morphometric parameters among species were analyzed in Principle Component
Analysis (PCA) and cluster analysis using R package (version 2.6.1).

The polymorphic bands of RAPD were scored as presence or absence (1 or 0,
respectively). The total bands, percentage of polymorphic band, polymorphic information content
(PIC), allele frequency were presented. The genetic diversity was examined following Nei and Li
(1979), while the genetic distance and UPGMA dendrograms were calculated following PHYLIP

Version 3.5 and Nei (1978)
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Results
Morphometric measurements of Datnioides spp.

Twenty five morphometric characters of genus Datnioides were examined. The highest
values were LCP, BWD, BWA, PecFL, HWN, HWO and IOS in D. polota; HLD and ED in D. microlepis;
HLL, PDL, PPelL, PAnallL, PAnusL, PelFBL, CFL and SNL in D. campbelli; CPD, DFH, PelFH and AFH
in D. undecimradiatus and SL, BD, DFBL and AFBL in D. pulcher. While the lowest values were HLD,
BD, CPD, DFH, AFH and SNL in D. polota; PAnusL, BWD, PelFBL and HWO in  D. microlepis; SL,
LCP, DFBL and AFBL in D. campbelli; HWN and 10S in D. undecimradiatus and HLL, PDL, PPellL,
PAnallL, BWA, PecFL, PelFH, CFL and ED in D. pulcher. There were the greatest amounts of BWD,
BWA, HWN, HWO and I0S in D. polota; PPell, PAnalL, CFL and SNL in D. campbelliand DFBL in D.
pulcher. While there were the lowest number of parameters were HLD, BD, DFH and AFH in D. polota;
PAnusL and PelFBL in D. microlepis and HLL, PPelL and BWA in D. pulcher (P<0.05) (Table1).
Among the 25 characters, PCA revealed the significant differentiation of genus Datnioides. It was
placed into 2 separate groups; 3 species of D. pulcher, D. campbelli, and D. polota and 2 closest
relationship species of D. microlepis and D. undecimradiatus have similar characters compared to
the other species (Figure 1A).

Between all of Datnioides species, there were the 4 highly significant morphometric
characters included 10S, BWA, PPell. and DFBL (Table 1 and Figure 1B).

For cluster analysis of 25 characters, grouping of genus Datnioides differently showed 2
separate groups; the first group: D. campbelli and D. polota and the second group: D. pulcher, D.

microlepis and D. undecimradiatus (Figure 2).
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Table1 The proportional values of morphometric measurements of 5 Datnioides species

Morphometric

Dmi

Dun

Dca

Dpo

Dpu

Meanz SD

Meanz SD

Meanz SD

Meanz SD

Meanz SD

(In % of TL)
SL

(In % of SL)
HLD

HLL

PDL

PPelL
PAnalL
PAnusL
BD

CPD

LCP

BWD

BWA

DFH

DFBL
PecFL
PelFH
PelFBL
AFH

AFBL

CFL

(In % of HLL)
HWN

HWO

10S

ED

SNL

84.341+0.942°

33.941+0.720°
41.203+0.882°
47.976+0.840°
45.037+0.694°
72.467+0.921°
63.962+0.936°
45.511+0.715°
12.21440.451°
13.649+0.422%
16.562+0.467°
13.374+0.468°
23.138+0.753"
56.740+0.884°
20.760+0.776"
24.907+0.676"
6.1360+0.284¢
30.191+0.544%°
21.491+0.728°
19.571+0.791°

19.108+0.460°
43.893+0.716°
36.340+0.828°
25.432+0.530°
29.805+0.622°

83.462+0.590%°

31.548+0.906°
40.054+0.513%°
45.643+0.794°
43.445+0.734°
74.342+0.842°
66.439+0.397°
44.297+0.526"
12.278+0.493°
13.377+0.986"
18.506+0.298"
16.131+0.684°
24.664+0.555°
59.953+0.665"
21.669+0.878%°
26.612+0.954°
6.577+0.151°
30.831+0.924°
21.289+0.737%°
19.398+0.879°

