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Abstract

This research aimed to use the earthworms (Pheretima peguana) as a fresh feed to induce
the reproductive development of the female domesticated Penaeus monodon broodstock. The
salinity tolerance of living earthworms were tested at 0, 20, 25, 30 and 35 part per thousand (ppt) of
the water salinity. The result showed that the earthworms could be alive for 16-98 minutes at 20 ppt,
10-70 minutes at 25 ppt, 6-10 minutes at 30 ppt and 4-12 minutes at 35 ppt of the water salinity. In
addition, the amounts of the earthworms that female broodstock-sized P. monodon consumed per
day was 0.84+0.49 percent of body weight (g.). These proportions are significantly higher than those
of control (pellets) which was 0.16+0.05 percent of body weight (g.) (p<0.05). The results showed
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that 16.67 percent of P. monodon that ate the living earthworms developed ovaries from stage |
to stage Il (GSI = 0.87). For the control groups, the gonad development of P. monodon did not show
significant difference among the experiments. However, for the growth rate of broodstock - sized
P. monodon (in term of body weight and body length), there was not significant difference between
the before and after the experiments (p>0.05).

Keywords : Penaeus monodon, Earthworm, ovaries, reproductive development, earthen pond
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Figure 1 The earthworms (Pheretima peguana) used in this study
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o/ 1 o %

Wufugaunanyada (Tancho, 2007) doulussuulAsNno UG mm@‘hﬁw BNAMFUNNINARGNTS

q

1
g

Aozt luaniaznianuidinuadlaifiu 100 and gouugiatsznding 25-30 aeAnmaiias ANy

q

v 1
NIA-ANDEIENIN 7.5-8.5 UAZANNIANTBIUDLITNIN 28-35 Aulurudau (Primavera, 1989) @3

o aAaa

o = & , ey = J ey =
szAuAMNLANTan It neunudsldineguazdinisinaaulua luinlfiilunan 4-70 wiv lag
AIMNUANINARBINLL UATHINA AT ANEUNRUFAINLIaR AuTRulReuRuTuay e zinan lunng
ARlEAauAY 1 fd1lszsns 3-5 w7 Imm_i@mmm:ﬁummmm 25-27 @1 unNua91 ﬁaﬁu (IR
dl U o o v o 1 % '8 ] a = o 1 aaa = dl
nlinduaunsdmdufinaiaiauianeudiugainianuastveg luanmilddnuacinisnaoulnly

dl9/ o a 1 =X 4 a dﬁl %
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Aanataiuiagn 30 Fu duaz 2 AR TmﬂLLaJWuﬁ:immm"ﬂﬁmmmfwﬁum?ﬁﬂ 66.80125.84 N3 (MUY
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14 §in) WUIANAIANTANITNARDIN
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(819191810) BEINNHTUAATYN19ADR (P<0.05) (Figure 2) Tnausiwugfisnataniuléinaunulsnus
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0.04 D14 1.31% 2@9uminga (nFN) FAadeiu 0.84+0.40% 209U1n1INAY (NFN) douusiiugis

o 1%

NAANIAAILIAN (819131810) Tue1maLlnlFAus 0.01 D9 0.15% 1a9Butings (niw) HAededy
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0.05+0.04% 2@41191inAa (nFy) Wesanlunimaaesiiiiananaiue1misuInngaies 0.5% waz

q
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padunuuzth il wiuiduermsnandiuginaianlulsaniein deuiclfiarwsilu 3-4 Hasadu

wazasiiuininisliannsiiu 3.5% uay 10-30% 199uuinsasedi reseusdauazaiiisan
o o . Y & g all 13-4 o !

AINAIAL (Lumubol et al., 2003; Primavera, 1989) uanslifiiudniBunuemnsiléiuldinaanasia

ANNAAINIFANMTUN WL T T LH asina LT

Table 1 The survival rates of the earthworms (Pheretima peguana) in the different water salinity

Time (minute) The water salinity

0 ppt 20 ppt 25 ppt 30 ppt 35 ppt

2 100.00 £0.00  100.00 £0.00  100.00 £0.00  100.00 £0.00  100.00 %0.00
4 100.00 0.00  100.00 £0.00  100.00 *0.00  100.00 %0.00 75.00 £30.05
6 100.00 0.00  100.00 £0.00  100.00 %0.00 94.44 +9.62 38.89 £31.55
8 100.00 0.00  100.00 £0.00  100.00 %0.00 63.89 £33.68  25.00 £30.05
10 100.00 +0.00  100.00 £0.00 94.44 +9.62 58.33 £28.87  13.89 124.06
12 100.00 £0.00  100.00 %0.00 91.67 +14.43  47.22 +19.25 0.00 £0.00
14 100.00 £0.00  100.00 %0.00 91.67 £14.43  25.00 £8.33
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Table 1 . (continue)

Time (minute)

The water salinity

0 ppt 20 ppt 25 ppt 30 ppt 35 ppt

16 100.00 £0.00  88.89 +19.25  83.33 £28.87 8.33 18.33
18 100.00 £0.00  88.89 *+19.25  80.56 *33.68 0.00 £0.00
20 100.00 £0.00  80.56 *+26.79  80.56 *33.68
22 100.00 £0.00  77.78 *£3155  77.78 £31.55
24 100.00 %0.00 75.00 £30.05  75.00 %36.32
26 100.00 %0.00 75.00 £30.05  69.44 13155
28 100.00 %0.00 75.00 £30.05  63.89 +33.68
30 100.00 £0.00  69.44 £3155  50.00 £25.00
32 100.00 £0.00  58.33 +33.33  41.67 £30.05
34 100.00 £0.00 ~ 58.33 +33.33  27.78 £17.35
36 100.00 £0.00  55.56 *+37.58  25.00 *14.43
38 100.00 £0.00  52.78 *+33.68  19.44 +12.73
40 100.00 £0.00  50.00 £30.05  16.67 *£14.43
42 100.00 £0.00  41.67 2500  11.11 £12.73
44 100.00 £0.00  36.11 2546  11.11 £12.73
46 100.00 £0.00  36.11 2546  11.11 £12.73
48 100.00 £0.00  30.56 *+26.79  11.11 £12.73
50 100.00 £0.00  30.56 *+26.79  11.11 £12.73
52 100.00 £0.00  25.00 *22.05 8.33 +8.33
54 100.00 £0.00  25.00 +22.05 8.33 £8.33
56 100.00 £0.00  25.00 *22.05 8.33 £8.33
58 100.00 %0.00 19.44 +17.35 8.33 +8.33
60 100.00 %0.00 19.44 £17.35 8.33 18.33
62 100.00 0.00  16.67 £14.43 8.33 +8.33
64 100.00 0.00  16.67 £14.43 8.33 +8.33
66 100.00 %0.00 8.33 £8.33 8.33 8.33
68 100.00 %0.00 8.33 £8.33 5.56 19.62
70 100.00 %0.00 5.56 14.81 0.00 £0.00
80 100.00 %0.00 2.78 14.81

90 100.00 %0.00 2.78 +4.81
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Table 1 . (continue)

Time (minute) The water salinity

0 ppt 20 ppt 25 ppt 30 ppt 35 ppt

100 100.00 £0.00 0.00 %0.00
110 100.00 £0.00

120 100.00 £0.00

1.6
1.4
1.2
1.0
0.8
0.6
0.4

0.2
0.0

1 1 1 1 1 1 |
*

Percentage/body weight (gram)

control earthworm

Figure 2 The average feed intake of the female P. monodon broodstock (Percentage/gram of body

weight). Asterisk shows significantly difference (P<0.05) between group.
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HAMAIN (Meunpol et al., 2007; Xu et al. 1994; Cahu et al., 1994, 1995) A1NN1ANHIAIAIN
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waridqullsznavreansaluduiandullszann 9 wefidus (Tancho, 2007) Tael Chakrabarty et al.
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o
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o aa
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q
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'
[ ° @ a
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24 4
o v a

LATUAIAUAANIINAADY (Table 2) ANN1IRIAFRUTTEZN1IRMUIB lIndsAuganmaaasing

AaANATRTe 1Y (GSI) wazutiszazansfalady 4 szay Ae wilamalalaiin (previtellogenic: svaizh
1, GSI < 1.5%), lawalalaiin (vitellogenic; sea1zh 2, GSI >2-4%), naulagn (early cortical rod; szeiz?
3, GSI >4-6%) LL@%HQﬂLﬁNﬁ (mature; 528159 4, GSI >6%) AMNANFL (Preechaphol et al., 2007) 1ngl
ao o U % o Lo cda Ny A a A o a . .
AIneuddannLgn fldvasianataiaunsusiusinuléipeunu Inswamuiuscasi 2 (vitellogenic)
AU 1 Fa TaafAn GSIwindy 1.87 douiwaadelnswmundussazi 1 (previtellogenic) @auuy
WuUgianNaIAgaAILAN (8111918n) nasduganIsaaeeiissasialaiiuszasn 1 (previtellogenic)

£
o

NuNA (Figure 3)

Table 2 Determination of maturation stages of the female P. monodon broodstock after the

experiments
Maturation stages Percentage
control Earth worm
1 100.00 83.33
2 - 16.67
3 - ;
4 - ;
Ovaries weight (gram) 0.68 10.16 0.9610.43
GSI (%) 0.87 £0.12 1.2110.47

ad dgj ° [ o oY A [ 4 a 4
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sraiznaiinzanlunisaaaie lifsonddd uaznisliianuisadiaiasnadon (Primavera, 1989;

Coman et al., 2005, 2006)

Figure 3 Ovarian developments of the female P. monodon broodstock for stage | (A) and Il (B) in this

experiment
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/ nAngINA1sNUaIMsaastanda lulinsiumg \
(Devario maetaengensis (Fang, 1997)) TunddnN A REUIALT RS A
Feed behavior of Devario maetaengensis (Fang, 1997) in Maetang River,

Chiangmai Province
sy guiind’ aana wenes' Unyain noudiesandn’ uasadtun gassuing’

Piyarat Suktip' Jongkon Promya' Bunyat Montien-Art' and Apinun Suvarnaraksha'

AUz A UIATNNTUITHIUATNENENNINIGKN WAnenae L TE

\ Faculty of Fisheries Technology and Aquatic Resources, Maejo University /

UNARsga

dandaluliusiunadulanenisiunesguinusluns Devario maetaengensis (Fang, 1997)
o o = [ a 1 1 a d’-/ % dl a o
Jadaidelud ansuzdindandaluldudunaResiudinuuu lnendataaasainslsuuliane oy
) ~ o | o Aa o Aa A A e aay
seaiesefuilansuesansslnsansndansusiiluazae nsndesuyauialugivalfudalivunzas

1
o A ' o ¥

funsaesfaegiaaii sanfdduuudnfaiindnefuacdihie lulifiegende faadnnizsenana
%ﬁ\atﬁufmLﬂu@mmuu"‘mmﬂmﬁmﬁﬂ@q'u?mmaqfﬂuﬁwmﬁﬁmmﬂﬁﬁuﬁyﬁ Auflunaliilandalyleius
LLmﬁwqﬁﬂﬁmmiﬁummiﬁaq{ﬁ Wudn szuunnAneIiszesta@aluliusuniidnandaunany
819R1FIARANENININAURNIINTL 1: 2.240.67 Teaanpdesiuiuesflsznaundniinuly
nazwnzemsidsrneudaududantesunacun feuay 57.41 uauadiauay 41.67 dauesdlszney
ninvesesfinyludliUszneudneiudiusesunadienas 66.01 nauadienay 33.98 taeiileuan
unalatuda wudnluszuuniapuensaesdadoluliusunsauiadnasnunguuauaslunssmny
awsInign Uanauwanansnunguunasunsniign dauluaneuwalvainusaunsnniige uily
slEnuiannzngurasmaLAsiazuNasLn ungteunuLiasunlumuAua I sIniign dawluge

WLINLNALAIHINTA AatiuRsdnTunguilanfiuuuag (insectivore) Hluaung

ARIATY : NFNTINNNIINEMNS asAlsznatemsluszuunInAue1ng dandalulusiues

Abstract
Devario maetaengensis (Fang, 1997) is an endemic species of Maetang River basin,
Chiangmai Province. Its mouth is obliquely because upper jaws have grooves supporting hook-like
lower jaws. It has large pectoral fins in order to appropriately adapt to float on the water surface. The
body colors are similar to leaf or limb in its surrounding environment. Its characteristics those
mentioned suit fish living and finding foods on the water surface like Devario maetaengensis (Fang,
1997). The ratio of digestive tract: body length was 1:2.24+0.67 which is compatible with Stomach

contents composing of Insect (57.41%), Red ant (41.67%). Parts of the food items found in intestine
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were Insect (66.01%), Red ant (33.98). Caddis flies were dominant food items in young fish; Insects
were dominant food items in middle-size fish; while parts of Red ant were dominant food items in
adults. But only insects and Red ants were found in its intestines. In insects were dominant in intestine
while in winter Red ants were dominant. The feeding habit of this species was an Insectivore.

Key word: Feeding, Stomach contents, Devario maetaengensis, Maetang River
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Figure 1 Food item composition in stomach and intestine of D. maetaengensis
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Figure 2 Food items in stomach and intestine of D. maetaengensis classified by total length range

avAsznavuazdnduzesanslunszinizamsuazan liulannn 3 gg MHun gofeunedas

A = KX a A | A =2 A 1 A a =2
LARUNUIANTNNO LRI f]@}Juﬂﬂﬂ]%‘iLﬂﬂuﬂﬁ‘ﬂgﬁﬂﬂﬂﬂﬁl@ﬂﬂu LAZANRIIABTINARUNE AANILUNY

A =< A [ o’/J dl % ! Q’J
LARUAUDILADUNNNTINUD TheI9ig 3 Z]@lel’ﬂ@.ﬁlﬁd’)uﬂﬁ‘lﬂ’]?u@’mSW‘LI’J’ﬂuﬂ?ZLW’]S@’]V’]?@ZWU‘T]NZG’JH

P | o o = o = o ny
LLN?NN'WWV]%‘;@ ﬂquumLLﬂ\ﬂ,uq@j?‘ﬂuu@xq@Jﬂuqqﬁ'quUlE‘N’]mﬁlﬂ@Lﬁﬁl\?ﬂu ﬁquﬂq?ﬂﬂjﬂq‘ﬂ’]uqiiu@qi@

WuTUdILIRuNAININTIgA Tug g Ten doulugauuauag AR UNLTUAILLRINALAININNIUNAY (Fig.

3)
%
50
40
30

20

10

Stomach

Cold Summer

Rany

m Red ant

M Insect

8 =

40
30
20
10

Intestine

™ Red ant

m Insect

Cold Summer Rany

Figure 3 Seasonal variation of food items in stomach and intestine of D. maetaengensis
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Figure 4 Food items examples from digestive tract of D. maetaengensis

Figure 5 G —| The habitats of D. maetaengensis
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g lulasadasiduanniiaddas wusinldauunaatnanwaziindas sanvaluiie
WziaedRdin AnnsasyiulansaBauazfiasin1snianeanainteagaaaniial uwAnLIaIMeng
sananaiiBunmulilsfiu 26 wWasiFusd asdiauaanaztinn Wluwnaallsfunaunuluainislan

&

newsnnaelinyafresanelulasates nandnemadaaiinantinfiunnilssiu 40 wlefidus

ToaldlilsAuannilantlu 36 wediius wazdamaasly 4 wafidus Tuewsgasnaunu (D1) wazunuy

TsRuanndawmasstlufae ldsiuaina vsnenlu 25, 50, 75 way 100 wlasidus (D2-D5) aeadaninzng

19 lugnszantzuIntii 96 AR AuIUFaT 10 63 1AN1INAADIAY 3 41 Hie1rsauanduas 2 A3

Y
oA A

uaan 12 duanif anuanis@nnudnileduganimaaed anssannie wazdadountslnaliaes
VgnﬂqmmimmmiﬂmwLLmﬁmrTummﬁﬁ (P>0.05) FULANUAIHNLANFANIDITNAIN AIINEND F79T

a a o o a o dlw a a 2 a k% a a 1
nisistyLIRANAE dR3In13iueInng ansauaniiie dsr@nsninnisldldsiu nsldldsaugns A
gtisi WATAUNUNITNAR iwdﬁmmmimmm@ﬂwﬁﬁm‘hﬁmmmﬁﬁ (P<0.05) TA8INLINNITUNUN
TsRuanndawaastiusoalilsAuaina i lulasaias arusanaunulélusysu 50 wWasidus (D3)
ToelsifinauanssainnguadLAn (D1) uaRFuUNITHARNAINGN

mdA - e lulasalen daingweann namaunudamantlu

Abstract
Microspora sp. (Thuret) is green macroalgae in Division Chlorophyta. It can be found in
freshwater and coastal environments, including aquaculture pond. It caused a problem on fish and
culture activities. The farmer has to eradicate them as waste. While, it contains of 26 % of protein of
dry weight and may be considered to be a potential dietary protein for fish. The utilization of
Microspora sp. as protein replacement material in Asian seabass diet to value added of
macroalgae waste was studied. Asian seabass sinking diets with 40% of protein were formulated.

Sources of protein in diets were composed of 36% of protein from fish meal (FM) and 4% (10% of
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total protein) of protein from soybean meal (SM) in control diet (D1). The SM was replaced by dried
Microspora sp. (DA) at 25, 50, 75 and 100% of SM protein (D2-D5). The juvenile Asian seabass was
stocked in 95 L container with 10 fish. Each diet was fed ad libitum to triplicate groups of fish twice
a day for 12 weeks. The results presented that, the replacement of DA in the diets showed no
significant difference (P>0.05) on survival rate and carcass percentage while the difference
(P<0.05) found on growth performances; final weights and length, specific growth rate, feed intake,
feed utilizations; feed conversion ratio, protein efficiency ratio and net protein utilization,
hepatosomatic index and product cost of Asian seabass. The level of 50% of soybean meal protein
can be replaced by dried Microspora sp. (D3) without performance differences to control (D1) while
lowest product capital.

Keywords: Microspora sp. Thuret, Asian seabass, Soybean meal replacement
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WutlannfiesnisiBunullsinluaimsaeuiinegs dszunm 40-45 ulefidusl (Sermwatanakul et al.,

1
a

2005) wazdngauntanldiduinasldsfunanlunisnanamisaingweaafiae daluy uslulaqiii
Ualudsareudinegs Useann 35-40 umsiedlaniu ausgiupnn nuaziiuullsfululanlu
! dl I = di ¥ A a v o ai o o
gauanugnlatulsnnnge wesanlEunnaonndesnislilunisuanemisdnd anennnaslunig
nanlanluanas AsdauasesAaslantluigedu (Hardy, 2010) dsnalaamsesasA1anuisailan
newsaa aedunslEdmgAuausllsaundsargnuaununislilanly auduuwamiemilalunisan
o a o | ! = aa > a
Aununisuanamistainznennnls uazdamasaduunasllsfunaununtasldnisuaneinisdan
newea9 WesanniTilsfugeuazsnaignnaniantlu (Bonaldo et al., 2006; Carter and Hauler, 2000)
wisnenuInIsuaunIndamaesluBunungaiinasanisiuemnsuarnisiasyiiu e 1a9dndin
\WasannnIntamaesdansfinulnguy (antinutritional factors; ANFs) wazaanuldannanesnsn
azflu (Deng et al., 2006: Wang et al., 2006) n1snawnudattusognindawaaslulaineneein
wudraunsonaunulilsfuaindatlubsaldsfiuainnindawaecls 10 wefidus neldfinasanns
Wiy te wnuannindawassuinndninnlidanfinasasoduingnae (Tantikitti et al., 2005)

o

UBANAINNINTAUNADIETIH

o

pnAuatwsEnuareaiafiiaun iduusslsfunaunuilalu s
mm’*mﬁmma‘ﬂ%Lﬂuﬁmqaulummiﬁmﬁ?ﬁq \W 11918 Ulva intestinalis Tua1u1sdanmzniy
(Muangyao et al., 2013) @14918 Spirulina platensis WAz Cladophora sp. la1113nUU1 (Boonta et
al., 2012) ludarfiainsldausne C. glomerata (Appler and Jauncey, 1983) @1131e U. rigida
Wae Cystoseira barbata (Kut Giroy et al., 2007) n13@141918 Prophyra sp. Tuauisdan Red

sea bream (Kalla et al., 2008) mewiwau“] AnVaLTiA (Mohammad and Rina, 2009)
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a e lulasadesn (Microspora sp.) \udusne@iden (Division Chlorophyta) luAsaLAT]
(Family) Microspora #gusnaiiluiéu (filamentous algae) Beniuduanamanluuaniaug wuvisaaain

v v v ¥
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armnstilafiudu 7 lud Uanduuaziamieslu smudanisees AOAC (1990) alidmsuniasiuans
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l23%u 2.1020.05 wlaFudus 1fin 28.50£0.35 e
AUIIAATUAZ AR THANT U sA Y 40 wWefifur uazlesiu o wefiduslnedl
dadouraswnaaldsiuainianilu (FM) 36 wasidus Lazanndamaasluy (SM) 4 1lasidus (10

wesifudaaalsmiuson) lugamruan (D1) uazldldsAuannainialulasatlas (DA) naunullssiu
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Aandawaeatlu N9zal 25, 50, 75 uaz 100 wwlafiius lueuisgns D2-D5 AMNANAL wazdnnALaY
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pauanslu Table 1 nandmgauliidiniuauazundiunanliiazidan sndaniuezedndauInEy
HauAuenans 3 daameas auliuiiabourrasatanseunguugd 50 avAmadaa waziuinun14a
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al
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2 dlandf uazifunnilszunueunsinu Wea 1wt nsesALTRANIg (specific growth rate; SGR)

waztlsz@naninnns M ldsiu (protein efficiency ratio; PER) Jumsnesitinnaulilsauluiliatanneuuas
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v
a o

