
nTa f1nct~1;111'VI 1:.11 n11il'UwtJ5bb~ ~ih:i ~1:.1iliij e..i ~ ~e::i fl11:u g:i:uu1ru b 'W~6lle::i .:i 
q 'IJ 

'U • 

vie::i1:.116li.:i (Pila ampullacea Linnaeus, 1758) 1u.Wu'Viu1i111 
'U 

bb~~bbtJ1'Vl1.:in11b 'W1~bil 1:.1.:i 1tJ11.:i b 'W1~VJn 

- ~) 

"' . 
1'YI a1iJ·vfu fiijt ll'Lla 1\lviil.:11.1 eN nTaf1n~1vi13.1vi~ n a vi-am ruru11'YI a 1A 1avi ca3.1vi1uruenvi 

'IJ QI QI 

""' ' ' a11.111'lt1bn~vi':iA1avi':i flru~tfftffi':iA1avi':l 

""' .,, -=-
3JV111'Yl£11~£J vU~"a1'lt51\I 

~ 

lJn1-af1n~1 2558 
' ~1.1a'Yl~t ll'Ll1.1v.:i3.lvi11'Yla1~avu~-a1'lt51\j 

~ 

khanitha
Rectangle

khanitha
Rectangle



f:1."~~ ~~~~~~h; I I ;,:1fl•<UPJ1L L · I 
t2_w:~~fl'U/U .. ~ ... J. ... ll.L£J. .. 255~ 

STUDY ON REPRODUCTIVE BIOLOGY AND RELATING 

FACTORS ON SEXUAL MATURATION OF THAI NATIVE APPLE 

SNAIL (Pila ampullacea Linnaeus, 1758) IN THE RICE FILED 

AREA AND BREEDING STUDIES IN CAPTIVITY 

DACHNARONG PHOSRI 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF MASTER OF SCIENCE 

MAJOR IN AGRICULTURE 

FACULTY OF AGRICULTURE 

UBON RA TCHATHANI UNIVERSITY 

ACADEMIC YEAR 2015 

COPYRIGHT OF UBON RA TCHATHANI UNIVERSITY 

khanitha
Rectangle



• 

b~v.:i m1Pi n~1~11'Vl m m1~u~'Wqbb~~u ~~ tJ~il~~~ am1:i.J?t:i.J\j':irub 'Wl3l"Ua-:1·1irn tJ 1 ~-:i 
(Pila ampullacea Linnaeus, 1758) 1'W~'U~'U1.U11bb~~bb'U1'Vl1-:!fl1':ib'W1~biti-:i1'Uh-:ib'W1~fJn 

................................................................................... ~ ............. t: ......................................................... . 
c1a-:il3!1?1~11~11c! 1?11 .a~ti1.mru 'W-:i~-r~.w) 

1a-:ia6n11u~~1tJ1~1n11 

a'tl~'Vl~tuu'tlei.:i:i.JV111'V1a1~aeiu~';i1'Y:IG1il • 
um';iftn~1 2558 



fl 

V 2J V I 6' ~ ~ 6'.::d d 

'1.119/IJ b 1il 1'1.le:im1'U'1.leJUtr:i~ fl ru i:.i "lllt.J 1'11'11?1111il1'HJ m. 'B'W 1 'Vl 'l"J t.J bb 'Vl'1:Wfl:W m 1il 11t.J'Vl'Li1 fl'Bl 
' 'U 

l'Vl t.JltJ'V'J'U5~ri1t.J'VleJ\Ylfl11:wi 1 ~Al bb 'U~tl11 'Wm1bbm '1l'LiqJVl11P11-:i 1 bb(l~ 1?1111il'1eJ'U bbm '/Jl'Vlt.Jl'Ll'V'J'U 5 

b lJ'Ue:i81-:i~1?1'1eJV11~t.J~ b 1G'l1'1JeNfl11f'lfl'Bll:5't.J 

'/Je:im1'U'/Je:i'U'l/IJ1~flru ~"li1t.Jl'11'11?1111il118 Vl1.mru1il'U1 9/'Jt.J'Vl~ 1e:i-:il'11~1?1111il118 \Yl1.LJ11ru1?1 
'I 'U V' 'I 

-:i1mffw~ m1:w m1~LJ~fl'B1~1:w1'Vl miJ'V'J'U5 ~ mru11 ~A1LJ~ fl'Bl bb 'W~tl 1 bb 'Wl'Vl 1-:J m1:5'Vlvl' 1 bb'1~ 
' 

1il'Vllbfll?l LJ1~'B1'Um1:wm1~e:J'Ul'Vlt.JltJ'V'J'U5 bb'1~~-d1t.Jl'll'11?1111il118 Vl1. 1m:w 1'-:i~'U5 m1:wm1 
'I 'I 'U 'I 

~'Vl 1-:i flru1~~e:i'U1'Vl t.JltJ'W'U5 ~1'Vl-r'U A1 bb 'U~tl1 IP11-:i ., 1 'W f1111?1111il bbm '1.ll'Vl tJ 1tJ9/IJ'U 51 ~i1fl11:w 
cu " " I 

'1:w'U 1rum fl ~-:i~'W bb'1~e:i 11il118m fli"ll1LJ1~:w-:i'Vl flvi l'W~ fle:Jt.J 1 ~m1:w~ bbG'l ~A1 bb 'W~tl1 b'1:w e:im bbG'l~ 
'U ' 'U 

'U 1tJVl'Ufl1 9/IJ1'Vl:W'Vl e:i-:i ~ell 'W1 t.Jfll l:W '1~\Yl 1fl 1'Wfl1111'\J 11:W ~1e:i81-:i 'VleJ tJ hi-:i1 'U~'U~Fifl'Bl 
~0ru'11?1Fifl"B1 Vl1. ~~\i' .fliJfl-:i €l11il118 ~'W'Bt.Jl fl'1nG'lm m1il118 '1~t.J1 e:il'l~1-:i €l11il118 tJt.J~b'Vl'V'l 

~ 'U 'I 'I 'I 

eJ11~flG'l eJ11il118 e:i:w11'1?1tl 1'-:i~11~tl flf1!fl'Ufl111f1! ll1-:JlJl?l1 bbG'l~flf1!'11t.J~'U bbrl1VleJ'W1 ~fle:Jt.J1~ 
' ' ' 

A1LJ~fl'Bl~~ b'1:we:i:w 1 11:wn-:i b ~1V1ti1~LJ 1~~1~e:i-:iLJlJ'Li~m11 bfl11~ ~~ru.fl19/'Jtl' 1b~1'Vlti1~LJ1~ ~1 
~e:i-:iLJn~m1~11'Vl t.J1LJ1~:w-:i bbG'l~ 11fl~1?11tl1'Vlflvi1'U 1 'Wfl11bte:i b~e:ie:iLJm rubbG'1~'1m'Wvi1 'Um1Fifl'Bl 

6,1 ' ' 

fl~ -:id bbG'1~'1.IB'1.le:J'U'W1 ~flruflru~ b fl'B~11'11'11?11 :W'Vlll'Vl m ~ t.J e:J'U G'l 11 "1!51ti~1~'Vl'Wm1Fifl 'Bl 1~ ~ 'U 
' ' ' 

'LiruV11?1Fifl"B1 LJ1~~1tJflT:iFifl"B1 2556 

61viVi1t.Joif1'Wb~1'1.le:im1'U'1.le:J'U'Vi1~flru flrum'1t.J lwBl'l~ flrum h1iltl 1 'l"JBl'l~ bbG'l~fl1B'Ufl1'1~fleJt.J 
.. 'I q .. 

bll'Ufh~-:ih~~1~qjl?IG'leJVl:W1 



f11'j'Pi n~16ll11'Vl CJ1n 1 'j~h.J~'U-6 bb~::1J"OJ ;ij'CJ.yiiJ ~rn \?le:i m1&.J?l&J'U 'j rub ''l'H"l 'lJe:i-::ivie:i CJ 
' 'U 

1-LJ-::i (Pila ampullacea Linnaeus, 1758) 1u~u'Viu1.V11 bb~::bb'Ul'Vl1-::Jf11'j 
b'VIJ1::b~CJ-::i1u h-::ib'VIJ1::~n 
bV16/JtlJ'j-::Jrl 1 V1~1"1~ .,.,,v 

t:-Jl'OJCJ 
'IJ 

zj €1 tl~ t1! t1! 1 i'Vlmm?1m&Jvi1'\Jrusf1~ 

?11'lJ1l6ll1 bn~miai1?1~1 
6'~ ~ 

€11'0J1'j CJ'Vltl'j f1~1 e'.161i1CJm?l~'j1"0J1'j8 Vl'j. 5u1V1'VIJ8 bb'Vl'1&.Jfl&J 
'IJ 

fl1~1flqj 'Vle:i CJ 1-tl-::i, 6ll1i'Vl CJ 1ni 'j~'U~u-B, 1J"OJ~ CJ'Vi b~ CJl-ile:i-::i, 'j::~'U 1 tJ 'j ~u~ b VJm::?l&J \?le:i 
' 

f11'jb'OJ~qjb~'U 1~ 

'Vl€1CJ1~-::i (Thai native apple snail, Pila ampullacea Linnaeus, 1758) bll'U'Vl€1CJe.l1b~tl11'LI 

me:i'U fl1'1bb€lm~m~~ (Family Ampullariidae) ii ~tl 11-::i b ll'LI'Vl 'j-::J f1'1&.J'lJ'U1V11'Vlajfli!1CJ'Vl€1m6ll€1~ 
1J"OJ "OJ'!Jutl 'j::6ll1m'Vle:iCJ1~-::i1 u5'j'j&J6ll1 ~~vi'1 TW1'U'1-::J b ~e:i-::i"OJ1 n f11 'j btl~ CJ'Ubb tl~-::i'lJe:i-::i?lm'VIJ bb 1viile:i&J ~1&.J 

' 
5'j'j&J6ll1 ~ bb~:: B.J'1m::'Vl'U'OJ 1n&Ju~8 f11'j'Pif1~1fl~-::i-d'iVi'~ntJ'j::?l-::i rlb ~e:i ~n~1-ile:i&J '1'Vl 1-::i6ll1i'VlCJ 1f11'j 

' ' 'IJ 

~'U ~u-B~ tJ 'j:: n e:i 'U ~lCJ ~6(j.w fl11 d.J?ld.J'U'j rub 'VIJY'l eJ~'j1 ~lm 'VIJ iai1u5'j'j&J6(l1 ~ bb!;"l:: 'j~ CJ:: f11 'j~ \9ll'U 1'lJe:i-::i 
' 'IJ 

b6ll'1'1 ~'U~u-5 tl"OJ ~CJ~ b~ CJ1-ile:i-::i 1~ bbri fl11&.JVJ'U1 bb Liu fl rum 'V.Jtl 1'Vl1-::i ni CJ.fl 1'VIJ bb'1:: 'Vl 1-::i bfliJ bb'1:: 
' ' 

fl11dJ~'U'lJ€l'l~'U 1viCJ'jl°LJ'jldJ~1€lci1-::i1'U'j€J'Ull (b~€l'Ud.Jf1'j1fld.J-tS'U11fldJ 'VIJ.1"1. 2558) 1'LI~'U~ 
u1-il11'U ~ nruu 1u f11 b~ CJ bl.'1 ::u1uVJu e:i-::i"liu eJ'1 b.fle:i iai~ bl1e:i-::i1 'Vld.l ~ -::iVJ1vi €l'U'1 'j16ll51u ~1e:ici1-::i n n 

' ' 'IJ 

'j1'\J'j1&.J1~~-::i~u 215 ~1 (bi'1Y'lbilCJ 115 ~1 bb'1::b'Yl1"1~ 100~1)1u"li1-::ib~€l'Ub&J~1CJ'U-'VIJt]Y'l~mCJ'U 
bvi1LTu 1u"li1-::inmb~CJ1nu 'lJ'U1Vl'lJ€1-::J'Vl€1CJ16li-::ib'Yll"le'.i' (tl1wun 9.30±3.06 n1&.J fl11&.JCJ11btl~e:in 

'IJ 

30. 70±2.99 iJ'1~ b&J ~'j bb'1~fl11&.J n1'1-::i b tl~e:in 28.69±3.07 iJ'1~ b&J ~'j) r1e:iu-il1-::i b~nn11 b'VIJY'l bli CJ 

(tl1VJ'i!n~-::ivi&Jvi 12.13± 3.13 n-r:w fl11:Wtl11btl~e:in 33.78±2.49 iJ'1~b:w~1 bb'1::fl11:wn1'1-::ibtl~e:in 
31.39±2.35 iJ'1~ b:W ~'j) 681i'Vl tl1f11'j~'\J~'U5bb'1~tl"OJ ~CJ~ b~ m-ile:i-::iii ~:w~u5n'Uovie.Ju r1e:iu-il1-::i:w 1 n ' ·1.., 
1vi CJ'Yl 'U11 fl11:wV1u 1 bb Llu'lJB-::i ~1e:i ci1-::i 'Vle:i CJ 1 "li-::i'OJ:: b ~:w~u 1 m&ie:iu n 'jf1~1fl:w1 u?1muu1uviu e:i-::i ~u 
(3.4 ~1\?le:i~1'j1-::Jb:1J~'j) bb'1::u1ur11b~CJ (3.8 ~1\?le:i~1'j1-::Jb:1J~'j) (P<0.05) er~'j1~1'U'lJ€1-::ib'VIJY'le'.i'bb'1:: 

'IJ 

b'VIJY'lblJCJiJr11 1:1.15 bb'1::~"!lUfl11:W?l:W'IJ'juJb'Yl1"1 (GSI) 'lJ€1-::J'Vl€1CJ16li-::ib'VIJY'le'.i'iJr11b.yj:W~'LI1m~e:i'U 
'IJ 'IJ 

'VIJt]~.fl1fl:W-iJtl'U1CJ'U (8.09±1.64 - 8.08±2.79) 1t.1'lJru::'Vir11 GSI 'lJ€1-::Jb'VIJY'lblJCJb~:W~'U1'Ub~€l'U 
f1'jf1~1fl:W (12.43± 11.83) (P<0.05) 'i:J"OJ;ij'CJ'Vl1-::J~1'UfJtwfl1'VIJtl1bb'1::~'U (bb€l:W 1mifo 1u1~'j'V1 bb'1:: 

J" .Q. C'il, V V 'V I V V C'il. ' 

fll 1 :w "!l'U 'lJ e:i-::i vi u) :w fl11:w?!:w'flu5nu fl11:w'Vlu1 bb u u bb'1~n1'j'fl\9lJu1vi"!lufl11 :w ?l:w \Pru b 'VIJ iai 

e:i-::ifitl 'j:: n €l'IJ'lJ€1-::J e:i1CJ1::~u'Vru fib 'fl Y'lblJCJ tJ 1~ f1€1 'U~1CJ 1-:i 1 "li b llu'Yli1 b 'VI~ e:i-::i61:w ~vie:i El n°LJ611'U'lJ€1-::J 
' 'IJ 'IJ 

.4 I V I .d..:::il. • • tj 0 i.I .:J ~ 
Digestive glands b"!l€l:W~€lf1'1.J?l1'U Pallial oviduct 'Vl:W Receptaculum sem1nis 'Vl'Vl1'Vl'U1'Vlbf1'1.J 

1'n~1 b ~€1~1e'.J ~€l:W eJ'1'1.JiJ'U bbf1'1'Uii (Albumen a land) bb'1:: \?\€1:1Jbbfltl6ll'1 bbf1'1'Uii (Capsule gland) 
~ ~ ~ ~ 

~ biJ'Ubb 'Vlci-::J€11'Vi1'jbb'1::?11'1-:i b tl~tJn 1 ~nu ~1eJ€l'U 1u~TU'lJ€1-:J5ru6Yl:: b'Yll"l~ (Testis) il'1 n~ru:: bll'U'VIJ~ 
'IJ 'IJ 

b'Vl~€1-::J €lci~1'U~1'UVl1CJ (Spine) ~Vlfl'IJ~€l:W~"1i1CJci€lCJ€11'Vl11 (Digestive gland) bzj€l:Wl'i€ln'l.Jvi€ltl1 
'IJ 



L11mb'V'.J1~~'LlITT'Ll~.fl1fllh-:ib~eJ'Ll fll'Ul1bbjJ~'Llfiml.lTHYt.l1\J~1bb'1~11-:ihJ1~ ~1'Ll1'Ll 16 ~11'li'VltitJ 
' ' 

1 'li-:i~foJ~ tlfl~'lJ11bb'1~ bfl1~ b lJ'Ufl6ilJ ~1'Ll1'U 1 fl 6ilJl9itlbbll~'Llfi 1 ~1 ( ~1'Ll1'Ll'lJeJ-:J 1 'li Vil~ t.Jbbl9i'1~fl6ilJ 
'I 'I 'I 'I 

192.12±55.45 vJe:i-:i tl1V1tl'fl'lJeJ-:Jflcil.l1'libu~tJ 5.61±2.26 fl~l.l b~'Ll~1f'l'U8flm-:J'llti-:i1'libu~tJ ' ~ 

3.78±0.19 iJ'1~blJ\W;i ~1'Ll1'Lll'Ll~~flbu~tJ 21±4.12 l'Ll fl11lJtJ11bb';ifl~fl'lJeJ-:J'1fl'VltltJb'li-:Jbu~tJ 
~ 

3.03±0.12 iJ'1~blJ\9l';i bb'1~ijeJ\9l';i1fl1';i~fl~tltJ'1~ 86.54± 7.58) '<il1fl1J'U'1flVltltJb'!i-:JeJ1tJ 1 b~tl'W 
~ ' 

(fld1lJtJ11bl.J~eJflbQ~tJ 7.90±0.04 i1'1~blJ\9l';i fl11lJfll1-:Jb'\J~eJflbQ~tJ 7.55±0.04 i1'1~blJ\9l';i bb'1~ 
tl1V1tl'fl~-:J'Vll.l~ bu~ tJ 0.14±0. o 1 fl -'rl.l) t1fltJ1l.l 1eJ'Ll'U1'1b~tJ1~-'r'Utl1'Vl1';i~ bb\9lfl \9l1-:i n'U~-:JVll.l~ 4 'll~ 

~ ' ' 
mw1~'1e:i-:i1 '1~ 3 -l1 ('IJ~~ 1 blJ'Ll"!1~fl1'UfllJ 1m'Uernm~VltilJ 'IJ~~ 2 mV11';i~lliLJ';i&i'U~titJ'1~ 15 

'1J~~ 3 mV11';i~mLJ';i~'Ll~tltJ'1~ 25 bb'1~6ll~~ 4 mV111~mLJ';i~'Ll~tl'Ll'1~ 4o) 1'LleJ\9l';i1~tltJ'1~ 5 19le:i 
' ' 
tl1V1tl'fl~-:JVll.l~ blJm1m 120 1'Ll ~'U11 '1flVltitJ1'li-:i~1~-'r'UmV111b~~~1b~'<il1LJ~lliLJ';i~'Ll~titJ'1~ 15 

~ ~ 

lim1b'<il~tub~'Ub\9l~~~~ (tl1V1tl'fl~b~l.l~'Ll (WG) 3.45±0.24 fl~l.l; ~titJ'1~tl1V1tl'fl~b~l.l~'Ll (%WG) 
v ' 

2,407±158.5 ; eJ\9l11fl11bl.J~tJ'Lltl1Vl11blJ'Llb.Q'eJ (FCR) 2.07±0.04; eJ\9l11fl11b~'Ub\9l~1b'V'.J1~ (SGR) 

~eJtJ'1~ 2.68±0.21; fl11l.ltJ11bl.J~tifl~b~lJ~'Ll (SLI) 0.122±0.004 i1'1fol.l\9l';i\9lti1'Ll; eJ\9l11fl11b~'U1\9l 
bQ~tJ ~tll'Ll (ADG) 0.028±0.002 n-'rl.l 19iti1'Ll) (P<0.05) djm VltJ'Utl'U'1J~fl1';iVl~'1 e:i-:i~1 ~tl1Vl11~li 

' 
1LJ1~'Ll~titJ'1~ 25 ~titJ'1~ 40 bb'1~6ll~m'UfllJ L'U'lJtu~~er\9l111ti~6llti-:i'1n'VltitJ1'li-:i~1~-'r'Um'Vl116ll~ 

'I 'I 'U 'I 

fll'Ufll.lliri1~-:i~~~ bb'1~1l.ibb\9lfll9i1-:J'<il1fltl1Vi111LJ1~'U~tltJ'1~ 15 bb'1~~tltJ'1~ 40 bb~'<il~lifl11lJ 
' ~ ' 

bb\9lfl~1-:in'U~\9l1mV11';i 1 LJ1~'U~titJ'1~ 25 mh-:ili'!Tmi1fi'ruvi1-:i~~~ (P<0.05) (:..J'1fl11~n~1A~-:i'li'vh1 ~ 
~ v 

1~ oil eJ l.!'1~ 'U '51'U1'Ufl11~fl~1b~eJfl11 eJ 'U :r fl ~Vi eJ tJ 1'li-:i1'U'B11lJ6111 ~ bb'1~ bb 'U1Vl 1-:J fl 11 ~ ~ fl11 
~ "" ' 



TITLE 

AUTHER 

DEGREE 

MAJOR 

ADVISOR 

KEYWORDS 

ABSTRACT 

STUDY ON REPRODUCTIVE BIOLOGY AND RELATING FACTORS 

ON SEXUAL MATURATION OF THAI NATIVE APPLE SNAIL 

(Pila ampullacea Linnaeus, 1758) IN THE RICE FIELD AND BREEDING 

STUDIES IN CAPTIVITY 

DACHNARONG PHOSRI 

MASTER OF SCIENCE 

AGRICULTURE 

ASST.PROF. THNATIHIP LAMKOM, Ph.D. 

PILA AMPULLACEA, REPRODUCTIVE BIOLOGY, RELATING FACTORS, 

PROTIEN LEVEL APPROPRIATE ON GROWTH 

Thai apple snail (Pila ampullacea Linnaeus, 1758) is a gastropod which is a member 

of the family Ampullariidae. The morphology and biology of this species is similarly to 

Apple snail (Pomacea canaliculata). Change in environmental as well as anthropogenic 

stress during recent decades may be affecting the habitat of Thai apple snail. 