18.499+0.371°
44.806+0.539%
33.000+0.493¢
21.836+0.437°
30.413+0.863°

82.7862 0.383°

31.693+0.970°
41.512+0.893°
48.976+0.610°
49.337+0.535°
76.891+0.816°
69.702+0.874°
43.962+0.731°
11.939+0.610%
12.149+0.436°
18.764+0.926"
12.712+0.484°
24.286+0.809%°
53.089+0.644°
21.88+0.632"
26.432+0.846°
7.251+0.305°
28.766+0.895°
19.371+0.890°
23.366+0.867°

19.401+0.452°
53.466+0.756°
37.722+0.547°
24.452+0.807%°
32.222+0.330°

83.624+0.807%

22.427+0.556°
39.084+0.953"
44.080+0.861°
45.13140.845"
74.599+0.899"
69.204+0.904°
39.073+0.962°
11.538+0.256"
14.536+0.507°
22.031+0.573°
18.546+0.411°
16.34140.785°
54.145+0.942°
22.196+0.751°
23.472+0.925°
6.807+0.207°
26.516+0.479°
20.117+0.692%
19.942+0.670"

21.412+0.812°
56.631+0.912°
42.296+0.989°
23.324+0.894°
27.436+0.595°

84.930+0.872°

33.473+0.391°
35.588+0.824°
42.793+0.953°
39.339+0.408°
72.032+0.843°
65.864+0.362"
46.714+0.818°
11.602+0.061%°
13.655+0.822%
17.200+0.262°
10.921+0.890°
21.737+0.745°
61.786+0.953
19.274+0.528°
21.832+0.642°
7.053+0.086™
28.817+0.913%
22.272+0.923°
18.742+0.679"

19.277+0.250"
45.864+0.120°
33.148+0.813°
17.350+0.943°
31.937+0.959°

98

total length (TL), standard length (SL), head length dorsal (HLD), head length lateral (HLL), pre-dorsal length (PDL), pre-pelvic

length (PPell), pre-anal length (PAnallL), pre-anus length (PAnusL), body depth (BD), caudal peduncular depth(CPD), length

of caudal peduncle (LCP), body width dorsal (BWD), body width anal (BWA), dorsal fin height (DFH), dorsal fin base length

(DFBL), pectoral fin length (PecFL), pelvic fin height (PelFH), pelvic fin base length (PelFBL), anal fin height (AFH), anal fin

base length (AFBL), caudal fin length (CFL), head width nare (HWN), head width opercle (HWO), interorbital space (I0S), eye

diameter (ED) and snout length (SNL)
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Figure1 PCA plot of morphometric parameters (A) 25 morphometric characters and (B) the 4

significant morphometric characters between all of Datnioides species

MeansRdemalulatinisilezas 19 12 atiuf 1 unsAn-Hguieu 2561



100

Cluster Dendrogram

20

15

Height

10

= O It 0 = ONLD 02 S~ D0 © 02— N OO T LA §2 N = it ONE) ST LD ~— <0

b cceceC O e ko@ @ co000dg

D.QDDDDDDD:!EEEEEEEEEEUOO a0oaod

NOODOOOOO0O0 :)DD ‘alalala] NOO [alalalalala
dqg

hclust (*, "complete")

Figure 2 Cluster analysis dendrogram based 25 morphometric characters of 5 Datnioides’s species:
Dpu=D. pulcher, Dca=D. campbelli, Dun=D. undecimradiatus, Dmi=D. microlepis and Dpo=D.

polota

Genetic differentiation of genus Datnioides

From 80 pairs of primer in RAPD technique, only 14 pairs of primer showed the 398
polymorphic bands in genus Datnioides (Figure 3). The greatest polymorphic bands were found in
D. polota (45 bands; 53.57 %) followed by D. undecimradiatus (41 bands; 46.07 %), D. pulcher (23
bands; 38.98 %), D. campbelli (28 bands; 37.84 %) and D. microlepis (27 bands, 29.35 %) (Table
3). The average polymorphism information content of genus Datnioides reached 0.74, while the

average allele frequencies ranged between 0 to 0.38.
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Primer DAT38
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Figure 3 RAPD pattern with Primer DAT38 of 5 Datnioides species on the 1% agarose gel
electrophoresis (100V-90min.). L=100 bp ladder, S=Numbers of sample

The genetic relationship of genus Datnioides was allocated into different clusters using
UPGMA dendrogram. The cluster showed the close relationship of D. undecimradiatus and