WAINIIMARBINEAUINTT I TU9RUgNT (net protein utilization; NPU) usnuaulannafanininig

U2 '
o © o ]

FITNUUN LNBATUILBATINTNWBUNT (feed intake: FI) ARILANLILA (feed conversion ratio; FCR)
813198ARY (survival rate; SR) LAHUNUAIBINITABNANARLAINENIUI9 (product capital) 1AL

] 1 v U 4
1981918141191 5 Fin anusarnanaaed adidnrinaaiiatauazsiu wrauiausiutinuin

WA 1uIANdAdauN L3 TnAlE (carcass) wazA1ATRAY (hepatosomatic index; HSI) AAFEH

=t

¥
o

%@H@mwumimmﬁmﬁxﬁmmLLﬂiﬂmuLLUU‘V}NLﬁmmmmumimm@@muu CRD (One—Way
Analysis of Variance in Complete Randomize Design) WAZUIULLTEU AN BANANLRIA DAL A0e

DMRT M92AUAH @@t 95 wlasidus

Table 1 Composition, proximate analysis and cost of the experimental Asian seabass diets

Experimental diets

Ingredients (%)

D1(0) D2(25) D3(50) D4(75) D5(100)
FM (65% CP) 55.39 55.39 55.39 55.39 55.39
SM (43% CP) 9.30 6.98 4.65 2.32 0
DA (26% CP) 0 3.84 7.69 11.54 156.38
Rice Bran 12 12 12 12 12
Palm oil 1.53 1.85 2.16 2.48 2.79
Rice Starch 10.78 8.94 7.11 5.27 3.44
Vitamin Mix 4 4 4 4 4
Mineral Mix 2 2 2 2 2
CMC 5 5 5 5 5
Proximate composition (% dry matter)
Protein 40.34 40.42 40.32 40.30 40.26
Lipid 9.25 9.24 9.32 9.23 9.32
Ash 20.68 21.60 23.06 24.28 25.47
Moisture 4.32 4.50 4.57 4.35 4.46
Energy (MJ/Kg) 16.87 16.67 16.78 16.60 16.59
Diet Cost (Baht/kg) 43.62 42.56 41.50 40.44 39.38

Remark : In 1 kg of Vitamin Mix consist of vitamin A 10,000,000 IU, D3 2,000,000 IU, E 1,500 IU, thiamine 2 gm, riboflavin 2.5

am, pantothenic acid 14 gm, pyridoxine 2 gm, cyanocobalamin 10 mg, folic 0.5gm, niacin 12 gm, K, 2 gm and C 20

gm. In 1 kg of Mineral Mix consist of Ca 100,000 mg, P 80,000 mg, Cu 2,500 mg, Fe 1,200 mg, Mn 1,200 mg, Zn

1,540 mg, K 260 mg, | 740 mg, Mg 2,160 mg, Se 10 mg and Co 240 mg.
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NANT5IAE

namnagLlanzeadatanasi s ming lulasaesmaunudasaeriu 5 gms (D1-
D5) Wud%ﬁ‘@a”uqmmim@m Anassnyiulneas Usznaufan siwinszaing 23.89-43.12 n¥u
(Table 2 and Figure 1) AINENI9LUIN 12.04-14.32 LEUALNAT aRFINT918 3Ty AL TAR1INY (SGR)
3119149 0.72-1.35 wafidusdsedu Atszavaninnnslievnniads Uszneudag snsnisfiueimng (FI)
719N 37.39-69.03 NINFRGN Smsuaniiie (FCR) 52114914 2.00-3.70 Usx@nanmnislilalssu (PER)
2979 0.67-1.26 wazn191ElUsRugns (NPU) $2114979 6.94-12.09 Lladidus wazaaidyu (HSI)
3591919 1.23-1.54 wlefifud Fauansl Table 2 enudnAmanRaInewnsiiugslisfuainaivine

< &

25 wlesiFus (D2) uay 50 wWesifus (D3) 2eellsiuanndamaalu LTAuuAnAMI9ada
(P>0.05) a1NNauAILAN (D1) urigmnsfinanUsiuanawsne 75 (D4) uaz 100 iefuius (D5) 1eq
Telsfiuanndaimanaty HauumAnseaifed1eliadnAty (P<0.05) Lﬁmﬂ?ﬂmﬁﬂuﬁumjmmuqu
(D1) 100 eRsNsanmne (SR) 32191 90-96.67 wafifus uazdndouiiizlnaly (carcass) szmdng
48.14-49.23 wlafifus TlAuuansA1aiunIeada (P>0.05) Auanslu Table 2 dausiuyuaAa1ug
(Diet cost) §91A1351319 39.38-43.62 Lnsaniandy (Table 1) Ings1A101M1992anR9A N EAFIUNNT
naunuaelUsiuanamseiiisiu LL@:Lﬁfaé’]mmﬁunwﬁmmwf@m@m'ﬁmﬂmﬂz‘w\m’m 1 Alansu
(product capital) f131A19511919 83.00-145.70 1w Tnsiawnsgas D3 HEununisuananiigaasined
WadATYnania (P< 0.05) Lﬁ'mﬁﬂuﬁumma‘@mﬁ'u ° Aauandlu Table 2

Table 2 Growth performance, survival rate, feed utilization, product capital of Asian seabass affected
by proportion of soybean meal and dried Microspora sp. in the diets

Performances D1 D2 D3 D4 D5

Initial weight (g) 13.13a 13.86a 13.74a 13.09a 13.69a
Final weight (g) 39.44ab 43.12a 36.70b 23.89¢c 27.91c
Initial length (cm) 4.80a 4.85a 4.74a 4.73a 4.73a
Final length (cm) 13.95a 14.32a 13.73a 12.04b 12.76b
SGR (%/day) 1.30a 1.35a 1.17a 0.72b 0.845b
SR (%) 96.67a 90.00a 96.67a 96.67a 90.00a
FI (g/fish) 56.24ab 69.03a 45.29bc - 37.93¢c 48.80bc
FCR 2.16a 2.36a 2.00a 3.48b 3.70b
PER 1.15a 1.05a 1.260a 0.72ab 0.67b
NPU (%) 11.21a 10.22a 12.09a 7.09b 6.94b
Carcass (%) 48.26a 48.52a 49.23a 48.14a 48.79a
HSI (%) 1.54a 1.51a 1.43ab 1.23¢ 1.29bc
Product capital (Baht/kg of fish) 94.22a 100.44a 83.00b 137.50c 145.70c

Remark : The difference alphabet in the same row indicated statistical significant difference
(P<0.05).
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Figure 1 Average weight of Asian seabass from different diets groups within 12 weeks
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s UaInEnardlsasNaNIN Tl sRw 40 wWesidud Aldausnalulasatas
naunuldsfuaindavaastlu 0, 25 uaz 50 wWeafidud lnanisadiiuinnisesyduin wimin
1% a a o o a o dl” a a v = v
ANNENT BAINNTAIYRLIASIINNY 8RTIN1TALEINT R uaniile dszdnaninnis i Tsfiu nneld
TisAugns wazdrisyu lduana9iuneaia (P>0.05) uslainiBununimaunuiu 75 uaz 100
wasidumduaalilsAuaindauany NUIIRAMNLANANTUNNEDTH (P<0.05) TN AFITAAREILAL
dndounusinalilifnouuansnesiunieads (P>0.05) Tunganimaaes Gauanaliidiudinieli
aueluinratesmawnudawasstuluemisdainznenagainnsald laluEuno 50 wefiduduaa
TsAuanndawasesiu vsaleanduiunuaimsenlilugnsannis (D3) windu 7.69 wlefidus uay
Waldaumainaiy 11.54 uay 15.38 wefiius luamnsgns D4 waz D5 ANAAL (Table 1) Hna
MN9LAs R LTaU M LA Y 1 wimuInawny 1Usvdns Fl1l9m1 N9l

WnsasnyAuiasinminuazanuein ansnisiasaiiuinanmng dezdnsninnisldils
Tsfiugns uardntsuanas daudnsuaniiaiingalu (Table 2) 24si Mohammad waz Rina (2009)
nan997n15 M@ edunnaellsAuluaunsdndunannsaldlalud3uans 10-15 wesidusd nn’ld

a 1 d” al % a a o o‘OgJ v =< U =S u’// d” 1 1
wnifunIlasiinalinisiasyiduinaesdndinantiaaas DeudinnsAnsaainudnauinelulag
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runauldsAuluainsnguiia wudnanusne Cladophora glomerata NlilsAu 31.60 wasidus a1usne

Hydrodictyon reticulatum 111s@w 27.70 iWefidus a1usne Uiva lactuca 1T1smu 15-18 ilasifus
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wafidus wudeaiy Appler (1885) snea1udngnunsa Ma1nine Hydrodictyon reticulatum 14811n3
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NNSUAAIRANUADIEIUY vitellogenin LAazEy fatty acid binding protein
ARINIUWNALNE (Litopenaeus vannamei Boone, 1931)
MR EIFIER T TRAR 7
Expression of vitellogenin gene and fatty acid binding protein gene of female

Pacific white shrimp (Litopenaeus vannamei Boone, 1931) fed different diets
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N 4 (21m19gA39 3 1@3ua19an AN 55 wefiduAaeaeiinine1nis) anNnI9RAEiaUAINIg

1 ¥
Tnruinis wudn e mnegasi 2 entsiu 52.37 wefidus wazladi 12.17 wWeiduiaesinminuii

'
IS 3

4w : o - y . o |
A9ae luseAugInd191m19gmIan uarluenisgnei 3 eaunsfessaziuianngn tneilsiu 43.68
wWefidus wazladu 6.72 wefiiusuesinninuis annisldemnmassvaasudfaiuscavioan

50 41 wudnAATiANANYIOINA (gonadosomatic index, GSI) 18U N9 li A INLANG19NI
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a0 uellledLANZINNTILAAIaaNTR9EY vitellogenin WUINHN1TuaRIeanggaTuulfenliFuanmig

al

4m37 1 luanieiei fatty acid binding protein (FABP) innsuansaangagn s iiuanmsgnan 2
= 1 | a o o [ % o 1Y dl Yo dl dl a s o a ar

wardaanuuansteaendliad Ay fuuwlfanlfiueuisgnaau (p<0.05) Wediasnziunduiszans

anduiusresan lusiunazldsauluanmmaaaanudn Hanuduiusiun1sudanseaneasiiu FABP 11N

N4 N3ANIATINLNTIN N1TuanIeenaasEutasuliaalaNdNRUEAU AnIA M INTUINNI TR

219119 TINTWAANRENVRIEU FABP HAanuduiusivliunnvesidsivuazladuluauisunnndgn

= . .

134 vitellogenin

A1RIATY : W92 a1u1sua WU Litopenaeus vannamei, fatty acid binding protein gene,

vitellogenin gene
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Abstract

The study on effect of diet on the reproductive development and gene expression of female
pacific white shrimp (Litopenaeus vannamei) were performed. Female shrimps initial weight
28-41 g were fed with four different diets, consist of diet 1 (fresh feed; squid and mussels in a ratio
of 2:1); Diet 2 (reproductive compound diet produced by Research Center of Excellence for Shrimp,
Walailak University); Diet 3 (commercial compound diet for juvenile shrimp) and Diet 4 (Diet
3 supplemented with shrimp head extracted at 55%, w/w). The nutritional composition of diets
indicated that diet 2 contained 52.37% protein and 12.17% lipid which was higher than other diets,
while diet 3 contained lowest protein and lipid (43.68% and 6.72%, respectively). After 50 days of
feeding trial, we found that Gonadosomatic index (GSI) was not significantly different among shrimp
fed different diets. The expression of vitellogenin gene and fatty acid binding protein (FABP) gene
were determined from ovary tissue using gRT-PCR. The gene expression results showed that
vitellogenin gene was highest expressed in shrimp fed diet 1 whereas fatty acid binding protein
(FABP) gene was highest expressed in shrimp which was fed with diet 2 (p<0.05). The correlation
coefficient between gene expression and diet nutritional content indicated that the expression level
of FABP gene was highly correlated to dietary lipid and protein level. In conclusion, molecular
response in female reproductive system, either vitellogenin gene or FABP gene showed expression
level related to nutrition of diet. However, expression of FABP gene was higher related to dietary
protein and lipid level than that of vitellogenin gene.
Keywords: female pacific white shrimp broodstock, Litopenaeus vannamei diet, fatty acid binding

protein gene, vitellogenin gene
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T1lshiu Tawmalaafiudusaniansenunsenuniaaen (hemolymph) (Quackenbush, 2001) uasiltlsfiu

Inmdinniulawmalaatiu (vitellogenin receptor) aniaanidinguiadla (Tiu et al., 2008) nzuauNTH
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gnasuanlasaesluuansantivie Inadnffieasdl vitelogenesis-inhibiting hormone (VIH/GIH) 143
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v v v

MaBnswansaesEuillussazsne aeeniaimungeild aziiavnunnsneiu (Hiransuchalert, 2013)

= | v [l . . ' a aa . . |
mwmmﬂuqmg‘m (Marsupeneaus japonicas) lszazns lamalaaiin (previtellogenic stage) ldwy

2 |
=<

AsuanseanuAa i uiefnswmuniel svaslmalaiaiiu (vitellogenin stage) (Tsutsui et al.,
2000) FaansamnsiifeldTudanasenstRssuLALTUSTasH (Woulters et al., 2001) Faatinige
sefuuazgnnmaasieiuluamns Suasenieimuniliuazgnnmaasls desannladuduanss
ureinisainagesTuun s ALNALAL Gaimiini lunnsazanldune (Meunpol ef al., 2005) Inafiawud
FivdinfiRendefumneaT el Ae fatty acid synthase gene, fatty acid elongase gene Way
fatty acid binding protein (FABP) gene (Soderhall et al., 2006) Fatltianeanudn nsuansaanaesiy
FABP fl?%ﬁ‘i.l‘ﬁlLLWWI"NﬁuiuixEJWi’N"] 109N19NAUNTei LY InsdnwizdTmnzaes FABP Wlultlshu
ffaunmdndszanns 14-15 kDa g Wlalananadn uazluanaazduiunselaiu duivinisu
Syt i 1918 FABP sinuiihiiRendesiumnueaduaedlasi (Cheng ef al,, 2013) mn%@g@ﬁﬁ”

o o '
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293814 vitellogenin wawElU fatty acid binding protein $auIANATHAINANYIDTNATBIUN T2
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AUnsILAEIENNg
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21119gm 9 3 wraulaeiienndadiagldniufiserasiu wed 3 AR MR
iasnaa wndadaludinelilfuanmunzaniunisduAuaeudie asainamnsfissasiidauia
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Wafjsliiduenmisgaah 3 Tnadndaaniis 100 nFu Auansanaiafs 55 nfu agniadnlidinduunas
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o ay {

d o o oo v o o P ) P | e
mﬂﬂiﬂ?mu LL@::VLﬂ.lNu Iuﬁ‘ﬁﬁﬂu‘ﬂlﬂ@Lﬂﬁl\?ﬂﬂﬂqﬁq?@]ﬁ]?‘ﬂ 2 wqumunumfaﬁﬁﬁiLLMQZQMﬁ?Nm’mLmeﬂ’Nﬂu
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a Yy

Tneenmsgasi 2 H91A1gegn NsEENaainAINAsaziNfiun A s Ligalu a1 44.08 U/

Alansu 1w 52.25 uw/Alansu (Table 1)

Table 1 Cost of experimental diet per kilogram (kg)

Type of diet Cost (baht)/kg
Diet 1 125.00
Diet 2 750.00
Diet 3 44.08
Diet 4 52.25
Shrimp head extracted 15.00

N153LATISRAAIMNLNTUINITURIDTUITNARD
2IMNINARBINNGATILATIZIAIAIMNIINTWINTT 6w ATULAZEN AN3E AOAC (1990)
Taafius Taeesas G/N combustion 1 TRU SPEC®Combution, USA ‘2T dnuilasannaznisees Bligh
and Dyer (1959) walsfiuee s ANNAaN13284 Sachindra et al. (2006)
MEVARBIAEILATI112
ZEEATEY, AE T fananasauAzaRzaiy Seiimindubu 2841 nfu 41uou 36 fa iy
an W UiImMAaesIUIA 500 AR9 ﬁﬁmﬁ%@xuummLL@m:uufmguﬁﬂu dusvazinan 7 Ju liiamis
wmmmﬁl,l,sif’jwuﬁlu fuaz 4 ila luan 7.00, 13.00, 17.00 uaz 22.00 w. 1funtmmaaeuiy
3zz1981 50 Tu Wszudnanmasesiusuauufaiiasnsld iqmﬁaﬁﬁmmzﬂ'aul,m:m@u%whﬂ NN
i W’é@uﬁumimu@mammwiﬂﬁﬂﬁuizﬁuﬁmmmu maiafiuemswaeiiemaninninewns

Nuaifiaiuase duganismasaatiulfaunmAATHANNANYInIWA (GSI) ANRBN1INAAULaINIAIN

Benfey and Sutterlin (1984) waziiuilaigefelddnaidauiing (posterior lobe) Tu TriPure Isolation

S

Reagent (Roche, USA) Tunasnlalasiwunsiadaintduinulif -80 °C waldlunis@nminig

LAANAANUDEIL
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MSANHINITUAAIRDNURIEY
1. dupaunsain RNA N15A9LATIZI cDNA UAZNSATIARaLFaNmUAZAMNN
Budufinenisara total RNA AMs3anns TriPure Isolation Reagent protocol '?ﬁ”uagﬁﬂ?zmuma‘
azanEAzNau RNA #at RNase-free water 40 pl nan lidiniulaeldiula uazidnlund NN
55°C Usznnns 15 U1 99248 UL LATANAIN RNA KatLAT89 NanoDrop® ND-2000c
Spectrophotometer (Thermo Scientific, USA) 111 RNA '17'{3?'m'wmtﬁrmmum@mmwﬁmﬁu% (AN
paNAuLAST 260 unluimAsseAINsANEWLas 280 untuwimns azfeildagludas 1.7-2.0) 11
A1A97¥Y cDNA Aoeinatia RT-PCR Tnandainsnei iScript™'cDNA Synthesis Kit (BIO-RAD, USA)

Tmﬂﬁﬂﬁﬁ?mmmmqmm PCR (Table 2) #439a1n1iu 11 cDNA 1magauAunn (Table 3)

Table 2 The component to synthesize the cDNA

Component Volume (ul)
Nuclease-free water X

5x iScript select reaction mix 4.00
Random primer 2.00
RNA sample (1 ug total RNA) X
iScript reverse Transcriptase 1.00
Total volume 20.00

1 v
nan i ulne 19ls uaztindineeas PCR Iasn1nunaning sail

Incubate 25 °C wu 5 U
Incubate 42 °C Wi 30 U
Incubate 85 °C w5 Tty
Soak 4 °C

'
=

v
NAAINIU ALHANAR cDNA NEgaungi -20 °C nevageunmn1ningld Elongation Factor 1

o

primers (EF) ‘lun19vi1 PCR tnglfifsanmsuazaniazaesdfjivensisil
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Table 3 The component of PCR Master Mix for 1 reaction to test cDNA quality

Solution Volume (ul)
5x FIREPol” Master Mix 2.00
EF1-Forward primer (10 uM) 0.15
EF1-Reverse primer (10 uM) 0.15
cDNA Template (10 ng/ul) 1.00
Deionized H,O 6.70
Total volume 10.00
iltiduins PCR TataauaNaniazaesy e ol

Initial denaturation 95 °C 3 uW 130U
Denaturation 95 °C 30317

Annealing 60 °C 307uA 35 381
Elongation 72 °C 303w

Final elongation 72 °C 7 1901
Soak 4 °C o

FINAAD UL IAZATUNIN 0835 Gel Electrophoresis Audisdiv 1 1wefiius lnsnisuas
Novel Juice Supplied in 6X Loading Buffer (Gene Direx, USA) fiu PCR product Tugnsndau 1:1 114

1Bums 10 pl anndurinldveanaauu Agarose gel wazld 100 bp DNA ladder marker 1duinu DNA

HIRTFIU
d49

2. miﬁn‘mmﬂmmaanmmﬁué’wwlﬂﬁﬂ Real-time PCR

wnaduilanalelndaestiu vitellogenin wazdiu fatty acid binding protein 98474219 a1n
GenBank (www.ncbi.nim.nih.gov/genbank/) (Tmem3any accession number AY321153.2 L@ &
CK5708041 MA1NATNAL) NN88nbUU IWIiNeaF&ae Tl sunsu Pimer3plus
(www.bioinformatics.nl/primer3plus) 1Hd A2 ue 191 svun 18-23 gLua W&9a1NTY Anwanag

wAAIRENTaEURIEWMATA realtime PCR Tagldirsas 7300 Real-time PCR system, USA uas ldeu