Meanwhile, the basic information of Thai apple snail in the natural habitat is lack. The 

objectives of this study were to study reproductive biology (gonadosomatic index (GSI), 

sex ratio, and development of sex cell) and relating factors (density, water quality and 

soil moisture) during January-December 2015 in the rice field of Kam-toei and 

NongKhun villages, Sri-Muang Mai district, Ubon Ratchathani province. Two hundred 

and fifteen snail samples were collected (115 males and 100 females) from April to 

November, while January to March was without sample. The average of male 

total weight 9.30±3.06 g. shell length 30.70±2.99 mm. and shell width 28.69±3.07 mm. 

respectively that were rather smaller than average of female total weight 12.13 ±3.13g. 

shell length 33.78±2.49 mm. and shell width 31.39±2.35 mm. The reproductive biology 

and relating factors changed remarkably in the rainy season. The snail density 

significantly increased in Kam-toei (3.4 snails/m2
) and NongKhun villages (3.8 snails/m2

) 

(P<0.05), while the sex ratio of male and female was 1: 1.15. The GSI of male increased 

in May and June ( 8.09± 1.64 and 8.08±2. 79 %, respectively), while the peak of GSI in 

female was found in July (12.43±11.83 %). The level of ammonia, nitrite and moisture 

in soil related closely with snail density and GSI. The reproductive organs of female 

composed of yellow ovary is locate in the upper whorl of the visceral hump. The thin 

oviduct run forward along the columellar slide and open into the pallial oviduct 

containing receptaculum seminis, albumen and capsule gland. While male reproductive 



organs composed of yellow testis form the upper whorl of the visceral hump, extending 

downward into the tissue of the digestive gland and connect to penis by vasdeferens 

duct. The mature samples were bred in the control environment (temperature 28° C) 

that sixteen females can spawn. The mean percent hatch rate for each snail was 

calculated (Average of eggs per clutch, weight of clutch, diameter of egg, percentage 

of hatching, period shell length of juvenile and percentage of hatching success was 

192.12±55.45 eggs, 5.61±2.26 g., 3.78±0.19 mm., 21±4.12 days, 3.035±0.129 mm. and 

86.54± 7.58 % , respectively). After one month, the snail juveniles (shell length 

7.90±0.043 mm. shell width 7.55±0.04 mm. and total weight 0.143±0.001 g.) were 

tested in the different type of feed; first treatment (control) fed on lettuce leaf (Lactuca 

sativa), second treatment fed on pellet feed containing 15 % protein, third treatment 

fed on pellet feed containing 25 % protein and fourth treatment fed on pellet feed 

containing 40 % protein. The experiments were carried on three replication and 5 % 

feeding rate. Results showed that there was significant growth in snail juveniles (P<0.05) 

fed on the snail feed with 15% protein. The highest survival rate of juveniles was found 

in control. The results are relevant for brood stock management and food protein 

levels in relation to the growth of snails. 
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1.1 Vl111bbii'l~fl111Ji;l1flf;U ., 

.,; 
'U'Vl'VI 1 

0 

'U'Vl'U1 

V1tit.1161i'l (Thai native apple snail, Pila ampullacea Linnaeus, 1758) bth.JVitit.1eJ1b~t.Jdl'W 

1'lP1bbtllJ~m~~ (Family Ampullariidae) £'1~'111'1~1 (Genus Pila) ii~'ll~1'lblJ'W'Vl';i'lfl'1lJ'V'W1~1V1'1J 
(Globose shape) !:i1'Wtlmt.1t.1ti~ (Spine) b~tJVl~mfitirnb'U'W'HlJ 1'l~~Vl1t.1tlti'ltitinmn ~1b'll~tifl 
b~ t.J'Ub lJ'Wil'W ii~ b "Ii t.11ti mJ 1 l9rnrn~ti~ b "lit.11:1.J ~ n tin iim t.1f11~tJ11 iif111lJ fll1 'l bb'1~ m1lJ tJ 11'Vti 'l 

b'll~tiflti~1'W61i1'l 45-80 bb'1~ 55-86 iJ'1~blJl9l';i 61iti'lbbtilJD~~£'1 (Umbilicus) fll1'lbb'1~~m~m'Vlt.1'U 
" tl'U'Vitit.161.l'Ll~~'W bb~'WU~btl~tifl (Operculum) Vl'W1bb'1~bb~'l £'11lJ1';1t1U~tl1mtl~tifl1Ji'£'1'Ll'Vl mt.J'U'W 

bb~'WD~61iti'l b tl~tifl b lJ'Wbb'U'Uflti'Wb61l'W'Vl~fl (Concentric) J\'1'W l 'Wbb~'WD~ b'll~tiflii~'V11blJ'Wif 'W111 'Vtl'lJ 

tl1mtl~tinJ\'1'W 1 'W (Inner lip) blJ'W~'V11bb'1~iim t.1~&J1'l£'1~'U'V11 (Brandt, 197 4: 1-423; Kaewjam, 

1987: 175-176) 

V1tit.1161i'liifl1';1m~~1t.1~1tit.11'W~'W~bb'Vl~'ltl1 f111lJ~fltJ';j~lJ1ru 30b61l'W~blJl9l';i1Ji'bbtl 'W1-il11 
" bb'Vi~'ltl1~'W 'Lititl1 bb'1~ bb'Vi~'ltl1'Vl1'lfl1';i"l.!'1tl';i~'Vl1'W ilfl'W'UVitltJbfl1~tJ~tl'U~"l.ltl11~tJ'W'UlJ1fl1 'W61i1'l 

" fl~e.l'WViti t.1161i'l~~ti ~'U~b 1ru~'W~'W bb'1~ b~ll m';i i:..1£1:1.J'W''Ufi 1 'W61i1'l~ bb ~'l bbtl'l ( fl~V1'W11brn~fl~ ~ti'W) 
al"U cu , cilcu cl\J 

(Keawjam, 1987: 174) Viti t.1ii fl1 ';i~'l ~1tl ~1C9l~'W 1~ t.1D~ eJ1tJ~ b tl~ ti flbb U'W :S'l'Vi'11~'W'U1Jltititi'1'l 

VltitJ 161i'l blJ'Wirl9llbbt!flb'Wl31 (Dioecious animal) 1~ t.1vf11 tlb'Wl31~~~'Urltl'Ub'Wl31bl'it.1~~ii'V'U1~~b~flfll1 
" " 

iim';i~'U~'W~'U~ nru 1'Wtl1~m1:1.J~n1&.Jbn'W 30 L61l'W~blJ(9)';j 'W'Ufl1 ';i~'Ul!JL 'W~~eJ'W ( 61i1'l L~ti'W'W~~mflll 
~'l b~ti'Wtl'Wt.J1ti'W) 1.Unm1 'Wfl1';i~'U~i:.J£'1lJ'W''Wfitl';1~mru 30-60 'W1Vi m~'W'Ufl1';1'V~Vl'1lJ'V'W1~ b~fl 

'U .. , , 

'U~b1ru~lJ~'lbb'1~~'U~Ji'1'W1'WVl~lJ (£'1ll~fl~ i.1qJV11, 2528: 289-290; ~"1.11~ ~tl~wi Lb'1~flru~, 
I.I I II I{ 

2538: 385) 1mLV1~'l'111ViiimV11';i~~ll"1ll\pru V1tit1£'11m';iti~u~'Wtfl~l9l1:1ti~Vi'ltJ (£'1ll~n~ i.1qJV11, 

2528: 289) VitltJ 161i'l£'11lJ1';jt\fl'W~"l.ltl1fl~lJl9i1'l 6"\ 1~ bbtl £'11Vl~1tJ ~tlfl ~fl1J'l ~'W-ii'11 bb!:i~ (91~ 1fl~tl1 
' I ' 

'Wtlfl~1 nm 'W£'1 fl11~~'V1~tl1Vl11 ';j'JlJ~'l'Vitl tJ 161i'l EJ'l£'11lJ1 ';ititl-r'U'W~~m';ilJ fl1';ifl'W tll'\/11';1~ 1n'Vli"1.1tl1m 

blJ'W61!1fl~"l.!61!1flt'rl9l11Ji' (Komalamisra et al, 2009: 243-245) 

VI ti t.J 161] 'l b lJ 'W b {!' 1li'1 'W 'V ti 'l tJ ';i ~ l9l 'W t.J 15 VI ti t.J 161] 'l VI~ ti 'W tJ 15 tJ ti ~ VI \t (An giostron gyl us 

cantonensis) zj'l b lJ 'W'11bVI\JJ'Vtl'lfl1'H fi ~ b fl b~ tl~lJ'1lJ ti 'le) flb '1'U ( Eosinophilic meningitis) 

fl'W'11lJ1';itl~~b~ti 1Ji'~1flfl1';1'U~lflfl'Vitit.J~tl';i'l1&J'1n zj'lii~1~ti'U'Vti'l'Wt.1151'W';i~tJ~~ 3 bb!:i~ 5 (Third 
' ' 

and fifth-stage larva) b lJ 'W ';i ~ t.J ~ ~~ l9i m -ii'1 !:ifl'W l ';ifl'if '11lJ 1';itl'W'lJ1~'Vl fl fl1fl'V ti 'ltl ';i~ L 'Vl 1311 'Vl t.J 
" ' 

1~ t.J bu'W 1~tl';1~"1.!1"1.l'W l 'Wfl1fl\Jl~l'Wtiti m5t.J'l bVIUti~i1f111ll 'Llt.Jll l 'Wfl1';1fl'Wtl1Vl1':i~tl':i'l1&J'1 fl 1~ t.J 1 'WtJ 
., ' ' 

2555 ii':i1t.J'l1'Wfl1':i~~b"Bti 0.9 ':i1t.Jl9ititl':i~"l.!1m 100,000 fl'W (~"1.11~ ~tl~wi bb!:i~flru~, 2538:385; 

~lJ 1'W ':i i:n 1 'Vl '1'l, 2555: 215) 'W tin ~1 n d EJ'l'W u11blJw:()1tf1'W'Vti'l'W t.J 151'U1~~ 11i1''V'W 1~ n1:11'l 

(Echinostoma ilocanum) (~61.11~ ~tlnwi bb!:i~flru~, 2538: 385; Kaewjam, 1987: 173) Lb!:i~ 



2 

'VH.115~1~\il (Gnathostoma spinigerum) (~111'\"f;j tn1vim:1.:i, 2555: 215; Komalamisra et al., 

2009: 243-245) ·;;11nm';i~D';i~'l11mvie:i CJ 1 'li.:i h.in';i';ilJ'l11 &J(l1i1"11'1'l.!1'Wm b tie:i.:i:u1 n mwt.J~mm'IJ(l.:J'LJ€J.:J 
~fl191'1 bb1\il~€JlJ\911lJ5';i';ilJ'l11&1 t:.1(lm~vi'U:u1 nlJ'W~~ ~.:i~1';i bfliJ~1-ill 'Wm';i bn~\9l';i bb(l~fl1';i tin'Umn 

"I 'U 9 'I 

bb(l ~ ~ ru b~CJ ~'W €J1Pl CJ ';ill! n.:iJ 1 b~ CJ~ timJ~ €J CJ:U 1nlr1'Wb~€J'W bb6'1~ 1'j'l'l1'W€J (91~ 1Vlf)';i';ilJ fl1 'j bbrl'l bbcJ 'l 
'U v 'ti "I 

€lTlln';i bb(l~~e:i 8€l1~CJ n'Uvie:iCJ'll'Lllil~'W zj,:i91'JLJ11vi'1.:i :u1n~:W fl1'j'j~'LJ11i1'1Je:i.:ivie:iCJ b 'lle:i~~ b tl'W~\911 ~1.:i~'W 
'\J 

:u~91'l'Uvie:iCJ1'li.:i1'Wn';i';ilJ'1n&J1~'1!€lCJ(l.:i Ch~'ll'W ~11.:i191'lb';i1~ bb(l~191'J91'J'j'j"UJ bb91'lb:U~t1J, 2554: s-50) 

Sumpan and Chaichana (2013: 426) 91'l'Ul1Vl€JCJb'l1€J~~1ll1';itlfl1';ifl6'11'Wb61l1vi1€J1V11';i1~b ~1n11 
vie:i CJ 1 'li.:i 'W €Jn :u 1n 11'~ .:J91'l'U 11vie:i CJ 1 'li.:i :W fl1 ';i b ~€Jn n'W €J1Vl 1 ';illl n n11vi €J m 'LJ €1~ ( Chaichana and 

Sumpan, 2014: 11-15) fl1';i\9lnb tl'Wb Vl~€J'LJ€J'l~\9ll~'W (l';i~'ll'W ~11.:i 191'lb ';i1~ bb(l~ 1 'V'-J'V'-J';i';iUJ bb'V'-Jb:U~qj, 
2554: 42-44) 

1 'Wm';i'Pin~11 'Wfl#.:id ~1e:icJ1.:ivie:iCJ 1 'li.:itim1LJ';i111-:u1n'l.!161l111 'W~'W~rl1 bfl€Jf"l~bne:i.:i1vid.J ~.:ivil'lil 
'\J 

e:i'U m1'1151'W b ~ €JLl 1111Pin~1-Ue:i11(1Vl 1.:i~11vi m fll'j~fo~'Wfi~LJ';i~n €J'U~1 CJ '1i1.:i nm~'V'-J'U J 1viir n 
' " ' 
~1 ~1 m111n-1'1.:i'1Je:i.:i b'IJ~e:in m111m161.1€J.:Jb LJ~e:in ~\il~1'W'LJ€J.:Jb 'V'-Jf"le:r bb(l~b 91'lf"lbiJCJ ~'ll'Llm111~11'LJ';iru 

'\J '\J 

b'V'-Jf"l '1n~ru~e:i1m~~'U~'W5fl1CJ'W€Jn e:i.:iri'IJ'j~ ne:i'U'LJ€J.:J €JlCJ1~~'U~'Wfi ';i~ CJ~ bb(l~fl1';i~~'W1'1J€J.:J b61l(l cl' 
' ' 

~'U~'Wfi bb(l~vi1.:i'Llnf"l1vim 1~ bbn m111vi'l.!1 bbi.l'W'LJ€l.:i'IJ';i~'l11m bb(l~'Li:u~CJvi1.:i~.:i bb1lilii'e:i11~b~ m-Ue:i.:i 
' rl'Ufl11lJ~lJ'U';itUb91'1 f"!bb(l~fl11lJVl'W1bb tl'W 1 'W5';i';ilJ'l11 &11~ bbfl fl11lJ~'W'LJ€J'l~'W flU!fl191'lthV11.:ifl1 CJ[l191'l 

'\J ' 

bb(l~vi1.:i bfliJ 1 'W'U~nru~vhm';ibn'U ~1e:icJ1..'.l b ~e:i b llmb 'WTvn.:i~1vi~'Um';i'l11'1J';i~'l11mvie:iCJ 1 'li.:i:u1n 

5';i';ilJ'l11 &lm b~CJ.:Jbb(l~~~'l.!11 ~ b tl'l.!'We:i bbd.J~'WITT 'W 1 ';i..'.l b91'11 ~Yin b ~e:i 1 ~:W"li'1'W1'W b VJ CJ..'.l91'1€J ~€Jfl1'j'LJ ~lflfl 
' 

'LJeJ..'.l'lJ';i~'l11'll'W ~1111';itit:.1fi\91V1€JCJ 1'li..'.l1m 'W~m9l'l~'IJ'j1f"l:u1n9l'lm6 bb(l~btl'Wm';ie:i'W~n,;~'Wfivie:iCJ 1'li.:i1~ 
' ' .. .. 

e:im11.:iV1'W.:J 

1.2 1'1PltlU':iZi;l-:if'i'tlv-:in111~a • 
b ~e:i~n~1~1l'VlCJ1n 1';i~'U~'Wfibb(l~Ub lf"ll'Vl CJ1'1J€J.:JVl€J CJ 1 'li..'.l1 'W ~'W~'l.!161l11 'j'JlJ n..'.ltJ:U ~CJ'\111..'.l 

' 
~..'.l bb 1lilti' mJ~ b~ CJ161le:i.:i n'U fl11lJVl'W1 bb il'W 'LJ€J..'.lVl€J CJ 1 'li..'.l bb(l~ m111~11'U ';itUb 91'Jf"l b ~ e:i b tl'W bb 'l.!1vi1.:i fl1 'j 

'\J 

b91'11~'1JCJ1CJ~'W~Vl€JCJ 1 'li..'.l1 'W~€J..'.l'1J!)~m';i 11ilCJvhm';iPin~1 

1.2.1 61le:ilJ(l~'W~1'W (tl1viirn~1~1 m111n-)1.:ib'IJ~ein bb(l~fl1111m1b'IJ~ein) fl1';ibb'V'-J1m~:u1 CJ 
'\J «9 

bb(l~~\il~1m 'Wf"l '1Jmvi€JCJ 1'li.:i1 'W~'W~m-U11rl1 b.fleif"l~ bnei..'.l1 vid.J ~.:ivil'lile:i'Um1'1ln1tl 
' 

1.2.2 ~llVl CJ 1 nl';i~'LJ~'Wfi D';i~ n €J'U ~1CJ ~'ll'Llfl1111~11'U ';ittJ b 91'1 Pl ;;l n~ru~ €JlCJ1~~'U~'W fi 
' '\J ' 

fl1CJ'W€Jn ei.:iri'lJ';i~nei'U'LJ€J'l€JlCJ1~~'U~'Wfi ';i~CJ~ bba ~m ';i~~'W1'1J€J..'.l b6lmci'~'U~'Wfi bba~er m1~T1.Jb9i'l Pl 
' ' 

1 'W~'W~'W1i11e51bfl€Jf"l~bij€J..'.l1 vi:W ~..'.JVll\il€J'LJ(l'j1'1151'Ll 
' 

1.2.3 iJ:u~CJ'\111..'.l~..'.l bb1\il~€JlJ (flrum'Wtl1 bba~~'W) b ~eiLJ11 LJ1 bfl';i1~~fl1111~11~'Wfi'1Jei..'.lflrum'V1 
' ' 

tl1 bb(l~~'W~iJt:Ja ~€J~1l'VlCJ 1fl1';i~'U~'WfiLb(l~fl11lJVl'W1 bb il'W 1 'W~'W~'W1i11eJ1 bfl€lf"l~ djei,:i 1 Vl:i.J ~..'.JVll\il 
' .. 

€J'LJff;j16lJ51'1.J 
' 

1.2.4 bb'WT\111..'.lfll';i b 91'11~ b~cMV1€JCJ 1'li.:i1'W1 ';i'lb 'W1~ bb(IZ €J1Vl1';i~b Vlll1~~lJ~€Jfl1';ib:U~qjb&J'U1\91'1l€J'l 
Vl€JCJ 1 °ll..'.l 
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1.3 "llB'Ub"ll~"lle:i.:tnTa1~EJ 

1.3.1 'j'J'lJ'j1:1.J~1e:i81-.'.lvie:itJ 1 otl-:i:u1fl~trvh . .ni11e:l1bne:iPi~ bije:i-:i1vnJ ~-.'.lvi1vie:i'Ufl';i1'li51t1 b ~ e:i 
' 

Plm~nim.Jfl~'Ll~l'Ll'l.IB'lVle:JtJ 1.U-:i 1~bbri ~1'Ll1'Ll~1~B~'Ll~ J1wJfl~1~1 m1:1.Jflll-.'.l bbfl~fl11:l.JtJ11'1.IB'l 
'\J "" 

btJ~e:ifl 

1.3.2 ';i1'U';i1:i.Jie:i:i.Jmbfl~1 bfl';i1~~~11vi tJ1 fl1 'j~uwu5 tJ'j~f1B'U~1tJ r.1'19l~1'Ll'1.lm b 'WP1~ bbfl~ b 'WP1 
'\J ' '\J 

blJ t.J ~'litlfl11:l.J?l:l.J'U';i rub 'W Pl ~ m~H1J~'1.1€l 'l Bl tJ1~~'U'W''U5 m tJ'Ll e:i fl e:J-.'.JAD';i~ fl B'U'LJB'l BltJ 1~~'Ufr'Ll5 
'\J ' ' 

bbfl ~ ';i ~ tJ ~ bbfl ~ fl1 ';ifr\91J'Ll1'1.I €1-.'.l b61J fl '1~'Ufr'U5'1.IB 'lVle:l tJ b oLJ-.'.l 1'Ll~'Ll~'Ll1i11e:J 1 bi1€JP1~ bij B-.'.l 1 Vl:iJ ~-.'.JVllVl 
' 

B'Um16/!51tl 
' 

1.3.3 ';il'U';il:l.J~B:l.Jfltl :u~tJvi1-:i~-.'.l bb'JVliKe:i:i.J tJ'j~ flB'U~1t.1 rirum'WJ1vi1-.'.lm t.1m'W bbfl~ bfllJ bbfl ~ 
'\J ' 

rirum 'W~'Ll 1 b fl ';il ~~tl:u ~ t.JVl 1-:J~'l bb 1 Vl~ €):1.J~ ij [:.J fl~ €Jfl11:l.J Vl'U 1 bb U'Ll'LJB 'JD';i ~'lil fl 'j bb(l~ fill :l.J?l:l.J'U 'j ru 
' '\J 

b 'WPl'l.IB-.'.lVlB t.11otl-:i1u~u~u1i11eJ'1 bflBPl~ bijm 1 Vl:i.l ~-.'.lVllV1B'Um1'li51tl 
' 

1.3.4 ';i1'U';i1:1.JiB:1.Jfl bb 'Ll1Vl1-.'.lfl1';i b 'Wl~'W'um 'Ll b ';i-.'.l b 'Wl~Vlfl bbfl~ bb'Ll1'Vl1-.'.lfl1';i b ~tJ-.'.l';il:l.J fi-.'.lm'Vll ';i~ 
'\J ' 

bVl:l.Jl~?l:l.J ~€Jfl1'j b:U~tl,Jb~'U 1~'LJ€J-.'.JVl€JtJ 1 oLJ-.'.l 

1.4 tli~ 1Ei"llilvifl1wh;i~l~iu;i1nm-a1~Ei 
1.4.1 iB:l.J6-l~'Ll~1'Ll (m1:1.JVl'LllbbU'Ll Ll1vi'Lln~-.'.l'Vl:l.JV1 fl11:l.JtJ11btJ~Bfl bbfl~ml:l.Jflll'lbtJ~Bn) 