D. pulcher followed by D. microlepis, D. campbell and D. polota (Figure 4).

+ popl (Dmi)
+--2
! 1 o pop2 (Dun)
+----3 + 1 A
! ! +: pop5 (Dpu)
-4 !
I pop3 (Dca)
'
+ pop4 (Dpo) | B

Figure 4 UPGMA dendrogram based on Nei's Genetic distance

Conclusions and Discussion
The results of morphological characteristics measured in this study which were
educational methods and were suitable for practical applications, especially with alive fish revealed
the measured proportions of the morphometric characteristics. These were analyzed for their
relationships with fish species by both PCA method and Cluster analysis. The results revealed that

the D. microlepis had the same proportions of morphometric and related to D. undecimradiatus more
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than D. pulcher. The Eco-morphometric data can be used to distinguish between D. pulcher and
D. microlepis.

RAPD technique has been shown the significant difference in allelic frequency and
polymorphic content among genus Datnioides. The greatest allelic frequency overall loci was found
in D. microlepis. The allelic frequency of D. microlepis (0.239), D. undecimradiatus (0.221) and
D. polota (0.214) showed higher values than D. Campbell (0.185) and D. pulcher (0.142). RAPD
marker revealed to detect the genetic diversity of genus Datnioides. Several studies reported to
monitor the genetic diversity and distance using RAPD technique e.g. eight cyprinid fish species
included Barbus xanthopterus, B. kersin, B. barbulus, B. grypus, B. sharpeyi, B. luteus, Aspius vorax
and Cyprinus carpio (Mustafa et al., 2012); Rasbora sumatrana, R. paucicerforata, R. enthovaneii
and R. cephalotaenia (Zohrah, 2002); Clinostomum complanatum and Neutraclinostomum
intermedialis (Grobler et al., 1999); Indian Coldwater Fishes (Sivaraman et al., 2010); six Labeo
species (Paramananda et al., 2005); five Indian sciaenids (Wazir et al., 2007); and four fish species
(Pimelodus maculatus, Prochilodus lineatus, Salminus brasiliensis and Steindachneridion scripta)
(Micheline et al., 2006)

The genetic distance and phylogenetic analysis of RAPD marker demonstrated significant
difference among Datnioides. The lowest genetic distance was found between D. pulcher and
D.undecimradiatus. Both of them was close to D. microlepis. These results were presented slightly
differences from clustering analysis using morphometric measurements which showed close
relationship of D. undecimradiatus and D. microlepis and next to D. pulcher.

This phenomenon may be attributed to representatives of morphometric parameters and
number of fish samples in RAPD analysis. Arulraj et al. (2011) reported the morphometric
measurements and genetic diversity of genus Garra using RAPD marker and found that both methods
can detect the genetic distance and higher relationship of G. mullya and G. kalakadensis than G.
gotyla stenorhynchus. In addition, there was reported to Combining Morphology and Genetics in
Resolving Taxonomy- A Systematic Revision of Spined Loaches (lvana et al., 2014); Morphometric
and Genetic Analyzes of Indian Mackerel (Rastrelliger kanagurta) (Jayasankar et al., 2004) and
Morphometric and Genetic Variations of Etroplus suratensis (Bloch) (Dhanya et al., 2013). All of this
study founded that the morphometric measurements methods and RAPD technique can detect the
genetic distance and relationship of that fishes.

The morphometric measurements are essential to identify initially the genus Datnioides
through principle component and clustering analysis. In case of genus Datnioides, D. pulcher has

been grouped to be the rare (critically endangered) species, while D. undecimradiatus has been
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reported to be valuable species. It is difficult to sacrifice or investigate in the internal fragment of
head and body. There for molecular technique with DNA marker can be useful that clarify and present

genetic variability.
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Asnarianagandauasanvian (Cyclophorus spp.) WazUatilAe (Hemiplecta distincta) 1snnun1ARziuaen
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WUNTNTULAZALGNATI9 NUNNHAINITHN LazNUNTIANAA NANIFANEINLIN AARzIUeanNTNWN
WMNNZANNIN WAL 4,246,000 15 Audwsnzdandiunans winfdu 1,055,256 13 uasuilmunsaniies
wWiniu 377,667 15 wazainnisiiudieganiaauinsianun 32 Auf wunaauas (Cyclophorus spp.)
AU 1,905 B0 LAaTNaLLRe (Hemiplecta distincta) A9t 619 A TIAINYNHDIIBNUL IR ADIH AFaE)