Elongation Factort lugiugneds tnaldUffsauazanias PCR (Table 4)
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Table 4 The component in real-time PCR for 1 reaction

Component Volume (ul)
5x HOT FIREPol® EvaGreen“qPCR Mix Plus 2.00
Primer Forward (10 pmol/pl) 0.25
Primer Reverse (10 pmol/pl) 0.25
cDNA Template (10 ng/ul) 1.00

H,O PCR grade 6.50
Total volume 10.00
finlihdiueies PR TasanuAnanazresfiten ol

Initial activation 95 °C 15 w1 1 991
Denaturation 95 °C 30 3u1%

Annealing 60 °C 303w 40 991
Elongation 72 °C 30317

Soak 4 °C (00

AATTUNANITWEAIADNUBITWAEAT 2

BACT (| jyak and Schmittgen, 2001) TagiA1 1A

APAIUITAUNITUAAIDDNUBITUANNANNT AITL

AAct =(CT, target — CT, control)time X — (CT, target — CT, control)time 0

Andaunisiansaanasdy

Lﬁﬂ; CT, target

CT, control

NN5AATITNHANITNARDY

_ 2-AAC

= AN CT aageiusTuune

= AN CT 898 ud9aa

idayanlfarnnisinsziauAimiinguinisaimimaaed ANATlANNANYIlNALAY

FTAUNITWAAIBANTBIE Y N1FAT1ET AN T UTR9ANRABLLL (One way analysis of variance :

ANOVA ) waziFauiiauanuuanf1eae9A1aasfae (Duncan’ s New Multiple Rang Test : DMRT)

FINTIALAFIZIN AN AN LT IENINAIAMNNINTUINITTDIBIMNTUATANATLANANY TN A (GSI)

Yunisunangaanaadtinine ldArduilssAnsandunusuuuiina 54y (Pearson Correlation Coefficient)

NeFuANITRN 95% FnalilsunsNalAsIzyin19ana SPSS
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NANI5ae

qmv’hmﬁnﬁmmﬂmmmsw 2N

'8 '

NANNTIATIZAAAIMNINTINTUINNFUDIRINNINARDY (Table 5) kam LAANIN @IUTLARSTRA

q

= ! A e o A o oA = o a
Nﬂm&‘ﬂ’]mqﬂiﬂmuqﬂqﬁ‘wLLmﬂﬁ]fNﬂu 'ﬂqﬁq?@jmﬁ‘wmuqﬁ‘gUU@Uwuﬁ NﬂqiﬂimuLLﬂgiﬂlNu@ﬁ@zm Tmﬁlﬂﬂq

9

1 a

52.37 uay 12.17 wefiiuAredtiinineuns dauerunadadniagldniuiesvaziy (Diet 3) AN
Tilshu uazladu 43.68 uae 6.72 wWefidudnesuininennis nisiasnansainiafisluainisdn

¥
A3agUdmiufisszaziu (Diet 4) asnaliiAnTUsiuuazlaiugeau Inaiien 46.48 uaz 8.73 wWadidus

299U IMENBINNT AINAIAL FaNTaNTTALRsUATINueAgand1a u19gnsan-] Inailfn 48.78

TuTasnfuueasdinuauiwnia lwaneneamalnddagld minfivezeziu uazenmnadndraglgns

o a

WinwseuuAUAug HAunlsiuend 11.72 uay 31.94 lulasninueasinuauin/niu auasy dou

o o

21111340 (Diet 1) HsvaullsAunaylaiulndipesesgasimunsyuuausiug (Diet 2)

El

Table 5 Proximate composition of experimental diets (dry weight)

Experimental diet protein’ (%) Lipid' (%) Ash' (%) Carotenoids' (ug A><2/g)
Diet 1 50.07 + 0.19° 10.88 + 0.26° 8.12 +0.35° 29.18 + 1.33°
Diet 2 52.37 +0.14° 12.17 £ 0.44° 11.35 + 0.68" 31.94 +7.52°
Diet 3 43.68 + 0.09° 6.72 + 0.14¢ 15.45 + 0.48" 11.72 + 2.34°
Diet 4 46.48 + 1.08° 8.73+0.42° 15.83 + 0.16 48.78 +16.79°

"Values are means + SD (n=3) with different superscript (a-d) differ significantly (p< 0.05) between treatment
2 Ax uaaRIuTUAY (Astaxanthin)
Diet 1 Fresh feed, Diet2 Reproductive compound diet, Diet 3 Commercial compound diet for juvenile shrimp, Diet4 diet 3

supplemented with shrimp head extracted at 55 % (w/w)

ﬁ‘ﬁﬁm’mﬂuyirﬁmﬁ (Gonadosomatic index)

= ¥ o

m@mwmwﬁ’ﬂﬁﬁmwmmaﬁmmmLLN’ﬁwqq (Table 6) WL uﬁﬁgmmiuwmmﬁw

Q 9

o Y 1

auaLlnd13agUdmFunesva sy (Diet 3) wartiasgalugannaesansidndiaglgnaimuisyuy

q q

Y v
or taa 1 o oA

AUWug (Diet 2) wavisll AnsaANanysnliwAtasuafs agludas 0.60-1.21 Gsldwuaauuansnamg
Al (p>0.05) Tuszngneniamaans wuudfiaeldluganimaassanuisan (Diet 1) wazaIusLla

di3aglduiuiassaziu (Diet 3)
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Table 6 The number of spawners and Gonadosomatic index (GSI) of shrimp fed different diet for 50

days
Treatment Number of spawner GSI (%)’
Diet 1 1 1.10+£0.36
Diet 2 0 0.60 £ 0.29
Diet 3 1 1.21+0.63
Diet 4 0 1.03+£0.26

'Values are means + SD (n=3)
Diet 1 Fresh feed, Diet2 Reproductive compound diet, Diet 3 Commercial compound diet for juvenile shrimp,

Diet 4 diet 3 supplemented with shrimp head extracted at 55 % (w/w)

NANITANENSZALNITUAAIRRNARIEU Vitellogenin (Vite) Wzt Fatty acid binding protein
(FABP) Tuusiwugneung

ANNITAUNIEU Vite uazEn FABP 28979219 1ug udeys Genbank na121n13
sanuuvlnsmedandnduianalelng el luntsdnmnisuansaanaesdi (Table 7) HANISALATIZT
ANTUAAIARNTDIEL Vite LALEL FABP WL91 38AUN"TuanInanTadiuiaaes faauuAnaatie]

WA1ATYNNEDR (p<0.05) (Table 8)

Table 7 Selective primers for vitellogene (Vite) gene and Fatty acid binding protein (FABP) gene

Position of primer Product
Primer Base sequence 5°-3° % G+C | Tm (°C) binding size (bp)
Vite- F CTGGAATTGGAGATCCCTGA 50 57.3 2,747-3,055 308
Vite- R TTCTTGATGGCAGCAGTCAC 50 57.3 (started codon (AGT))
FABP-F | AGGAATTTGAAGAGACCACAG 50 57.3 273-433 160
FABP-R CACTCCATTAGCATCTTGTC 50 57.3 (started codon (GCC))

Table 8 Gene expression (fold changes) of Vite gene and FABP gene from ovary tissue of female

pacific white shrimp fed different diet for 50 day

Treatment Vite gene' FABP gene'
Diet 1 12.22 + 0.66° 20.80 + 14.05"
Diet 2 1.71 +1.33° 27.91 + 11.35°
Diet 3 1.00 +1.22° 1.00 + 3.01°
Diet 4 0.71 +0.14° 6.83+ 7.10°

'Values are means * SD from the number of surviving shrimp in each trial: values with different
superscript (a-d) differ significantly (p< 0.05) between treatment
Diet 1 Fresh feed, Diet 2 Reproductive compound diet, Diet 3 Commercial compound diet for juvenile shrimp,

Diet 4 diet 3 supplemented with shrimp head extracted at 55 % (w/w)
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nsdnszianduiusaesiiayauuuiiasdu (Pearson Correlation Coefficient, r) 31314
AUANN N TNTUINNFTBIBNUITTILINITUAAIDBNTBNEY UATAIATHANANYSOINA (Table 9) WLFN AN
TsRunazladuluanmisdauduius luAAn 1AL UL ALNITUEAIRaN TR 814 FABP 8819l

WedAtyn19ada (p<0.01) TnafiAnduilasc@nandusius () windu 0.99 uwaz 0.99 ANANAL

Table 9 Pearson product-moment correlation coefficient between proximate composition of

experimental diet and gonadosomatic index (GSI) with gene expression

Parameter Expression of genes/GSI r siq.
Protein Vite gene 0.39 0.61
Protein FABP gene 0.99 0.01*
Protein GSlI -0.81 0.19
Lipid Vite gene 0.40 0.60
Lipid FABP gene 0.99 0.01*
Lipid GSI -0.80 0.20

GSI Vite gene 0.23 0.78

GSI FABP gene -0.79 0.21

* significant correlation at the 0.01 level (2-tailed)
'r Pearson Correlation Coefficient

’Siq differ significantly (p< 0.01) between treatment

A91uazIANTUNANTNAAD

HANIIAN®I WUFINNTUAAIBANTDIEIU vitellogenin gega TufjsnliFuainnsan (gnan 1) uas

o o o

Angalufien liFuaunsdsnansanniafs (gm39 4) TnadAuuansieeteldad Ay niead

o

=)

q
Y v
o o Yo o/

(p<0.05) 1141 T3 NI9N1INARBY wum@ﬁwmﬁ?ﬁmmLLﬂwuﬁ:ﬁqﬁimwmmmmlwﬁqq 20 TULLINUDY

q

'
vy a

naaes uasisnlifueunsdaddagldmiufssvaciu (gm0 3) Tudas 35 Fuaaan1ImAaDS

q

F9aNN19ANET UeTdnIsuanseanaasiiu vitellogenin HA14galugANIMAABIRIMIaA Tuanieh

Gs! ldanuuansnameaifrewsazgan1mased TnadA19endng 1.21- 0.60 wlid1dlaAn 0.60 fAind

' '
=) '

= . . o =2 al i
NI17LEAIAANTAILU vitellogenin TINAMMNLANAINNLUNIFANIURN Avarre et al., 2003 19188471191

o

srazn1IR A UN Tl N A NN AU ITIsuanAiunITuanIana U vitellogenin TaaEu vitellin 1w

v '
o a

Hanaant (Penaeus semisulcatus) Az Fuwunisudnsaaniie GsI fe 1.00 1wl Fednerlusvez
Tamalaatinnausiu (early vitellogenic stage) N1simuNTasieliasiinduaunseits GsI ilan 5.6
Fafluszazldgn (mature stage) lnaaznullsiwlamaladiiusaus 0.252.65 fadniu/fadaans
AINANAU (Okumura et al., 2004) ﬁqfuﬂﬁiﬁnmimzﬁuimL@Q@ﬁﬂimxﬁu@mﬂu%ﬂLLWMNLW@

=2 2 dl o 1 % =2 oi/l d” 1Y Y o dld 1
ﬂﬂ‘i:f’]LL‘NQT‘L&NﬂW?Lﬂ@ﬁuLLﬂ@\iﬂﬂﬂﬂqqllﬁ NMIANIATIU LLNQ\ﬂﬁ?‘LI@"I‘M’]?‘V]ﬂ@@QVINQMﬂqVIW\?
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TNIUINNTUANANSAUUANLAN T2ALNTULAAIBRNTR9EU vitellogenin T ANNANRUSAUANa9lLlsFL

warluiuluennig dewanslisiudnanaliladsaudnuiinaadias a1nn139189714299 Wouters et al.

'
1y A

1 ¥ v
(2001) wudn wifjanliFuansemnsedneAsuiouasinNIgnIIRMUNTLULAURWENIF9 AU wanannil

Q

ABLARLARTRALAYNTA b THwA arachidonic (ARA), eicosapentaenoic (EPA) A% docosahexaenoic

(DHA) aziduasisfinlunisdainsziansainesas A1) uazaesiuunseanIunauALIHLNLIN

o o '

ANATY BT UUNRANAULAZ NI UNTeULRURUE 9SS (Wimuttisuk et al., 2013) AMNKNANIIANEN
ANNANNUFIDIA98NUITLNITUARIDBNTDITU WUINANTBMNTLWNgRAINaTAuATITUsEALNIS

LARIBANIBNEUITUAD N1TWAAIBBNTBNE U Fatty acid binding protein HANNANAUS IUAAN AR

o

fuA1lasiuluenuns Tedenndeeilin13518971a84 Cheng et al. (2013) WU 8 Fatty acid binding

protein #AnuiAtadasiumunueddNaadladu nealaduuaznisnituianavesansiliaaun

a o

(hydrophobic) LU 19Ruaa INAUNA 4193 Wingltafiuadanannaunisnalauesdadfuiu

&y | o a o P | e . oy A
UANAINU QQIMLLmﬂngﬂq?JNﬂ’)’]ﬂm@ﬂﬂq?@’]ﬁ‘@’]vﬂﬁ/]LLmﬂfﬂq\iﬂu Boonyaratpalin (1996) 7181911471 nn

(%
o

ingdeasnyugariannufieenisaisannnsgendnfesrarau Wesannfadatfieslinaaunimasan

A o o

N3A199TRIALAZNTARBU WL INe NI UITEULAUWWE Chamberlain et al. (1988) s1eu3uuf

q

T &

119fean13ldsiu 42 wWesidusd warledu 6 Wesidud delanuunnm1eiunissnesnuees Galgani
et al. (1989) wudnuaifiaanasiaanislusdiu 49 nlefiius uazladu 8 Wadiius nanimaaaaniall

o [

awngnfidunuannsluninaanldamnsdmiunisguusnugiaang Inalussazusnaiunsnyuusfs

1% b4 1 ! dl v v a a dl Ly b % b4 v 1Y o/ o/
Arearsilndiagliasraciunewine luliensaseyAninnany sl udonsesuliuafeimun i

laRanusaifanislda1unsan 998 andludaalin sAn e R NRAN DT E108711890717 1 AU TUARY

U

a

TURA

nnpngsNUssniA
Ao AN ve o A a o o A =
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The use of Bacillus amyloliquefaciens KJ720206 and soy milk kefir

as probiotics in Nile tilapia
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UNARED

RER LG TIPS N WaAnun 9143 auunfiBe Bacilus amyloliquefaciens KJ720206
wazAmesundamdeadulnslulesnlutlaniia (Oreochromis niloticus) WiNLanTiagun 35+5 N3y
W 3 ngunisnnaes Ae ngu T1 1uNguAILAN NgX T2 %38 B. amyloliquefaciens KJ720206
(4.89+1.23x10° CFU/mL) $aaiaz 6 warngu T3 ldAmad (2.83+1.5x10° CFU/mL) $atas 6 B
Uarfaiduinan 30 41 wudn ngu T3 Hensnasiasgyiiuingandangu T2 uaz T1 304 1.09+0.09,
0.84+0.17 WAz 0.80+0.06 NFu/Fa/du muatsL daurmisiadinanen lulasfiamasa uaziiawmas
LaLLONARA MLTARDALATIBINNNANNNINAASY HAN lHuANsNTuetelied1Atyn1eadia (P<0.05)
slenaaauauitunusede Aeromonas hydrophila Iagn13amdindasfias WLdNERIIN1278ATRS
ngu T3 gandngu T2 uay T1 aeialdad1Atyn1eadis (P<0.05) dali%enas 83.33+5.77, 70.040.0
LAT 46.67+5.77 Auddu nans i AmesTisenay 3 uazsenas 6 Aelanfiafiunan 60 Su wudn
Uarflafiamsnisiasayiiule 1.31£0.07 uaz 1.92+0.08 NFN/Fa/dU ANATAL Faumnsnaiuaened
SdnATUN9aTA (P<0.05) HANsASeiitiedinnns14Ame Sundamaesisydbenas 6 uniadend
nauladwiulfiduinslulennlulaniia
mdnan : daila rlulesn lulastiandea Sowdauauuadads Challenge test

Abstract

The aim of this research was to study the use of Bacillus amyloliquefaciens KJ720206 and
soy milk kefir as probiotics in Nile tilapia (Oreochromis niloticus). Nile tilapia fish, 35+5 g were
divided into 3 groups, T1 was control, T2 was 6% of B. amyloliquefaciens KJ720206 (4.89+1 .23x10°
CFU/mL) supplemented, and T3 was 6% of kefir (2.83+1.5x10° CFU/mL) supplemented. After 30
days of fish cultivation, the highest growth rate was found in T3 and the next were T2 and T1 which

were 1.09+0.09, 0.84+0.17 and 0.80+0.06 g/fish/ days, respectively. Hematological parameters,

micronucleus and nuclear abnormalities in erythrocytes of each groups were not significantly
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( P<0.05) affected by all treatments. After challenge test with Aeromonas hydrophila by
intraperitoneal injection, survival rate of T3 exhibited the highest in significance level ( P<0.05),
consequently with T2, and T1, that were 83.33+£5.77%, 70.0+£0.0%, and 46.67+5.77%, respectively.
The supplementation of kefir, 3% and 6% in Nile tilapia feed was studied and after rearing for 60
days growth rate were significantly different ( P<0.05) which were 2.65+0.09 and 2.78+0.21
g/fish/day, respectively. These results indicated that dietary supplementation of 6% kefir is an
alternative use as probiotics in Nile tilapia culture.

Keywords: Nile tilapia, Probiotics, Micronucleus, Nuclear abnormalities, Challenge test

unid

Uanfiailutlatianitesdeslu@mided fousd w.a. 2555 Wi dszinalneyszay
Toymieuas uaznmupainethesie e nandaanfialud w.a. 2557 e 204,787 i Geana
%ewaz 3.7 uariluwaliinanadionas 4 uilsaly (Noorit, 2016) Uanfiafiagsatneuuiuuaziia
AnaAtEauaziadenelsalidne denelsnludaniafidnidudetszdduuazielsalisuuseie
LL‘LIﬂﬁGEI@Q@ Aeromonas Immﬂwwﬁyﬂ A. hydrophila (Wangkahart and Rattanasena, 2012; Kamgar
et al., 2013) nslinsluTefnuas luenssaniudzwied WasuaudeuuaiiFefiluagueslsa
szinalulanld fsenuilide Bacius unsaneiudidulnsluleind 10™-10° CFU/G Tulaniiauas
Uanafinau wudndae ilandgidunuserdene lsauasinanissengedu (Chantharasophon and

Prawitthana, 2015; Das et al., 2013; Kamgar et al., 2013) \Te B. amyloliquefaciens KJ720206 Wy

[
=

defiAnuanlFainszuumanuemsLaniialudminguaasnil (Chatharasophon, 2016) Audluide
ﬁﬂmu‘l@ﬁﬂmwm@@ﬂ%muamm@?mmmFﬁ”@ A. hydrophila FafludanelsafinylEnaanilunis
Aeatlaniia wananiinslulefniunaulasnefiavilie Aas (Kefir) Fundnsusunsni Eaad
feuBanduniFaaiusfiwe (Chantharasophon and Muthikul, 2014) 15annnnsldndnd anand

Y a o ol

a A g . . o o v o A A d” v o Y A = 9/ =
FananAmaingu (kefir grain) umﬂuummmmm@wmﬂmmmmmmmLu@@mmuuum N?@L‘LE‘EI’J N

a o a

Wasuhdnnfuenlneanlas Jueanegedaniiesuazla1snlinausa . aniyiaaednansinegg (Kesenkas

a

et al., 2011) L%yﬂ Lactobacillus kefiranofaciens 1uﬁLW@§LﬂuL§ﬂ”ﬂﬁNﬂmmj‘ exopolysaccharides Fendn
Kefiran 3edautAazaneliluin flaseasaly L@q@Lﬂumﬂ‘iﬁﬁﬁummﬂuﬁwm glucogalactan 7
ilsgnauiae D-glucose Was D-galactose ﬁm’éﬁﬁyu‘immaum?ﬁ Hunddeludndauiimafuy
(Kesmen and Kacmaz, 2011) §131647ud1 kefiran gnsinsasiednuwideuaiizauazides defunis

o 24

dniau waznszfiuliiseauansmiduniifinuniuaessnanienia IgA luilieteniidl&iantemymaans

q

'
a

1A kefiran TANge R9Banld kefiran Tusumnandaanainssy (Dailin et al., 2016; Prado et
al., 2015) wasa e ininaaasldanailudaniia n193damsallasAanwnisldinslulasmn

B. amyloliquefaciens wazAwasinagugan1sinlsnssunnanni@a A. hydrophila lulaniia
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ansaiuazisnisnaaag

a

2.1 9auN3e: B. amyloliquefaciens KJ720206, A. hydrophila Wazn& FeudnAmas an
esfjiRn19q9aTainen AuAnaAant unanendeeinauaasi
2.2 mMawsaNda B. amyloliquefaciens KJ720206 wazAtaiungaiuans
1) e B, amyloliquefaciens KJ720206 ELumm@umﬁlvqmﬁmgmmﬁimﬂ%ﬂﬁﬁL%”ﬂ

a

A1N811113 Nutrient broth 81g) 24 daTueiFunafenay 10 Unnguuunil 37 asaaaiieauuuinenidy