'\J "" 

bbfl~tl:u~tJ'Vll-.'.l~-.'.l bb 1vi~e:i:1.J~ij t:.1fl~Bm';im~ :u1tJ~1'LJmviB t.11 otl-.'.l1 'Ll5';i';il.J'li1 ~ "1i1-.'.l b 1m f11';iW\9lJ'Ll1 b61lfl'1 

~uvru5lJ.fl~ fl11:1.Jr1l.Ju ';irub 'WPl'LJ€J-.'.JVl€JtJ 1 .u-.'.l t mb vi~-:iJ15'j'j:l.J6/!1 ~ 
' '\J 

1.4.2 ~11'Vl mm';i~uwu5 (i.1 Vl~1u·1ru-.'.l b 'W Pi~ bbfl~ b 'W ml1 tJ ~61!t!m1:1.Jr1:1.J'U';irub 'W Pi ~ fl~ru~'LJB-.'.l 
' '\J '\J 

Bl'tJ1~i1'U'W''Llt5fl 1 tJ'Ll B fl B-.'.lAD';i ~ flB'U'LJB-.'.l Bl't.11~ ~u'W'u5 bbfl~ 1~ t.1 ~ bbfl~ m1w \91J'Ll 1'LJB-.'.l b 61Jf1'1 ~'UW'Ll \5) 
' ' ' 

bbfl ~1'..J :U :ij t.JVll-.'.l~-.'.l bb lVliKB:l.J~ij t:.lfl ~€Jfl11:l.J?l:l.J'U1rub 'WPl'LJB'lVlB t.J b oLJ-.'.l 1 'Ll511:l.J'li1 ~ 
'\J 

1.4.3 bb'Lll'Vl1-.'.l 1 'Ll f111 b 'Wl ~ b~ tJ-.'.JVlB tJ b oLJ-.'.l 1 'Ll~B-.'.ltJlj'LJ'~ f111 bbfl~€J1Vl1';i~ b Vl:l.J 1~?1:1.J~l'Vl-r'U f111 

b:U~tl,J b~'U 1~'LJ€J-.'.l'Vl€J tJ 1 oLJ-.'.l 



..; 
\J'Vl'VI 2 

'VI \J 'VI 1u 1 'l 'l run 'l 'l :u 

'VIBti1"1kl (Thai native apple snail, Pila ampullacea Linneaus, 1758) eJ1~b1tifll1'VleJtJ'U1 

'VIBti1"ll-:im 'VIBti1-:i 'Vl~B 'VleJtJ\Jl1bb~-:i B~1'Lll'rJ~l.JlJB'1~am (Phylum Mollusca) fl'1161bbfla1'Vl';i1'1'J~1 

(Class Gastropoda) zj ,:i b lJ 'U fl~ lJ "1J eJ -!I 'VI eJ tJ ~ 1b~tJ1 611' 'lJ fl '11a1'1'J';i16ll 'lJ '11 'Ub ~ tJ '1 (Subclass 

Prosobranchiata) bb'1:::B~1'LleJ'U~'lJli16llbbfla1 'Vl';i1~~1 (Order Mesogastropoda) 1-!!PlbbeJl.J~'111~ 
(Family Ampullariidae) 1~tirr1 hJa1l.lTrn~'lJ lm 'Ubb V1~-:itl1~~ b"ll\Jl1B'Ll "lleJ-!l'Vll'IJ bbeJ'rJ~fl1 bm ~ti 
bb6'l:::ml.l~fl1 'VIB ti 1 'Ll1-:iP1-d':WzjeJa1~t1Jl1 Apple snail b ~B-!1~1fl:W"ll'l.!1~1 'VltlJ bb'1::::W~LJ~1-:ib lJ'U'Vl';i-!lfl'1l.J 

(Globose shape) 'lJ1-!!"ll'W~:Wm1l.ltJ11b'IJ~Bfll.J1flfll1 100 lJ'1~bl.J\Jl';i (Hui et al., 2014: 31-43) 

Brandt (1974: 1-423); Kaewjam (1987: 173-186) vl1fl1';i'1'1bb'Ufl"ll'W~~1fl~ru~1'Ul'Vltl1 ~fl'l;ru::: 

bb'1:::~"1JB-!lb'IJ~Bfl '11tlfl1~'U'Ub'IJ~Bfl bb'1:::fl1';ibb~~m:::~1ti ~'lJl1 'VIBti1'Uafl'1~'1~1 (Genus Pila) 
' 

:Wm1l.lm1b'IJ~Bfl"IJ'U1~LJ1'Ufl6'11-:in-:i"1J'U1~1'\/lrumfl (30 - 86 i1'1~bl.J\Jl';i) ';i'\.J'Vl';i-!lfl'1l.J fl1';j'\/ll.J'U1'U 
v " ' 

"IJB-!l b LJ ~B flbb 'lJ 'U Dextrally coiled ~l'U 1 'VltlJ:W b LJ~ eJ fl'Vl'U 1 ~ 1bLJ~eJflb1ti'lJ .ff 'U'U eJ fl ~~"IJB-!l b'IJ ~B fl 
(Periostracum) b lJ'U.ff'U~'lJ1-!l bb'1 ::::W~ zj,:i bll'Ua1';i'\.J';i:::fleJ'lJ 1 '\.J';i~'U ( Conchiolin) ~l'U 1 V1t1J:W~tl11J11'1 
'Vl~B~tl11J11'1 b"lim :Wmtiri1~ b lJ'Ub"''U~l'U 1 'VltlJ b ll'U~tl11J11'1~1 "liB-:i bbBl.lD~~a (Umbilicus) bbfl'lJbb~'U 
D~ b 'IJ~Bfl ( Operculum) a1mwll~LJ1m 'IJ~Bfl l~a'W'Vl m tJ'lJ'Ubb~'UlJ~"lieJ-:i b 'IJ~Bflbb 'lJ'lJfleJ'Ub6ll'U'Vl~fl 

(Concentric) :W~~~'U~fl'11-!lrleJ'Ul.J1'V11-!!~tl'-:i~1'U 1 'Ll"lleJ-!l b 'IJ~Bfl~~tl'lJ bb'Ulbbfl'Ub1ti fll1 fleJ'1'1 bl.J'1'11 
' " " 

(Columella) ~1'U 1 mbeJ'LllJ~b 'IJ~Bfl:W~"ll11b ll'U~'l.!111 (m~~ 1) 1 'Ll'\.J';i:::b 'Vl~l 'Vl tJ'1'J'lJ 5 "ll'W~ 1~ bbri 

P. ampullacea, P. angelica, P. pesmei, P. gracilis bb'1::: P. polita (\Jl1';i1-!l~ 1) (Kaewjam, 

1987: 173-186; Nabhitabhata, 2009: 61-63; a"1J1Wi eJ'IJtll.Jfi bb'1:::flru:::, 2538: 385) 
' ' 

lcm 

111'W~ 1 'Vlvtihi.:i Pila ampullacea (Linnaeus, 1758) 
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2.2 ~11'VIEJ1'tleJ~'VleJEJ l'ti~ 

2.2.1 ~11'VIEJ1n1'!ii°h.JcW''Uq 

Vlern 1-11~ b .tJ 'Wr;r (911 burn b viPI b vi Pler:We:i1m~~LJ~'Wfi~ b tJ~ tJ'Wbb tJ 6'1~ ~1 fWJ e:irnb:1.J w Vi 6'l 
" ' 

(Mantle) (61"111~ e:itlo:1.Jfi bL6'l~riru~, 2538: 138) b'WP!ertJ~~ntiLJ~1tJe!ru6f'l~ (Testis) zj~Y11V1ti1~~~\91 
' ' " b~tl~1~ (spermatozoa) bL6'1~~~~1'W'Yiti EJ·aculatory duct 1tJcie:i1m~~LJ~'Wfi (Penis) ~titJ1'W'1iti~ 

\J \J 'I 'U 

bb:!.J'Wb Vi6'l:i1~n~ru~ 1A'~~tl b 'W'1i1~~61:!.J~'Ufi~~~~tltlfl bb~161tl~ b oLJ1~tll81~~LJ~'U5b 'Wl31b:i18 (Vaoina) 
'I \J 'I :::> 

b'U"llru~~til81~~LJ~'U5bvim:i1tJtl~~ntiLJ~18-r~ 1-V (Ovary) :W~n~ru~ b tl'U'W~b Vl~ti~Bti'W o~m b tl'W , " 
'Yi m.h 1-V (Oviduct) tJ 6'118 61~"/Jti ~vi ml11 "ll:W ~"ll 11-V'W bb6'1 ~ b ~ti:!.J \Jle:i i1LJ~1'W ti l81~~ b~tJ n11 

' ' 
Receptaculum seminis ~VI 1V1ti1~ bnLJ fo~1 b ~ti ~1 ~ b ~e:i~e:i fl1~~61:!.J~'W5i1LJ b61lm:11 "ll~ilri11 :!.J 

" ' 
61:1.J\j~cUb'WP! (Maturing oocytes) 

Po 

Ts 

n 

(D.ej=Ductus ejaculatorius; Ov=Ovary; Ovi=Oviduct; Pe=Penis; 

Rec.s.=Receptaculum seminis; Te= Testis; Ut=Uterus; Vag=Vagina 

Vas.d.=Vas deferens; Ves.=Vesicular seminalis) 

~111: ~~bbtl'1~~1fl61:!.J;(fl~ (2528: 284) 

b 'W'1i1~"lltl~ fl1 ~~61:1.J~'Wfib 'Wl31~~ii"ll'U 1~ci'1 ~1b~flfll1~~:ij'LJ f'ii1LJ b 'Wl31b:W8 1~ 8 b 'Wl31~~ ~ 
'I \J OJ \J 

bfl~tl'W~boLJ1Vl1b 'WPlb:i1tJ 1~tJ 1 off~1'U"lltl~ b V11 (Foot) ~~"lltirntl~tifl~1'W'Wtlfl"lltl~Vltim 'Wl31blJ8 (Outer 

lip) bb~1f'lti81~'Utl~fl"ll1~b-U'11tl1'W'1iti~ Mantle cavity "lltl~b'WPlb:i18 ~1'UboLJ1~€Jl81~~LJ~'Wfib'Wl31b:i18 " , 
(Vagina) tl~ti8b6i!'1'1~LJ~'U5b'WP!~ (spermatozoa) boLJ1~tll81~ Receptaculum seminis b'W , " " 
"/Jru~ b~ 81fl'W b6if'1'11"li~iifl11:!.J61:1.J\j ~ru~ ~tl tl fl:!.J 1~1n-r~1 "li ~ 1'U'Yi mJ11 "li Lb'1~Ln~fl1~tJ lj61'Ufi 

(Fertilization) ~1fl~'W1 "li~~ ~1'W:!.J 1 \911:1.J'Yiti"lltl~ tl~LJiJ'Wbbfl'1'W~ (Albumen oland) Lb'1~ Lbfltl6i!'1 
" :, " 
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bbfl6'li.J~ (Capsule oland) bbn~ 1"1i~:mm.Jcim.1e:ie:ifl~mt.1i.J€lfl~1..:imt.1 1~t.1~nn1m1t:-JG1~~i.JITT in6'l1 
:::> 'U 'U 'I 

tb~~1ru 30-60 LJ1Vi (G1~~fl~ -UqiV11, 2528: 280-290) 

m1t:-J G1~~i.J5bn"1~i.J'U~ b 1ru~i.J~i.J 1fl~ bb V1ci..:itl 1~i1ri11~~fl hhni.J 1 'VJ\91 V1~€J"11"1V16'l~ 
'I 'I 'I q 

61Ji.J1 "1 b~fl'U~ nru~~~..:i bbn~:il'U ~~1i.J1 i.JVI~~ vm 1~ mh..:iq~e.Ji.J ( b~e:Ji.JTI()~mri~-b~ e:Ji.Jtli.Jt.11 t.Ji.J) 

bbn~11..:i 1"li'U~b1ru b 'W1..:J~i.J~"lj"1~i.J zj.,:i b lli.J~i.J~i.J~ b llt.1fl~i.J hJi1tlTvb~-D..:i V1~..:i~1 flm1LJl]G1i..!'5b Til"lbi1 t1 

11..:i 1 "Ii~ bfl1~tli.Jblli.Jflci~~61J11 flci~n~LJ1~~ 1ru 100-300 'VJm 'Ui.J~..:i b V1Ue:i~1J 1V1~€J 1i.J1 TI1 ..:i~i.J 
' ' 

(~6ll1~ ~LJil~Ji bbn~riru~, 2538: 385; 11~6lli.J ff:h..:i1m11~ bbn~1vm11ru bbm~~tlJ, 2554: 15) 

Vi€ltl b "li..:JG11~ 11tl~'U~i.J~~ \916'l€J"1~..:JlJ 1 i.J"li1..:J()~ bb~..:J (~i.J~'l.Jbb-H'..:J) ~~ hJTI'l.J fl11:il'Uzj"11€J..:JVl€Jtl b "li..:i 

b~e:i..:i~1fl m1~~m lli.J-U~:il t1~&11fi't1J ~e:im1~{9lli.J 161le:i..:i ~1~€li.J'Vle:i t11 "li..:i (G1~Plfl~ Dt1JV11, 2528: 289) 

Keawiam (1987: 174) 11t1..:i1i.J11e.Jmlli.J-U~:ilt1~m~~i.Jfl11br1~€Ji.J~bbn~fl11~'l.J~i.J5 b~€lb~~n"1e.Ji.J 
) 'I 'I DI 'U 

J1 e.Ji.J ~~"ll~ ~1..:J~i.J~i.J Vie:J t11 "11..:i G11~1111 e:ie:i fl~ 1b~e:iV11e:i1V111 bbn~ b ~~fl 11~'l.J~i.J 5 bbn ~11..:i 1 "Ii 
' 

b~e:JnflV1e:it1Ylfle:ie:ifl~1fl 1 "Ii ~1~€JLJG11m1m~~ru b~'l.J b\91b~~m i.JG1m'W bb 1"1~e:i~~i1ri11~~i.J 
'U ~ 

2.2.2 ~11'Vlmm':in'Llv1'Vl1':i 

'Vl1..:Jb~i.J€J1Vi11"11€J..:JVl€Jt11"1i..:i LJ1~fl€J'l.J~1t1 LJ1fl "1ie:i..:iLJ1fl Vine:Jl'lrie:i m~bTI1~€J1V111 

~ 116'\~ fl ~1161' m ..:i bbn ~ 'Vl111 Vi €l ti 1 i.J r11€l'l.J ri1'1 Ampullariidae n i.J €l 1Vi1'~ 1~~ ..:i 1 i.J ~LJ bb 'l.J'l.Jf'l "ll 

~\911 bb6'l~6111flf'l6ll6ll1fl~\911 (Omnivorous mollusc) 'W()~m1~fl1':ifli.J€J1Vi11i1m1~ bb\91fl ~1..:Jtli.J 1 LJ1 i.J 
Vi€J ti bb~n ~"ll'W "1 1 i.J fl ci~ ~ fli.J G11Vi ~ 1 ti 'lJ i.J n €Ji.J ~i.Ji1€lltl1~vl 1Vl-U'1~ :il'l.J €J 1Vi 1';ib~tifll1 radula 

' 
apparatus (Yli.J~i1~fl~ru~blli.J~b~€Jtl) fl1':ivl1..:J1i.Jb~~~1flfl~1~d1'e:i~1i.J protractor bbn~ retractor 

(Protractor and retractor muscle) ~"1€1 €Jflm~~erG1n'l.J€J1Vi1':ibbn~vi'1m':i~..:Jfl~'l.J 1 i~i.J:il'l.J€J1Vi1':i 

(5i.J1Vl'W~, 2557: 154-157) ~1i.JYli.J (Radular teeth) 61J€J..:JVl€Jt11i.J1..:iia'ibb€J~Tin1~~ blli.Jbb'l.J'l.JVi'Ube:i 
'U 

fln€J6ll6ll1 (Taenioglossa) 1i.JV1€Jm"lle:i~ (Apple snail, Pomacea canaliculata) n'l.Jf'l6lltlT'il1TI1fl 

f'l6lltl11~bbri ~e:ifl bb'Vli.J bbn~G11V1~1t11ibb':il'ln11i.Jm':i~'l.J1'l.Jf'J6ll ~1flt!LJ1iflmbn~"111m':i1m~fl1'l.J1if 
'U 

blli.J~i.Jb~fl 61 (G16ll1~ e:iLJil~Ji bbn~riru~, 2538: 138) 1i.JV1€Jt11"1i..:iG11~1':itini.JmV11':i~blli.Jf'l6lltl11~ 
I ' ' 

Vi6'lltl€JEl1..:J b"lii.J G11Vi~1t1~1..:i1 ~€Jfl erfl~..:J ~i.J-il11 bbn~ \91~1ri~J1 i.J€Jfl~1fldV1e:it11"1i..:ifr..:iG11m':itiLJ1''U 
TI()~m1~m':ini.J€J1Vi1':i~1floW6lltl1m blli.J6ll1fl~\911l~b~€J bfl"1G1.fl11~€J"1€J1Vi1':i (Komalamisra et al., 

2009: 243-245) 

fl1';jfli.J€J 1'V11';i61J€J..:J'Vl€J t1tl1 ~"1~i.Jtl'l.JG1.fl1'W bb1"1~€1~1i.J'l.J~b1tl.!bb Vlci..:J~€JEl€l1~tl ~..:i b ~i.J 1~ 
'U 

~1fl Memon (2011: 25-28) 1~':i1t.J..:i1i.Jl1~~ru'VIJ.Jiitl1 30 €l..:J1"11b6llnb~tlG1 'Vle:Jm"lle:J~ (Apple snail, 

Pomacea canaliculata) fli.J€J1Vi1':i 1~&ifll1~ €Jf.1J'Vl.fliJtl1 25 €J..:Jl"11 b6lln b~t1G11 i.J61Jru~~ Seuffert 
' 'U 

et al. (2010: 80-84) 1~':i1tl..:J1i.Jl1~€Jru'Vl.fliJ 25 €l..:Jl"11b6llnb~tlG1 Vi€Jtlb6ll€J~G11m1tini.J€l1'V11';i1~&1 
' 'U 

~ G1 "1 bb n ~ e:i ru 'VI .n lib 'VI~ 1 ~ G1 ~ ~ e:i fl 1 ':i b ~~rub~ 'lJ 1 \91 e:i 81i.J"li1..:i 25-30 e:i ..:i m b 6ll 6'l b ~ t1 G1 ~ e:i ru 'VI .n iJ 
.. 'I 'U QI 'U 'I 'U 

30 e:i..:il"11b6llnb~t1G1 'Vle:Jm"lle:i~ni.Je:i1V11':in"1n..:i bbn~hJni.Je:i1V11':ibnt1~e:iruV1.niJ 35 e:i..:il"11b6llnb~t1~ 
v v 'I 'U 

':i1~Yl..:i~m1~m':i1-H'mfl11"11 i.Jfl11b~t1..:ii1t:-JntJl€lfl1':ifli.J€J1'V11':i1~b 61lm&it11n'i.1 Aufderheide et al. 