Az 93 1FRRENINRlNaN (Cyclophorus spp.) WaZ3asay 87 YRIFIDENIVREILAD (Hemiplecta distincta)

ANENATY: MENINLIN UBLINEN YatAe WATANITUszIRURUINIzaN nRasaumArans

Abstract
This study aimed to evaluate a suitable area and to study the land use that affected
Cyclophorus spp. and Hemiplecta distincta in Eastern Thailand. Geoinformatics tools were used in
the study which based on 7 physical factors of habitats (elevation, landform, geology, water resource,
forest, temperature, and relative Humidity). The results showed that Eastern Thailand had a high
suitable area 4,246,000 rai, moderately for 1,055,256 rai, and low for 1,055,256 rai. According to the

result, all 32 field sites were collected and there were 1,905 Cyclophorus spp. and 619 Hemiplecta
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distincta. The overall accuracy of the model was 58 percent of Cyclophorus spp. and 68 percent
Hemiplecta distincta.
Keywords: Land Snails, Cyclophorus spp., Hemiplecta distincta, Potential Surface Analysis,

Geoinformatics
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(Hemiplecta distincta) a1191 119 AA WATNUAUNZANTIRE AU 7 A WuunatuaN (Cyclophorus
SPP.) AU 44 Fi uaTuesLAe (Hemiplecta distincta) a11491 62 FA
Wafiufieyaneaninunyivassaiia lunuiuazinuuigastusuouameavisasssianii
FUNUTINRNUIUNBENINUNATNU TUANAUAMNIZEANNIN IUNIZANLIUNANE LAZMNNTaNTIae anyia
° a & & A A o @ = o & o °
WULANANNTU IR UN RN UNUNZN NN T N9 AN ATITILARY AN AR A AR RS TAILLILAN A B UAY
neannuninu undnsie JAwinduesay 58 vasiantnanaanan (Cyclophorus spp.) WAZ3a8As

68 Ua9FMatiNtLLAD (Hemiplecta distincta) WaANAIATIETN 3

Table 1 The amount of suitable area for Land Snail buffering the human activities in Eastern Thailand.

Suitable area
Provinces High Moderately Low
No. (69.80 — 97.6 score) (39.03 — 69.79 score) (3.43 — 39.02 score)
Amount (rai) % Amount (rai) % Amount (rai) %
1 Chachoengsao 479,053.47 11 62,674.63 0.6 82,239.73 | 22
2 Chanthaburi 1,231,003.79 29 192,107.39 18 61,964.39 16
3 Chonburi 263,540.29 0.6 35,585.14 0.3 52,684.85 14
4 Nakorn Nayok 191.10 0.1 379,125.95 36 29,976.58 | 0.8
5 Prachinburi 905,220.28 21 51,164.93 0.5 42,025.87 11
6 Rayong 161,488.82 0.4 51,501.32 0.5 49,980.12 13
7 Sa Kaeo 882,835.55 21 163,603.17 16 22,996.08 | 0.6
8 Trat 322,666.62 0.8 119,494.04 11 35,799.46 | 0.9
Total 4,245,999.92 100 1,055,256.56 100 377,667.10 100
Table 2 The population of Cyclophorus spp. and Hemiplecta distincta in field measurement.
Suitable Area Type Coordinates Amount (n)
: &
g | g
> %) 2
No | Training Area < % = Longitude Latitude (§ 2
T | 3 3 S S
o) o QD
= 3 2
S | 8
T
Station 01 -l 803740.0595 1412720.027 2 0
Station 02 805736.8399 1426517.574 0 0
Station 03 781635.9688 1452287.748 65 0
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Table 2 The population of Cyclophorus spp. and Hemiplecta distincta in field measurement (cont.)