U

(%
o O =l

A1 24 Falud MIraiuANUIRIT UL Total count Aaai@1113 Nutrient agar

a

= e A S S e @ o = a
2) uampweiuNiamae Insindmenanawmeininuine luunlagesnngumng i
= o o A = P |
4 pamaaidad Nvdnluuudamaesgetilaeinddeesas 10 Tuge HD ldeaniAsanaingauas
o @ o = & A = = N o o
Wuiulngeinenauuunelaeniae Uungouugil 4 esAusadsauuuile iunan 72 Falue meeaiy
ATUAUTBLLY Total count R9881113 De Man, Rogosa and Sharpe agar (Chantharasophon and
Muthikul, 2014)
v o & = @3 a
2.3 N9l @a B. amyloliquefaciens KJ720206 uazainasunnuvaawtlulnslulaminlu
anila
inlanfaainiriudanaesunadnaun 1Wnd e 5wy 3 Auanuedla a1nedilsg 4audn
guA31T51H Wnidn 3545 nin A1uan 400 o Tlineslulieannaes os 412139719a8T99 N80 AMY
IneAIand uu1angdeTanguaTeal e liidatdFudaludmanainauin 1x1.2x1.5 wes’
o 0” = a 4 ‘:‘I dl 09/ o 4 L4 09) o
sLAUUNAN 50 luRiumg TeniAluFununuinne wWasuiimn 2 44 Weimssesas 3 289tiimin

daniuingn 14 4 usdanudeusauaziawinlndinesiuigy 3 ngunimeaes] az 3 417 8z 20 5

' v
a o

ludauannantaanafinauin 250 a7 sLAULIAN 50 WUANAT Man1Alul3unuInne wlasu

v
o

0 2 4 Wewnsfesar 3 restminlan wesdlanliilfudadunan 14 5 wacliinslulesin Al
naxN T1 21msdaninid (NguAILAN)
nax T2 awnsilan + (@ B. amyloliquefaciens KJ720206 MwNziaeN luuNtamaes (6%)

nax T3 amnsilan + Alasunciomaes (6%)

o
=

nAaeBealailungn 30 SunazmsiadnsnaniIsen BRININATYLHAL saslasuevnaduile
NWIUEIAREATLAZIIAREALAY ANENTRATA ANSenazYeelulATaARLd AT TN ARL LA LLETARS
lusaAenuns wasAnsnsinunusede A, hydrophila 1peRs Challenge test fandauLy
Intraperitoneal (mzﬁ%mm Boonta et al., 2012; Chantharasophon and Prawitthana, 2015)

2.4 AnwBanumnaiusdamaadilduinsluladnaeslarila

WAmesundamasafuinslulennlutlanfiasieiu 3 2vdu Ae 3asaz 0 (KO) 308az 3 (K3)
uazsauay 6 (K6) Aestlanfliungn 60 SuuaznsasatusaTUNsAaed 2.3

25 MTUATIRTRYANNEDA:  1ATITHANNUANGWNITUINNGNFA9EIULL  One-way

analysis of variance WFaLIiLANRALEUINNGNA8H1UUL Duncan’s new multiple range test
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NANITNARDI

3.1 HANTUUIUIULTD B. amyloliquefaciens KJ720206 WazAWasuNnluang

U B. amyloliquefaciens KJ720206 Tuanunnsusdaimaes waslupmefundwmanaian
11 4.89+1.23x10° uae 2.83+1.5x10° CFU/mL ANATAL

[ 4 . . = L4 [ = [ a

3.2 uan15bd B. amyloliquefaciens KJ720206 wazAainasunaauaaniuinslulasn
nsLaedania

d‘ 2 a a 1 A U 1 1 . .

Waldwslulesnlulaniia 3 Nax AR NAN T1 NANAILAN NAN T2 (B. amyloliquefaciens
KJ720206) ngu T3 (Aaiundowans) uean 30 44 wudn §n9nnIsenuasdnsnITaseedngs
T3 dArgandngy T2 uay T1 edwddsdiAnynwans (P<0.05) Teadaniuiasar 100+0.0,

93.33+6.67 WAz 90.00+0 WAz 1.09+0.09, 0.84+0.17 WAz 0.80+0.06 NFN/F/FU MNAAL (Table 1)

Table 1. Survival rate, ADG, FCR, haematological values, %micronuclei and %nuclear abnormalities
in erythrocytes expression, antibody titer and survival rate after challenge test of Nile tilapia after
rearing for 30 days with 0% probiotic (T1), 6% B. amyloliquefaciens KJ72020 (T2) and 6% soy milk

kefir (T3) supplemented

Treatments T1 T2 T3
Survival rate (%) 90.0+0.0 93.33+5.77° 100+0.0°
ADG (g/f/d) 0.80+0.06° 0.84+0.17° 1.09+0.09"
FCR 2.8+0.10™ 3.07+0.68" 2.2+0.10

WBC (K/Cu.mm)

859.67+116.41°

847.67+92.09°

724.67+17.95°

(day 14 post—challenged)

RBC (M/uL) 1.85+0.19° 1.97+0.52° 1.83+0.21°
HCT (%) 30.07+1.91° 29.57+2.72° 29.43+5.55°
Micronucleus (%) 0.03+0.03° 0.03+0.03° 0.07+0.05°
Nuclear abnormalities (%) 0.40+0.10° 0.40+0.10° 0.18+0.02°
Antibody titer >12 >12 11.67+0.58
(day 7 post-challenged)

Survival rate (%) 46.675.77° 70.0£10.0° 83.335.77°

® Mean(+SD) in the same row with a different superscript letter are significantly different (P<0.05).

dnsnnialaguatnailuiiangu T3 dAtlaandings T1 uaz T2 ataldad 1Ay nieans

(P<0.05) 50l# 2.240.10, 2.8+0.10 La% 3.07+0.68 ANNAAU A MFLAMITATAINLALANSDLAZUD

o  a a = | a

Tulastiapaaaresnngw ldunnsnsiuet wliedAtyneadia (P<0.05) HianizAiapdsanining

'
' o o

‘Lmﬁmﬁ@mmwmmju T3 (39818% 0.180.02) AMNIINGN T1 uaz T2 atiNaNltANATUNI9ADR (P<0.05)

o
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Tnengu T2 AU T1 AAWiniume $eay 0.4+0.1 14937N Challenge test WLSINGN T1 way T2 {A0
LauFALeR easNINNdn 12 doungu T3 HAili 11.67£0.58 §M3IN1990A89NEN T3 (83.335.77%)
A9N9NGN T1 (46.67+5.77%) Bt TBA1ATYN19ania (P<0.05) wsllaisinaannngu T2 (70.0£10.0%)
(Table 1) AvdenAmesundavaedlU@neiunnfimnzanlunnslfduinslulefinludafiasely
3.3 uansAnslBanuRmesunanvaasidiiuinslulasinlulanfia
panslimmesunduvaeatuinslulefinlulanfiaseiu 3 26U Ae Sagaz 0 (KO) 3aea 3 (K3)

o

Laz3etaz 6 (K6) WUINSRIMNTAIYIadNgH KO, K3 1Ay K6 NAwANs N iuat\RitdAnynieanin

o

(P<0.05) TnaiiAnLTli 0.87+0.04, 1.3120.07 way 1.92+0.08 n5u/Fa/3u (Table 2)

Table 2. Survival rate, ADG, FCR, haematological values, %micronuclei and %nuclear abnormalities
in erythrocytes expression, antibody titer and survival rate after challenge test of Nile tilapia after

rearing for 60 days with 0% (K0), 3% (K3) and 6% (K6) soy milk kefir supplemented

Treatments KO K3 K6
Survival rate (%) 96.67+2.89 96.67+2.89° 100.0+0.0
ADG (g/f/d) 0.87+0.04° 1.31£0.07° 1.92+0.08°
FCR 2.78+0.21° 2.65+0.09" 2.23+0.14°

WBC (K/Cu.mm)

858.1+100.31°

724.2+15.03°

726.13+16.85°

RBC (M/uL) 1.81£0.27% 2.03+0.06" 1.58+0.06"
HCT (%) 28.83+3.19° 35.5+2.88" 24.6+1.45%
Micronucleus (%) 0.02+0.02° 0.08+0.03" 0.12+0.03"
Nuclear abnormalities (%) 0.31+0.10° 0.46+0.07° 0.46+0.05°
Antibodly titer 11.0£0.0° 11.0£0.0° 11.67+0.58°
(day 7 post—challenged)

Survival Rate (%) 55.0+8.66" 93.33+2.87° 98.33+2.87°

(day 14 post-challenged)

abc

Mean(+SD) in the same row with a different superscript letter are significantly different (P<0.05).

o o

ansulasueisiuiiangy Ke dAunnsneet e i1 Anynneaiian (P<0.05) Tungu KO uas

o

o o '

K3 Tnadnli 2.23+0.14, 2.78+0.21 uaz 2.65+0.09 ANa1AU dmFuamsladisanen lulastowans
LarHoAALLaULaNARR A ReALAIIENNAN WUTT HATuANFNuetaNTEd1ATyn19aDa

(P<0.05) 1i19 18921n Challenge test WU31 AwauAUaA leeasae9nnguliuans1aiuet19i

TndAtyn19ania (P<0.05) lummxﬁ'éVMiﬁnﬁii@mw’fwmmju KO, K3 kg K6 HAuansfenuasinai
TadnAtyneans (P<0.05) tnednliFaeas 55.0+08.66, 93.33+2.87 UAY 98.33+2.87 ANNANAL (Table
2)

eansasumatulagnistlszas U7 11 Ui 1 Wnsrax - Aguieu 2560




51

aQﬁ‘itﬁN@ﬂﬂ?ﬂﬂﬂ'ﬂﬂ

uan1sldAmesundomasuduinslulesnlulaiia wuddqeliidaiaddnsanisiasygangn

q

o

(1.09+0.09 NFu/F0/3u) HemanisilasuaimsiuiafnNgn (2.240.10) uazuanannuseawudmon 19
Uanfiadldnan99annaanii Challenge test gandnvianguedLANuazNguy MiTia B. amyloliquefaciens
KJ720206 (83.33£5.77) Inaianndnansnesngnaadsnnisiaseyuaznissesunisaasyresadenalsn

'
el al =

Tudatatiiuansngunedusannlsdnizandnamansu aeaiunsnnszfuisnisasniulnuaysyuy

q

o =2 ]

nANTuIesla et maaaslintaniu Asdes lidalangunldpmefiduinsluladniaduly

'
o a o

2MUNINBRIINIIAITY UATERIINI1ITDANAIYIN Challenge test §9N1gA TIEUTUFI8A109859INT

'
=

a P R P = Ay o o ) 9 A = =
Lﬂ@ﬂu@qﬂqﬁ‘LﬂuLuﬂmﬂﬁf]ﬁlrﬁ/]@]ﬂ N@ﬂq?ﬂﬂﬁqwtm@ﬂmﬂ@‘ﬂ\?ﬂllﬁ\qﬂ\‘ﬂu']q @’]?muﬂuﬂmWUluﬁLW@?N

a a 6

QVENINNATNAINNIAN L AuITLLANS U WIBIINNNY N AWRENITuR R TAnq AWt NalIA

o

TuszuLNIALeMIglS (Prado et al., 2015) atinglsfinnlunistinAmasldldasenasinisAnssiunu

o o A

o Py P o P Py A e
ﬂ‘i_lﬂqqllV‘!Nﬁqwqﬂlﬁﬁ‘ﬂﬁﬂq@mﬁ‘q’]llﬂ(]qlll.ﬂuiﬂi@L‘Wﬂ\‘ﬂm NATADUADNITINICIALNUTANITULNE LT R

o

a

AlafTiuReUNNgUUYH 4 asAaaiiea LaziuineNanmns -18 agAA T4
nan13ld@e B. amyloliquefaciens KJ720206 ulnslulefinludanfianyudn danfiaiamnsinig
a o = g P o = | i o o o
Wwityuardnsnnisiasuavnaduille Indirasiudantialunguacuan uAddnIIN1990ANANN
Challenge test gananAagasas 70.0+10 luanzinguaruauiAlubesay 46.67+5.77 LaA31LT0
B. amyloliquefaciens KJ720206 a1x1saann1santianalsn A. hydrophila ludanfialdsesunils
dl , L , , a o | aa o = o
anvsmduduiiaindnde B. amyloliquefaciens auNsoNaRANIARNENgNANTUTu 1S Tsannies
o A ' P & i i Ao A a v ax v
Ausaeuniinnnewtipe e B. amyloliquefaciens \uwuAFafiauisananatsaiisatslioucls
\iu Difficidin waz Bacilysin 1969Na19AaFAUN"9Ia3TY2891T08 Erwinia amylovora Ainalsalunfaa il
(Chen et al., 2009) a1u1sasiusmanalsaiianilananni@asi Fusarium solani WA Ralstonia
solanacearum lTunz@amna 'l (Ajilogba et al., 2012; Ji et al., 2013; Tan et al., 2013) wa L AN 1
dutwsluTefnludanfadsliuan llawindunis i e fundamnaes MelufuaesdnaniaEesn sme
= g o o o = Apvg v a o =
wWasuamnailuile uazdnI1N179aAMAI1 Challenge test Wan1sAne R lAIn&AssTUNAN1IANEA
4849 Chantharasophon and Prawitthana (2015) # M Insluladn B. brevis UBRU4 wmnziasatanila
nazds uaznwudrinslulednasnanqlddieduainninasnaadaila winanimaaasiliuansngann
2189 Merrifield et al. (2009) 191291191 n19ldtnslulasn B. subtilis waniu B. licheniformis 1
anustlanmiianedeily daduliidnsnisiuainng dnsnisesty ansnisiaguamisiiuiiiegs
nangueauax aeilunsldnslulefinundaamiviasslantiasdufiesdnisdnaenuiaawugn
winnzansiall
QII a 1 a a a 1 a = A a v ada (=1
nsilanfianguasuaniamisladisonen Arlulastowdss wazAtivndauauuesiads luds
P | | P e | Ao o o aa o ey a 2 4 o= -
wanuad dounnlduansnsiuatwilvpdrAyneatadunguin i insluledin dataddinisldamefun

famaeazida B. amyloliquefaciens KJ720206 ulnslulednludanfia lidelifauansenusean
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¥ v v 1

| A o oA ! o aa ' a ol a o D & a '
want ellaadiatspdnaasiisuzuazarsnguneduaanilasninslulefniisasanguingn a
witdenth liifanisnanaiug lulanfiandnun wanlatiuansnsannisliime Bacilus sp. UBRUT 1l

Twslulesinlulaniia wasainwudnduarmaniilidaanuiBunnlulastivnaoaludai@enung

12
A o U o g

1nN31UNG Faradqnldsuasnanatewuindinlunnanetasulan (Ali et al., 2008: Abu Bakar et al.,

El

!
a o A

2014) atinglsfimnnani1saef lilaenadeeiun1ss184711289 Chantharasophon and Prawitthana
(2015) Anuan19M@e B. brevis UBRU4 waz S. cerevisiae Wulnsluladnludanfia lunnliA1nng
Tasisanauazenlulpstivmdsaludai@enuas uansrsainnguinladldnslulesnaesnaldadAgynia

AnF (P<0.05)

dagluan1snnang

s lAesundawaaaduinslulafniddululaianszisesas 6 1998111910 A N1 l3HUa N

' '
o

1 1 ¥
Hemanisastygangadnld 1.92+0.08 nFu/da/du wazdnsndasuainisduillaningadnl

hON

)

o A o O

2.23+0.14 N&1AYADUAINI Challenge test Ua1llaldnsn19sangeddaeas 98.33+2.87 Faiilupi
a \ \ A e o o Aaa o o A P a A ° v

AndnguALIANatHlBdAyneana AuiuAmefaadulnslulesnnuraulalunistinunldacuau
naastyaesuuaiFanalsalutlaniia Tnaawizi@a A. hydrophila TaflwdennulFnaantlunisiaas

Uanfiauardndtiiasegiastingu winasiinisAns lussAunipauinneurinll1fas
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/ nnsd197aLlsanNdvidanuasilainaiands (Arius maculatus) \
AMNLHNUILNLULNT RIRIARLLTILNG
A Survey of Gill Parasites of Spotted Catfish (Arius maculatus)

in Bang Pakong River, Chachoengsao Province
W5 Agutiu
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UNARER

nsdneisdnidwdenludainaauds (Arius maculatus) Anutinunatlzng Fandn
2@ PEn199911e 41uau 3 9AanT AusiRewiEay 2556 Teilunan 2557 sau 12 A%
anfetneanianun 139 fa nufdsdaAatbesay 74.1 1a9suaulanvionun Inanufatng
Us@mitanun 2 ngu Ae ngululudiflen fevua 2 ana 498a 1dur Chauhanellus poculus,

Hamatopeduncularia isosimplex, H. malayanus Wa s H. simplex b8 zn '&; WiAdnwen 190a AW

¥
o =

Hermilius pyriventris Taawu H. isosimplex iiugtasunnusnnigauaznwulinaasvisll Iaails@angs

a !

Tu‘lﬁu'f?]Lﬁﬂuﬁﬂ"]mmﬁ;ﬂu,@mfmwmLLiiuL@'ﬁlmmﬂﬁ‘am‘luq@cluuma;qrmiuq@ué’a whLlsamngu
Tafinanaznulfiianizlugguis Tutlanauianinngs 20.0 Lﬁnuﬁmm%ﬁmmuﬂqﬂmmﬂi?ﬁmmﬂﬁqm
Wi $eeaz 79.2 uazanamuwiueattesdn wirfu 21.2 faalan Wwansidanewadnngn
15.0 VIURLNAT ﬁﬂ'ﬁmmﬁ;ﬂLmzmmumLuium'ﬁlmmﬂﬁmﬁ@ﬂﬁqm Winriu 3eeay 51.4 way 10.1 5in/
Uan muaay

AmdAn: Usdnndudan, danaauds, Arius maculatus, udtinuneilzng

Abstract

This study was to investigate the gill parasites in spotted catfish (Arius maculatus) in Bang
Pakong River, Chachoengsao Province. The fish were monthly collected using gill net from three
stations during April, 2013 to March, 2014. About 71.4% (103 fish of 139 collected fish) was infected
with parasites. Five parasites species were observed on gills of fish, there were four species of
Monogenea; Chauhanellus poculus, Hamatopeduncularia isosimplex, H. malayanus and H. simplex
and one species of Copepoda; Hermilius pyriventris. H. isosimplex was the dominant species which
could be found throughout the collection period. The prevalence and mean intensity values of
monogenean parasite showed a high level in the rainy season than the dry season, while copepod

was only collected in dry season. Parasite prefers to infect large size of fish which evidence by greater
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percentage of infection in terms of prevalence and mean intensity. Larger fish size (20 cm upward)
was infected about 79.2% and mean intensity 21.2 ind/fish while smaller ones (smaller than 15 cm)
was infected about 51.4% and mean intensity 10.1 ind/fish.