(2006: 17-18) f'ifl~1t:-Jn"Ue:i..:i61l1..:ibb~..:i e:iru'Vl.niJ bbn~m1~V1i.J1bbi.li.J ~e:im':i1m"li"Ue:i..:i~1b~~1'mbn~ 
' 'U 

fl1':ib~~t1Jb~'l.J b\916U€J..:J~fl'Vl€Jtl Giant rams-horn snail (Marisa cornuarietis) TI'l.Jl1fl1':ib~t1..:i~ri11~ 
I I.I I Q.I 1 Q .cil ..::ii 

'Vli.J1bbi.Ji.Ji.J€Jtlfl11 0.8 \911\91€Jn\91':i ~m1~b'Vlm~~~'VlG1"1 Garr et al. (2011: 142-143) f'ifl~1t:-Jn6U€J..:J 
' 
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fl11l.JVl'W 1 bb Ll'W bbG'l~ f11'~n'We:J1Vl11 \Pie:im1 b"il ~qi b~'U h1 bbG'l~eJ m11€J Vl"lltl .:'!Vltl 8 b 6ll€l~ (Pomacea 

paludosa) bVlffvl1f111b~8-!l~ 6 1~~'Ufld1l.JVl'W1bb'll'W~ 10, 20, 40, 60, 80, bbG'l~ 100 ~llPie:J\91111-!l 
bl.J(9)1 ~'Ui11'Wb&itJ'W~ 1 m1b~8.:i~1~~'Ufl11l.JV1'W1bb'll'W~1 10 bb(;l~ 20 ~llPitJ\91111.:ibl.J\911 ilm1 

L "ii~ ru L~'U b\911~~ f1 i1 bb1Pl1 'W L&i tJ'W~ '1 tJ .:i 1l.l~'U fl11 l.l Lb\91f1\Pi1.:iV11-:i '1n ~1'WbblPiG'l~6llVI f111'VI VI 6'l tJ .:i 
v ' 

Ld €J'VIVl'1€l'Ufl11l.JVl'W 1Lb'll'W'1.:J~'1VIL'Wf111b~8-!l~ll.l n'U f1111-H'mV111tlm (Catfish diet) bb'1~€J1Vl11 
'IJ ' 

~'1l.l (Ulva diet) ~'Ul1V1€Jm6lle:i~'11m1m~8.:i1~n.:i1~~'Ufll1l.JVl'W1Lb'll'W 250 ~11PitJ(9)111.:Jbl.l\911 
bb6'l~f1111-H'€l1Vl11~'1l.l (Ulva diet) ileJ'm1m1b~'Ub\9l~~f1l1f1111-He:i1V111tlm (Catfish diet) 

Mendosa et al ( 1999: 109) b ~ 8 .:'!VI €l 8 b "1l €l ~ ( Pomacea bridgesi) b VI 8 L fl 'U e! f1 f11 VI bb -H' .:i 

(Dehydrayted lettuce b'll1~'W1'€l86'l~ 15.35) bb6'l~tl1V111tlm (Commercial feed 1tJ1~'W1'€l86'l~ 

34.83) 1Vl81-H'mV1111'tJ8'1~ 2 bb'1~ 6 "1Je:i.:itl1V1t!f1~1 L'Wf1~l.lm-H'mV111V111tlm "il~ilm1b"il~rub~'U 1\91 
' v 

~~'1VI €1~1.:iilt!8611~ru'\111.:i'1n~ (P<0.05) bVl8bl:l~1~L'Wf1~l.l~1~1'Ue:i1V1111'e:i86'l~ 
' v ' 

6 "llmtl1V1t!f1~1 bb'1~~'Ui11~~'U 1 tl1~'W~b V1l.l1~'1l.llPie:Jm1L"il~tub~'U b\91 €18b'W"li1.:i1~~'U 1 tl1~'W1'€l8'1~ 
v 'IJ 

' ' ,, 
20 n.:i 30 Garr et al. (2011: 143) 118.:'!1'Wl1Vl€lm"11€l1 (Pomacea paludosa) Vlb~8.:it9l18€l1V111 

~'1l.l (Ulva Diet 1 tl1~'W1'€l8'1~ 31.4) ilm1 b"il~ru b~'U b\91~~'1VI bblPi1l.lilm1mb\9lf11Pi1.:itJ ~1.:iilt!8'11~ru 
v ' v 

'Vl1.:J'1n~n'U€J1Vl11b~VIG11L~"il1tl (Catfish Diet 1tJ1~'W1'€l86'l~ 34.2) Malek (1958: 804-805) 
'IJ 

118.:i1'Wi1tJ~mrun161le:itJf1~ b"il'W~'1~6'l 181 'Wtl1 ~1 YI 11-H'VltJ8 G'lVI f111 bfl~tJ'W~ bbG'l~ m1n'WmV111 

11~6ll'W '111.:i 1~b11~ bbG'l~ 1 ~~11ru Lb~ b"il~t1J (2554: 22) 118.:J1'Wl1VltJ m 6lltJ~1l.l'11m1n'Vl'Wfld1l.l b~l.l 
1'W"li1.:i 1-1 '11'W1'W~'W'11'W (ppt) Lde:J~1'W1tl 1 "'tJV11~ V1e:Jm6lle:J~e:ie:Jmbe:J'1.:i V1~V1n'WmV111Lb'1~\9118 
1m'W~'1VI 

' 

2.3 UL 1A1'VIEJ1LL~::m':iu -win':i"::'11a 

2.3.1 UL 1fl1'VIEJ1 

bb VI~.:'!~ €J ~€11 ~8"1J€J.:'!Vl€J 8boLJ.:JiJfll1l.JVl6'!1 f1 Vl6'!18 bVI 8'11l.J 11fl~'U 1t9l~11 tJL 'W'W1-rr11 
'IJ 

bbV1'1.:iJ1 ~'W tfotl1 LbG'l~ LbV1'1.:itl1'Vl1.:i f1116ll'1tl1~'Vl1'W '11'W 1 VlqJ~'U L 'W'U~ nrutl1D.:i m1l.l~f1tl1~mru 
30 L61l'W ~ bl.l \911 ~'U 1;t 'Wbb V1'1.:itl 1'VIf1fl1 fl"ll e:J.:itl 1~ L 'VI f'l1'Vl8 Vle:J 8 b "ll.:i '11l.l11 mm ~e:i ~ n'U~"l!tl 1 

' 'IJ 

b"li'We!f1\9l'U6ll11 iJ1 e!f1~.:i bb6'l~'U~b1ru~b.lJ'WV1tY11V18~'Ul.l1f11'W"li1.:i11~e.J'W < mf1!J1fll.l-~'11fll.l) 
VI €J 8b"ll.:i"ii~tJ11f1!)~1~'W"ii1f1~'W~'Wbb6'l ~ b ~ lJ f111 ~ '1 l.l ~ 'W ~ (Keawjam, 1987: 174-176) 

bVl8~f1"il~'W'UVl€l8boLJ-!l Pila ampullacea ~ll.Jtl'U Pila polita bbG'l~ Pila pesmei bblPiiltJ~mrubbG'l~ 

"'Vl'11'W"ll€l.:JVl€l 8 b "ll.:i~~'U~.:i 3 6llilVI "ii ~e!'Wbb tl11 tJ(9)1l.Jt1~ f11'1 ~'Ul1L'W"li1.:iti~V1'W11 bb'1~ti~1'€l'W 
<~til31~f118'W-il'W 1 fll.J) "il~'W'UVl€l8b"ll.:i1t9l°L!tJ8 6'!-!l b ~€l-!l"il1f1Vl€J8ilf111 ~.:'! ~1€1 8 b~~'W bb(;l~ €J8 b 'W'1fl11~ 

'IJ 'IJ 

m1~f1~lbV18lJV1e.J1lJV1btl~e:imb'll'W 11~6ll'W '111.:i1~b11~ bb'1~1~~11ru bb~b"il~t1J (2554: 23) 118.:i1'W 

i161l1.:i"1Je:J.:im1'11fii'11'WVl€J8 b 6lle:i~ LYl tJ 1-H'e:J~1€l Vl"il1f1'1m~ Lb 1V1~€ll.J~1l.l LVlm~'1l.J 1Vl8 ~.:i ~1€1 ~1~~'W 
'IJ 'IJ 

~f1tl1~mru 5 b61l'W~Ll.lm 1'W"li1.:i"1Je:i.:im1'11fii'1V1€l8"il~ 1l.lilm1n'WmV111 LbG'l~"il~ 1-iJ'mV111~'1~'1l.l 1 'W 

~1-!lf118bb'\ll'W -w'Ui1m1'11~6'lm"iln'Wnmn.:i 5 b&itJ'W bb6'l~"il~f1~'U~'Wm~11.:i~i(9)(9)1l.Jtl1f1~Bf1fl~.:ibdtJ 
'1fl1~ Lb 1V1~€ll.l L Vll.l1~'1l.l zj.:i'1€l Vlfl~tJ.:i n'U118.:i 1'W"lle:i.:i '1l.l~f1~ llqiV11 (2528: 289-290) 

bbG'l~ Keawjam (1987: 174-175) ~~'Ul1VltJ8boLJ.:Jbdm.rr1'1'1m1~hhV1m~'1l.l V1€l8"il~ilm1..J1i31'11'W 
'IJ 
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1 ;·r;i~~'W 1fl'W~'W 1lJ u."'~ 1-tle:nV11'HhHN1 'W~1~ m t.i 1'Wfl11v111~"81\Jl~~m~-k~n~q~eJ'Wn ~ ~fl"''U 
m:im..J1V11nmb"'~~'U~'W5l VllJ 1~ t.i'Vlei t.i 1 "Ii~ ~~nm 1~'U'W''W5Vi'WViV1"'~~1 fl eJ'W \Jlflfl~~ bb 1fl 

' ' 
2.3.2 n1':ibb'Win'i:::~1t1t1t1.:i'Vlt1t1 l'ti.:i 

V1eiml1~~1 'W1~1"1 Ampullaridae 'W'Ui1l11111bb ·vdm~~1 t.11 'Wb"ll\Jl~eJ'W-k1 fofl 1 mw'U 

bbeJvJ~m bm"8t.i bb'1~m11~111 (Tan et al., 2013: 135-136) 1'W't.J1~bVlf'11vm'l'rni1l111t.1~1'Wfl11'W'U 

vrnt.11'W1~1"1Ampullaridae1'W ~~"' Pila ~~Vil!~ 5 '11'W~ 'W'Ui1l1m1bb'Ydm~~1t.1~1flfl'U\Jl1lJ 
"'fl'Mfll~Vl1~.flllf'11 '1\Jli zj~'Vltl t.i 1 "Ii~ ~~'W'U 1~'Vlfl.fl1fl"lltJ~'t.J1~ b Vlf'11 Vl tJ ( \Jl111~~ 2) zj~ 11 t.J~1'Wfl11'W'U 

'\) ' 
'Vltlt.11-V~ (P. ampullacea) 't.J1~b'Vlf'11Vlt.J l111t.1~1'Wfl11'W'U1'W'Vl"'1t.J:ij'~Vll~"lltJ~'t.J1~bVlf'11Vlt.i 1~bbri 

m~b'Vl'Wll'Vl1'Wfl1 'Wfl1'W1t.Jfl 'Wfl1thi11 'W1~'Wfl1f'11eiffom "''W'U1 'Wfl1~111ri '11"''U1 b"'t.J it.i.n5J t.i 1~'51 , ~ , , , 'U 

'Wfl1'W'WlJ ~~'W'Vli lJ'V11'111fl1lJ lJfl~1'V111 f'11~~bfl'M ~eimB~ bb"'~tl'U"'11'11'51U ( Thaewnon-noiw , q , :::> 

et al., 2003: 129; Nabhitabhata et al., 2009: 61-62; G1lJ;{fl~ Ut1J'Vl1, 2528: 282) zj~'t.Jfl&l 
'VleJt.J 1 "Ii~ (Pila ampullacea) ~~'W'U 1~mfl 1m6ll\Jl.fl1flfl"'1~ bb"'~~~'W'U 1~riei'W-ii'1~mfl1 w111°l b'VIUtl 

bb"'~.fl1fl\Jl~l'WtJtJm5t.J~b'VIUtl bb~~~ 1lJ'W'Ub"'t.J'Vl1~.fl1fl 1~-vei~'t.J1~bVlf'11Vlt.J (Keawjam, 1987: 181) 

P. ampullacea 

P. pesmei 
~ v q 4 

.fl1flflm~ .fl1flb'Vl'WtJ.fl1fl\Jl~1'WeJeJmut.J~b'Vl'WtJ bb"'~ 
P. polita 

P. angelica 

P. gracilis 

mfl1~ 

.fl1fl1~ 

.fl1fl1~ 

~111: ~~bbtJ"'~~1fl Keawjam (1987: 176-186); Thaewnon-ngiw et al (2003: 128-130) 

2.3.3 il~~t1~ile.ii;i~t1m':ibb'Wim:::~1t1 
m1 bb 'W~m~~1 t.J"lltJ~'Vlei ml1~ ~ eJ1 b~ mbn~ ~1 fltl~ ri't.J1~ fltJ'Uii1.fl1'W bb 1~'1 ei11~ei~m;l tJ 

'\) 

bb"'~fl11lJ~lJ~'U51~V1i1~i'J:u:ij't.J.fl1t.J1mm~~~eitje:n;lt.i (Utzinger et al., 1997: 325-327; Hussein 

et al., 2011: 12-13) Hussein et al. (2011: 13-20) ~fl'M1'VH'll1J11'\.J1~'111m-vei~'VleJml1~~fl~lJ 
' 

Gastropoda 1'W't.J1~ b 'Vlf'lB ~'t.J ~ 'W'Ul1 fl11lJ'Vl'W1 bb tJ'W"LJ tl~'Vltl tJ ~'Wbb 't.J 11 't.J \Jl1llfl~ m"' 1~ t.il1 fl11 

I.I. 'W~ m~~1 t.JlJ1fl~~~1'Wq~1'U1lJ~1~ bb"'~ii'ei t.J~~1'Wfl~Vl'W11 Ofoezie ( 1999: 184-189) ~fl'M1 
~'t.J u. 'U 'Ui'J~:ij't.J~l1~ "'~tlfl 11 bb 'W ~m~~1 t.J"V ei~'Vltl ml1~ ~fltjll Gastropoda 1'W~1~ bfl 'Utl 1 Oyan 

1 'W't.J1~ b 'Vlf'11 'W~ b1t.i 'W'Ui1q~m"'l1B'Vl5'W"'~eim111V1'W1 bb timb"'~m1 bb 'W~m~ ~1t.1-vei~V1eit.1 1~ t.i~~'W'U 
Vltlt.J 1~mfl~~~1 i.J•1h~q~eJ'Wbb'°'~"li1~riei'Wb-ii'1q~~tl'W u."'~'W'U'Vltl tJ 1 'Wfltjll Lymnaea sp. lJ1fl~~~ 
Wang et al. (2015: 244-252) ~fl'M1i'J~:ij't.J~l1~"'~eifl11fl1~~1mb"'~fl1111'11fl'l1lJ"lltJ~'VleJt.J161l 

' ' 
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(Bithynia siamensis goniomphalos) l'fUl1fl1'rn 1~"1t.1~1"ll€l\IVl€lt.J16ll1 'Ubb Vlci..::ivle:i ~mP!t.1vlbth.J 
" I O O I.I ....::ii t Q.I I tj CU O Q.I QQ I Q 

'U€l'U1 fl1511 bbfl~'U1"lJ11 l.Jfld1l.Jbb\9lfl\9l1\lfl'U€lt.11\ll.J'Ut.J?l1flqj'Vl1\l?ltW11~Vl11\I ~tlJVl.fJl.J bbfl~fld1l.J 

bll'Wm~ bll'U~1..::i (pH) (P<0.05) 1 'WbbV1ci..::i~e:i~mPl'mb\9lfltJt1..::in'U l'l'Ui1"~iJm1l.JV1'U1bbU'Wbbfl~m1l.J 
Vim fl"llU~Vle:i t.1i1m1l.J bb\9lfl 1Ji1..::i b"li'W b~t.11n'U 1~ t.1V1e:i t.116llnflvm 1~mfl~?l~ 1 'Wm.rr11 zj..::im1l.J6llfl6lll.Jvl 

'U " 'I , 

bb\P1fl ~1\1 tl'U~'Utl'U fltuf11YnJ11 'U bb Vlci..::itl 1~€1 8€l1Plt.J l'l'Ul1 €lt1JVI .nlJiJ fld1l.J&rl.J~'U5'Vl 1\l'U'Jfltl'Ufl11l.J6llfl 
'I 'U 'I 'U q 

6lll.J&rl911tl11 m "lll911'e:i'U Vle:it.116ll"ll€l'U m Pl't.11 'Wtl1vliJe:iruV1.niJ 25-32 e:i..::1!"!1 b6llfl b61it.1?1 bbfl~1~~'U fl11l.J b ll'U 
' ' 'IJ 

m~bll'U~1..::i 6.5 - 9.0 zj..::i"li1..::i~..::iflci11"~iJm1l.JbV1l.J1~?ll.J~e:im1~11..::i:S1l9l"ll€l'l&rl911tl1 (16llflit.1 bVl~e:i..::i 
uTtJ11ru, 2548: 1-481) Malek (1958: 796-800) l'l'Ul1A11mlJ'Wfl1~bll'U~1..::iiJ~"'~e:ifl11 
' 
bbVdm~"1t.J"ll€l\IVl€lt.J Bulinus sp. bbfl~ Biomphalaris sp.1'WbbV1ci..::ivle:i~mPICJvliJA11mll'Wm~bll'U 
~1\1€JCJL'U"li1..::i 4.0-9.0 'U€lfl"1fli!'Uf!..::i~'Ui1 'Li":ilt.1vl~..::imwie:im1m~"1CJ~1 b"li'W bb?t..::im~\P1tl bbfl~fl11 

'IJ 

&r..::ibm1~-Hbb?t'l"ll€l'lfi6ll Seuffert et al. (2010: 77-84) 11CJ\11'Ul1€lruV1.nlJiJ~fl~€lfl11~11..::i"81l9l"ll€l\I 
' 'IJ I 1 I I 

q q Q .q .:::it Q.I QJ .di ..::it Q 

Vl€lt.Jb6lltl1 'Vl€lt1JVl.f1l.J 25-30 €l\l?l1b6llflb6l!CJ?l "~l'l'Ul.J"lJCJ'Ul911bbfl~fl11bflfl€l'U'Vl bbfl~fl11fl'U€l1Vl11"ll€l\I 
' 'IJ 

Vl€ltJb6ll€l~l.J1flfll1"li1..::ivle:iruV1.niJ~1 Ofoezie (1999: 189) 1~11CJ\11'Ul11~~'U"ll€l'ltl16ll€l€lfl6ilb"'W1 'U 
• 'IJ 

J1iifl11l.J~1~tyl.J1fl ~e:im~m~"1CJ~'J1 mb Vlci..::ivl e:i~mPlCJ"lltl\IVltJCJ Biomphalaria sp. l'l'Ul1VltJCJvl 

'1€JCJ~1€l8'U'U~1tl1 b~e:i..::i"1fliJfl11l.J~€l\lfl11€l€lfl~b"'Wb ~l.J~'Wb ~€lfl11Vl1CJ 1" (Malek, 1958: 804) 
'IJ 

zj..::iLJ~m rue:i e:i fl68b"'Wvlfl~mCJ1'Utl1vl b Vll.J1~?ll.J ~e:i m1~ 11..::i"81l9l"Ue:i..::i &r \P1ltl1A11m flfl 11 5 iJfl~ fl1l.J~e:i 
~ (911 ~1Vl1fl€l€l fl68 b "'U ~1bn'U1 LJ"~ ~\I~"' ~e:i fl 11~11..::i"81l9l"ll€l'l&rl911tl 1 (b "llfliCJ b VI~ €l\151D11 ru' • 
2548: 1-481) 'U€lfl"1fl-d'f!..::ivmi1~mllmbV1ci..::i bb ~51l9lvliJ m1l.J~1~ru~e:iV1e:iCJ b ~e:i..::i"1mllmb Vlci..::i"Ue:i..::i 

• v 

bbflfl b61iCJl.J (Calcium) bbfl~ bbl.Jfltib61iCJl.J (Magnesium) b ~e:i..::i"1fliJm1l.J~1 ~qi~e:ifl11?11'1..::ib LJ~e:im~ e:i 

m1 b "~ru b~'U bl9l"ll€l\IVl€l CJ LJ~mrubbflfl b61it.1l.J 1 mb V1ci..::iJ1 f!..::i b lJ'U-LJ"-:ij'CJvliJA11l.J~1~ru ~e:im1l.J6llfl6lll.J 
~ v " " 

bbfl~fl11bbYdm~"1CJ"ll€l\IVl€lCJtl1~~ (Malek, 1958: 799) Suwannatrai et al. (2011: 183-190) 

11CJ\I1'Ul1 fl11l.J b~l.JiJ ~fl ~€1 fl 11 bb l'J~ fl 1~" 1 CJ bbfl ~ fl11l.JVl'U 1 bb iJ 'U "lltl\IVI €l CJ 16ll 1 'U ~'Uvl bb~ \I bf! 116ll 

(Karat basin) "~l'l'Ufl11l.JVl'U1bbU'U"ll€l\IVl€lt.J16ll?t'l~?l~ 1 'U~'Uvl flfl e:i..::i~..::iJ1 Atl1.rr1..::i'Vl1..::i bbfl~m.rr11 
'IJ • 'IJ 

vliJm1m~l.Je:i~1'W"li1..::i 2.5-5.01'W~'U~1'U (ppt) bbfl~l'l'Ul1fl11bbl'l~m~"1mbfl~m1l.JV1'W1 bbU'UVle:i CJ 

16lliJ?tVl&rl.J~'UITT'U'Vl1\lfl'Utl'Ufl11l.Jb~l.J ?111il lJ 1 'W1fl,; (2529: 1-57) 11CJ..::i1'U1LJ bb'U'Ufl11m~"1CJ~1 
" 'IJ 

"ll e:i ..::i VI e:i CJ 1 'il l'l'Ul 1"ll e:i ..::i Vle:i CJ 1 'il1 'Wbb VI ci..::i tl1u11l.J"ll1~iJ1 LJ bb 'U'U m 1m~"1 CJ ~1 b ll'U bb 'U 'U 1 'Jl.J fl ci lJ 
'IJ • 

(Clump) 

2.4 mca'W'fll'U1 b'lfi'laau~'UBbbi'l:::R1111a11u·uub 'Wfl'tleHl'Vlva 1 'ti ..:i . " 
G.I 119 Cl.I ti II q 

2.4.1 i'lfl~tu:::b'lfi'ti'tf;l\J'W'Ufi'b 'Wfl~bLi'l:::b 'WflllJEJ . " 
~fl~tu~b6llfl~~'U~'U~"ll€l\IVl€lm"~tl Olaguer and Bagarinao. (2001: 200) 11CJ\11'U 

1~CJ~fl11~9ll'U1"ll€l'l1..::ihhbfl~~..::iJ1b~€l"ll€l\IVl€lCJ b"~tl (Mud snail, Cerithiidae cingulate) 

b V1ile:i'Un'Um1~9ll'W11 'WV1€lCJ6ll'U~~'W bbfl~?t1m1mL i.J..::i1~CJ~m1~9llm 1~e:ie:im ll'W 4 1~CJ~f1e:i "li1..::ivl8..::i 

hJ~9ll'U1b'ilfl~~'U~'U~ (Immature stage) "li1..::in1~..::i~9ll'U1b6llfl~~'U~'U~ (Developing stage) 

"li1..::i~1'e:il.J~?ll.J~'U~ (Mature stage) bbfl~"li1..::i11..::i1"ll (Spent stage) fl"'1CJtl'U1~CJ~fl11~9ll'U1"ll€l'l1..::i 

1"llbrn~~..::itl1L~€l"ll€l\IVl€lt.Jb"~tl (Murex snail, Bolinus brandaris) (Elhasni et al., 2013: 24-26) 
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fl11~\9ll'U1'lJeJ .. :Jb61!'1~~'U~'U~ b'Wf'l~ Primary germ bb~~'ll~b~'U Spermatogonia ~il'll'U1~b~fl bb'1~ 
b~l.Jilfl11~\9ll'U1'lle:J'l b81!'1~ b~e:J'U Follicular bl.'1~ 1Fi1 'l'1~1'l Tubule b -d'm~m~ tn~'U5'1~'1'loff~b~'W 

' ' 
'V'l'U Spermatogonia ~\9ll'U1 Spermatocytes '11u1umn1u Tubules b~l.J'V'l'U Spermatid bl.'1~ 
Spermatozoa "1i1'l~'W~e:Jl.J~'U~'U~Spermatid ~\9ll'U1bll'U Spermatozoa '11u1umn1u Tubules 

~1'Ul'Ub'V'lf'lbli8 primary germ bb'1~-:Jl~b~'W Oogonia ~ii"lJ'Wl~b~fl bb'1~b~l.Jilfl1TW\9ll'U1fl~l.J'lle:J'l 
Oocyte ilti1bfl~8'1'll'U1~1'Vlaj~'U Primary oocyte e:J~b'\..11~8~ Previtellogeneic 'V'l'U Secondary 

oocyte 'U1'l~1'U1e:J'U follicle cells -d1-:ivl'W~e:Jl.J~'U~'U~ Oocyte ~\9ll'U1'1l.J\j1tW 1~8~ Viellogenic 