Suitable Area Coordinates Amount (n)
Type

R

No Training Area - ;&; §
5, *g > Longitude Latitude ‘é) E

T8 3 g g

= 8 Q

S | 8

T
4 Station 04 781634 1455429 18 48
5 Station 05 781199.2864 1455403.928 74 39
6 Station 06 781537.2284 1456244.099 32 14
7 Station 07 750109.3182 1585408.132 37 7
8 Station 08 748753.0453 1586046.53 35 10
9 Station 09 745240.996 1580893.213 31 19
10 Station 10 743246.272 1578270.466 5 4
11 Station 11 745679.2343 1576244.738 9 1
12 Station 12 743294.8199 1576091.356 4 1
13 Station 13 768942.4263 1476260.832 66 40
14 Station 14 766719.1661 1479459.487 7 2
15 Station 15 762404.3138 1484448.962 37 2
16 Station 16 752975.5502 1508983.783 6 1
17 Station 17 749078.2507 1507371.878 9 1
18 Station 18 747535.9672 1502270.234 9 48
19 Station 19 796703.8481 1474709.197 76 51
20 Station 20 797103.3756 1469347.293 5 40
21 Station 21 792787.6572 1471477.555 69 44
22 Station 22 790370.1581 1477438.554 35 17
23 Station 23 788176.9484 1489053.301 78 46
24 Station 24 779324.8763 1484994.309 37 8
25 Station 25 845703.2744 1387107.603 3 2
26 Station 26 860347.4552 1485664.759 78 41
27 Station 27 834867.7469 1512577.544 767 0
28 Station 28 895881.4428 1567079.548 78 39
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Table 2 The population of Cyclophorus spp. and Hemiplecta distincta in field measurement (cont.)

Suitable Area Coordinates Amount (n)
Type

. &

No Training Area X (S)

> @ %

< *g > Longitude Latitude S g

£ | 8| 8 S 3

o Q Q<

= % Q

5 | §

T

29 Station 29 896619.2555 1564171.533 70 2
30 Station 30 856345.3668 1547314.752 65 42
31 Station 31 846430.7599 1549471.42 64 40
32 Station 32 779659.1585 1489719.96 34 10
Total 18 7 7 - - 1,905 619

Table 3 Land Snail population classification according to Suitable Area in East of Thailand

Amount Suitable Area Type
- )
Speicimens (n) X s High Moderate Low
Cyclophorus spp. 1,905 36 28 > 64 8-64 <8
Hemiplecta distincta 619 19 19 > 38 1-38 0

Remark: Station 27 was separated because this case was worse so the highest number of values may cause the model was

high error.
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Suitable Area of Land Snail in Eastern Thailand

A Case Study of Cyclophorus spp. and Hemiplecta distincta
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Figure 1 Suitable area for Land Snail in Eastern Thailand
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Figure 2 (a) Cyclophorus spp in Station No.19 (b) Hemiplecta distincta in Station No.21
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Wallis, O.A. 1997. Introduction to Aquaculture. Berfley, Calif.: Adam Osborne&Assoc.
198 p. cited in Morris, M. 1991. Aquaculture in Asian. White Plains, NY: Lndustry Publications.
144 p.
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February 28]
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[ Guide for Authors }

The Journal of Fisheries Technology Research (J. Fish. Tech. Res.) Welcomes the
submission of manuscripts that meet the general criteria of significance and scientific
excellence.

Preparation and Submission of Manuscripts

Authors submitting manuscripts for publication must follow the following guidelines.

1. Manuscript texts must be written using high-quality language in Microsoft Word. The cover
letter and two copies of manuscript with CD will be sent to the editorial office, The Journal of
Fisheries Technology Research, Faculty of Fisheries Technology and Aquatic Resources,
Maejo University, Chiangmai, 50290 THAILAND

1.1 The Title should be a brief phrase describing the contents of the paper. The Title
Page should include the author(s)'s full names and affiliations, the name of the corresponding
author along with phone, fax and e-mail information. Present address of authors should appear
as a footnote.

1.2 Abstracts should not exceed than 250 words. The Abstract should be informative
and completely self-explanatory, briefly state the scope of the experiments, indicate significant
data, and point out major findings and conclusions. No literature should be cited. About 5
keywords should also be provided.

1.3 Manuscript texts should not exceed than 10 pages including abstract, figures, and
tables.

2. Format
2.1 Cordia New font must be applied.

18 pt Cordia New Bold fonts must be used for title and set in the middle of the page.

14 pt Cordia New Bold fonts must be used for authors and set in the middle of the page.

16 pt Cordia New Bold fonts must be used for all headings including Abstract,
Introduction, Materials and Methods, etc.

15 pt Cordia New fonts should be used throughout manuscript and all pages humbered
consecutively.