Key words: gill parasite, spotted catfish, Arius maculatus, Bang Pakong River

ANUN
s s o o o N A A a s 4
wdthunedzng uldinanadnAyassnianyduean deEanvatsdenuiinniuinlva
| , | o o a = | i p o= & & A
s Inedaen Inadudandnenans Fandt udiiunelens faniauifaesinduiinseanidaaig
s QI aala aa | 091 d” v L8 1 09/ dl o a
BANANYIIIDIRINTINGS DV gnTUIvLaLgNi e dUss Tamianunasduduninnviauliunisg
Usznavuandnnienisdszas faaasasiianinisdssuaduiuuiudiau Wy n1sandan anedng sauis
nslddsslamiludamssgia wu nadeadlainewenialunszds faduuas@nlainznaanandlAy
QII dgj a 1% 1% % © & = a dl a Q}
1a91svinA wanandanzwananiaesludinisaiuda danevuisiiiularanatiauisluatianing
Tuusinunateng (Thong-ngok et al., 2013) Haaa1NtyN1189n7 =91 spotted catfish 998 spotted
sea catfish Ta3neAaniAa Arius maculatus (Thunberg, 1792) Anat/lursAlainanzia (Aridae)
dutlaivinfusuiuiiesiy Inefiudndiiuazandndiduens dudamilaudrAyniaasegia
1 1 o” -:lgj d' o [ % o o ¥ Ql
wasguTulunnuguuNting IneduatvnsndArydviudssanauluiieciu
Tspannds@amduanmeuileiinlilscansaasilaiandaruiuas dadedls@adinnizazinlii

a o a = =

Uanfianisszanaimesuaznisaniau luidnomiilsdn duwnaatuusonwten daiuedanzdany i e

' [ £2
a o o o )

Tunsuaniasufnsreslan waziuBnafidudaruinnieuenlélagnse Usdnmaniaz il
Tar9nameALIs AT TIAeaAY Latin LnaBnadinieneteamad Snnnfindiuutes
mmﬂﬂumaﬁﬂﬁﬁqm’?@mwi@:ﬁu%mquﬁu (Kaewviyudth et al., 2001) Geiluasanisuanit/aaufing
LazqanNTe9Lan UaAnANNIATEA 8DULAAY Lﬂummrﬁmfiwmm?ﬁm?ﬁyﬂimﬁlumum uazan
m@mai%ln‘ﬁ'@m annsAnentlsdnnnsueniinulussdlannanziafiinuanisluiassinadss ma w
Usamlun fo}l Nninluafleua N4 Neotetraonchus, Neocalceostoma, Neocalceostomoides,
Hamatopeduncularia. wae Chauhanellus (Lim, 1996; Tavares and Lugue, 2004; Violante-Gonzalez et
al., 2009; Lim et al., 2011; Siddiqui, 2014) Us@nnguainlaaias Myxobolus sciades (Azevedo et al.,
2010) hazil9d AlANND AANA Ergasilus, Caligus Wa ¥ Hermilius (Tassamakorn and Angsupanich,
2014) uiidnazinnsAnmusdnngulafinenasusiduilui luandensaaariliag Purviokul and
Areechon (2008) wiluieadaudine %qmiﬁﬂwﬂut,mﬁyﬁuwﬂzmﬁmm%@g@ﬁmﬂ” v NN
pfsiadufeyaideiuliinsuionisuninszansaessininuiidwdenlusevd fngnIaNKasianis

5UAB9NUIAR UATTIWIALBIUAHHADANTNUAZ A NNULUULN s ARTWY INaLTuLWIN STy

v
nstlszidiuganinzestainaioudsluwdtnunedeng
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o aa =
QﬂﬂiNLL@%’Jﬁﬂ’]‘iﬁﬂH’]

WuUNAnE
sausauAnet A nARILisaINUTIUNENg AANdRRLIEUNTT AUl 3 94l Ae
= a g o v P a > o= o o
an1in 1 dsnassanlunsydadinanizun a01in 2 dsnmnihAudidanasimundssas a.unady

ae o . - , 4 & » ~ 4
N9 BATANINN 3 Usnueaasaen g 2.u191eng A.a21@ama (Figure 1) 19919 3 anan1H HluLzMN

v v v
o & \ =

Fsudvanatiniunsannmziaenalng inlinusanamduszauiinaionges fnnsuwasuuasenis
WANBNOANIA e mmlﬁmmﬁyﬂuq@Nuﬁm@fgiwdw 0.2-26.7 psu (practical salinity unit) wazlu
fauieiAnagszndng 2.0-32.8 psu Tnelugqading geludaned mwmﬁmmﬁﬂqq LATARNANBEN19TIALTY
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(Khrukhayan, 2016)
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Figure 1 Fish sampling sites in Bang Pakong River, Chachoengsao Province.
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nsAnmsRaNaLean

FaatnetanilEninnsdasinuidn (body weight) LazdmAaNea (total length) AMNRAANN
Usdnnieuaniiusiunguien Tnesdnwenutiatluge 990U petri disc NHtnaze1n neaavnlsdnlng
1indavqanssminiasan (stereo microscope) Us@nnguiniuaiiauazlinasngnauiniananilsde
BunnspasuuLiualas Uasoaudunszanlaalas seeis 4 yufestnamnauniinle wialdunen
ammonium-picratum glycerine IN8FATaLAZINEEN1NR 909 1418 1 51 udaTmiuis 4 Auaed

1 a 1 = < o b4 c:i’ . 1 o =2 a
weiunszan sdangulainanaziiuinmlilutingn 70% alcohol with 5% glyceral nawtinld@nsmtin
a -ﬂl v % 6o o

10319s@nnnuN e lsindeaansaAiniasuane 40x - 100x
nsanunalinuasilsdn

dsdmnguintuaiiauldianaiszes Yamaguti (1963), Gussev (1976) wag Lim (1994, 1996)
Usdanguininanlfianansans Hewitt (1971), Cressey (1974), Kabata (1979), Ho and Kim (2000),
Lin and Ho (2000), Boxshall (2005) waz Purivirojkul and Areechon (2008)
N5AATISRTaYS

dszilinviBunesds@ningmanululanaiudsiaguiAianaiugn (prevalence) wazAINy

(2
o A

MNWULRAL1e9138R (mean intensity) luAaZIABUANNITNNIU8 Bush et al. (1997) pgil

ANNNTRILITER AuUIUTBSLIARTANLLTRE
- , . X 100%
o al o =< o
(%) RIUIUIANLANNINIFTANBTIINN A
| = o s A g
ANHUULUULDAE ANUILLIRANNFIANLTINNA
(individual/fish: ind./fish) AU A NNLLI AR
NAN1FANEN

nsAnEsAafinsanuainduenaesanneiaudalundinnnleng dusiReumsey
2556 Faflunan 2557 A1uau 12 A% arndetatannaaudeianan 139 i wutlaiandsdnsauan
103 fa Aouutenaz 74.1 sessuaularavun Tnalsdninsaany ngulnTuaiiow 2 ana
493m Aa Chauhanellus poculus, Hamatopeduncularia isosimplex, H. malayanus W8 < H. simplex

LLaxﬂszTﬂﬂWfﬂm 1 a%im Ae Hermilius pyriventris (Table 1)
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Table 1 Distribution and number of gill parasites of spotted catfish in Bang Pakong River,

chachoengsao Province

Parasite Taxonomic group No. (%) fish infected No. of parasites

Monogenea

Chauhanellus poculus Ancyrocephalidae 47 (33.8) 233
Hamatopeduncularia isosimplex  Ancyrocephalidae 91 (65.5) 975

H. malayanus Ancyrocephalidae 56 (40.3) 340

H. simplex Ancyrocephalidae 59 (42.4) 390
Copepoda

Hermilius pyriventris Caligidae 8 (5.8) 28

Usdnlunguiludiflon anansamssanyllunnideunaesisiiiansding aadldaauegn
ludangiu Gesaz 87.9) Nannanludawnquis Geray 56.2) luReunsng AN &wiau uaziueew
2556 Wudn AA1AEgNIANTL Setaz 100 wazRANANTNAgR WL Seras 40 TuiReudiunan
2557 dautesiAnnamnutuaiseslsdnluusaziien wudnlugaeg e (26.5 Fa/lan) HAnganan
Tuganguéde (9.8 Av/dan) wuiu Inalumeuiumeu 2556 ﬁv-*hmmvimLLﬂuLfaﬁlwmﬂﬁmmmﬁqm

HAwinriu 47.6 Fa/lan uaziiFnangaluiheunnaAN 2557 AAwini 2.1 fa/ian (Figure 2)
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Figure 2 The seasonal variation prevalence and mean intensity of monogenean parasites on spotted

catfish

WaNansan luwsazafinaealuluailew wusn Hamatopeduncularia isosimplex \uaRinLaL
Tnanuldninngauaznasniiall Anlufasas 49.6 109tls@nnnusiannn dAravugnuniigalubou
NINGIAN 2556 1AL Faeaz 100 WaTHAIAMNUUILLWRARNINTIGA LWABWINEEY 2556 Wiy

30.4 fiv/Alan se9a9NnAe H. simplex Antduiaaay 19.8 104LsARNINUIIMNA HAAINENNINTIgATY
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IPauAIMIAN 2556 Wil Fatay 93.3 LLmﬁﬂ'qmqwmLLﬂuLfa'ﬁﬂmnﬁthlﬁﬂummﬂu 2556 Wi
22.0 fAa/lawazatin H. malayanus Antlusesas 17.3 gasLlsAnfinuianun HAANNTNUAZAN
ummiumﬁ'ﬂmﬂﬁ@‘mwhﬁu Seuar 86.7 uar 14.0 A9/1a1 TuiRaUAIMNIAN UASINHIYY 2556
ANAAL wazaiin Chauhanellus poculus Anidibeuaz 11.9 1eqdsdmfinusiavaa HArANNTNUAY
mmwmLLiium?q'ﬂumﬁzgmwhﬁu Souar 80.0 way 7.0 Ao/lan lulheusa AN uaziueIew 2556
ANNAAL %qnﬂmﬁmﬁmq@wuﬁmmmﬁnmefmwmLLuuLaﬁﬂﬁﬁf@ﬂuq@Jt]umﬂﬂdﬁq@ué’q (Figure
3)
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Figure 3 The seasonality of the prevalence (A) and mean intensity (B) of monogenean parasites on

spotted catfish
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Us@nnguiafiwanatin Hermilius pyriventris Wuwiie 4 a3vluseull Aelulhauinsnay
WOAANIEU UINAN 2556 uaTAUIAN 2557 Teatfludaenguis Andlueaas 1.3 1els@nnnsany

VNA WUHANAMNNNINNgA TR UNGAANEYW 2556 WL $aray 25 uazluheusuaan 2556 &

A A

AANMLLYeslsRnganiga HAWinay 6.0 Av/dlan uasluhenmEe waswgAANIEY 2556 §

q

ANENAR HAWYINAL 2.0 Fa/lan (Figure 4)
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Figure 4 The seasonal variation prevalence and mean intensity of Hermilius pyriventris on spotted

catfish

b

a

WafansunauIAANg19TedlaInaiaudsiuA g NLas ANAHMLNLLWL A 1891 9R 6

'
a A =

naulnTuamaudaiuls@anguuaniasany Tnadnuinguauanuesaniu 3 1u1n Ae Ua
YUNALRNNNANENIFING 1.0-15.0 LEURLNAT 91491 35 F1 UA1URIANANARANNENIFILE 15.1-
A

20.0 URALNAT 719U 80 f7 wazdatauia i NRAMNEIININN9 20.0 EuAINATIWT A 119 24 Fin

o

' o

wudArANgnaesls@niAtiasngainiuesas 51.4 ludanauisan uaziledaidmaangng
WNAW AvAoxgneeatsdad Andinsntwduiy nadpunnigalulanawalug) Geuas 79.2) uay
sa9an ltlanauanas Gasas 77.5) uazAianuunutueassasls@ainudaaigalulaiauns
R T 2 o L = ,
ANy AelAWINAL 10.1 da/dan nulAninfigaludlaisuianaiuazsasaannludanauinlgy
HAwiniu 21.8 waz 21.2 f/lan auanay WiAe Welanawiananswazaunalugdlanafaimatlsdn
ngulntuafouligandndanauiaian (Table 2) luasndsdnnguiainannsoanulsfion asly

ansnanagy1s
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Table 2 Prevalence and mean intensity of monogenean parasites of spotted catfish collected in

relation to their total length in Bang Pakong River, Chachoengsao Province

Total length group Prevalence Mean intensity
No. fish infected/no. fish examined
(cm) (%) (ind./fish)

1.0-15.0 18/35 51.4 101
15.1-20.0 62/80 77.5 21.8
>20.0 19/24 79.2 21.2
Total 99/139 71.2 19.6

a o

AQNTTUNR

n3fnElsdnfiawdenlutlainaiaud (Arius maculatus (Thunberg, 1792)) AN L1
veUlzne Saninazidanslunisil assanuLlsdn 4auau 2 ngu Aa naululuaLliew wu 2 ana 4 1ila
l&un Chauhanellus poculus, Hamatopeduncularia isosimplex, H. malayanus Wae H. simplex WRE
nqulafinen 1 2iin e Hermilius pyriventris WU H. isosimplex ugfiawsiu Afin1sundnazansluyn
{Aaunaemiell 39UsAnana Chauhanellus Waz Hamatopeduncularia i fpanuannzAeLanluaed
Ariidae Tag T894 9NN Hamatopeduncularia arii, H. elegans, H. isosimplex, H. malaccensis,
H. papernai, H. pulchra Was H. simplex Wi TutlaraiailutsymAniaiGe au fufe soawmaae
Ine waziAuen (Bychowsky and Nagibina, 1969; Lim, 1996; Lim, 1998; Lim et al., 2001) Lazaiin
Chauhanellus auriculatum, C. oculatus, C. poculus Way C. pulutanus Tutlantfinilussmanaide
WaZAU (Bychowsky and Nagibina, 1969; Lim, 1994) ﬁﬁlqﬂiammiuiuiu'f?iLﬁﬂuﬁwu‘lum%\iﬁﬁmmmm
mefnwmLLuuLﬂﬁﬂiuq@tlummfj']q@ué’q Saumnsingfunis@nmi1eq Siddiqui (2014) fiwy
Hamatopeduncularia indicus luq@’é@umﬂﬂfiﬂuq@.m@%u failnafiendiesiuaruiiaesiily
waitinunatlzna L"fim@’mmmLﬁmmfﬂumﬂ”ﬂmm:m[ﬁT»\uwiﬂ'mLL;Jiiy’]@uﬁm?mmmmé’@ﬂm&iﬁ
pbAnlugguiegendnlugaru TnewuiAuanngn 30 psu Thaanzidnaindiunuiii szney
futanaiaudeiinnsinerinllan dunnainnisfiganansniiufeedeanlilunnantinaeanad
arailulFdnaaununnuaeslsinana Chauhanellus uas Hamatopeduncularia astiasiasiiiapany
Furaainiiadu Awinliamgnuazliuimeessdnlyiudidaunmany iR uaandulug gy
FaN13AN®1299 Soleng and Bakke (2011) 171|:mmmmmmi‘mmwmmﬂﬁammju‘iuiu% Wauniia
Gyrodactylus salaris dfBunasaaietinfianuduiaiu wenanndfmudifinnsunsnsyanaes
Us@mnana Hamatopeduncularia 11NN41 Chauhanellus \uLAe 21U Tapparuk et al. (2010) AlE

o

nnsAneljduiusezndnelsdanguinluadeuiudanaed Ariidae Tunzinauasaan wadswdn

o

BN
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Us@nngulninansiin Hermilius pyriventris iWun3anluaa caligid copepod Faiiluananiny

I lunzianieaunaziauaaien (Ho and Kim, 2000) f9is@n Hermilius Tilutls@nndmaanua iz iy

tanluaeAdanna (Ariidae) (Lin and Ho, 2000) waz Hewitt (1971) léna1adedsdn Caligus Taaniilu

ngx caligid copepod wuiagaiu diuanmainliiladigunwiden s uazdlaniafiaaaligaly
PRy a L & & g = A | & & a

aneNNgUNITeNIUATANANEY Banantlsdnnguiidulsdnngeuagluiinsesuazinias

ganunsanuldvialutatsssuaniuaz lunseda (Nagasawa, 2013) asgenndasiunisaneluaialn

v
a Ay ISP

peranulsdnafiniliianizlungguis FeponuiAnaetinlugguisiaigendnguu asinliiaiuns

=3

a LAy 4 & a , & A @ o — o =
E”]?QQWUﬂ?@ﬂﬂ@‘NuvLquﬂLll@u"lllﬂ']qllLﬂll'é?jﬂll']ﬂﬂ')']uq‘ﬂ&lV’]QWNL@@JE‘]’] FIULAYINUNITAN YR

'
al

Tassamakorn and Angsupanich (2014) A l&nanqdedsdndsdnlafinannieuanaestainaunssinly

WA Ariidae LTUNZAAILENIaIA LA N ANNANRUSITwaniuAuANIa9Tna 19 iE d1 ATy

QI =® o % a a d’l % % U

ge Autluweinlianunsanudsdniinfilfnnlugguaasnnndng e
WeaniANduiuiszudeaNg1naeslaniunisinilsda wudnAtaugnaeslsdnuas

' \ A = ! N A oA A L Ay
AANTUILLIeA1elsRRngN TN IuAauR AN Rga TulanauaTuey ueariiFntiaelulatauin
BNLAZIUIANAY ABAARBIALNNIANEIU8Y Mwita and Lamtane (2014) N3nea1uatls@ninu ludan

AnNNziaaIL Uba uaz Ruwe luuwnugnifle Genisintsdnenaineasdesiungfinssunismiiuzestan

v
& O

Taglannavaudaidularnuniuaiunui Audpdunnlddinseandunaiuavnsuan wu lEinew
neia uazdatzuiaaniuenmng (Fishbase, n.d: online) wananflainaaudslingAnssugaumay
1 ¥ a OD o AI 1 d’l ¥ OD o aa a 1 a A
daunnfeuiinluil uaziinazueuile] agaunuieain dszneuiulusadinesdsdnngululuaiiou
' = ] Y Y v a = o og// dll | a ] | &
wazngulanneaduuuLdee fesniaidntinuatinmas Aaiieldreslsdnngaungunasiin azin
asnuusadanniudasy uazdandufiemdntinunieg mliilenianazgnils@adininizasiuinau
S
WATATIANLLSRRLNNG T
=2 :11 d’j 27l a = U U a 1 = A = a
nsAnm luaFeiludinasnuds@niieawd 2 ngu 5 1l wnanisAnewuditandlentanin
UsAnAaudnegelnaanizls@nnguiniuafiauinisuninszanagelafiasndt 8 tnawlusaud Hen
ANNTasLsARaYNFotar 70-100 LazsHMNWLHNINDY 30-50 fastalatdntinu 1 /s Seiluasie
seuunanglarestaniluacinegs uananiustiuslznaduunasinsssuand asldansanauau
14 = & ! 1% = & ! < ! [ & =
anmuandan :NAANINTNET 1 nslaauulaanninntinedneaniie 1l ANLANLEITNG
ARl el uariA1galunguds dwsiu vinlidarsecldndsanugalunisdiudaliieg luaniazanna

2199379018 ARaligunnaeslardeuuaas uavtlanaalilungn
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dagiua
= = v @ . =

ngAnEUIdnndivIanaasdainaiandy (Arius maculatus (Thunberg, 1792)) wulsdm
Viannm 2 ngu A nguintuAHauny 2 ana 4 95ia 1iun Chauhanellus poculus, Hamatopeduncularia
isosimplex, H. malayanus Wag H. simplex P8 H. isosimplex Wuaiawmuinuinisungnszane lu

= oA = ' | = = Y o A, =
NNReunaentl NAANNgNIadlsdnuasAANruILilaatealsd@n ludandatinuiauinigaly

° > ! = a a . . . A P ¥
fnaunazanAaslugguis uaznqulaiinen 1 aiin Aa Hermilius pyriventris fingaanuliTugauis uas
nsiamavessd@s lularaunalng (1InNn91 20.0 WuRmAg) WuRAIANgNUeslsRaNINNga Wiy

Y o - ~ o - o

saeay 79.2 TuanizNlanau1Anane (15.1-20.0 luUFLNAT) HAMNUUILULIRAL09lsRANINTIgA
winfiu 21.8 fa/alan usiluilanawiaan (Heandn 15.0 @UAmAL) NUAIAMNENLAZANNUUILLLLIRAY

w091ls8ntiaengn wini $eaar 51.4 uay 10.1 fo/lan ANAIAL
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UNARER

AnsAnsnTafinenfiilulsdnnnauanaedtlainzniy (Scatophagus argus (Linnaeus 1766))
TunziaauasaIReuae Aninasan Uszmnalne iiudaededatdaiuan 25 i Wutlszanineu
FausiAeununRuS 2555 Taideunnsian 2556 nulafinen 34na 5 99n A Ergasilus sp. A
Ergasilus sp.B, Caligus epidemicus, Caligus rotundigenitalis Wag Thysanote chalermwati wulafinen
AnNa Ergasilus u?mm%m‘fmﬂ 2 9UA Ergasilus sp.A 1A prevalence (52-96%) WALA1 mean intensity
(8.3-14.6 ind/fish) g4lutaiAo UL BN EUAADURIUAN 2555 Farinflannufaludag 12.1-32.2 ppt
Ergasilus sp.B wilanzlulhaunnsax 2556 AAN prevalence 44% dqulaiinanana Caligus Wu
2 1t Tnewy C. epidemicus L3IRDAHININUATATY FEUd1LABURUIBUDING ARNEY 2555 HAN
prevalence WA¥A1 mean intensity a¢iluma9 36-100% Wway 1.3-7.4 Fiv/la ANa1AL Favidlandy
Twtng 13.1-32.3 ppt @91 C. rotundigenitalis WULF A tenuarindulusesusiuilasidten Taemy
wiwludRaui e uRINgARNIEY 2555 Farinflannudaludag 17.7-32.3 opt 3 wanilan
prevalence WAy mean intensity 8¢/ 1199 48-100% WAy 3.2-4.2 2/1a1 AINATAL WATNULITIIM
Aafrulusesunuilamian Je1 prevalence waz mean intensity aejlug99 64-100% uaz 3.4-5.3 6/
a1 maua1au T. chalermwati wululwssaynaaslan luihaudsuianuaznaaxn 2555 AA0
prevalence 20 WaY 8% ATNAIAL u@ﬂmnﬁﬂ”\‘iwudﬁmmzﬁvmﬁuﬁ’mmmwmﬁmmmmm;ﬂqmm
Taiinanana Caligus uaz T. chalermwati ﬁmmzﬁ"m‘v“uﬁﬁmnmjwﬁﬁaéﬁﬁaﬂ;‘ﬁ'izﬁu p<0.01

ﬁ'lﬁ']ﬁ'mw: Ectoparasitic copepods, Scatophagus argus, ANHLAN, NZAATLAIUAN
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Abstract