~n~ru~fl'1l.J bb'1~ii'11u1umn1'W~'l1"ll (Olaguer and Bagarinao. 2001: 200) 

2.4.2 fl1'111a11'U"aWL 'WA'!! v.:!L 'WA~LL~:t:L 'WAWU 
~ ~ 

~ n~ru~ 1m'l'1~1-:i bb'1~ m1Vl1-:i1u'll eJ'le:Jl81~~'U~'U5'lJe:i'l'VleJ 81 "ll-:i~~lj Fi11l.JFi~ 18Fi~-:i n'U 
' 

'VleJ8b"lfeJ~ (Pomcea canaliculata) Catalan et al. (2006: 525); Catalan et al. (2002: 91) 

118-:i 1u11V1e:i8 b "l!e:J ~il1~'U'U m 1~'U~'U 5b 'Vlil e:J'W tl'U'Vle:J86lfti~ ~'W~ e:i ~1 un ~l.J'lle:J'l Prosobranch 
' " ' 

gastropod e:Jl81~~'U~'U~"lJeJ-:J'Vle:Jm'Wf'lbil8 tl1~ne:i'U h.J~181''l1"ll (Ovary) bll'W~~b'Vl~e:i'lal.J~~e:i~n'U 

~1'U'lle:J-:J Digestive glands bb'1~~~'W'Uvie:itl11"llb~e:Jl.J~e:J ~~tl'U~1'U'lle:J-:J~-:i1"ll b ~ m~e:il.J~e:J 1 tJ ~'l 
'V'l1b18'11e:ii~n (Pallial oviduct) zj-:J'lh~ne:i'U1tl~181b81l'W~1~l.Jb81flJti (Receptaculum seminis) 

b llu~ brl'U b81!'1~~'U~'U5b 'W f'l~ii~ n~ru~ b llun 1~ b tJ1~~"lJ11"ll'W b ~e:il.J~e:i e:i ~n'U bLeJ'1'UlJ'W LLfl'1'W~ 
'I 'U , 'U 'U 

(Albumen gland) il~L'Vl~e:J'lal.J ~~~e:i~n'Uvie:itl11"ll~'1~1-:Jbtl~e:in bLFitl~'1Lbfl'1'W~ (Capsule gland) 

U.'1 ~iJfl11fl11'1~'1l.J e:J1'Vl11 bl.'1~ bbfl'1 b~8l.J b~ eJ LIP118l.J'W~e:Jl.J b oU1~"1J1'ln~ fl11~'U~'WfiLL'1~11-:J 1 "/l vl 1 l ~ 
'U DI 'll 'I 

'll'U1~'lle:i-:ie:i181~~'U~ufiil"Vu1~ 1 'Vlru L ~l.Jl.J1n~'W 
' " 

Catalan et al. (2006: 525) 611m1mL8n"ll1-:in'11m1~'U~'U5'lJe:i-:J'Vle:Jm"l!e:i~ (Pomacea 
' 

canaliculata) e:ie:imll'W 3 -d1-:i 1~1,Lri -d1-:irie:iun~m1~'U~'U5 -d1'ln~m1~'U~'U5 bb'1~'Vl~-:Jfl11 DI cu , Dlcu " 

~'U~u51 mL~'1~"1i1-:i~~ u.61~'l~n~ru~ m1v11'l1'W~ L~ 81oLJeJ'ltl'Ufl11 L tl~8'Ubb tl'1'l 1ri1 -:i~~1'l "lJeJ'l 
' 