12 pt Cordia New Bold fonts must be used for footnote.
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2.2 Manuscript texts should be prepared single column, with margins (right = 2.5 cm;
left = 3.0 cm; top = 3.0 cm; bottom = 2 cm).

2.3 The Introduction should provide a clear statement of the problem, the relevant
literature on the subject, and the proposed approach or solution. It should be understandable
to colleagues from a broad range of scientific disciplines.

2.4 Materials and Methods should be complete enough to allow experiments to be
reproduced. However, only new procedures should be described in detail; previously
published procedures should be cited, and important modifications of published procedures
should be mentioned briefly. Capitalize trade names and include the manufacturer's name and
address. Subheadings should be used. Methods in general use need not be described in
detail.

2.5 Results should be presented with clarity and precision. The results should be written
in the past tense when describing findings. Results should be explained, but largely without
referring to the literature. Discussion, speculation and detailed interpretation of data should not
be included in the results but should be put into the discussion section.

2.6 The Discussion should interpret the findings in view of the results obtained in this
and in past studies on this topic. State the conclusions in a few sentences at the end of the
paper.

2.7 Acknowledgment is optional and should be as brief as possible.

2.8 Tables, figures, and references must be written in English.

2.9 Citations of published literature in the text and at the end of the manuscript must be
written in English.

2.9.1 Citations in the text should be given in the form of author and year in
parentheses; (James et al., 2011), or, if the name forms part of a sentence, it should be followed
by the year in parenthesis; Tomas and James (2010).

Citing two or more documents by multiple authors; List authors’ names by alphabetical
order, followed by year of publication, link each document with “;”(Keiser and Utzinger, 2005;

McCarthy and Moore, 2000; Nawa, et al., 2005)
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Citing documents cited in other documents; Put author's name and year of original
document’s publication, followed by “cited in” and secondary document’'s author’'s name and
year of publication; (Choi et al., 2004 cited in Kaewipitoon et al., 2008) Online materials; (Yu
and Mott, 1994: online)

2.9.2 Citation in reference list;

All references mentioned in the reference list must be cited in the text, and vice versa.
The references section at the end of the manuscript should list all. For papers printed in a
language other than English, indicate the language in parentheses at the end of that reference.
The following are examples of reference writing.

Reference to a journal article:

Khuantrairong, T., and Traichaiyaporn, S. 2010. Efficiency of carotenoid and nutritional values

of an alga Kai (Cladophora sp.) for economic utilization. J. Fish. Tech. Res. 4: 54 — 64. [in Thai]

Reference to article or abstract in conference proceedings:

Cliche, G., Hébert, D., and Bourgeois, M. 2007. Evaluation of different parameters to optimize
the collection strategy of the sea scallop (Placopecten magellanicus) in commercial
operations. Proceedings of the 16" International Scallop Aquaculture Workshop.
Canada, May 11 — 18, 2007. 24 — 28.

Reference to a book:

Boyd, C.E., and Tucker, C.S. 1998. Pond aquaculture water quality management. Kluwer
Academic Publishers, Massachusetts. USA. 700 p.

Reference to an edited book:

Shotts, E.B. 1994. Flow chart for the presumptive identification of selected bacteria from fish.
In: Bacterial Diseases of Fish. 4" ed., edited by Thoesen, J.C. Chapman & Hall, London.
pp. 131 -135 .

Reference to an electronic data source):

Yi, Y., Yang, Z., and Zhang, S. Ecological risk assessment of heavy metals in sediment and
human health risk assessment of heavy metals in fishes in the middle and lower reaches

of the Yangtze River basin. Environmental Pollution [Online]. Available from

http://www.sciencedirect.com/science/article/S029911100337X[2011, December 12].
2.10 Manuscript must be followed the guidelines of manuscript preparation, otherwise

they will be sent back or even rejected.
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http://www.google.co.th/search?hl=th&tbo=p&tbm=bks&q=inauthor:%22Craig+S.+Tucker%22
http://www.sciencedirect.com/science/article/S029911100337X%5b2011

3. All manuscripts considered for publication will be peer-reviewed by qualified editors and
independent referees.

4. The submitted manuscripts are not already published or are not currently under
consideration for publication elsewhere. Manuscripts, parts of which have been previously
published in conference proceedings, may be accepted if they contain additional material not

previously published.
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