Ectoparasitic copepods on spotted scat or Scatophagus argus (Linnaeus 1766) from the
Lower Songkhla Lagoon, Songkhla province, Thailand, were examined. Twenty five fish were taken
monthly during February 2012 to January 2013. Three genera and five species of copepods were
found: Ergasilus sp. A and sp. B, Caligus epidemicus, Caligus rotundigenitalis and Thysanote
chalermwati. Two species of Ergasilus were found on gill filaments. The prevalence (52-96%) and
mean intensity (8.3-14.6 ind/fish) of Ergasilus sp. A were high during April to August 2012 when the
salinity ranged from 12.1 to 32.2 ppt. Ergasilus sp.B was found only in January 2013 with a
prevalence of 44%. Two Caligus species were also found, C. epidemicus was found on the skin
surface and fins while C. rotundigenitalis was found on gill filaments and the inner surface of the
operculum. The prevalence and mean intensity of C. epidemicus were 36-100% and 1.3-7.4 ind/fish,
respectively, during June to November 2012 when the salinity ranged from 13.1 to 32.3 ppt. C.
rotundigenitalis was dominant during September to November 2012 when the salinity ranged from
17.7 to 32.3 ppt with prevalence and mean intensity of 48-100% and 3.2-4.2 ind/fish on gill filaments
and 64-100% and 3.4-5.3 ind/fish on the inner surface of the operculum. T. chalermwati was found
in nasal cavity in August and October 2012 with prevalences of 20 and 8% respectively. In addition,
the relationship between salinity and the abundance of Caligus group and T. chalermwati was
positively significant at p<0.01.
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Introduction

Songkhla Lagoon, which has a water area of about 1,040 km?, is the largest lagoon in
southern Thailand. It is divided into four parts: lower part, middle part, upper part and Thale Noi. The
lower part of Songkhla Lagoon has an inlet that is connected with the lower Gulf of Thailand. The
mean salinity in the lower part of Songkhla Lagoon is higher than in the upper part (Pornpinatepong,
2005; Angsupanich, 2012). The lagoon has been a highly productive area for brackish water plants
and animals (Sirimontaporn et al., 1995). The Lower Songkhla Lagoon is full of stow nets and shrimp
traps (Angsupanich, 2012). Most of them belong to small-scale fishermen. The carrying capacity of
the numerous fishing gears in the lagoon is not seriously controlled by the government. Moreover, the
pollution caused by the discharge of factories, household and transportation has been continuously
growing over the years, because there has been no serious enforcement of government regulations.
These factors have lead to a current disrupted eco-system and a decreased number of aquatic

animals (Angsupanich, 2012). Parasitic copepods are a common fish disease causing mortality in
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marine cultured fishes (Johnson et al., 2004). A recent review found that a pathogenic sea louse of
wild and captive fish in the Indo- West Pacific region has been increasing (Nagasawa, 2013).
However, most studies on parasitic copepods in Thai waters have been conducted on freshwater
parasitic copepods (Purivirojkul and Sirikanchana, 2000; Lerssutthichawal and Supamattaya, 2005;
Kaewviyudth and Prompiram, 2006; Purivirojkul and Areechon, 2008b). A few studies of copepods
on marine fish have been carried out. Caligidae, Lernanthropidae and Ergasilidae were found
dominantly in marine fishes collected from the Gulf of Thailand, Chonburi province (Purivirojkul and
Areechon, 2008a) and a new finding of Pseudocycnus appendiculatus on Thunnus albacores in the
Andaman Sea was recently reported (Purivirojkul et al., 2011). Ectoparasitic copepods were first
observed on some commercial catfish in Songkhla Lagoon (Tassamakorn and Angsupanich, 2014).
This study found that Hexanematichthys sagor was highly attacked by Ergasilus during summer
(March) to south-west monsoon (June) with prevalences of 83-100% and mean intensities of 105.7—
282. 8 ind/fish, while Arius maculatus was attacked by Hermilius pyriventris during south-west
monsoon (August) to north-east monsoon (November) with prevalences of 83—100% and mean
intensities of 1.4-24.2 ind/fish. The spotted scat, Scatophagus argus (Linnaeus 1766), is another
commercial fish in Songkhla Lagoon. Its abundance, however, has been drastically decreasing, for
reasons which need to be clarified. Besides water pollution, the infestation of ectoparasitic copepods
may be one of the factors reducing the spotted scat population in the area. Thus, the aim of this study
was to determine the level of infestation of ectoparasitic copepods on S. argus in the Lower of

Songkhla Lagoon.

Materials and Methods
Study area
The Lower Songkhla Lagoon (Figure 1), the lowermost part of Songkhla Lagoon, is connected
with the open sea. The lower part has a water area of about 182 km®. It is located at Songkhla
province. The water salinity ranges from 0 to 34 ppt depending on the season. It is affected by the
SW monsoon during mid-May to mid- October which has light rainfall and thus allows high salinity
close to sea levels, and then the NE monsoon during mid-October to mid-February which has heavy

rainfall and thus low salinity (Angsupanich, 2012).
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Figure 1 The Lower Songkhla Lagoon and sampling sites: (O) fish sampling and (®) water sampling

Fish parasite samplings and analyses

Fish samples were collected monthly from February 2012 to January 2013 from local
fishermen at two different sites in the Lower Songkhla Lagoon and one local fish market (Ko Mhee)
near the lagoon. Pool samples of twenty five S. argus were kept in plastic bags and chilled in an ice
box. In the laboratory, before examination of ectoparasites, fish body weight (BW) in grams (g) and
total length (TL) in centimeters (cm) were measured. Each fish was first examined under a
stereomicroscope, and the ectoparasitic copepods removed and preserved with 70% ethyl alcohol.
After that the gills were dissected and fixed with 10% neutral formalin for re-examination. Copepods
were cleared in 85% lactic acid based on the method of Nagasawa et al. (2008) for further
identification. Pictures were taken with a Nikon DIGITAL SIGHT DS-Fi1 lens on a Nikon SMZ 1500
digital camera. The location of copepods on the fish gills was recorded from fish collected during
July 2012 to January 2013. The presentation was modified from Austin and Avenant- Oldewage
(2009). In about the same period as the fish samples were collected, the water salinity (ppt) was
measured in triplicate at three sites by using U-50 Multiparameter Water Quality Meter (Horiba, Ltd.
Tokyo Japan).
Data analysis

Prevalence, intensity, mean intensity and abundance of each ectoparasitic species collected
from fish were calculated based on Bush et al. (1997).

The correlation between the ectoparasitic copepod abundance and water salinity was

analyzed with Spearman’s correlation using R software version i386 3.0.2.
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Results
Fish
S. argus was found in the Lower Songkhla Lagoon throughout the year. The mean fish body
weight and total length ranged from 31.5 to 97.4 g and 9.4 to 14.5 cm, respectively (Table 1). The

largest size was found in March 2012 and the smallest size was found in September 2012.

Table 1 Mean body weights (BW, g) and total lengths (TL, cm) of Scatophagus argus (N = 25 fish/month)

2012 2013

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

BW 41.2 97.4 56.8 40.3 67.5 66.2 90.4 315 528 620 620 48.0
(SD) (12.4) (19.6) (42.9) (9.5 (16.7) (11.3) (22.0) (226) (9.3) (6.3) (6.4) (16.6)
TL 10.9 14.5 11.2 10.6 12.0 12.0 13.4 9.4 1.3 121 124 11.4

(SD) (1.1) (1.1) (3.3) (09 (0.7) (0.9 (1.1) (1.4) (0.9 (0.5 (0.3) (1.1)

Water salinity
The water salinity ranged from 0.9 to 32.3 ppt (Table 2), which gradually increased from
February 2012 (2.7) to October 2012 (32.2) and after that decreased to 0.9 in January 2013.

Distribution of parasitic copepods
Three genera, five species of ectoparasitic copepods and chalimus stages were found on S.

argus.

Ergasilus

Two species of Ergasilus, Ergasilus sp.A and sp.B, were found on gill filaments. Both species
were significantly negatively correlated with salinity (p<0.01, r = -0.36 for sp.A, r = -0.30 for sp.B).
Ergasilus sp.A (Figure 2a-b) was found almost throughout the year with the trend of rapidly declining
from September through November 2012 during the period of high salinity period (Table 2). Ergasilus
sp. A occurred with prevalences of 4-96% and mean intensities of 1.0-14.6 ind/fish. Both prevalence
and mean intensity tended to be high during February to August 2012 when salinity ranged from 2.7
to 32.2 ppt with the exception of March. In January 2013, the very low salinity month (0.9 ppt),
Ergasilus sp.A had a low prevalence (36%) even though the mean intensity was high (25.9 ind/fish).
In addition, Ergasilus sp.B (Figure 2c) was found only in January 2013 with prevalence of 44% and

mean intensity of 9.9 ind/fish.
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Table 2 Mean of salinity (ppt), prevalences (P, %), mean intensities (MI, ind/fish) with intensities in square
brackets and mean abundances (A, ind/fish) with standard deviation in parentheses of Ergasilus spp.,
chalimus stages, Caligus spp. and Thysanote chalermwati on Scatophagus argus between February 2012

and January 2013

parasitic copepods

Ergasilus sp.A Ergasilus sp.B Caligus epidemicus Thysanote
chalermwati
gill aill skin nostril
month  salinity P Ml A P MI A P Ml A P Ml A
2012
Feb 2.7 84 13.2 11.1 0 0 0 0 0 0 0 0 0
[2-35] (11.1)
Mar 15.3 12 2.0 0.2 0 0 0 0 0 0 0 0 0
[1-4] (0.8)
Apr 12.1 88 8.3 7.3 0 0 0 0 0 0 0 0 0
[1-40] (11.2)
May 212 56 14.4 8.1 0 0 0 0 0 0 0 0 0
[2-29] (9.6)
Jun 13.1 96 14.6 14.0 0 0 0 88 6.0 52 0 0 0
[1-38] (10.3) [1- (3.9)
13]
Jul 29.8 68 8.8 6.0 0 0 0 100 7.4 7.4 0 0 0
[1-46]  (9.9) [3- (2.7)
13]
Aug 322 52 13.6 7.1 0 0 0 52 4.9 2.6 20 1.0 0.2
[3-53] (11.4) [1- @7 (1] (0.4)
12]
Sep 323 4 1.0 0.04 0 0 0 92 34 3.1 0 0 0
(1] (0.0) (- (44
20]
Oct 322 0 0 0 0 0 0 36 1.3 0.4 8 1.0 0.1
(1-31 (0.8) (1] (0.3)
Nov 17.7 0 0 0 0 0 0 80 3.2 0.04 0 0 0
(1-81 (0.2)
Dec 5.7 92 3.6 3.3 0 0 0 0 0 0 0 0 0
[1-12] (2.8)
2013
Jan 0.9 36 259 9.3 44 9.9 4.4 0 0 0 0 0 0
[8- (23.6) [1- (7.9)
117] 33]
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parasitic copepods

Caligus rotundigenitalis chalimus stages
qgill inner operculum total qgill
month  salinity P Ml A P Ml A P M A P Ml A
2012
Feb 2.7 20 2.0 0.4 0 0 0 20 2.0 0.4 0 0 0
[1-41 (1.0 [1-41 (1.0
Mar 15.3 36 2.3 0.8 0 0 0 36 2.3 0.8 40 3.7 1.5
[1-51 (1.5 (1-51 (1.5 [1-91 (25)
Apr 121 32 11.9 3.8 0 0 0 32 11.9 3.8 28 6.4 1.8
[1-26] (7.6) [1-26] (7.6) [1-15] (3.7)
May 21.2 16 2.0 0.3 0 0 0 16 2.0 0.3 20 3.6 0.7
[1-3] (0.8) [1-3] (0.8) [1-61 (1.7)
Jun 13.1 20 1.6 0.3 0 0 0 20 1.6 0.3 4 2.0 0.1
[1-3] (0.7) [1-3]1 (0.7) (21 (04
Jul 29.8 16 1.8 0.3 0 0 0 16 1.8 0.3 0 0 0
[1-31 (0.7) [1-31 (0.7)
Aug 32.2 40 5.3 21 0 0 0 40 5.3 21 24 4.7 1.1
[1-10] (3.2) [1-10] (3.2) [2-8] (2.3)
Sep 32.3 100 4.2 4.2 100 5.3 5.3 100 9.5 9.4 56 2.0 1.1
[1-22] (4.3) [1-17]1 (3.4) [1-34] (7.4) [1-6] (1.4)
Oct 32.2 92 3.2 3.0 72 3.4 2.6 100 6.6 55 60 1.9 1.1
[1-8] (2.3) [1-8] (2.2) [1-16] (4.1) [1-51 (1.3)
Nov 17.7 48 3.7 1.8 64 4.3 2.7 64 71 4.8 44 21 0.9
[1-8]1 (2.5) [1-10] (3.0) [1-18] (4.6) [1-5] (1.3)
Dec 5.7 0 0 0 0 0 0 0 0 0 0 0 0
2013
Jan 0.9 24 1.8 0.4 0 0 0 24 1.8 0.4 4 1.0 0.04
[1-61 (1.2) [1-61 (1.2) [1] (0.2)
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Figure 2 Parasitic copepods on Scafophagus argus. a, Ergasilus sp.A; b, Ergasilus sp.A attached on gill
filaments; c, Ergasilus sp.B; d, Caligus epidemicus; e, C. epidemicus attached on body skin underneath
pectoral fin; f, Caligus rotundigenitalis; g, chalimus stage; h, Thysanote chalermwati; i T. chalermwatiin

nasal cavity (arrow head)

Six hundred and forty three specimens of Ergasilus sp. A were found on the gill filaments of
63 fish. Most of them were attached at the proximal anterior of the gill filaments (52.4%), followed by
the proximal posterior (23.8 %) and median part (21.6%) of gill flaments (Figure 3). Ninety five
Ergasilus sp.B specimens were obtained from 11 fish. The highest distribution of Ergasilus sp.B was

also found at the proximal anterior area of gill filaments (56.9%).
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Figure 3 Percentages of Ergasilus sp.A (left) and Ergasilus sp.B (right) distributed on Scatophagus argus

gill, intensity in parentheses (ind/gill), P, proximal; D, distal

Caligus

Two species of Caligus, Caligus epidemicus and Caligus rotundigenitalis, were found on S.
argus. Both species showed a significantly positive correlation with salinity at p<0.01 (r = 0.45 for C.
epidemicus, r = 0.49 for C. rotundigenitalis). C. epidemicus (Figure 2d) was found on fins and body
skin in the high salinity period during June to November with prevalences of 36—100% and mean
intensities of 1.3-7.4 ind/fish (Table 2). The largest number of copepods occurred after the dry
season during June to September with salinities of 13.1-32.3 ppt. Most were attached on the body
skin underneath the pectoral fin (46.2%, Figure 2e) and other areas of body skin (42.9%). Only 10.9%
of the ectoparasites were found on other fins. C. rotundigenitalis (Figure 2f) was found on gill filaments
almost the year round with prevalences of 16-100% (Table 2) and mean intensities of 1.6-11.9
ind/fish. It was dominant in the continuous high salinity season (September to November), which was
opposite to the occurrence of Ergasilus sp.A. In September, all fish samples were infested by C.
rotundigenitalis both on gill filaments and inner surfaces of the opercula with mean intensities of 4.2
and 5.3 ind/fish, respectively. Chalimus stages (Figure 2g) were found on gill filaments mostly in the
brackish to sea water period during March to November 2012. The prevalences of chalimus stages
were 4-60% and mean intensities 1.0-6.4 ind/fish. Chalimus stages significantly positively correlated

with salinity at p<0.01 (r = 0.32).

Meansasumatulagnisilszas U7 11 2ufl 1 Wnsrax - Aguieu 2560




76

Thysanote chalermwati

Thysanote chalermwati (Figure 2h-i) was found in nasal cavities in August and October 2012
with salinity of 32.2 ppt (Table 2) at prevalences of 20 and 8%, respectively. The mean intensity in
both months was 1.0 ind/fish. It also showed a significantly positive correlation with salinity at p<0.01

(r=0.18).

Discussion

Songkhla Lagoon is a choked lagoon which connects to the sea through a single inlet
(Kjerfve, 1994). The salinity of the Lower Songkhla Lagoon is generally brackish water almost all year
long, with very low salinity for a few months during the heavy rainy season from December to February
(Angsupanich and Rakkheaw, 1997; Angsupanich et al., 2005; Angsupanich, 2012). The seasonal
variations of water salinity in Songkhla Lagoon are influenced by tidal currents, land drainage and
rainfall, which also affects the diversity of aquatic species (Angsupanich, 2012). However, none of
these effects were obvious for S. argus in the Lower Songkhla Lagoon as it was found throughout the
year, with the largest numbers during the increasing water salinity from March to August. It is a
euryhaline fish which is distributed along the shores of the Indo-West Pacific Ocean (Kottelat, 2001;
Wongchinawit and Paphavasit, 2009).

Five species of ectoparasitic copepods were found attached to S. argus in Songkhla Lagoon,
two Ergasilus, two Caligus and one Thysanote species. These numbers are similar to the species
found on S. argus in Segara Anakan Lagoon, Indonesia during August to November 2004 (Yuniar et
al., 2007). Two species of Ergasilus were found just on the gill filaments of S. argus in Songkhla
Lagoon. Yuniar et al. (2007) also found two species of Ergasilus on the gill filaments, with one of them
found on the inner operculum as well. Unfortunately, a comparative study could be carried out at the
generic level only because morphological illustrations of Ergasilus found on S. argus in the paper of
Yuniar et al. (2007) were not available. Although the distributions of Ergasilus in Segara Anakan
Lagoon and Songkhla Lagoon occurred in a wide range of water salinity ranges, the higher
prevalences and mean intensities of the dominant copepod, Ergasilus sp.A in the present study, were
found in a wider salinity range (0.9-29.8 ppt) than that in Segara Anakan Lagoon (19-31 ppt). Both
Ergasilus sp. A and Ergasilus sp. B were significantly negative correlated with salinity, but they
tolerated different salinity ranges. The optimum salinity for Ergasilus sp.A was brackish water, which
is normal the Songkhla Lagoon. Its prevalence and mean intensity decreased markedly as the salinity
continuously increased to over 30 ppt for a few months, while Ergasilus sp.B was found only in

January in moderate abundance when the water salinity was near to 0 ppt because of the heavy
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rainfall during the previous weeks. Thus, Ergasilus sp.B is probably normally a freshwater species,
and the short period of a very low salinity environment in the Songkhla Lagoon may limit the
distribution of freshwater species. Recently, Tassamakorn and Angsupanich (2014) investigated
ectoparasites on catfish, H. sagor, in the Lower Songkhla Lagoon. They found two species of
Ergasilus which were different from those found on S. argus. The distribution of parasitic copepods
such as Ergasilidae and Caligidae are occasionally related to water salinity levels (Noga, 2010).

In the present study, Ergasilus found on gill flaments were mostly congregated on the
anterior area near to the median area. This was also noted in the attachment of Ergasilus gibbus in
European eels, Anguilla anguilla (Soylu et al., 2013) and Ergasilus spp. in Songkhla Lagoon H. sagor
(Tassamakorn and Angsupanich, 2014). However, E. gibbus were found at a high density at the
distal part of the gill flaments while Ergasilus spp. of Songkhla H. sagor (Tassamakorn and
Angsupanich, 2014) and S. argus were at the proximal area.

C. epidemicus has been reported as a significant pathogenic parasite of wild and cultured
fish in the Indo-West Pacific region (Nagasawa, 2013). This species can tolerate a wide range of
salinities in the lower reaches of river and estuarine environments (Regidor and Arthur, 1986; Roubal,
1997; Nagasawa, 2013). C. epidemicus of the Songkhla S. argus also occur in a wide range of
salinities, but tend to be more common in highly brackish water (13.1-32.3 ppt), which corresponds
with the studies of Yuniar et al., (2007) and Roubal (1997). The latter study reported that all C.
epidemicus were active for at least 40 h in the 30 ppt salinity. The prevalence (4.3%), mean intensity
(1.3 ind/fish) and attached location (skin) of C. epidemicus on S. argus in Segara Anakan Lagoon
were less than in the present study. Songkhla C. epidemicus were found attached on both the body
skin and fins with the highest density on the body skin under the pectoral fins. However, the chalimus
stage on the gills of Segara Anakan S. argus was found in higher abundance than the Songkhla S.
argus. Other reports of the chalimus and adult stages of C. epidemicus have said they were mainly
found on the pectoral fins of Acanthopagrus australis (Roubal, 1994) and Ambassis marinus (Hallett
and Roubal, 1995). In Songkhla catfish, a high prevalence of C. epidemicus was also found attached
on H. sagor on the gill filaments (83% ), although with a very low mean intensity (1.0 ind/fish) at a
salinity of 17.7 ppt (Tassamakorn and Angsupanich, 2014). In addition, chalimus stages and adult of
Caligus sp. were also found on gill lamella of S. argus in Tebrau Straits, Malaysia (lhwan et al., 2016).

Besides C. epidemicus on the skin of Songkhla S. argus, C. rotundigenitalis was also found
on the gill flaments and inner operculum. Pillai (1985) also reported C. rotundigenitalis on Lutianus
malabaricus, Caranx specious and S. argus in China and India. In Southeast Asia, Yuniar et al.