e:J'lrltl1~fl e:J'Ub81!'1~ 1 u eJ~\jlJ'Ubbfl'1'W~ (Albumen gland) bb'1~ bbl°ltl~'1 bbfl'1'U~ (Capsule gland) 

~~~1m1m~u1~il~b~'W~1flfl11b'll~8'Wbbtl'1'l'lle:J-:J Parenchymal mass zj'ltJ1~ne:i'U1tl~18 Tubular 

acinous adenomeres ~~fl~~1'l~1fl Albumin secretory cells bb'1~ Labyrinthic cell 

~1'1..1 l 'U'Vle:J m 'W f'l~il~n ~ru~'ll eJ'leJ rulfl ~ (Testis) 1, lJ'U'V'l~ b Vi ~e:i-:i e:i ~ ~1'1..!Vl 1'l~ 1'1..1 Vl18 
" " " 

(Spine) U.'1~ilvim~e:il.Jl'ie:ie:ie:in~~1'U'We:Jfl'Vl1-:Je:Jl81~~'U~'U~b'Wf'1~ (Pennis) ('1l.JPlfl~ Dqj'Vl1, 2528: 

280-290) Olaguer and Bagarinao. (2001: 200) 'Vle:Jm~~Ei (Mud snail, Cerithiidae cingulate) 

~n~ru~'lJe:i'l5ru'1~1 u-d1'l~'U~'W5 ~~n~ 1, 'Vl~e:i-:i~1 ~'Wn'lal.J iim1l.JV1'W 1 LL'1~il'llu1~ 1 'Vlrum n~u 
' " 

L ~e:i-:i~1nilm1~\9ll'Ul'lle:J'l LG/f'1~~'U~'W55 ~ LbtJ'UeJ~.fl18 l 'U zj-:i~~'W'U L'tf'1~~'U~'WITT 'W1~ 8~ Spermatid 
' " ' 

bb'1~ Spermatozoa '11'U1'Ul.JlfleJ8b'UvleJ 
" 

2.4.3 ih1~u~ii i:..i~~tifl1111a11u"aruL -wA 
~ 

Wayne (2001: 391-401) 118-:J1'U~'1'lleJ'lfl111~1,LG1-:J~eJ'VleJ8 Limax sp. ~1IPIL~l.Jl8 
'W'Ul1n11~\9ll'U 1"lJeJ'l1~'U'U~'U~'U5~un'U-d1'l LL'1-:J zj-:i m 11~LLG1-:iue:i8~ ~V111 ~m1~ \9ll'W 1'lJe:i-:i 1~'U'U 

' 
~'U~'WITT~'1l.J'U1ru l,L1PJb'W'llru~~m11 ~1,L'1-:imn ~1m1~m~~'Wm1L~~rui,~'LJ11Pl m1~\9ll'U1'lle:i'l1'-:i 1"ll 

.. 'U 'I v 

b81!'1~~'U~'U5b 'Wf'l~ bb'1~e:Jl81~~'U~'U5 ~1flfl11'Vl~'1e:J'l'V'l'Ul1fl111 ~bb'1'll.Jlflnl1'llfl ~v111~il'11'U1'W1 "ll 
' " ' 
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bb'1~nTn1-:i1-U~ n11m11 ~ bb~-:iLJ n ~ 't.mmn nil elru'Vl fl~J1 ';ij~~-:i ~'1l9ielm111-:i1-U vn.J11iim1l.J~l.J~'W6 
' '\J 

"lleN~tt.l'VliJ~tl'Ufl11l.JV1fl1-li "1flfl11~fl~1l'W'Vlel8 Aplysia sp. fl11b~8-:J~ 15 eNP!Wll'1b6il8~ 'Vlel8';ij~ 
iin 1111-:il-lltiel 8flrJ1el81-:iiiii'm11flru b~ m Vi8'U tl'U'Vlel 8~ b~ 8-:J~1~ ~'U eltu'VlflD 20 el-:JP11 b61!'1 b6il8~ 

u ' '\J 

Aufderheide et al. (2006: 14-17) 118-!l1'WrJ1'Vlel8~-:JoU (Marisa cornuarietis) Y-J'UrJ1eltu'VlflD~ 
' '\J 

b 'Vll.Jl~l.J l 'Wfl11 b~8-:i 25-28 el-:JP11 b'i!m6il8~ ~1 eltu'VlflD'1vi ~1m';ij~~-:i~'119iel1~'U'U~'U~'W5 
' '\J ' 

~l.J'Vl1-:i ~'Vl5 (2531: 1-23) 'Vlelm'1lel~~1~-!'Ueii'Vl11~1Y-J1n~'1!J1~bb\9ln\9\1-:in'W 6 "l!uvi 

(~1'Vl~18'Vl1-:Jfl1~1elfl ~1'Vl~1ffVM'1!~ bVl erfl\9l'U'1!11 er flfl1~buVl "1J11 bb'1~01'Vl'11-:J) Y-l'UrJ1~1'Vl~18'Vl1-:J 
' 

m~1eln ~1'Vl~18YM'1l~1vi -1r11 bb'1~01V1'11-:i ~1m1rim~~'W1~'Vlelm'1lel~e..i~l.J~'W5 bb'1~11-:i1-ll1m'W 
' ' ' 

~LJviTH~ 6-91'W"llru~~m1b~8-:i~18ernm~buviiim1e..i~l.J~'W6 bb'1~11-:il"ll1'W~LJm-H~ 12 n~l.J~1~-!'U 
' ' 

ern \9l'U'1!11 bll'Wel1'Vl11 1lJ'V'l'U fl11~~l.J~'W5bb'1~11-!l1-li\91'1elVl fl11'VlVl i;'lel-!l LJ 11~1'\ll'Vlel-:J Y-l1'Vll.J b nvi bbi;'l ~ 
' 

flru~ (2549: 1-5) 11m1'W11m1~1fl1'1iie..1'1l9ielm1~'U~'W6"llel-:J'Vlelm "llel~ bY-JPI~ Y-J'UrJ1~1V11niim1~1 
' '\J 

fl1'1"1i1-:i1~ 8~ b 1'11~'W 1m ~l.Jm n~'W ';ij~ ~-:i e..J'1 ~elfltufl1'V'l"llel-:J b'i!'1~~'U~'W5b Y-JPl~'1V1'1-:J bb'1~ "~v\'11 ~ 
' ' '\J 

'Vlel8\9118 l'W~~vi (10 b~el'W) b~el-:J';ij1flfl11~1'1-:i b'i!'1~~'U~'W5~iiflrum'V'lbb'1~LJ1mrumn ~1 bll'W~el-:i 
' ' ' 

Viel 8~1bli'W~el-:i1~-r'U eiiV111el 81-:i~l.J'U 1ru';ij1 neiiV111~n'W'Vl1el ';ij1nm1~~~l.J11 
'\J 

fl11l.J'Vl'W 1 bb U'W"llel-:i'U1~'1!1mf°iel ~1'W1'WLJ1~'1!1n1 ~el'VlU18~'W~ B\9111 fl11l.J'Vl'W1 bb t.l'W"~ii 
e..J'1~elfl11b"1rub~'Ub\91 eJ\91111elvi m1~'U~'W6 b1"!~m1m~"18cP116llrnLJ1~'1!1m~\911J1 b~el-:J';ij1fl~\911J1 

u ' 

~ b~8-:i 1 'We1\91111"111l.J'Vl'W1 bbU'W~-:i ';ij~bnvim1bbri-:i bb8-:i bb-ll-:iim~el-:i"lJel-:i mV111 n161leleln6Bb"'W bbi;'l~~'W~ 
'\J 

el 8m Pl8 el 81-:i 11 ii \911l.J"1flm1 \9111"~el'U bel n~111lJ'V'l'U118-:J1'W fl11l.J'Vl'W1 bb t.l'W"llel-:J'Vl el81-ll-:i Pila 
'\J 

ampullacea 1 'W511l.J'1!1~ ii bYl8-:J118-:J1'We..J'1"llel-:Jfl11l.J'Vl'W1 bb t.l'W"llel-:J'Vlel m "llel~ zj,:i bll'W'Vlel8~el81 'W 
'\J 

1-:JPlb~81tl'W -vr-:ib'W511l.J'1!1~bb'1~';ij1flfl11'VlV1'1el-:J1'W~el-:i'Ul)0~fl11 Tanaka et al. (1999: 255-261) 

fl11l.J'Vl'W1 bb umb'1~LJ1~~'Vl5m'V'l6llel-:im 1n'Uel 1V111ii e..ii;'l ~eln 11bfil.J~1'U1'ULJ1~'1!1m'Vlel8b6lleln 'W'W1 

-1r11 11l.J~-:im111-:i1-li"llel-:Jb'V'IP!bl'.i8 fl11b"1rub&l'U b\91 bbn ~m1~'U~'W6 fl11b"1rub~'U b\9lb~l.J~'W1'W"li1-:i~ii 
u ' u 

fl11l.JV1'W1bb'ii'W"llel-:iLJ1~6ll1m~~1 o.5 brn~ 1 cP11~el\91111-:ibl.J\911 'Welfl';ij1nd8-:iY-J'U-"J1m111-:i16li~el 
~LJvi1-H~-:in-J1 ~m1l.J'Vl'W1UU'W 2, 4 bb'1~ 8 cP11~el\91111-:Jbl.J\911 ~elVlfl~el-:Jtl'U 118-:J1'W Estebenet 

'\J 

and Martin (2002: 83-84) 'V'l'UrJ1"ll'W1Vl"llel-:J'U1~6ll1fl1b 'W511l.J6ll1~"llel-:J'Vlel8 flfl~1 nvi~18LJ1l.J1 ru 
'\J 

mV1111'W~'W~ 'W"ll';ij1'W'Vl1 bbn~1n~1 bbn~flru~ (2555: 53-65) Y-J'U111"111l.JV1'W1bb'ii'W"llel-:i'Vlelm "lleln 'W 
' 

'W1-1r11~iieltu'Vli1D"li1-:i 32-34.7 el-:iP11 b61l'1b'il8~ 1 'W1~8~1'.:ln~1~'Wi11 iifl11l.JV1'W1bbU'W~ 7.3-11.8 
, '\J 

cP11~el\91111-:i bl.J\911 iim1l.JbL\9ln~1-:in'U"li1-:i~~'W-1f 11rh~-:i b';ij1'1Jb~'U 1\91~ 14.3-20.2 cP11~elm11-:i bl.J\911 

el81-:iiiii'm11flru'Vl1-:i~~~ (P<0.05) Kazibwe et al. (2006: 433-444) eltt.l'Vlfli1iifl11l.J~l.J~'W51'W 
u ' '\J 

'Vl1-:J'U1fltl'Ufl11l.J~Vll.J~l.J\j)ruU'1~1°111l.J'Vl'W1bLU'W"llel-:J'Vlel8fl'W (Biomphalaria sp.) Posch et al. 

(2012: 37-40) 1~~fl~1e..J'1"lleNl°l11l.J'Vl'W1bLU'Wl9ielfl11~'U~'W6bLn~11-:i 1-li"llel-:J'Vlel8 b 6llel~ ( Pomacea 
' 

paludosa) 1vi81-tl'm1l.J'Vl'W1bLU'W 50, 100 bLn~ 150 cP11~el\91111-:Jbl.J\911 eJ\9111~1'WbY-JPI 1:1 ~viml.J 

fl11~'U~'W5U'1~11-!l 1-llb ll'Wb1'11 8 ~'Livi 1-H 'V'l'UrJ1fl11b~8-:J~fl11l.J'Vl'W1bb U'W 50 cPl'J~el\91111-:J bl.J \911 
' 

~1l.J11ri 1 in-u1~~~ ~vi 1lJiiri11mL\9lfl ~1-:i'Vl 1-:i~ ~ ~ b~elvr 1 m1bLJ~8'UbVi8'U n'Um 1b~8-!l~fl11 l.J 
' ' ... 

'Vl'W1U'W'Wel'W 
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3.1 e:iumrubbi;'l~bfl1e:i.:i11e:i • 

d 
'U'Vl'VI 3 

3.1.1 ~1881-.'l'Vl8tl 161i'l (Pila ampullacea) 

3.1.2 bfl~8-.'l~'l..l'Vl11'11 bb'VlU-.'lVl1~.fliif'11L'11911 (GPS) 
" 

3.1.3 

3.1.4 

3.1.5 

.o:d .d:il I Q.J 

6ll~bfl';ie:J-.'llJ8e.J1\91~ 
' 
tn8'U'WmL'1~n~1Vl-r'U?il.Jbfl'U~1881-.'l'Vl8tl6l.l'l..l1~ 1 \911';i1~blJ\9l';i (Quadrant) 

' 
bfl~8'li'l1 'V'J~1vif'1'Wt1l.l 2 1'11 bb'Vlll~ 

3.1.6 bd81b'tfo1m~hktJ81 (Vernier Calipers) 

3.1. 7 n~8~'1'1Vl';i';if'1tln1~-.'l6l.lt11t1~1'W~8lJ8'\Jmruci1t1m'W 
' ' 

3.1.8 J1m-rn~1'1.fl1t-Jb-d'm~8 1~bbri 10 % 'V'J81m~u bb'1~ 95 % bb8'1f18®'8'1 
I Q.OVdV I 

3.1.9 e:J1-.'lt-Jm'1\>lf1'11Vl';i'Ubf1'\J\9118m~ 

3.1.10 bVl8TilJfal9181 

3.1.11 8'\J n ';i cl bb'1~bfl~8 ~il 8 ~1 Vl-r'U'l b fl';i 1 ~~fl run 1'WJ1 (pH meter, DO meter, 
' ' 

Spectrophotometer burette bb'1~Thermometer) 

,::I G Q.I I 

3.2 am'Ll'Vlm':ibn'U\911e:iu1.:i 

3.2.1 am'LIVi~1bil'Ll.:i1'U1:5'u 

';il'\J';illJ ~1881-.'l'Vle:itJ161i~'11nrrufiu1-V111J1ur11 b\9lti l'l1tJ'1'W1 r11 bb'1~D1'W'Vl'W8-.'l61i'W 
' 

l'l1tJm1~'W eJ1b.fl8f'1'1bij8-.'lL'Vlii '<il'l'Vll~8'Um161lli1ti '\J';i~f18'U~lti 2 '1mti~n~1 (mt-Jfi 3) 
' 

3.2.1.1 ~fl1iiU1i.Jr11 ~~tJ 

'1t11ti1J1'l.Jr11 b\>lti l'l1tJ'1'W1r11 eJ'1 b.fl8f'1'1bil8~1Vlii '<il~Vll'~8'\J'1';i16llli1ti 
' (Yln~'1~fi 15°30'14.8"N bb'1~ 105°19'13.l"E) 

' "" ., ' 3.2.1.2 '1tl1'W'U1'W'Vl'W8-.'l6l.l'W 
' 

'1mti111'1.J Vl'W 8 'l61i'W 1'11tJ"11 ~'W eJ' 1b.fl8 f'11bij8'l1 Vlii '<il 'l'Vll'~ 8'\J '1';i161Jli1ti 
' ' (i1n~'1~fi 15°26'07.s"N bb'1~ 105°14'30.2"E) 

' 



i 
/ 

I 

d 'II ' 

.n1'W\ll 3 ui:.i'UVi4W'LIViAn~1 l 'U '311..fleiA"iw ei.:i l 'Viii ~.:i'Vl1fl eiu~1'1'tlG1u • 
~iJ1: ~~LL'1Jrt'l'11fl Google Maps (2558: Ll'U161l~) 

.i:::t..r:::::I t-' _, I 

3.3 16n11'bnUV11eJEl1.:I 

14 

vl 1fl1'Hfl'U11'U 11lJ ~1B U 1'l'VIBCJ1-ci-:i'U1L1tl.!~'U~'U1oD 11b 'UL "lJ ~ eJ 1LfleJ131~ Lij eJ 'lb VllJ 

~'lVll~eJ'Ufl1161151'Ll (m~~ 4) 1'W"li1'lL~eJ'UlJfl11fllJn'lL~eJ'UTI'U11fllJ Y-1.131. 2558 'VlflL~eJ'U61fl~ 1 fl~'] 
' ' I 

(~lJ~fl~ iJqJV11, 2528: 289; Keawjam, 1987: 174) 1~mn'U~1BU1'lVIBCJ1-ci-:i1'U'U1numV1~-:itl1~l1 
1~~'Utl1fl11lJ~fl1lJLfi'U 30 L61l'U~LlJ~11~CJvl1fl11Lfl'U~1BU1'l~1CJijeJ (Hand picking) fl1CJb'Ufl1eJ'U 

~m~~fl '111 ~1B u1-:iV1BCJ 1-ci-:i~fl 1il'W~1-:i~rt1~~fl u'UVifl oDBlJrt L dB-:i ~'U '1J1~ flB'U~1CJ ~m!tru~ 
'lJ 

~mmn~~BlJ'U1 nru~Lfl'U~1eJU1'l (flrum~tl1'Vl1'lfl1 CJfl1~LLft~ LfllJ f111lJ~'U~'U LLft~rl1fl11lJ LiJ'U 
' 

fl 1~LiJ'U~1-:J"lleJ'l ~ 'U) LLfl ~ '31'Ul'UVIBCJ1-ci-:i VI 1 fl~'U fl cilJ 1oLJ"lleJ'lVIeJCJ1-ci-:i '1~11'U 11lJlJ1~ fl b 'U 
' 

~B-:i'1Ji)~m1~1lJ15"lleJ'l Garr et al. (2012: 166-171) 

~fl1!t1fld1lJVl'U1LL ti'U b'U~'U~'1111'11~CJ 1imB'U~ftl~~fl~L'Vl~CJlJ"ll'U1~ 1 ~111-:J LlJ~111'l~M 
'U'U~'U~'U 1~CJ~lJ~'U~fl~ 5 ~1 L ~BVl1fl11lJVl'U1 LL ti'U"lJB'l'tJ1~"111Fl1 b 'U~'U~~fl1!t11~ CJfl116ilJ ~1BU1'l 

' ' 
(Quadrant) 1~CJlJ~lJfl11~'l.Q 

'31'U1'U~11'1B quadrant = ri1 LU~CJ'1J1~"111m I '31'U1'U quadrant (3.1) 
IJ I IJ I 

fl11lJVl'U1LLti'Ul'iBYl'UVi = '11'U1'U~11'1B quadrant I ~'UVl"lleJ'l quadrant 
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3.4 nTaf1n~1 l 'Ll-Mv.:itl~~nTa 
3.4.1 m-aL\Jl~aiJ~1va1.:i'Vlva l'ti.:i 

~1e:i~1.:iV1e:i£J 1"ll.:i~lj'i11191~';i1lJ';i1lJ1~'11f15';i';ilJ"ll1~ t11m'V11m1lJ'1~m~ 1~£Jfl1'H~1.:i b~ e:i 

f11:ij~ 191~ 1fl~bb'1~~.:i'1ntbn '11n~'Ut11~1e:i ~1.:i'Vle:i £J 161l.:ilJ1:ij'1 bb 'Wfl"ll'Ll~ 1~ £J 1 i~n~ru~6"UHi1'W"lleJ'l 
"' 

btl~e:in \911lJl5"1JeJ'l (Keawjam, 1987: 174-186) bb'1~11'lfJ1'1'1ll\911lJl5"1JeJ'l Garr et al. (2012: 

167) 1~£J1itl1l!'Ufl1'W~~ (Clove oil) 'V11m';i~.:Jtl1V1tin~.:ibtl~e:in (Total body weight) ~lmfl~eJ'l 
~.:ihJvhv1f'l'Ll£JlJ 3 ~1bb'Vl'l.i.:i 1~m1lJm1 bb'1~m1lJn1'1.:ibtl~e:in \911lJ15"1Je:i.:i '1'1l1~ e:itlfi'lJn bb'1~flru~ 

' ' 
(2538: 50) 1~£Jl~l°l11lJf1l1'lbtl~e:in (Shell width) ~"lleJtJtl1mtJ~e:in~1'U'UeJmb'1~611'U"lleJll"lleJ'l 
'11tl{b1·fo ~.:ibll'U611'U~n1'1.:i~~~ bb'1~1°111lJ£J11btl~e:in (Shell length) 1~~~1'W"lleJtJtl1mtJ~e:in 
'1'Wn.:i611'U"lleJ'l£JeJ~btl~e:in (Spine) (m~~ 5) bb'1~'V11m';iU'UYin-Um;J'1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ----------.1 
I 

.n1'W-vi 5 m-a1f!'!l'Ll1flfl111JEJ11LLflZfl11iJn11.:iL tliiivn'!lti.:i'Vlva 1 'ti.:i 
-viiJ1: vr~bbtl'1.:i'11n ~'1J1~ ~tlfi'lJn bbG'l~flru~ (2538: 50) 

khanitha
Rectangle
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3 .4.2 n1".iAn~1~n~w::ei1a1::iluiW'u'5bLiil ::~'lfilfl1111 a11u".iru b cw fl . ~ 

m~ (;l~'J\ijG'feJ'U"'fl~ru~"lleN e:i1t11~i1'U'W''U5~1t1 (;11 b LJ~1 fa t11 'Ub ~131~ "'.:i btwl"' fl~ru~ "lleJ.:J ' ~ 

e:i1t11~i1'U~'U5 (Penis) e:i t1'1 'UbLJ~e:iflm t11~"1ie:i.:i61Je:i.:i bb&.J'U b ~(;I ii"'fl~ru~ iow1.:im 'VlileJ'Ub(;l"lJ'Vl~.:ihrn ' ~ 

~1'\11-r'U b ~mn t1G'f1l.J1 ~n"'.:i bfl (;l\ij 1fltlfl~ru~"lJe:i.:iLJ(;l1 t1G'f vivie:itl11-U b tl'Wm~ b LJ 1~ bb(;l~i1~"ll11-ll'W ( G'fl.JPlflvl 
' ' 

tl~V11, 2528: 288) (m~~ 6) 

\ij1fl,f'Uvl1fl1~bbtlflbD~eJflml.J1561Je:i.:J Olaguer and Bagarinao (2001: 196-197) 

1vit11 ~~e:i'W'Vl'U bb(;l~ bLt1m LJ~e:ifle:ie:ifl 1vi t11&.J 1~e:i1t11~mt11 mnvil°l11&.J b~t1V11t1 "'.:i Lfl (;l"'fl~ru~"lle:i.:i b ~131 
' 

b ~e:i1Lm1~~eJ(;l~1'11'Ub ~Pl"lleJ.:J'VleJtl 1-U.:i \ij1fl1{'W~~fl~1 m&.J15"lle:i.:i G'f1~ .fl lJ 1 'W~fl-cl (2529) 1vit1i1 

x2 = 
( 

n 2 
Oi-Ei) 

(3.2) 
Ei 

oDeJl.J(;l\ij1flfl1~"'.:J bfl(;l ( lil1'U1'U"lltl.:J"'(;lltl1 bb~(;l~b~131~btl'U 
~ 

0 = 
\9i'1e:i~1.:i1t'l \ij~.:J) 

Ei = -Dm;J(;l~mvi 'Vl1.:i ( lil1'W1'U"lle:i.:i"' (;11J1~ b tJ'U 1 LJ (;11l.J'Vl ~~D) 

IJ IJ I IJ 

Viti .:i \ij 1fltJ'U'Vi'1fl1 ~ bbtl fl e:i ltl 1~ i1 'U 'W''U ~~ ~ e:i l.JVJ .:ii .:itl 1 'VltJ fl \9i'1 (Body weight) 

e:i1m~i1'U~'U5 (Gonad weioht) b ~e:i~ fl~1~"11Ul°l11l.JG'fl.J'U~rub ~Pl"lleJ.:J b ~131~bb(;l~ b ~131bil ti ~1e:i~1.:i 
.. :::> \J '-! 

'Vle:Jtl 1-U.:i~ bbtl fl b LJ~e:i fleJeJfl bb~1 i.:itl1V1tl'fl~1 ~1bb(;l~eJ1t11~i1'U~'U5~1t1 Ll°l~e:i.:ii.:i~~~~'Ul°l11l.J(;l~ bBtl vi 
~ ' 

0.001 fl-rl.J \ij1fltJ'Wrl1'U1UJ'Vl1rl1~"11Ul°l11l.J"'&.J~'U56lle:i.:ie:i-fo1~i1'U'W''U5 (;11&.J15m~"lltl.:J Olaguer and 
~ ' 

Bagarinao (2001: 197) 1vit1ilG'fl.Jfl1~~.:iu 
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GSI x 100 (3.3) 

1 'l.it'iTu"Uti 'ln ~ :w hl~'V1'U '<\11n'<\11n5';i ';i:ll61l1 &\ '<i1~fln't.J1:w1V1n1'LIn~ti'l'V1m61&\n"U'U1 Vl ' ~ 

10x5x5.5 ~f1'U11"1rlb61l'U&lb:ll\9l';i l.T'U~l'Ul'Uhl~'l'Vl:l!Vl (Total egg clutches) ~1'Ul'U1'1i~ti~n 
(No. of eggs per clutch) eJ\9l';i1f11';if11';iV1n 1'1l (Percent hatch rate) ~1'U'd'U~f1Vltlt.J~'l'Vl:l!Vl 
(Total no. of juveniles hatched) \911:lllB6Utl'l Garr et al. (2012: 168) 

3.4.3 n1';iAn'ti1';iZllZbbl;l::~~'Ll1 n1';i"tlv \lb6lll;la~'U~'Ll~M 'Jll b vtflilfl b dei b~ v1vta1 • 
?'in~1m';i b tJ~t.imb tl'1'l b dti b~ti1'Yl t.i16Uti'l1''l 1'llbbl;l~5ru"Vl~ b ~ti m1'<\161ti'Um1:w61:w'U';iru 

~ 

bl'-ll"l\911lJlB6lJtl'l Olaguer and Bagarinao. (2001: 195-207) bb'1~ Elhasni et al. (2013: 24-35) 

bnL.J~1ti81'l~'l 1'llbbr;i~5ru"Vl~ 111 'U611';il;l~r;i1t.iv-Jti1m~'Um1:w b.LJ':w.LJ''U1titir;i~ 10 bll'Unr;i1ti 81'ltitit1 

24 .ff11lJ'l vl1f11';i6lJ..ij'Vltl1 (Dehydration) bb'1~bbt.Jf1~1'U"Uti'l~'l 1'1ibb'1~~-:itl1b~ti'<\l1mdm~ti~'U '<i11f1~'U 
191~ -:i 1'U'V11';i1YJ'U (Paraffin wax) bb!K 'dvl 1n1 ';i ~Vl b d m ~ti~ fl'd 1:ll'U1-:i 7 1:w 1ri';i b:ll \91 ';i if ti :lJ ~vl 1 t.J 

Haematoxylin & Eosin (H&E) bbft'd~'l~'l bf11911fl';i'l6111-:i"Uti'l b dm~tifl1 ti1~nft'ti'l~'1'Yl';i';il"l'tfar;i ~ 
ri1 tim'\'IJ '<\11n~'Ubbt1m~t1~6Uti-:i~'l 1 'libb'1~5ru"Vl~ 

3.5 m';iAn~1ifo~1;1a.n1cwbb 1~~ei11 .. 
3.5.1 flw.n1cw'Lhv11-:ima.n1cwbbl;l::bflii • v v ' ' V I 0 ~ .c::::i.::f .ail 0 .::f oCli 6 

\911ti ti 1'l'U 1 fl n ';ill.J ';illJ '<\11 f1'V'l 'U 'Yl l"1 n ~1 b 'V'l ti'U 1:w 11"1n~1'W1';i1:w b\91ti';i'Yl1'lmtifl1'W 
~ 

(e:itu'VlflihJ1) 'Yl1'l bflii (m1m ll'U mVl b lJ'U~1'l n161!titin~ b'<il'U~r;i~mt.J 1\ill 'U't.J1 bbti:ll 1m 'llti ~'l'Vl:ll Vl ' ~ 

1'LI1191';i'\i11ml9l';i'Yl m1mll'U~1-:i bb'1~m1:wn';i~v11-:i) (\911';i1'l~ 4) 1VlmnL.J~1ti81-:itl1v11t16lJ'dVlbtl'U 
1 'Wilbe:J'Yl~il'U~';i~~'Utl1 30 b61l'U&lb:ll\9l';i tl'1:w119l';i 2 ~\9l';i D'UVin-Ue:i:wr;il''U~ bb'1~61m'U~ btl'U~n~1 

~ 

~1e:i81'ltl1~tituV1.fliJ 4 ti'll"11 b61!'1 b~ti61 b~e:i't.J1h.11bfl';i1~Vl1'Ll~€l'ltln1J~m';i1Vltilbfl';i1~~61mtlr;i~ 
' ~ 6J ,, 

1 ~1ti81'l bb~'1~~1ti81-:ivi'1f11';ilbfl';i1~~ 2 6111 
"' 

3.5.2 i;i';iT~aeiuflru.n1cw"tlei-:i~u<t1iJ~"tlei-:i~u f11111~u bb1;1::fJbv'tl"tlv\l~'lJ • 
~le:i 81-:i ~'U'<i11f1~'U~?'in~1tin'l11:ll1tl';i~ biJ'Utl';i~ bfl'Yl bb'1~ti'lfltl';i~f1til.J b dti~'U1Vl ti15 

~ 

~:lltr61 (Field or feel method) lVlfl11lJ~'U6lJ€l'l~'U (Soil moisture) 1Vlti151vitl1V1tl'n (Gravimetric 

method) bb~1LJ11 tltiL.J~e:JtuVl.fliJ 105 €l'll"11 b61!Gll.~t.J61 bll'Ub 1me:i81'ltie:it1 12 .ff11:w'l '<\l'U 1v1tl1wwn ' ~ 

~'Ubb'IX'l (:wtl'61 r;ie:if!l1nr;i bb'1~'UY-l:ll11"1 'U1:llbbVJ'l, :w.tl.tJJ 
' 

., (3.4) 

tl 1 VIU f) ~'Ubb 'IX'l 
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1viri11:w btl'Wmvi btl'W~1..:J"llfl'l~'W1vi tJ 1 i pH meter 1vitJfl11'1~m tJ~'Wbb'1~J11 'W5V111ri1'W 

6/Jfl'l~'Wl>if:JtlwvhtltJ 1:5 (:WU61 (lf]P\~fl(l bb'1~'W'Wll1f'1 'W1llbbvi..:i' :w .tJ .tJ.) 1vitJ.ff ..:itlTVIUfl"1Jf]..:J~'Wbb~..:J 30 
' 

fl-r:w m1'WUflbflfli6U'W1vi 250 i1'1~~V11 bb~'Jb~:wtl1fli'Wm1tJ 150i1'1~~V1116irbbvl..:Jbbtl'Jfl'Wbb'1~.y\'..:iH 
tJ1~mru 30 'lnVi l'virhm1mtl'Wm1•ntl'W~1..:i bb'1~D'WVimm 

.... ff 

'Vltl'JEJ ~tln·acun5m':i 'W1'i11J b~fl'i 

flt\JVlflil "" Thermometer f]..:Jf'11b6/l(lb6/ltJ61 
' " 

m1:w b tl'Umvi b 1J'U~1..:i - pH meter 
., 

mg/l as CaC03 Titration method ri11:wm~vi1..:i 

fl11llb 1J'W~1..:J mg/l as CaC03 Titration method 

n161lflflfl~b~'W~'1~m tJ 1 'Lltl1 mg/l - 02 Winkler method 

1 'LlbVl1Vl mg/l No3· - N Cadmium reduction 

1'Ll1Vlw1 mg/l N02 - N Sulphanilamide spectrophotometric 

bbfl:W 1:w b 'LltJ mg/l NH3 - N Phenate spectrophotometric 

~111: APHA (2005); Li'W1Vi'W~ bb'Vl'1:Wfl:W bb'1~flru~ (2555: 1-65) 

3.6 f11'ib -w1::-W'l.15'VlvEJ 1 'ti~;nn't'JvbWoW'Llt51 'l.lt:i':i':i1l"tf1~ • • 
~1fl~1..:J'VlfltJ 1 "ll..:itrn~vi b~fln bb'1 ~tiflv'i1 m1:w'1~mvin1:ilviVI~1ri1bb'1~~..:i'1m.h fl bb'1~v'i1 m1 b~tJ..:i 

" " 
b ~ f:JtJ-rtJ'1fl1'W 1'WeJ1-:j'W(l161 ~fl b tl'l.!1~CJ~b1'11 2 ~tJ vi 1~ ri fl'Wb~:Wvl 1 fl11 b 'W1~~'Ll'51vitJ1 ~ fl1 fl1 f'1 

' 
Vl'1flvib1'11 v'l1fl1'HtJ~tJ'Llri1tJtl1vifl~tJm~ bb'1~1~fl1Vl11b~vi1tJ1~'Ll ~fltJ'1~ 40 '1~tJntJ1tJ 

' ~flfl1vi'Vlfl:W l'Ll(l~ 1 ri{-:j VlfltJ 1"l]-:j~~1'Wfl11tJ-rtJ~'J1'W'1fl1'Wbb'Jvi~fl:W1'Llfl11b~tJ'l tlflvl1fl11bbtJflb'Wf'1 
" 

V11:w156UeN Garr et al. (2012: 167)1vitJfl11'J1-:jtJ161ntJ 1vitJ 16irtl1il'Llfl1'Ll'Wn (Clove oil) bbn~~-'.jbfl VI 
" flltJ'J~~tJ~'Ll5b'Wf'1~ (Penis) ~fl~1'WtJ~nru-tlf:J..:i Mantle cavity zj..:i1'Llb'Wf'1biJtJ~~hJ'WtJB1m~d 

' " " 
(m'W~ 6) '\ll~-:j~1flLf 'Llv11m1v'l1 bfl~fl-'.j'\lll.11m'Wf'11vitJ16irtl1tJ1vi1 b~tJi1~bbVlfll>i1-:jtl'Ll V1~..:i~1fli!'Llv11m1 
bbtJm~tJ..:ib-wf'l~bbn~b-wf'lbiJtJ vr-'.j'Vl:wvi'11'W1'W 80 c;l1 b'iJ'Llnm 301'W ~1fl,!'W ri:wV1BtJ1"ll-:jmi-:jJ1V1tl'fl 

" ' 
1vi ri11:w tJ 11 bbn ~ ri11:w fli' 1-:j 6lJeJ-:j b tJ ~ B fl bbn ~tJ G'i fl tJ M1 'WD B 'Wn 161 ~fl "ll'W 1 vi 1 VI 111-.:i b:W VI 1 

~1'Ll'J'Ll 20~d1'LleJVl11ci'J'Llb'Wf'1bvl1tllJ 1:1~'1~1..:J~'Llb~tJ'LlbblJlJLi11:W"l11~1vitJiJ1~tJtJtl1Vl:W'Lll.ltJ'Ll 
' 

m tJ 1'Wtie:Jv'i1m11.b tJ-:j 1. 'iJ'Ll 2 ri1'Wf°iBri1'Ll~ 1. 'iJ'Utl1 bb'1~ B flri1'Llf°iBt11'W~ b 'iJ'Ll~'Ll~1V1-rtJ 1 ~VIB tJ'J1-'.j 1 "ll 

1~enmf'11'Wt11'Ll~b'iJ'l.!J1V1neJvinm bbn~ 1~enV1111.~vi1 tJ1~'W~fltJ'1~ 40 '1~tJntJ 1tJ~flfl1vi'VleJ:W 
'\ll~-:j~1n~V1BtJ 1"ll..:i11-:j1 "ll 11tJ11:w:w1~ fl 1'WnG'ieJ-:j"v'm1~~fl~iJ~mw bbdvi~fl:Wfl'11 tJtltJLi11:W"l11 ~ 

1vitJ 16ir~'l.!1eJ-:j~'WflG'ieJ-:j1 ~iJri11:w~-:jtJ1~mru 1 t.6/l'U~b:WV11 bbn~ b ~:wri11:w~'W"lJB..:intJ~'W ~1flLf 'Llv11m1 
" 

D'l.!Vimbn~~i;iV11:w-ii'Bl;Jn6UeJ..:Jfltj:w1"ll tJ1~neJtJ~1tJ J1wuflfltj:w1"ll1.u~tJ (Mean weight of egg 

clutch) ri11:wni'1..:i6UeN1"ll (Egg diameter) :ij°1'W1'Ll1"lil>iBfltj:w (Total number of egg per clutch) 
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eJ\9l\W'i1fl11'Wn16li (Percentage of hatching success) ~1'Ul'Ll~fl'Vle.JtJ~-.'l'Vi1JV1 (Total number of 

juvenile) bb6'1~1~tJ~bd'11fl11'Wfl161l (Hatching time) \9111JlB'lJB-.'l Garr et al. (2012: 168) 

3. 1 m"aAn-~1nT~blil~rub~u 11P1t1e:H1f;ln'V1eill 1 ~.:ivh~-ruei1V11"al'i1.:in'W 
QI 'U 

bdmtJ~e:in'llm1'1l1a~'LlmNb1l'W'1fl'Vle:itJ16li--'l~ei~mtJ1'Ll (tl1~mru 201'Ll) n~iJ16li~~tr1tJm'1-.'ltl1 
'IJ 'IJ ' 

1'Ll~m~~fl'll'Ll1V1 33x40x24 b611'Ll~b1J\911 b ~ei hfoein~1n 161l1Jl~1tJ~'Ubb'1~L'leNtl'Llfl11Vl6'1'U'WW bde:J6'lfl 
'IJ 'U 

vieitJ hi--'l'Wneiein~1n 161J b~1J 1Vf€J1vi11~1'Vnn1 'U~n mvivie:iiJ 1vi tJ 1 Vfnmi'Ll ~1J bb'1~ bn'Ueiein 1 'Ll-ll1--'l b '1111'Ll 

t1vi1tl 1VfmV1111'Ll'1~ 1 f1~-.'l (~eJtJ'1~ 5'1Je.J-.'ltl1m!n~1)1Vfe:i1n1f'l\91'1eivi1~tJ~b1mn11b~~M 
lJ\91~ bbm-.'ltJvi~~1'Ll'U'Ll'1Jm~m~~m ~eiL'lei--'ln'Ufl11Vl'1'UVl'Ll bb'1~ b tl~ tJ'Uri1 mJ1vm., 3 l'Ll bdei6'lnV1eit.1 

'U ci I <u 
~ .c::ii. ~ .c::i. v .c::ii. ..:;::,, ~ 

ei1t.1 1 bVJB'Ll (r1111JtJ1lbu'1tJ 7.90±0.0431J'1'1b1J\911 f1111Jf111-.'lbu'1tJ 7.35±0.051J'1'1b1J\911 
' 

bb'1~tl1V1i!miu~tJ 0.143±0.001 iJ6'l~b1J\911) ~1'Lll'Ll 240 ~1 ·1..hm~n~1mvi11~b'Vlm~a1J~eim1 
b~~q]b~'U1\Pl 1vit111-.'lbbi:.J'Llf111'V1V1'1€J-.'lbb'U'U~1Ja1J\l1ru (Completely Randomized Design, CRD) 

b~tJ--'l1 'U~m~~f1'1J'U1vi 33x40x24 b611'U~b1J\Pl1 b~1Jtl1~1'U1'U 1 o ~\Pl1 b~tJ--'l1 'WVle:J-.'l~f11'Uf11JBruviflm VI 
'ti 'l <t 'U 

ei~1'Lli'N 28±1e.J-.'Jl"l1b611'1b6iitJa1Vfei1f111"1\Pl6'1€JV1f1119/1V16'1€J-.'l bb6'l~vl1f111btl~tJ'Uri1tJtl1'Vlf1"1 2 l'U 
'U ' I 

~1J~le.J~1-.'J6'lf1V1€JtJhJ--'l 20 ~l~B~ ~f1111JVl'U1bbtl'U 2 ~l\Ple:J~\911 (150~l~e.J\91111-.'lbl.Jm)1vit.1bbtl-.'J 
' 'IJ 'IJ 

fl119/1Vl6'1€l-.'Jb1J'U 4 611Vlf1119/1V16'1€J-.'J ~1'UTW 3 ~1 b1J'U1~tJ~bdm1'Wf1119/1Vl'1e.J-.'l 120l'U1vit.11'1fe:J1Vl11 
' 

\!~n1"a'Vl~J;li){j :;itlbt 'U'UtleJ{leJ1Vi1"a 

1 ~f1fl1V1Vl€J1J (Lactuso sativo) (611V1f1l'Uf11J) 
' ' 

2 mvi11tlmbb'U'Ub~vi (1tJ1~'U~e:JtJ'1~ 15) 

3 €J1V111tl'11bb'U'Ub~Vl (1tl1~'U~€JtJ6'1~ 25) 

4 €J1Vl11tl'11bb'U'Ub~Vl (1i.h~'U~BtJ~~ 40) 

~lB~1-.'J~f1VleJ8161i-.'J ~1J1J1\Pl1l~aeJ'Ufl11b~~rub~'U 1\Pl 1vi 8f111lV1f1111JtJ11'1JB-.'lbtl~Bf1\9111JlB'1JeJ-.'J 
'U ' v 

a6111~ Btlt11Jt1 bb'1~f1ru~ (2538: 50) (m~~ 5) 1viflm11JtJ11'1JB-.'lbtl~ein m11Jf1l1-.'l'1Je:J-.'lbtl~Bn~ , , 
bb6'l~off-:itlTv1iln~-.'l'Vl1JV1 (Total body weight) Jl1mf1~B-.'loff--'l1'YJvh'Vll"ltJ81J 3 ~1bb'Vl'Ll-:i 'Vlfl 30 l'U 

' 111J~-.'l'Vl1JV1 4 f1~-.'l (120 l'U) oUBlJ~~1Jl~nL11ml°l1'U1rutl1V1i!miu~8 (Average weight) tl1vii!n~ 
b~1J (Weight gain, g) 5m1m1b~~qjb~'U1\Pl"il1b~1~ (Specific growth rate, %/day) tl1V1i!m~1J 
~Bl'U (Average daily growth, g) f1111J81lbtl~Bfl~b~1J~'U (Shell length increase, mm/day) 

eJ\Pl11fl11btl~8'UB1Vi11b1J'UbdeJ (Feed conversion ratio) bb~~eJ\Pl111BV1 (Survival rate, %) 
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"" d ., 
3.8 nT;i1bfl':i1Z'Vl'tlv1!f;l ., 

3.8.1 'JTU'J1:l.Hb6'l~..ij~bn'U-ile:i116'l 1~Lbn -ile:i116'lf11111tn1 tl1vit:lfl ~1t.JhJ'Jbbfl'J1l Microsoft 
" " 0 ~ l tj t tj 

office excel bb6'l~'W1 b~'Wm ll'Wf11 bu6'lt.Jbb6'l~rn b 'U t.J-.'.lb 'U'W1J1 l>l'J~TW 
"" 

3.8.2 lbf1'J1~~Vl1eJl>l'J1~1'Wb~f'161.JITTVleJt.J 1 "lm 'Wli'J'J1J'll1m~t.J 1 mf1ffibf11 (Chi-square test) 

3.8.3 Vl~~eJ'Uf1111Jbb'l.J'J1.J'J1'W (Analysis of Variance: ANOVA) 61.leJ-:JoLJeJ~6'lJ1vit:lfl f1111Jt.J11 

b 1.J~ e:i fl f\11l.lfll1-:J b 1.J~ e:i fl ri1~'llu m1 :t.J ~:t.J 'U 'JUJb ~ F161.leJ -:i b ~ Fle'.I bb6'l ~ b ~ miJ t.J bb6'l ~ ~ 1'J1iJ b 1>1e:i{61.le:i-:i 
" " 

f1tl.Jfl1~tl1Vl1-:J bfllJbb6'l~fl1t.J.f11~ f1f1!.fl1~~'W f1111Jbbl>lfl ~1-:Jfl1Wil~ru b~'U 11>161.leJ-:JVleJt.J 1-ci-:i~1vl~'U~l>l'J 
'I 'I cu 'U 

e:i 1Vl1 'J ~ bb 1>1 fl ~ 1-:i il 'W :u 1 flt! 'W vi' 1 fl 1 'J b 1J ~ t.J 'U b 'ill t.J 'U Vl 1 f1111J bb 1>1 fl ~ 1-:i 61.l e:i -:i ri 1 bu~ t.J v11 t.J 15 Lea st 
..::ii v ~ v 2.1 

Significant Difference (LSD) Vl'J~~'Uf1111Jb'lleJ1J'W'JeJt.J6'l~ 95 

3.8.4 fl 1'Jlbfl'J1 ~ ~ e:i-:i ri LJ 'J ~fl e:i 'U Vl ~fl (Principal component analysis: PCA) 61.l e:i -:i 

f\11:t.J~:t.J~'Wt561.le:i-:im1:t.Jvi'W1bb1..i'W bbG'l~ ~'lltif1111J G1:t.J'U'Jru b ~F161.le:i-:ivie:i t.J 1-ci-:iil'U f!rum ~J 1 bb(l ~ ~'W 
" ' 

3.8.5 1 bf1'J1 ~~-ile:i11mrn ~1.J 'J~1l16'l ~6'1Vl 1-:iG1il~l~ t.J 1-tll~t.J 11.J'J bbfl'Jll ~1 b ~:u 'JD R 11.J'J bbfl'Jll 
" " 

ne:i1-ii''W 2.15.1 (R Development Core Team, 2011) 



. ... . 
4.1 i;rn"?tru::'t111 \J't! ei~-W'UVitfo"?t1 

d 
'U\11\'I 4 

~ fl~UJ~"IJ €1.:J ~'U~'U 1oiJ11~vl1fl1161111';\J ~1€1 ~ 1.:J Vltl tJ 1"li.:i'U1b1UHHl1 U ~ 1 lJ 1'Ufl1 b \JI tJ 

\;]1'U'1 'U1Fl1 B1bfl€lf'11blj€l.:iL'Vlil ~.:J'VllflffU'1116111l1U (~tlfl';\Jfl~ 15°30'14.S"N bb'1~ 105°19'13.l"E) 
' ' 

b ll'W~'W ~1'Utl'U'Vl11 tJ tl'1 floiJ11 b ll'WVl~fl '11'U 1 Vlru b ll'W m1v11'U1 bb 'U'U~.:i b~:w~1iJ1 i?111 bril1V11eJtJ1~1 
~ v 

bb:IJ'1.:J m1tl~ fl-il11 b ll'U bb 'U'U m 11".1flvl1 bb'1~~.:ivn tl1 e.Jm lJ'UVI~ fl ~.:il1 m11itJ1~1tJ"ll'l1 bu~1 ~"li1.:iti~ e.J'U 

1'W'11'W"IJ€l.:i?lmti~ 2 lr1'UV1'UeJ.:i6li'U ~1'Um11'W el'1b.neJf'11bijeJ.:i1V1iJ ~.:iV11flffU'1116111l1ti ('Wnfl';\)fl~ 
' ' ' 

15°26'07.5"N bb'1~ 105°14'30.2"E) l1~fl~ru~~'U~ b lJ'U~'U~1'Utl'U'Vl11tJ 1fl m~'1 lt.J b lJ'Ufl 11v11'U1 

bb 'lJ 'lJ ~.:i b ~:w 1tJ bb 'U 'lJ m 1v11'U1 UtJ:w Vll1'U bb'1~'U1~1 bb~'11'U 1 VI ru ';\)~~'Um 1Vi1'U1V111'U:w 1flfl11 
~ v 

b ~eJ.:J';\)1fl~'U~tJ1fl~eJm11".lfl~1 'Vl~eJ~'U~tltJ 1 m "IJ\Jle.J'U~m'Uri:wtl1mruJ11vi' m fl (m~~ 7) 
~ ' 

n 

'ti 

.tl1w;1 7 i;rn"ttru::i11 tJ'tlei~~'U;1An'tt1 el11Jlvfl~wei~l,,,ij ;i~V11flv\Jfl'a1"tfti'lU 
• 

Cn> u1'UA1b(;IEJ ('ti) u1'1JV1'1Jv~'!i'IJ • 

';\J1flfl1111'U11:w~1eJ~1.:iV1€ltJ 16!l.:i'U1b 1ru~'U~'U16ii111 'U1eJ'UlJ ~'U11 ?11m1m1'U11:w~1eJ~1.:i 
VltltJ 1"1l.:i 1m'W"li1.:ib~€lm:w~1v'U-'Wtif'l~mv'U (11:w s b~tl'U) "ll1.:idbtJ'U"ll1.:iti~e.J'U~'U~'Ul1ri11:w~'UrieJ'U 
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-V1-:i~-:i h.i'llru~~-d1-:ib~tJ'Ll6'U11fl:w-ih.nfl:w ( 11:w 4 b&iti'Ll) zj,:ib 1'.JtJ-d1-:invi bb~'l 1frv1JLJ~1mh-:ivim.11 ~-:i ,, ·1,, 

~ 1'Ll1 VI aj VI €l tJ l ~ 'l ~ 'V'lll 1'Ll6tl 1 'l b &i €l 'Ll b :W "et1 tJ 'Llbb "1~'Wt)°etfl1 fl :W b 1'.J 'Ll -d1 'l ~VI €l tJ l ~ 'l fl11~1 ¥1 "1 

(Hibernation) ei tJ '1~~'Ll~'Llm1:w~n'\J 1:tmru 1-5 b°il'Ll ~ b:W \?11 ~tl'l'llvi m:w~'Ll~'Ll 1'Ll'Ll1 bb"1:tVIeitJ1 ~-:i ,, ' 
~~'lX'Ll~ 1mhtJ vi b '\J~ein~'Uvi1-:i~ 1'LlLJ'Ll bdm~:w b oiJ111~ e.Jm~ei'Llil ~'Ll 1 tJ'Ll~-:i b&i ti'Lln'LltJ 1tJ'Ll viei tJ 1 ~-:i~ :t 
~'Ll~ vi m1~ 1¥1"1 ~'Ll:w1LJ'Ll~'Ll~'Llbb"1~ mff tJ ei 8LJ~ nru~ b 1'.Jmhvh:w-V-:i zj,:i~~vrnm fl 1 'LlLJ ~ nru~ b 1'.J'U ' ,, 
vi1-:itl11 Vl"1bb"1~LJ~b1ru~ii~:w b-:i1~1n ~'Ll 1~ ~'Ll m:t~-:i 1 m&iti'Ll\?lmfl:w '\J~mrutl1"1vi"1-:ivieitJ1 ~-:i~:tm~tJ 

' I 2J I l I 

.::::., 0 Ci! i.J Ciro ..:::it, d( 0~ .di: 'VI.di; Q I 

LJ1 nru\?11~vi'1Jti'l'W'LlVltl'l'Ll1 bb"1:t~:t b 1:W'WLJf11161Jvivim 'Wtl~1121"1 b:Wm '1J1~bviti'Ll'Wt)l21~m tJ'Ll 'Ji'JLJ11viei tJ 

1~-:i~1'Ll1viru~~nn11~1¥1"1 bb"1:tiiLJ1-:i~1'U~t'r-:ifl-:imfitJei 81'Ll LJ~b 1rui.JeiJ1~vinLJ~'Ll~'U1oiJ11 1 'Ll-ll1-:i ., ,, 
b~tJ'Lli1-:JVl1fl:W-'Wfll21~f11tJ'Ll 'WLJ~1ei81-:JV1€ltJ 1 ~'l~~ii'll'Ll1vi b~fl bb"1:ttltJ '1'Ll-lll'l~b1'.J'U"1 f1Vltl tJ 

"I "' "' 

4.2 i Bmnhv1umLa::f'l1111~11<t1eJ.:i'VIB~ 1 'ti.:i '11 n~'l.!~fllff~1 .. 
~1ei81-:ivieitJ1~-:i~t1m1LJ11:wLJ~nru~mu~ 1 ii~1'Ll1'Ll~-:ivi:wvi 150 ~1 '\J1~neiLJ~1tJ b'W121e:l ,, ,, 

48 ~1 bb"1~b'Wl21biitJ 51 ~1 'LlBn~1ndt'J-:i'WLJ"1f1VIBtJ1~-:i'LJ'Ll1vib~n~hJ~1m1t1v11m1bbtJf1b'Wl211~ ,, 
~1'Lll'Ll 51 ~11'Ll'llru~~~mti~ 2 ii~1'Ll1'Ll~-:ivi:wvi 116 ~1 '\J1~fltiLJ~1tJ b'Wl21e:i 52 ~1 bb"1~b'Wl"lbiitJ ,, 
64~1 ~1f1~1'Lll'Ll~leJ81-:JVIBtJl~'l~'lVl:Wvi 215 ~1 (b'Wl"lbiitJ 115 ~1 bb"1:tb'Wl21e:f 100 ~1) 'WLJl1 ,, 
b 'W mii tJ iitl 1 vi if f1 ~ -:JVl:W vi bO~ tJ ~1~~vi1 m ~ eJ 'Llb:W "et1 tJ'Ll ( 6.63±3.13 fl ~:W) bb "1~~'l~~vi1 m &i €l 'Ll 

' ,, ' 
'W 1)121 ~ m tJ'Ll ( 16. 7 4±8.04 n ~:w) fl11:W tJ 11 b '\J ~B mo~ tJ ~1~ ~vi 1 m&i ei m:w<>et1 tJ'Ll ( 30.15±3.81 

i1"1~b:W\?11) bb"1~~"~~vi 1m~B'Ll~-:JVl1fl:W (36. 76±5.42 i1"1~b:W\?11) bb"1~ fl11:wn1'1-:ib'\J~eimu~tJ~1~~vi ,, ' ' 
1m~B'Llb:W<>et1tJ'Ll (28.3 7 ±3.51 iJ~ilb:WC911) bb~~~-:i~~vi 1m&iB'Ll'Wt)l21~f11tJ'Ll (33.97 ±4. 79 i1"1fo:w \?11) 

( 1'1111 'l~ 5) bd eJ l bfl11~v;'Vl1-:J 61 ~ ~ b 'W 121 bii tJ iitl 1 vii( f1.Jf'lVl:Wvi1 m~ B'Ll i1 'lVl1fl:wbb~~'Wt)121~ f11 tJ 'Ll 

m1:w m1b'\J~eimu~tJ1 m&iei'Llmf1fJ1fl:W i1-:ivi1fl:w n'Llm tJ'Ll 'Wt)l21~m tJ'Ll bb~~ fl11:Wfll1-:J'LJB-:J b '\J~ein 
bu~ tJ 1 'Ll m fl !)1 fl:W i1-:ivi1 fl:W bb~ ~ 'W 1)121~ f11 tJ'Ll bb\?l f1(;)1-:i1'\J~1 m~ tl'Ll ~'Ll eJ 81-:iiitl'tJ 611rrqJ'Vl1'l61 ~ ~ 
(P<0.05) 

~1ei81-:i b 'W121e:fiitl1vitl'n~-:ivi:w vi bu~tJ ~1~61vi 1 m~ eim:w<>et1tJ'Ll (3.83± 1.17 n-r:w) bb~ ~61-:i~61vi 1 'Ll 
cu ci 'U <i 

b~B'Ll'Wt)l21~f11tJ'Ll (14.37±2.16 n~:w) fl11:WtJ11'1JB-:Jbi.J~eimu~tJ~1~~vi1m~B'Llb:W<>et1CJ'Ll 
(25.44±2.59 iJ~il b:W\?11) bb~~61-:J~61vi 1 m~B'lJ'Wfll21~mtJ'Ll (35.67±1.88 iJ~ilb:W\?11) bb~~m1:wn1'1-:i 

"' ' "I 

'LJB-:J b '\J~eimo~tJ~1~~vi1 m~B'Llb:W<>et1CJ'Ll (23. 78±2.43 i1"1ilb:wm) bb~~~-:i~~vi1 m~B'Ll'Wt)l21~f11CJ'Ll 
(34.15±2.42 i1"1ilb:WC911) (\?1111-:i~ 6) bdeiibfl11~v;'V11-:J61~~ b'W121e:iiitl1vitl'n~-:ivi:wvibu~CJ fl11:wm1 ,, 
b '\J~ein bO~tJ bb~~m1:wni'1-:i b '\J~t1n bu~tJ 1m&it1'Ll'Wt)l21~f11CJ'Ll bb\?ln(;)1-:i 1 u~1 m&i B'Ll~'LlB 81-:iiitl'tJ6111"1qJ 

Vl1-:J61~~ (P<0.05) 'Lltl n~1ndt'J-:i'WLJ~ fl Viti CJ 1~'l"ll'Ll1vi b~n~1ll'11:lJ11flbbtJf1b 'Wl211~ ij tl1vii!n~-:ivi:wvi ,, 
bO~tJ 1.77±1.86 n-r:w f111:lJCJ11bU~tlmu~tJ 16.79±3.62 iJ~fa:WC911 fl11:wn1'1-:ibu~eimu~tJ 
15.37 ±3.3 7 iJ~fo:wC911 ~1n-lit1:w~m1:wm1'1Jt1-:ivit1tJ 161l-:i~-:ivi:wvi zj-:i'WLJ11vit1tJ 1"1l-:i1'Ll61mu61muu1tJ ,, 