(2007) found C. rotundigenitalis on the inner operculum of Mugil cephalus in Indonesia while Leaw
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et al. (2012) found C. rotundigenitalis on the inner operculum and body skin of Lutjanus erythropterus
in Malaysia. Although C. rotundigenitalis was observed throughout the present study, the highest
intensity appeared in the high salinity season. Moreover, the occurrence of C. rotundigenitalis was
higher than C. epidemicus. These results are rather different from a Caligus infestation in Malaysian
sea bass culture (Muhd-Faizul et al., 2012) which found heavy attachment by C. epidemicus within
a wide range of salinities (5-28 ppt) and a relatively small number of C. rotundigenitalis within a
narrow salinity range (25-28 ppt). Most unidentified chalimus stages of the present finding were
supposed to be life stages of C. rotundigenitalis for the following reasons: 1) they occurred mostly in
the same period of the adult C. rotundigenitalis; 2) fine structures of leg 4 resembled those of adults;
and 3) morphological characteristics were different from the chalimus stage of C. epidemicus, as
described by Lin et al. (1996), with at least 2 major differences, the abdomen and leg 4 of the
Songkhla chalimus were markedly longer than those of C. epidemicus.

In addition, S. argus bearing T. chalermwati in the nasal cavity was found only in the high
salinity season. This species has been described as a new species collected from the nasal cavity
of S. argus in the Gulf of Thailand (Piasecki et al., 2008). Thysanote sp. found on S. argus from
Segara Anakan Lagoon (Yuniar et al., 2007) was assumed to be T. chalermwati (Piasecki et al.,

2008).

Conclusion

Five species of ectoparasitic copepods and chalimus stages were found on S. argus in the
Lower Songkhla Lagoon. The occurrences of the ectoparasitic copepods were correlated to water
salinity ranges. The abundances of Ergasilus sp.A and sp.B were significantly negatively correlated
to salinity while those of the Caligus group and T. chalermwati were significantly positive. Although
each copepod species could tolerate some different degrees of salinity, most were found in the SW
monsoon season during June to September. Therefore, this overlapping occurrence of several
copepod species may be the cause of the severe infestation in S. argus noted in recent years. Further
monitoring of fish parasites in the whole area of Songkhla Lagoon should be a priority in order to find

a way to control this dangerous parasite.
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Abstract

Contamination of heavy metals in river and organisms is one of the main problems that may
affect on human health. This research aimed to study accumulation of heavy metals in soil
sediment, water, and fish species in the Mun River. The soil sediment and water samples from three
stations and fish samples were collected along the river. Concentrations of heavy metals including
zinc (Zn), copper (Cu), cadmium (Cd), lead (Pb) were analyzed using atomic absorption

spectroscopy (AAS) and these data were used for calculation of bioconcentration factor (BCF). The
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concentrations of Zn, Cu, Cd, and Pb in soil sediment and water samples are 12.78-115.30, 8.12-
25.63, 8.79-9.08 and 47.38-111.82 mg/kg, respectively and 13.39-16.35, 8.00-8.36, 4.35-6.59 and
27.38-31.80 mg/L, respectively. The concentrations of Zn in soil sediment and all heavy metals
detected in the water samples exceed the standard levels. The accumulation of heavy metals in
different fish organs (muscle, gill, stomach-intestine) of nine fish species was found in diminishing
order of stomach-intestine > gill > muscle. The BCF values of the heavy metals were found in
diminishing order of Zn > Pb > Cd > Cu. Unfortunately, concentrations of Cd and Pb detected in
fish were >30 and >100 times higher than the standard levels.

Keywords: heavy metal accumulation, soil sediment, fish, BCF, Mun River

AN
a aaa

unduninanssssnaAnd1Atyet 9E9AaN19ANINTIAL RN YT LA RINTINEU] 99NN

[ndudrnFunisimuniase giaduinugu naenaunsru e reRdaaInguTu uwiasiiandusian

99

b

safuNaNHAN A INAanTTNALANA19AUW nalfifanansenuiuanaenu doyminanioznieninlu

faqiiuAenisinvanslsznauduvsduazedurisdsan dalansuin lulinnunuininlidlddnla
% al' o aa = v dal'al 1 ogj Y o X A v 0”
an9ndfunlasunisanssdinviseldansnindluuna swin sy aslinnsandnsuazazanluin

Tneanzlaneuindsliaunsnaaasalifoanszusunislusssuand asnnaznauazanagialunu

¥
)

Aumznaunag/luin soudaieiuazdnin (Keepax et al., 2011; Tanee et al., 2013)

tTymnisdudevaeslanzminlusdinnaedulymndany lunaaadanannniumn e

v 1
& o o A

LA oA ) o o A a | o ~ Vo
1&1L‘WFNLLW-Q::NﬂQ_JMﬁMQmﬂﬂu’]LWﬂﬂ’]?fqﬂTﬂﬂ‘uﬂﬂﬁ LLmﬂﬂm@\‘]ﬂ\‘n@V}\iL?ﬂﬂﬂ'}"lNLﬂu‘W‘H ﬂ’]ﬁ‘llll?;l‘ﬂﬂ

4818 29NDINNTaraN uRINTIANAENNdaN Iz LILMaa TR (Terra et al., 2008) asanan liLAn

tToymsiaguninaesgnizlnadndundluamsion laslanduamsiddnsedintnauasdadusail

o al

1% a o

Fonnnlduannisuitlauaasasuaislfanaas (Rashed, 2001) HanuAsanAnw g UNavaN

Tavzuinludanununasslulsemalnanasatatsumna Nee91unisdsanaaslansutinidy wan s

'
o o

Taslien nzia 49028 uaznewns Wuiu luedaozdausie 2eatan dalnisazanveslanzmin i
wanAnulLAazadaazaaglan (Rashed, 2001; Chi et al., 2007; Terra et al., 2008; Tanee et al.,
2013) Tanewiinnduidenludiwarazneuduauisndinglauazdssalidenulslnanseainnig

113Tnalan AaliRanmitanuluRemAas 9N euaNtAu 11 KRANWANITRANZIET NIaT8FUL

q

o o

109Nz ANAUNAY M liiAnuAulalings duginiainauseaeuladuazinliind@uieuanin (Manahan,
2003) AenuAspasinIssAns ety uintsdudenaasiansutiniiemaunsiieyalilseaau
Yo o a o
MHsumauuazifnszdamnduisaesianemin
1 o” 1 o” o dl ] o = dl v :; 1 o 09/ Qy
withyaduuldthareudnndrAryaesnimaanun i lunisauinasuiciduinassesiuinia

ANGHEY 1399UGAAINNITH AINNIININITNEAINNNITEA19IAN T9INDIUIINUAEAZNEUAAIN

Meansasumatulagnisilszas U7 11 2ufl 1 Wnsrax - Aguieu 2560




84

| ¥
A

' A & P Vo 8 g o &~ o
wiasaundnistuiteuannal W luudinasilentaduideulavienmin sauielinnsazanaaslaneniin

¥ v
o o

Tudadindos TusuddaniiduasiianuaulanazdnsniBuinnisazanaaslanzmin 4anza nasuns
= o & = = o : o A& =
wAALHEN wazmzialuty nzneunu wazrlulan sandsluedansine vesdan THun e nakuemis
o X . 2o s . - od
wazwiien Metlivedsslamifatlszaaunsludiugunineun e uaziAsgia SONRANeuILUINIg

¥
Aufunisnauausesiu uflalym vrensdanisunastinseld

L4 as
AUnsaluarlIsng

' N =9 [

1. NuNAnEUuazqAL ARt

o

fuFatemznausy 11 wazlan Tuqafiusiet Wwaunnmuua A119u 3 4013 (Table 1 and
. o ' ugj o =® o % 1o a =
Figure 1) FiaaginaisunaazgninlAnmiBunainisavanlavemin 1Hun 4908 nasuns upaies
WATAHA
2. MaLumIatng
2.1) N9ALAIDEN9N
3 o 1 09/ dl a d@' .ogl & dll <1 o 1 09, A 3 o 1 o” a
useatinatiiFnufnaseulinlng lwrreiusietaivisaaniuslad1en (nawe

v
) o 1

73w Aénsdagtinfnetnaude 2-3 ak ajmqvl,ﬂ‘lﬁa%fﬂmzﬁum’mﬁﬂ 50 a3, 2e1999137 Ll
inaubifdesinniglunauzuasdadlfuinlaeiud ielesiuindetisgneinireendlad s
48117994 Davies et al. (2006)

2.2) MaAUAeENATNaUAY

fLfetaAuRNauTIBIAAINALAT NI LITa LN Taeld Ekman's grab L&NNINEN
Tudhsngdau 1 : 1 Wdiniu iiusaetwAulszann 100 niu lagenanainialanliuiu drludiduly
faiuds ekl R siides finisanzAuandeniazningnsanssely

2.3) naunusaetnelan
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Table 1 List of the three stations studied in the Mun River.

station reference site Location
1 Narmluek community, Satuek district, Buri Ram province 15°17'53"N 103° 17'15"E
2 Ban Kutchap, Thatum district, Surin province 15°21"11"N 103° 44'36"E
3 Mun river bridge, Rasi Salai district, Si Sa Ket province 15°20'24"N 104° 9'"1"E
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Station 2 Station 3

Station 1

SI'SAIKET

BURI'RAM

® SURIN

Figure 1 Location of the three stations studied in the Mun River.
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Tatrunaulavemin laun €anzd (Zn) neauma (Cu) waaLlaN (Cd) wazneia (Pb) lusaetng
11 pznaumu uaraduazaeslanfieizenls foawesas Atomic Absorption Spectrophotometer (AAS) 1
AA 6200 (Shimadzu, Japan)
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(Bioconcentration Factor, BCF) daiilupiaanudinduaaslanzminlusaecng (mg/kg) samansidindn

waalavizminluin (mg/l) mMuATa84 Crookes and Brooke (2011)

NANITANHILATIASTTUHS

1. Banadaveninlunznauduuaztihanusitiya

unnudansd nesuns waaflen uazmyia lusethanznauAuuaztinania 3 aonil lEuasa
udmalu Table 2 waz Table 3 lnelanzuminumazaiialunzneuAuiiBuin 12.78-115.30, 8.12-25.63,
8.79-9.08 WAy 47.38-111.82 mg/kg ATNAAL %qﬁﬁﬁiﬂLﬁuLﬂmeﬁmmigm (Ministry of Natural
Resources and Environment, Thailand, 2004) zdauimfwﬁﬂ‘%mm 13.39-16.35, 8.00-8.36, 4.35-6.59
WA 27.38-31.80 mg/L ANHNANAL Bnnulavemins 4 mﬁmﬁwﬂuﬁ”ﬁﬁmﬁummﬁmm&gmfﬂﬁqﬁu
(Ministry of Natural Resources and Environment, Thailand, 1994) Lﬁmﬁﬂmﬁﬂuﬂ?mmfﬂﬁwﬁﬂu
AuusazaninLimnaniiitiinnmesunuazaziauAnsreiueditdAny (o < 0.05) danluiin
‘W'uLﬁmu,mmLﬁﬂuﬁﬁﬂ?mmLLmﬂﬁmﬁu@ﬂwﬁﬁﬂﬁﬁﬁmlummmﬁ (p > 0.05) FIANNUANAIITD
Ussnaulansninluusazaniiiuenasnanuaneade wu anhing miﬂd@aﬁ’nﬁmmﬁmu 284
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uiilau (Modaihsh et al., 2004; Keepax et al., 2011) lanzuidniduansnassanaliaaasafon
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o o

fusaninauaeaeulasiaznn liadueidanis (Manahan, 2003)

Table 2 Concentrations of Zn, Cu, Cd and Pb in the sediment and water samples from the three

stations on the Mun River.

Concentration (mean+SD, mg/kg for sediment and mg/L for water)

St Zn Cu Cd Pb

sediment water sediment water sediment water sediment water

1 14.324¢0.68° 13.39+2.01° 8.86+0.25"°  8.00£0.14°  9.08+0.12°  6.59+0.75°  54.18+1.23" 31.80+2.08"
2 12.78+1.15" 16.35£2.69° 8.12+0.13°  8.31:0.11"  879+0.03"  549:0.22" 47.38+0.57° 27.38+0.86
3 115.30+1.67° 15.81£3.45 25.63:0.51° 8.36:0.15°  8.92+0.55"  4.35:0.19° 111.82+2.89° 27.91+0.94
A ND ND 37 400

B 1.0 0.1 0.005-0.05 0.05

A: Standard level on soil quality (Ministry of Natural Resources and Environment, Thailand, 2004), ND = no data
B: Standard level on water surface quality (Ministry of Natural Resources and Environment, Thailand, 1994)

ab,c

Show differences among seasons (p < 0.05)
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2. snnalaneutinuaz BCF ludaunazdinanuaazdnnil

luile viten uazmaAueIs Tewretnalan 9 1l mmmﬁ”m@ Fun nsavile dou 1xln
11 pzfeuDN? d5eaunen dsealuns muedravtey wazvualne AiBuiudinzd neauns uanlas
LLﬂsz‘JﬁLQﬁ\‘iLL@ﬁ\ﬂu Table 3 Inal1FuNu 40.28-464.30, 9.40-68.48, 3.87-55.50 oy 70.89-839.27
mg/kg ANNATAL

ﬂ?ﬁmmﬁm:%ﬁm:mﬂu@fiﬂqxﬁmj gavilan luiadien 10.34 (T. trichopterus, station 1) —
131.48 mg/kg (7. trichopterus, station 3) Tuwianiien 18.42 (0. hasselti, station 1) — 265.36 mg/kg
(A. testudineus, station 2) wazluni9AuaIn1s A1 8.91 (B. gonionotus, station 1) — 151.52 mg/kg

4
Gl

(L. siamensis, station 2) FevanAuLFununIsazanluadanzsine anuinlliies lHdsliAe wian >
yafnemng > e neBunndensdlusientAuanssannmafvewnsuaziiteetinsiiiodn Ty
(p < 0.05)

Funumesuasluiiedan 2.71 (H. ormatipinnis, station 2) — 10.14 mg/kg (T. trichopterus,
station 3) Tuwianiien 0.68 (L. siamensis, station 2) — 36.57 mg/kg (T. trichopterus, station 3) LAzl
NAUBINNTHAN 0.63 (P. fasciatus, station 2) — 21.77 mg/kg (T. trichopterus, station 3) FeNAFL
Baunnnisazasluadaazne anunldiies Tidilfe wilen > naduenns > e Tnasunm
yaaunslusia 3 adtny HAnuansnaiuedndldvid g ity (p > 0.05)

‘]ﬁmmuﬁmﬁﬂmluﬁﬂﬁﬁﬁ 1.87 (B. gonionotus, station 2) — 12.13 mg/kg (H. ormatipinnis,
station 2) TuwiSentiaAn 0.58 (P. fasciatus, mmﬁﬁ' 2) — 34.50 mg/kg (T. trichopterus, station 3) LAz b
NIALBNUINAN 1.28 (P. fasciatus, station 2) — 19.88 mg/kg (C. micropeltes, station 2) Fe4aTAU
Pannunisazanluedeazsine] anuanlddiae ¥ faiiAe wien > MaAnenis > e TneBuu
wAnealusdenTAuANAIaNNTNsRue VN suaz aetnaildAry (o < 0.05)

PBunmazialudesian 13.00 (L. siamensis, station 2) — 121.20 mg/kg (T. trichopterus,
station 3) Tuwianien 16.45 (L. siamensis, station 2) — 505.86 mg/kg (7. trichopterus, station 3) Lag

Tun19Aue1uIsi AN 19.10 (C. micropeltes, station 2) — 212.40 mg/kg (T. trichopterus, station 3)
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Table 3 Concentrations of Zn, Cu, Cd and Pb in different organs of fish species

St Heavy Fish species Concentration in each organ (mg/kg)* BCF of
metal muscle aill intestine total muscle
1 Zn T. trichopterus 10.34+0.33 27.46+0.00 18.74+0.00 56.53+8.59 0.77
B. gonionotus 9.35+0.94 22.53+1.20 8.91+0.58 40.79+7.74 0.70
O. hasselti 11.22+2.37 18.42+0.00 10.65+1.43 40.28+4.33 0.84
2 C. striata 47.11+£0.49 102.22+0.78 78.31+£8.55 227.64+27.64 2.88
C. micropeltes 45.00+2.60 75.80+0.00 88.73+£2.59 209.54+22 .46 2.75
L. siamensis 73.10£2.57 239.68+0.00 151.52+1.95 464.30+£83.34 4.47
B. gonionotus 91.10+8.21 94.19+0.00 85.02+16.51 270.31+4.66 5.57
O. hasselti 83.57+4.40 218.69+0.00 96.07+3.79 398.32+74.66 5.1
H. ormatipinnis 98.01+1.49 172.80+0.00 22.35+0.60 293.156+75.22 5.99
P. fasciatus 95.88+1.08 188.12+0.00 74.67+0.00 358.67+60.32 5.86
A. testudineus 90.57+8.36 265.36+0.00 77.78+0.00 433.72+104.80 5.54
3 T. trichopterus 131.48+0.00 145.79+0.00 108.97+0.00 386.24+18.56 8.31
L. siamensis 62.06+2.04 159.77+0.00 74.93+5.37 296.76+53.08 3.92
B. gonionotus 45.64+3.63 122.156+0.13 43.01+£5.80 210.80+44.95 2.88
O. hasselti 52.49+0.33 146.94+0.00 52.01+0.76 251.44+54 .67 3.32
1 Cu T. trichopterus 6.05+0.16 16.65+0.00 14.28+0.00 36.98+5.56 0.76
B. gonionotus 9.87+0.22 14.87+0.69 14.61+0.29 39.35+2.82 1.23
O. hasselti 6.28+0.17 11.28+0.00 10.97+0.24 28.53+2.80 0.79
2 C. striata 3.05+0.34 2.82+0.99 4.58+0.44 10.45+0.95 0.37
C. micropeltes 4.10£0.78 2.16+0.00 4.68+0.39 10.94+1.32 0.49
L. siamensis 8.81+1.66 0.68+0.00 17.33+0.33 26.81+8.32 1.06
B. gonionotus 9.15+0.31 3.75+0.00 17.40+0.63 30.29+6.88 1.10
O. hasselti 3.52+0.11 2.69+0.00 7.25+0.82 13.46+2.43 0.42
H. ormatipinnis 2.71£0.22 2.18+0.00 14.41+0.13 19.3046.91 0.33
P. fasciatus 5.01+0.08 3.76+0.00 0.63+0.00 9.40+2.26 0.60
A. testudineus 7.36+0.07 8.73+0.00 4.78+0.00 20.87+2.00 0.89
3 T. trichopterus 10.14+0.00 36.57+0.00 21.77+0.00 68.48+13.25 1.21
L. siamensis 6.61+0.28 21.70+0.00 16.84+0.50 45.15+7.70 0.79
B. gonionotus 6.20£0.09 13.74+0.99 11.50+1.74 31.44+3.87 0.74
O. hasselti 5.57+0.17 14.62+0.00 10.20+0.19 30.39+4.53 0.67
1 cd" T. trichopterus 5.25+0.01 13.30+0.00 8.90+0.00 27.44+4.03 0.80
B. gonionotus 6.06£0.76 10.75+1.03 5.36+0.65 22.17+2.93 0.92
O. hasselti 5.13+0.13 8.28+0.00 5.26+0.05 18.67+1.78 0.78
2 C. striata 5.85+1.27 8.90+1.28 6.65+0.02 21.39+1.58 1.07
C. micropeltes 7.06+4.06 6.42+0.00 19.88+10.02 33.37+7.59 1.29
L. siamensis 3.36+0.39 14.84+0.00 6.73+0.26 24.92+5.90 0.61
B. gonionotus 1.87+£1.60 nd. 8.92+0.00 10.79+4.99 0.34
O. hasselti 1.89+0.36 7.23+0.00 6.91+£3.61 16.03+2.99 0.34
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H. ormatipinnis 12.13+6.05 18.93+0.00 1.87x0.78 32.93+8.59 2.21
P. fasciatus 2.01£0.79 0.58+0.00 1.28+1.18 3.87+0.72 0.37
A. testudineus 8.37£0.70 31.64+0.00 nd. 40.01+16.39 1.52
3 T. trichopterus 7.80+0.00 34.50+£0.00 13.20+0.00 55.50+£14.11 1.79
L. siamensis 4.73£0.45 19.47+0.00 8.76x0.20 32.96+7.61 1.09
B. gonionotus 4.94+0.37 11.02+0.23 4.39+0.58 20.35+3.68 1.14
O. hasselti 4.99+0.37 11.52+0.00 4.98+0.24 21.49+3.77 1.15
1 Pb° T. trichopterus 78.43x2.23 216.14+0.00 169.36+0.00 463.93+70.02 2.47
B. gonionotus 78.29+0.96 166.20£1.30 86.14+2.35 330.63+48.65 2.46
O. hasselli 78.25x0.94 127.64+0.00 81.86+1.65 287.75£27.53 2.46
2 C. striata 18.52+1.55 43.27+0.61 23.76%3.60 85.55+13.04 0.68
C. micropeltes 18.05+£1.35 35.85+0.00 19.10£1.60 73.00+9.99 0.66
L. siamensis 13.90+1.41 16.45+0.00 40.54+5.88 70.89+14.70 0.51
B. gonionotus 25.07x2.15 27.69+0.00 25.2312.44 77.99+1.47 0.92
O. hasselti 21.52+1.13 59.66+0.00 24.71+0.98 105.89+21.16 0.79
H. ormatipinnis 28.20+1.76 54.07+0.00 25.87+0.40 108.14+15.65 1.03
P. fasciatus 29.65+2.39 66.67+0.00 47.04+0.00 143.48+18.58 1.08
A. testudineus 32.85+1.14 152.82+0.00 50.53+0.00 236.20+64.77 1.20
3 T. trichopterus 121.20£0.00 505.86+0.00 212.40+0.00 839.27+201.07 4.34
L. siamensis 65.19+1.82 241.13x0.00 145.37+3.37 451.70+88.08 2.34
B. gonionotus 72.75x1.48 150.48+0.06 69.15+0.59 292.38+45.95 2.61
O. hasselti 72.75+1.14 160.82+0.00 73.02+0.86 306.59+50.77 2.61

*nd. = not detected; "Standard levels on contaminants in meat of fish are 0.05 and 0.2-0.3 mg/kg for Cd and Pb (Thailand

Ministry of Public Health, 1986; Official Journal of the European Union, 2006)
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Abstract

The meiofauna communities at Sakom beach, Thepha District of Songkhla province were
collected at the 5 stations for 3 times during April, June and August 2013. The results showed 14
meiofaunal taxa including copepod nauplii and polychaete larvae. The average densities in each
station ranged from 151 — 2,995 ind/10 cm’. The station 3 had the highest density, whereas the
lowest density found in station 1. Nematoda was the dominant group showing the most abundant
(32%) followed by Tardigrada (30%), Sarcomastigophora (19%) and Polychaeta (5%) respectively.
Cluster analysis revealed that the meiofauna communities at all stations in August were the least
similarity to other months. In addition, the canonical correspondence analysis showed that the
percentages of organic matter and very coarse sand of sediment type were closely related to the
habitat of meiofauna occurring in this area.

Keywords: meiofauna, environmental factor, lower gulf of Thailand
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Figure 1 Location of the sampling stations at Sakom beach, Songkhla Province ( GEO-Informatics

Research Center for Natural Resource and Environmental, 2014)
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2. MSAATANNFDA

2.1 MIVALTANNARLARTBILISTTNANARSUTINAUIUIANAN (TTALATANTNYN) T3
anntluarluusazieufiiiumetng Kaan1sinmzy Cluster analysis (CA) Ineld 33mssanga UPGMA
(Unweight pair group average method) uazanuilasdiayaiu log (x+1)

. v

2.2 NM31ATIZRANNE NN UE eIt Aq R AR e NAULTZINANE RS UTINA WIUIAN A LULARY

an1ll Ha8n1931A31A Canonical correspondences analysis (CCA) tneidiayaniinnndassiliAniaan

wwzriandaNgngudRinsaus 1 wedidus aull uazsnulasdiayadlu log (x+1)

NAN15298

1. ANRAINUAELATANNENGNIDIFAINTUIAUTUIANA

annsAnEAR i AuruIAnaNRMIIAaznaN Aamdnaan luRauwmEnuy Jguiau
LATRIVAL WA, 2556 NLARSUTNAUIUIAN AL 14 ngu %ﬁm@g’lu 11 1044 (Table 1) THwn
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nsdneneslugag 163 - 2,995 G2/10 ma.aw. ilefiarsnnluusazaniil wodnqed 3 fanugnguiads
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ireusnaunziadunguiifinnagngauminiign agluges 88 — 1,326 §a/10 As.24. wazny
nanuaneana (Figure 3) tnellanie Metepsilonema %uﬂmqmﬁuﬁwumn%m ﬂ@iu‘ﬁ'wmmmmﬁ@
uitin wiiianumannuanelussivanatias (3 ana) windunugnguane g 11 - 1,100 6/10 B9 3.
Inenannzana Batilipes Tuanusiinteussfifies (Sarcomastigophora) iAo ugnguiiaandd (agludos
100 - 373 £13/10 AS.TN.) WANALWLNANNUABANA (7 ANA) drutnadanuunnluganiid 4 (233 /10
m9.70.) edasrnanldiAeufanaNnzLa
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IENEURANNUAINUANEINTLAD 10 NN
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Table 1 List of meiofaunal taxa found by sampling stations and months. Figures in parenthesis
indicate maximum density (ind/10 cm?), Ap, April; J, June; Au, August. Under lines indicate month

of maximum density.

Taxa Station

Abbre 1 2 3 4 5
Sarcomastigophora Sar Ap, J, Au (100) Ap, J, Au (167) Ap, J, Au (373) Ap, J, Au (156) Ap, J, Au (189)
Ciliophora cil Ap, J, Au(12) Ap, J, AU (2) Ap, Au (1) Ap,J (3) Ap,J(2)
Gnathostomulida Gna Au (10) Au (21) J, Au (10) J, Au (10) J,Au(11)
Nematoda Nem Ap, J, Au (88) Ap, J,AU(117)  Ap,J Au(1326)  Ap,J Au(378) Ap, J, Au (297)
Gastrotricha Gas Ap, J, Au (26) A, J, Au (25) Ap, J, Au (36) Ap, J, Au (37) Ap, J, Au (27)
Rotifera Rot - Au (1) - Au (2) -
Kinorhyncha Kin Ap (1) Ap (1) Au (1) - -
Polychaeta Pol Ap, J, Au (16) Ap, J, Au (63) Ap, J, Au (73) Ap, J, Au (233) Ap,J, Au (43)
Polychaeta larva Poll Au(4) Au (3) Au(2) J, Au (3) J, AU (5)
Tardigrada Tar Ao, J, Au(11) Ap,J,Au(442)  Ap,J,Au(1,100)  Ap,J, Au(143) Ap, J, Au (545)
Ostracoda Ost Ap, J, Au_(6) Ap, J, Au (3) Ap, J, Au(17) Ap, J, Au (3) Ap, J, Au (27)
Copepoda Cop Ap,JAI(12) A, JAu(168)  Ap,J Au(24) Ap,JAU(13)  Ap,J Au(102)
Nauplius Copepod Nau Ap,J, A (8) Ap,JAU(108)  Ap,JAU(102)  Ap,J, Au(15) A0, J, Au (26)
Acari Aca - - - Au (2) Au (2)
Unknown - Au (2) Au (1) - -
Number of taxa 12 14 13 13 12
Total Abundance (Mean * SE) 1785+58 6285+ 15.1 1,2276+419 501.0 + 13.7 682.8 +20.4

2. ANARILARIUDIRAIUUNAUAUIANANY

nTAATIZEANNAR1 AR RERduTinALTLIAnat TuLAa AR TR LFReENe (Figure 2B)

PAUNENEY HOUIEW UATRIUNAN W.A. 2556 119 5 @0t wudleNansuszAtmNA&IaAAs 73.7
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Figure 2 Abundance (ind/1 Ocm’; averaged across three samples per stations; bar are + SE) and

number of taxa of meiofauna (A) Cluster analysis of meiofauna (B) at Sakom beach, Songkhla

Province in April — August 2013, Ap, April; J, June; Au, August
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Phylum Sarcomastigophora

Phylum Tardigrada

Phylum Nematoda

Figure 3 Dominant meiofauna found at Sakom beach, Songkhla Province in April — August 2013

3. 1RqadInInaaN

AINN1IANEINLGT Wiagaaat (Figure 4A) Tlunnaniiiilaaglugag 8.0 - 8.4 nouLNEIaY

~ a o PRy
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a Q

a

wefidus) uargegalumoudiguieu (0.22 wWafidus) douauinaynindu (Figure 4F) luynanadl
nudaulusneusidunzneaufuiuunsaazidan (Fine sand) FaTlmunasaus 0.063 - 0.5 TiaAAS
Aoy 82,32 — 95.05 Wesifus diunzneusuiivaeilunsnauRuLLILNIEMENL (Coarse sand) Haum
Fawd 0.5 1 TaAiwns Andli 3.94 — 10.80 o5 Fud ALNEUALLLLINIEVEALNAN (Very coarse
sand) faunafaus 1 -2 Nadwns Aadu 0.78 - 6.74 Wefifud daunznaufuuuunsauiuas
ayNIARuIWLE (Sit-Clay) Haunatiaandn 0.063 Aadiums Aawlu 0.07 - 0.23 wWadifusd Tnanudn
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Figure 4 pH of water (A), Salinity (B), Temperature of water (C), Temperature of sediment (D), Organic
matter (E) and Particle size (F) at Sakom beach, Songkhla province in April — August 2013
April (<>), June (), August (A), Very coarse sand (E), coarse sand ([), Fine sand )

Silt-Clay (l)

4. amuduusszuinsiladeReuandaniudniniinAuauianane
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' 12 1

a 1% 1 o | = = o a Aaa al o
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CCA variable scores Eigervalues

0.25T Axiz1  Axis2

0.19- Very coares sand F’E' Eigervalues 0015  0.009

0.134+ oM Percentage 47.078 27 523

~ 0.064+ Cum. Percentage 47.078  74.601
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Figure 5 Canonical correspondences analysis indicates that the environmental variable related to

meiofauna community at Sakom beach, Songkhla Province in April — August 2013
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Abstract

The objective of this study was to construct the appropriate forecasting model for the prices of
Red Tilapia at Si-Mum-Muang market. These mean prices per month gathered from the website of
Si-Mum-Muang market during January, 2009 to November, 2015 of 83 values were used and divided into
2 sets. The first set had 77 values from January, 2009 to May, 2015 for constructing the forecasting
models by Box-Jenkins method, Holt's exponential smoothing method, Brown’s exponential smoothing
method, and damped trend exponential smoothing method. The second set had 6 values from June to
November, 2015 for finding the most suitable forecasting method via the criteria of the lowest mean
absolute percentage error and root mean squared error. Research findings indicated that, Brown’s
exponential smoothing method was most appropriate.

Keywords: Red Tilapia, Si-Mum-Muang Market, Box-Jenkins, Exponential Smoothing
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Figure 1 Run plot for the prices of Red Tilapia at Si-Mum-Muang market during January, 2009 to May,
2015
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Smoothing Method)
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Figure 2 ACF and PACF of the prices of Red Tilapia at Si-Mum-Muang market
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Figure 3 ACF and PACF of the first difference, d = 1, of the prices of Red Tilapia at Si-Mum-Muang market
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Table 1 Prices of Red Tilapia at Si-Mum-Muang market and its forecasts (Baht/Kilogram), during June to

November, 2015

. Prices of Prices of Red Tilapia from Four Statistical Forecasting Methods

Time Red Tilapia Box-Jenkins Holt Brown Damped
Jun, 2015 115.00 114.81 115.50 117.51 115.44
Jul, 2015 125.00 114.02 116.01 119.62 115.87
Aug, 2015 125.00 113.99 116.51 121.72 116.30
Sep, 2015 125.00 113.68 117.02 123.83 116.74
Oct, 2015 125.00 113.68 117.52 125.93 1717
Nov, 2015 125.00 113.68 118.03 128.04 117.60
MAPE 7.4875 5.3938 2.2038 5.5731

RMSE 10.2164 7.3185 3.0951 7.5668
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Abstract
Plastic litter is an ongoing problem everywhere and reported as the predominant type of litter
in marine and estuary environments in many surveys. Therefore benthic litter samples were collected
in 2011 and examined from the Rayong River estuary in dry and rainy seasons by trawling. Average
density of benthic litter in the dry season was 4.5+0.2 items/100 m’ and 80.7% was plastic material.
Whereas in the rainy season was 9.0+4.8 items/100 m” and 82.4% was plastic as well. Fourteen types
of plastic litter was inspected according to usage category. The dominant type was plastic fragments

followed by food packages and carry bags. Meanwhile, there were 13 types of plastic according to
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chemical structures. The most dominant was Polypropylene (PP) (35%), followed by Polyethylene
(PE) (32%), Polyvinylchloride (PVC) (9%), and Polyethylene terephthalate (8%).

Keywords: Benthic Litter; Plastic; FTIR; Estuary; Rayong; Thailand

Introduction

Marine litter is a global widespread pollution problem. Several studies indicated that plastic
is the most common type of material in both beach-stranded litter and benthic litter (Guven et al.,
2013; Koutsodendris et al., 2008; Morishige et al.; 2007; Santos et al.; 2003). Plastic litter generates
adverse impacts on environments and ecosystems, such as gastro-intestinal blockage and
entanglement of marine mammals and marine birds (Votier et al., 2011; Williams, et al. 2011).
Meanwhile, the accumulation of benthic litter may affect the habitats of benthic biota. One reason that
plastics are so harmful to ecosystems is releasing of toxic chemicals. Plastitizers that disrupt the
endocrine systems of marine animals is one example. Moreover plastic litter can contaminate marine
environments by accumulating other pollutants (e.g., DDT and PCBs) on their surface (Van et al.,
2012). Different types of plastic present different degrees of pollutant adsorption. Therefore, type of
plastic litter must be investigated to assess the risk of plastic waste to marine environment.
Unfortunately, surveys of benthic litter in Thailand are very rare. In addition, beach-stranded litter is a
definite problem, and plastic bags is the most commonly found litter on beaches (DMRC, 2013).
Therefore, this preliminary study is a survey of marine benthic litter in Thailand’s coastal areas. The
selected site is the Rayong River mouth area, which affected by both urban and industrial waste.
Some areas along Rayong River were designated as a pollution control zone in 2009. This study
aimed to survey benthic litter in the river mouth in order to keep the aquatic ecosystem clean and

healthy.

Materials and methods

Study area and sampling methods

The benthic litter sampling area is located at the mouth of the Rayong River (12"40'32"N and
101 °16'42"E), Muang district of Rayong province, in the east of Thailand. Benthic litter was collected
twice per season in the dry (April and May) and rainy (July and September) seasons in 2011 by the
trawling method. The size of the bottom trawling net was 2x4x20 m and its mesh size was 2 cm. The
sampling area covered 300x250 meters in the area. There were three hauls per sampling time.

All litter samples were cleaned and then counted and weighed on an analytical balance.

Collected objects were categorized by material type, such as plastic, metal, and glass, and by using
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purpose, such as bags, food containers, and fragments. Plastic benthic litter was separated and then

further analyzed the infrared spectra by Fourier transform spectroscopy (FTIR).
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Figure 1 Benthic litter sampling area, Rayong Estuary, Thailand

Plastic characterization by FTIR

Plastic benthic litter samples were cleaned by washing in a sonicator ultrasonic cleaner with
de-ionized water for 5 minutes and then air dried at room temperature. The infrared spectra
measurements were performed by absorption-reflection technique using a Nicolet iIN10 Infrared
Microscope. Spectra were recorded in the mid infrared region with 64 scans at a resolution of 4

-1
cm .

Results and discussion

General information about benthic litter

A total of 962 items of benthic litter were reported in this study at Rayong Estuary by trawling.
There was an average of 7.0+0.5 items/100 m“and density of litter in the dry season (4.5 +0.2 items/
100 m2) was higher than in the rainy season (9.5 +2.0 items/100 mz). In Thailand, the monsoon period
is from May to October. Therefore, causing high runoff volume in that period and may influence litter
loading into the river. (Hydrology and Water Management Center for Eastern Region, 2011).
Materials of litter

Nine types of litter material were categorized from the collected samples. The most common
material was plastic litter (83.9%), followed by fabric (4.7%), wood (4.4%), paper (2.2%), metal
(1.8%), rubber (0.8%), styrofoam (0.3%), ceramic (0.3%), and other (0.1%). Consistency with the
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other studies, the most significant problem in all areas was plastic. The percentage of plastic litter in
this study was higher than other studies (Table 1). Even the annual consumption of plastic in Thailand
per capita (40 kg) was still lower than in many countries such as France (92 kg) and Japan (82 kg).
However, the percentage of plastic litter which recycled was only 14% (PCD, 2011). Therefore there
is no doubt that this study shows a high proportion of plastic litter. In addition the depth of area in this
study is less than other studies (Table 1) meanwhile the density of litter was the highest. The

topographic of the study area may cause the high accumulate of benthic litter at bottom of estuary

Table 1: Comparison of plastic litters in different region

Material Density Depth
Plastic Metal Glass Paper Other Reference
Location (Item/kmz) (m)
Koutsodendris
Greece Coast 56 17 11 - - 165 15-350
et al. (2008)
Other
Antalya Bay Turkey 81.1 2.2 73.9 - 115-2,762 200-800 Guven et al. (2001)
12.8%
Keller et al
U.S. west coast 241 36.7 13.4 - - 67 55-1280
(2011)
Canwenberg
Belgium coast 95 3.4 - 0.9 - 1,250-11,527
et al. (2013)
Northern Other
48 1 8 28 0-45,000 40-80 Sanchez et al. (2013)
Mediterranean 12%
Rayong Estuary
86.27 1.6 0.3 2 - 70,000 4-20 This study

Thailand

Weight of Benthic Litter

Total weight litter from 12 hauls was 57 kg classifying, 7 kg from the dry season and 50 kg
from the wet season. Wood benthic litter was 23 kg, followed by rubber 22.4 kg, plastic 5.8 kg, and
metal 4.3 kg (Table 2). Similar to the abundance of litter items, the loading of litter in the wet season
was tremendously higher than in the dry season. If focusing only on the plastic weight, was between

0.03-2100 g in range.
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Table 2 Weight of Benthic Litter

Type of litter material Total weight (kg) Range of Weight (g)
Wood 23.0 0.91-2,700
Rubber 22.4 1.06-14,400
Plastic 5.8 0.03-2,100
Metal 4.3 0.53-4,000
Fabric 1.1 0.02-264
Paper 0.3 0.02-59
Glass and ceramic 0.2 7-147
Styrofoam 0.01 0.12-12
Other 0.2 1.3-86

Types of plastic benthic litter

There were 15 types of plastic litter analyzed by categories of use. The highest frequency
litter was plastic fragments, followed by plastic bags and bottles. The sequencing of categories of
use was similar in both the dry and wet seasons. The sources of litter were both marine (fishing nets
and monofilament line) and land-based (food containers, bottle caps, and lids). However, most of the
benthic litter may originated from land-based sources which indicate that the management of solid
waste from the area near the river is not effective. This is similar to sources of marine litter from the
Mediterranean Sea, where studies show that 80% of litter is from land-based sources (CUG,

HELMEPA and MIO-ECSDE, 2007).
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Figure 2 Type of benthic litter by categories of use
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Spectra of plastic litter

There were 13 plastics according to spectra of litter. FTIR analysis of 804 plastic samples
showed that 280 samples were polypropylene (PP), 269 samples were polyethylene (PE), 71 samples
were polyvinyl chloride (PVC), and 66 samples were polyethylene terephthalate (PET). Spectra from
polyethylene samples peaked around 2916, 2849, 1471, and 718 cm’', which are characteristic of
this material (Figure 3). Polypropylene samples also produced characteristic peaks between 2723
and 2952 cm™'. However, there were some highly degraded plastic litter samples (28 items) were not

able to identify specific type of plastic by FTIR (table3).

. } Marine debris samples H

. [ Polyethylene (low density)

Absorbance
=

g T . g : . . v g | g g . . v
2000 1600 1000 500

Wavenumbers (cm-1)

. ' .
2500

Figure 3: FTIR Spectra of PE benthic litter

Table 3 Classification of type and amount of plastic benthic litter

Type of plastic ltems Percent
Polypropylene (PP) 280 34.8
Polyethylene (PE) 269 32.2
Polyvinyl chloride 75 9.3
Polyethylene terephthalate 70 8.7
Polystyrene 23 2.9
Poly butyl terephthalate 22 2.7
Ethylene/maleic 8 1.0
Polyvinyl stearate 9 1.1
Nylon 8 1.0
Poly methylphenylsiloxane 7 0.9
Poly acrylonitrile 6 0.7
Poly caprolactone 5 0.6
Poly methyl methacrylate 4 0.5
Unidentified 28 3.5
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Based on FTIR analysis for characterize plastic debris type, polypropylene (PP) and
polyethylene (PE) were the dominant plastic types (Claessens et al.; 2011; Moret Feguson, et al.;
2010). Since these two types of plastic are used to make several types of products that are used in
daily life. Meanwhile the high polymer consumption in Thailand included PE, PP and PVC (PTIT, 2010)
which consistent to the high plastic litter types in this study. Most of the plastics in this study were
thermoplastics such as PP, PE, and PET, which can be recycled. Therefore waste minimization
management, particularly in terms of recycling technology, including preventing flow of garbage with

run off in rainy season, should be a major concern in this area.

Conclusion
This study was preliminary survey of benthic litter in an estuary in Thailand. Not surprisingly,
the survey shows that plastic is the dominant litter material. Moreover the percentage of plastic
presented higher than in other studies. Runoff is the factor that might account for high loading of litter
in the rainy season. We suggest that benthic litter should be continuously monitored in other areas in
Thailand. Solid waste management mitigation measures, particularly to address the increasing

percentage of recyclable plastic litter, are urgently needed.
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