1"11 b\?lm 'WP1biitJiifl11:wtJ11bo~tJ 34. 74±6.29 iJ~il b:W '911 11Jiim1mL\?ln(;)1-:ivi 1-:i61~&1 nLJ61muu1tJ 

VI 'Ll eJ 'l ~ 'Ll ~ ij fl 11 :W tJ 11 b 0 ~ tJ 3 3. 51±4. 06 iJ ~ il b :W '911 ~ 1 'Ll 1 'Ll VI ti CJ 161]-:i b 'W 121 e:f fl 11 :W CJ 11 b u ~ CJ 
' ,, 

31.81±3.90 iJ~il b:W \?11 61i-:iiiri11:w bb\?lfl ~1-:J tlLJ61tnUU 1'UVl'LleJ'l~'Ll~iifl11:W CJ11 LO~ CJ 29.20±3.3 7 

iJ~fo:WC911 eJ 81-:iiitl'CJ~11"1qJ'V11-:!61~&1 (P<O. 05) fl11:W f1l1'l"lltl-:!Vltl tJ 'WLJl161tl1UU1'Ll 1"11 LC?lCJL 'Wi"Hii CJ ii 
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fl11lJfll1'l 1,a~ CJ 32.34±5.88 :iJ "~hlJl?l';i 1~iJA11m1,1?1n ~1'l9/l1'l'1G~ tl'lJG'f m'Ll1.J 1'WVl'Wel'l-d'W~iJm1lJ 
' 

n11-.:i1,a~CJ 30.92±3.68 :iJ"~6lJ\?l';i ~1'W1'WVleltJL-d-.:i1,'Wf'le.i'fl11lJn1'1-.:i1,a~CJ 29.84±3.78 :iJ"~6lJl?lJ 
'U 

1,1,(;)n ~1-.:in'lJG'!m'Ll1.J1'UVJ'Wel-.:i-d'U~iJm1lJ n1'1-.:i 1,a~CJ 21 .04±3.39 :D" folJl?lJ el 81-.:ii1i!CJ~1fi'ru9fl1-.:i'1G~ 
' v 

(P<0.05) tl1VJUfl6Uel'lVleltJ 1-d-.:i 'W'lJl1G'!m'LlD'1'Wr116\?lm'Wf'l 1,iJCJiJtl1VJi!n~-.:iVJlJ(911,a~CJ 13.59± 7 .64 n-rlJ 
I I !i.I !l/ I 

61l-.:iiJA11lJ 66\?lfl ~1-.:i n'lJ'1m'LlD'1'WVJ'W el'l-d'Wi1i1tl1VJi!fl Vf-.:iVJlJ(911,a~CJ 1o.9 5±4.12 n-rlJ el 81-.:iiJtl'CJ ~1fi'ru 
' v 

9/l1-.:J'1G~ (P<0.05) VleltJ1-d-.:i1,vm~J1VJi!ma~CJ 10.25±3.76 n-rlJ iJm1m1,1?1n~1-.:in'lJ'1m'LlD'1'WVJ'Wel'l 
'U 

-li'W~i1tl1VJi!ma~CJ 7.27±3.08 n-r:w el81-.:ii1tl'CJ~1fi'ru9/l1-.:JG'IG~ (P<0.05) (m'W~ 8) 
' v 

0 

... 
L~flll.IEJ 

... ~1'1.J1'U 0 ., " 0 ., ., ... 
LAu'U 

(~1) 
u1vrun'Vl.:iV111A 'IJ1Vl'Unm fl1111n11.:J Ft1111m1 

(ni'11) <ni11) (iiflflL1111l'a) (iiflflWl?l'a) 

l,l.J'\:flt.l'U 14 6.63±3.13d 3.04±1.22e 28.37±3.51 b 30.15±3.81 e 

'W~'\:l.fllfl:W 18 9.29±3.06ed 3.29±1.48be 29.24±5.53b 32.00±3.58be 

lJf\'Ult.l'U 12 9.79±4.44bed 
' 

4.09±2.13abe 28.62±5.06b 31.38±5.93e 

f1df1~1fl:W 19 12.97±4.39abe 5.17±1.95abc 32.99±3.76a 35.55±4.09a 

~'lVl1fl:W 21 15.35±6.91 a 5.68±2.93abc 33.97±4.79a 36.76±5.42a 
... 

17 13.3o±s.srb 6.85±3.1 r 32.33±4.81 a 34.75±4.82ab f1'Utl1EJ'U 

(;)'11fl:W 5 13.01± 7.47abed 
' 

5.32±3.12abc 31.51±6.53ab 33.04±6.82abe 

Wt]f'f~ll1tl'l.J 9 16.74±8.04a 6.55±3.22ab 34.09±4.49a 36.58±4.19a 

... 
L..-.fl~ ... 0 

,, ., ,, ., ., 0 0 ... 
LAu'U ~1'1.J1'1.J 'IJ1Vl'Un 'U 1Vl'U n ~n fl1111n11.:J Ft1111m1 

(~1) 
~ ., 

'Vl.:ivr11fl <m11) <ni11) (iiflflL1111l';i) (iiflflWIVl'a) 

L:W~ltJ'U 8 3.83±1.17d 2.25±0.84b 23.78±2.43d 25.44±2.59d 

'W~~.fllfl:W 11 6.64±2.61 ed 2.73±1.14b 26.01±3.43ed 28.92±2.79ed 

lJf\'UltJ'U 13 10.08±4.0Sb 2.98±0.68b 28.15±2.45be 30.69±2.67be 

f1df1~1fl:W 21 8.35±3.36be 3.12±1.27b 28.45±2.96be 30.66±3.69be 

~~Vllfl:W 18 9.24±3.41 be 3.82±1.98ab 28.71±3.48b 30.60+ 3. 71 be 

tl'UtJ1 tJ'U 19 9.83±3.92b 4.62±1.89a 29.56±4.19b 31.53±4.12b 

(;j'11fl:W 5 9.66±3.43be 3.74±0.96ab 30. 71±4.13ab 32.70+386ab 

'W~f'f~f11tJ'U 4 14.37±2.1e 5.92±1.39a 34.15+2.42a 35.67+1.88a 
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24 

(n) \llvtr11i~L'Wf1Lifo ('ti) L'Wfl~ (KT =iH11UU1'Ufl1L\;ltf LLf!:: NK=i1'11UU1'U\ll'Uv~'Yi'U) 
v • 

\11111tlb\ll\;l: ~'JeJn~~Vi!Ji1..:iti''ULL?l~\lfl11l.JLL{;lf1\Ji1..:i'Vl1\l?tn~ (P<0.05) • 
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4.2.1 f11111V1u1 bb i..iu 

m1iivi'W1 bbU'W'Uel~VleHJ hi~lw~'W~U1'WA1 b\9lr.Jiir11 bu~ m vi1nu 2±0.97 ~1 ~elm ca1~ 
V I .<:::!I I tj I V V I I l 

b:JJ \9l 'J' bb'1~'U1'W Vl'Wel ~'U'W:!Jfl1bu'1m'Vl1 nu 1.87 ±0. 9 2 \9l1\9l elm 'J'1 ~ b:JJ m 'V'l'U11m1iivim bb 'W'W 'Uel ~ 
' 

Viel CJ 161i~~~b~:JJ61~~m~m-il1~nvi ~'W (m'W~ 9) zj~~~'W'Ufl11:JJVl'W1bbti'W'llmVlelr.J 1"Ii~1~mn~61vi61m'Ll 
'U 'U DI 'U 'I 

U1'WA1b\9lr.J (3.4~1~el\9l1'J'1~b:JJ\9l'J')1m~el'W mfl!J1A:JJ bb\9lfl~1~1t.J~1m~el'W~'Wmh~iitl'm11A't1J'Vl1~ 
61~~ (P<0.05) bb'1~~1~vi 1 m~el'W'Wt)'NfllA:JJ ( 1 \il11Pielm'J'1~b:JJ\9l'J') U1'WVl'Wel~~'Wm1:!JVl'W1bb ti'W'Uel~ 
Viel CJ 1"Ii~1~:!J1 fl~61vi (3.8 \il1 \Pl el \9l1ca1 ~ b:JJ \9l 'J') bb\9l n \Pl1~ 1tl~1 m~ el'W~ 'Weith~ iitl'm11A'ru'Vl1~61 ~~ 

' v 

(P<0.05) bb'1~~1~V11'Wb~el'W~'11A:!J bb'1~'Wtjl"l:ijfl1r.J'W (1 ~1~el\9l1'J'1~b:!J\9l'J') 

4 

r\ 
I \ 

I \ 
I \ 

I 
I 

I 
I 

I 
I 

I 

rn 
,,,,'' 

c:t-----EI 

L:IJ. El. 'l'I. fl. il. El. n. fl . .. 
Lflfl'U 

4.2.2 eJ!Pl~1i;i1ub,...fl 

\ 
\ 

\ 

h .... 

a. fl. 

.... 
.. 1Jl 

\ 

n.EJ. 

\ 
\ 

\ 
\ 

\ 
\ 
a------Ell 

'1 . fl. 'VI.El. 

~1el~1~~'J'1'U'J'1:!J1vl~1fl 2~'W~1'W"li1~ 8 b~el'W tlfltJ1:!J1bbEJflb'Wl"l 'W'Ul161l:!J1'J'tl'W'U 
'lJ 

b 'WP10~uel CJ~~vi 1 m~el'W'WtJl"l:ijmr.J'W ( 4 ~1) bbft~ :JJ1fl~'1vi 1'W b~ el'Wmfl!J1A:!J (21 ~1) bbft~ b 'Wl"lbiiCJii 

,J1'W1'WUelCJ~61V11'Wb~el'W\9l"1A:!J (5 ~1) bbft~:!Jlfl~61V11'Wb~el'Wi1~Vl1A:!J (21 ~1) ~1'W1viru,J1'W1'Wb'WP1~ 
'I 'I 'I QJ 'U 

~~U el CJnl1bi"ll"lbiiCJ1 'W"li1~ b1ft1 b~CJ1 tl'W CJ flb l'W 1 m~ el'WlJti'W1 CJ'W bbft ~fl'j fl 1l1A:!J 61'V1~1'W'Uel~ b 'Wl"l~ , ':.J 'lJ 

~~fl11 (1.27:1 bbfl~ 1.10:1) ri161vi~1mu~CJ"llel~b'Wl"l~bbft~bi"41"1biiCJ1'W'J'el'Ull iiriwvhnu 1 :1.5 

b~ el 1bA'J'1 ~ ~'1vi ~1'W"lleM b 'W Pl~ bbft~ b 'W Pl bii CJ;f 1 CJ ri1 chi-square 'W u11bll'W1tJ\Pl1:!J61:!.J:!J ~;jl'W~ 
'lJ , .. 

eY\9lca1~TUbi"4Pl~ bbfl~bi"4Plbiimvi1n'W1'W5'j'j:JJ•1.n~ (P=0.306) (m'J'1~~ 7) 
'lJ 
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"' 
., 

"' E'i;i-a1a1'1Jb'Wfl p-value b~El'IJ b'Wfl~ b'Wfl!J.m 

lll~1EJ'U 8 14 1:1.75 0.201 

'V'l~~.f11f1ll 11 18 1:1.63 0.194 

:D fl 'U1 EJ 'U 14 11 1.27:1 0.549 
' 

mn£:J1All 21 19 1.10:1 0.752 

~~V!1f1ll 18 21 1:1.16 0.630 

rl'UCJ1EJ'U 19 19 1:1 1.000 

(9\(;11f11J 5 5 1:1 1.000 
' 

'V'l~f115f11EJ'U 4 8 1:2 0.248 

'flll 100 115 1: 1.15 0.306 

Q,I Q,I .c::rii Q,I ti QI' d ti 

4. 3 ft n-~w:::.n1 ti'IJ an"ll a .:iei1a1:::au-w'IJ5bbft::: ~"l!'iJfl1111 a11u·atub 'Wfl . ~ 

ei1m~~'U~'Wfi61JeNVleltJ 1-li'lb 'Wmiiti i.J~~flel'U~ltJ -r'l 1-li (Ovary) iii;rm~m.1~ blJ'W'V'l~bVl~eN61lJ~V1 
' '\J 

elzjn'Uci1'W61Jel\l Digestive glands (m'W~ 10 fl) 1 u-d1\l'1lJ\j~rub 'V'll"l"il~61JtJ1tJ61J'W1V1~'W ~V1lJ1 b ll'WYlel 

L111-ll (Oviduct) (m'W~ 10 61J) b~ellJIPiel1i.Jnu 'W1b~tJ'11ellvlfl (Pallial oviduct) bbft~ ~b61l'W\~nilJ 
b61liJ'W ( Receptaculum seminis) :Wi;r fl"clru~ b U'W fl~~ b i.J1 ~~61J11~'W b ~el lJIPi el n'Ucil'U~ b~tJ fl 11 

bbel~\jiJmbn~uWi (Albumen gland) blJ'WIPiellJ~v11vi-W1~'11~mvi1~1~n'Ur1'Wfl~ :iJ~bVl~el\l61'lJ IPielm 

b lluci1u'Yiel'Ll11-li~'1~1\l bi.J~ elfl 1 ~ tl'Ur1''Wfl~ b~tJ fll1 bbfli.J%j~ bbfl~'WWi (Capsule gland) bbft~ b ~ellJ IPiel 

el el fl ci ~ 1'W'Welfl'Vl1\l ell tJ 1 ~ ~'U ~'W fi ( Vaoina) 1 'W -d1 \l n el 'W n V1 t:J '1lJ ~'W fi ( blJ"cll tJ'W. -iJ ti'W 1 tJ 'W) 
'\J 'I ~ gl '\J 'I 'I 

cil'U B~\jiJ'Wbbfl~'WWi (Albumen gland) bb'1~bbflD%jftbbfl~'WWi (capsule gland) 61JtJ1tJ61J'W1V1~'W 
b ~el \l"il 1 fl:iJ m ~'1~ '1lJ mvi1 ~ bb'1 ~ bbfl'1 b6iJ ti lJlJ 1 fl~'W 1V1 ti m"il bfl V1~'W 1 'W -d1\l m~ '11 ~~ (fll'V'l~ 1 o fl) 

1 'W"ll1\Jfl(11 t:JG1lJ~'U5 "il~'W'U-r 'l 1-li"IJ tJ 1 tJ61J'W1Vl~'W b ~el\l"il 1flfl1~~~'W 16/Jel\l b61!'1'11-ll b "1l1ci~~ tJ~~G1lJ'U~ru 
g I '\J " cu cu 

eYru6Vl~61Jel\lb'Wl"ler (Testis) :Wi;rfl"clUJ~blJ'W'W~bVl~el\l ei~ci1'W~1'WVJ1tJ61Jel\l Spine ~Vltl'U~ellJ 
'\J '\J '\J 

~el tJ el1Vl1~ (Digestive gland) b ~ellJ \Piein'Uvleltl1tl1 b ~el~"il ~ci\l b ~el ~1 er b-iJ1cici1'W elltll~~'U~'Wfi 
'\J '\J ' 

(Penis) ~"il~'11m~tii.J~elm~ei~1erb-U1cieil'm~ Receptaculum seminis 1'W"ll1\lf'l\1lt:J'1lJ~'WfieJru6Vl~ 
'U '\I gl 'ti 'I 

61Jel\lb'Wl"ler (Testis) 61Jmti61J'W1V1~'W (m'V-l~ 11) b~el\l"il1flfl1~'1~m..1bb'1~fl1~'1~1\lb61!'1~~'U~'Wfib'Wl"ler 
'\J ' '\J 

"il'UG1'\lbfl~ 1~11 Digestive gland :iJ61J'U1Vlb~fl'1\l 



..; 
fl1'W'VI 10 i;;'n'ml.l::'tlt1.:i-a::'U'Ua'l..lw'U6'tlt1.:iV1t1a 1 'Ti.:ib wflbii a • 

(n) t11'a1::a'UW'UG'tlt1.:JV1t1a 1'Ti.:ib wflwai;i1'Uw1b~at'I 1v1~n • 
('ti) i'.:i1'Ti~tin'U~t111Eit1at11V11-a 

(A) w1b~at'I 1ti1~n vibL\;ln~1.:in'Ul'UbL~t'l::'th.:ia'Uw'U6 • 

27 

(PA= Pallial oviduct; DG = Digestive gland; 0 =Ovary) 

---~·--·-~----·----~~) 

fl1wvi 11 i;;'n'ml.l::'tlt1.:i-a::'U'Ua'l..lw'U6'tlt1.:iV1t1a 1 'Ti.:ib wfl~ . ~ 

(n) •th.:iqti~a11w'U6 ('ti) 'ti1.:int1'Unti~a11w'U6 
'U fl DI 'U 'ii 

(P=Penis; T =Testis; DG = Digestive gland) 
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'11flfl1~flifl~1vl'lllJfl11:lJ61:lJ'U'HUb'\l\jf'1'1JeJ..:JVleJCJ16li..:ibYH"1biit1 h16li1..:i 8 b~eJ'Ll "i\'1u1u 115 ~1 
" 

'\l\j'l.Jl1ilr11tl'e:it1~~1911'Llb~eJ'Ll'\l\j'Jf'1~fl1tl'Ll (4.43±5.53) bb'1~:lJ1fl~~l911'Llb~eJ'Ll fl~fl~1fl:lJ 
(12.43± 11.83) 1°11 GSI b~:lJb ~:lJ~'Ll 1 m~ e:i m:iJ~1 t1'Wbb'1~ '1191'1.:J 1 m~ eJ'Ll'\l\j t]f'l~ m tl'W ~l:lJ ~~ti~ nm 

8 b~eJ'Ll 1u'IJru~~ 1°11 GSI 'IJeJ..:JVle:it116li.:ib'\l\jf'1bilt1'U~blUJ61ml1D'1u'\ll'LleJ..:J6liu ilr11tl'e:it1~611911m~e:i'Ll 
' ' 

'\l\jf'lf'1~fl1tl'Ll (2.01±0.125) bb'1~ :lJ1fl~611911 'Wb~eJ'Llih1'Ll1tl'Ll (11. 78±8. 76) 6li1..:i b1'11'1J€l..:Jfl1~b ~:lJ~'Ll 
·1 ' ' 

bb'1~'1191'1..:J 1nil bfltl..:J n'UD'1ur11 bl'l t1 ii r11tl' e:i ti~ -a 1911 m~ eJ'Ll '\l\j f)~m fl:lJ (5 .86±2. 99) bb'1~ m n~-al911 'Ll 
' "I ' 

b~e:iumn~1fl:lJ (14.27±10.28) (m'\l\j~ 12) 

16.00 

14.00 

-~ 0 12.00 ..._, , 
1:C , 
~ 10.00 , 

-oz • , .,.. 
8.00 

, 
;;:>;> , 
~ 

, 
tlQ 6.00 ~ 
(""" 

C" 
cc 

11;:i 
4.00 

)~ 2.00 

0.00 

UJ.EJ. '1'1.A. jj. El . 

' 

n.A. 

' ' 

Lf'iv'IJ 

.. ___ _ 
' 

fl.A. n.EJ. 

' ' 

- 8-111'\JeN~'\J 

-4-1'11bAEJ 

'• .... .... .... 
'8 

91.A. 'l'l.EJ. 

'11flfl1~Pin~1r11 GSI 'IJeJ..:JVleJtl 16li..:i b '\l\jf'le! 1 u"li1.:i 8 b~eJ'W "i\'1u1u 100 ~1 '\l\j'l.Jl1iir11tl'e:it1~611911 'Ll 
" ' 

b~eJ'Wb:lJ~1tl'Ll (3.16±1.00) bb'1~:lJ1fl~~l911m~e:i'Ll '\l\j'J~fl1fl:lJ (8.09±1.64) 1°11 GSI b~:lJb~:lJ~'W1'Ll 
b~eJ'Ll'\l\jtJ~mriii bb"1~'1191~M1m~e:iunut11t1'Ll ~1ii~~t1~nm 8 b~e:iu 1'1..!'IJUJ~~ 1°11 GSI '1JeJ..:JVle:m16ll..:i 

b '\l\jf'1e!'U~bdUJ61tnlJD1'Ll'\ll'LleJ..:J6lJ'Ll iif'11ue:it1~611911'Wb~eJ'Wb:lJ~1tl'Ll (2. 94± 1.05) bb"1 ~ :lJ1 f1~611911 'Llb~eJ'Ll 
'ti 'I 'I , 

'\l\jtJ~n1fl:lJ (8.36± 1.34) 6li1..:i b 1m'/Je:i..:im~ b ~:lJ~'Llbb"1~'1191'1..:i 1n~ bf!t1..:in'U61ml1D'1ur11 b\91 t1r11tl'e:it1~61191 
' 1m~m..ib:lJ~1tl'Ll (3.83±0.57) bb"1~ mn~611911'Wb~eJ'l..!iJrt'Ll1tl'Ll (9.43±2.99) (fl1'\l\j~ 13) 

' ' 
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L:l.J. V. VI. A. ii. v. n.A. ~.A. n.v. Ill.A. VI .V. 

-;u 1flfl1~Pifl~1rl1vl6l1Ur111jj '1jjlJ 'HUb 'YH'l"l.leJ~VleJ CJ 1-IJ-:i ~~'1e:J~ '1mu1'Ll61i'J~b1(11 8 b~e:J'Ll 
'U 

'WLJ11 b 'Wl"l liiCJiiri1ri1 bu~CJ"1.1e:i~v16tltiri11jj'1jj\J~rub 'Wl"1~1.yj61vi 1m~e:i'Ll'Wql"l~m CJ'Ll ( ~e:i CJ(!~ 4.43±5.53) 

bb(l~'1~.yj'1vi 1 m&ie:i'Llfl~fl n1rijj (~mm~ 12.43± 11.83) 1m11'Ll"1.leJ~VleJCJ1 ori~ l'l'm~iiri1 lu~CJ"1.le:i~v161Jti 
'U q d.J 'U 

ri11jj'1jjLJ~rub 'Wl"1~1-vl'1vi 1 m~e:imjj~1 CJ'Ll ( ~e:i CJ(!~ 3.16± i.oo ) bb(l~'1~.yj'1vi 1 m~ e:i'Ll'Wfl~m rimb(I~ 
'U q 'U , 1;11 

iJti'LllCJ'Ll (~e:JCJ(I~ 8.09±1.6 lrn~ 8.08±2.79) mmliv1LJ (.n1'W.yj 14) b~e:Jilri11~°v1'Vl1~'1~~ l'WmiiCJ 
' 

iirh bu~ CJ"l.le:i~ v16tl'Llri11jj'1jj\J1ru l 'W 1"11 m~e:i'Llmfl~1 rJjj lb~fl~1-:i-;u1 fl l~e:i'Ll5'Lle:i ~1~iitl'CJG11~q,i'Vl1~~~~ 
(P<0.05) 1'Ll61.1 ru ~.yj l 'W Pl ~ii ri 1bu~CJ61.1 e:i ~ v1 "Uu ri11jJ~jJLJ1rul'W1"11 'Ll b~ e:i 'Ll'W n ~.n 1 rJjj iJ ti'Ll 1 CJ 'Ll 

'U 'U DI q 

lb(!~ n'WCJ 1 CJ'Ll bb~fl ~1~ -;u1fl b~ e:i'U5ue:i ~1~iiuCJ ~1 ~q,i'Vl1~ '1~~ (P<o. 05) 

"" II "' b~el'U b~fl~ b~flb11E.l 

bjj~1CJ'Ll 3.16±1.00C 6.23±4.54b 

'Wq~fl1rJjj 8.09±1.64a 8.13±5.92ab 

"' 8.08±2.79a 10.63±8.42ab jj(l'U1 CJ'U 
' 

mfl~1rJjj 6.74±3.74ab 12.43± 11.83a 

~~VllrJjj 5.40±2.19bc 8.55± 7.48ab 
.... 

7.64±2.53a 8.29±4.22ab fl 'U tJ1 CJ 'Ll 

~(llrJjj 5.55±1.95abc 6.19±2.58b 
' 

"' 4.93±0.57bc 4.43±5.53b 'Wqia1-;um CJ'U .. 
bu(ICJ 6.20±1.74 8.11±2.56 



14.00 

12.00 -~ 0 ....... 10.00 
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"a 8.00 

"" ;:>;;> 
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t;:r 
)~ 2.00 

0.00 
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fl1"j"j'J'lJ"j'JlJ~1eJ~1'l'\'1eJEJ 16ll-:i 1 'U'li1'l b~eJ'Ujj~'U1£J'U-~'11fllJ (b~:!Jf)~~'U) 'Yj'lJfl1"jt:.J~lJ~'U~bb'1~ 1 "liiJ 

btJ~e:ini1"1J11 bfl1~tl'Ubll'Ufl~:JJ '11'U1'U 7 n~:JJ (m~~ 15) 1i;wb'Yjf'lblJEJ~~"ll~~'Ubll'UL'Yj';i-:Jbb'1~11-:i16ll11 
' ' ' 

mEJ 1 'U ~-:i 1~t11m~~~m~ bb 1~~eJ:JJ"lleJ'lfl1"ll'U~ 1mn~bflEJ'ltl'lJ1 'Un';i';i:JJ"/11~ 

4. 4 ~n'ttru:mfil::m".iww'U1 b'lffil aauw"u6"tl e:i.:i'Vle:ia 1 'ti.:ib cwAUimbfil::b cwfl~ 
• 'II 

4.4.1 m".iww'U1b'lffilaauw'U6"tle:i.:iV1e:ia 1 'ti.:ib cw Awa 

~1flfl1"jb(;J1£J:JJ~1e:i~1-:i-r-:i16ll~1m'Vlri'Dri'Vl1-:ibdm~e:iivm1 'Yj'lJ11 ~1lJ1"jfi'Yj'lJ 1e:i 1e:i 161!'¥1~ 
iJn1';iW~'Ul~bb(;Jfl\Pl1-:in'U 3 ';i~EJ~ tJ"j~fleJ'lJ~1£J ';i~EJ~~ 1 bll'U'li1-:ib~:JJiJfl1';i~~'U1 (Immature 

stage) bti'U1e:i1e:i1m-WEJ (oogonia) lJ"ll'Ul~b~fl ';i~EJ~~ 2 bll'U'li1'l';i~'\'1l1'lfl1';i~~'U1 (Developing 

stage) fl~ lJ "ll e:i -:i 1e:i1e:i161! '1-1 iJ 'D 1 b ri ~ £J ~ "1J 'U 1~1 '1'1 qj ~ 'U ~ 'lJ primary oocyte e:i tj1 'U ';i ~ £J ~ 
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previtellogenic stage bb'1~ ';i~tl~~ 3 blJt1-1i1-.'.l~ljf1111lJ'1lJ\j':itJJb'VH'I (Mature stage) fa1e:i161!"1 

~9lJtl1'1lJ\j':itJJ ljm':i'1~'1lJ'11':ilb 'Vl'11'1 b ;uiju ( vitellogeni n) ( l'l1':i1..'.J~ 9) fl1':i~9lJtl1"ll€J..'.J 1e:i 1e:i 161l'l'ilj 

f1111lJ bbl9lfWh..'.Jtlti 1 'Li l911lJ-li1..'.J b1'11 f)1';j';j'J'lJ';j'JlJ~1€J ~1..'.J 1 ti-li1..'.Jrl€Jtl f)~ ~'1lJ~tl~ ( blJ~1tltl-'Y'Jf)~fl1fllJ) 

:S1t11t11e:i 1e:i 161!"1rin'1~1-.'.l b ~lJ~t1mt11 t11'..'.Jhl (Proliferation) ~-.'.l'Y'J'U 1e:i 1e:i h'l'i':i~ ti~~ 1 :S11..111..1mn 
'U 

11..1-1i1-.'.lf)~~'1lJ~t1~ (lJ~t11t1t1-~-.'.l'Vl1PllJ) 1e:i 1e:i h'l'iljm':i'W'9lJt11~m ~e:i 1 ~ljm1lJ'Y'J~e:JlJ~;u~m1iJ~t1~t1'U 
b~€l~1~ ~..'.J'Y'J'U 1e:i 1e:i 161!"1';i~tl~~ 2 bb'1~ 3 :S1t11t1lJ1f1 zj..'.J-1i1..'.Jd;u~'Y'J'Ufl1':i~'1lJ~t15"1Je:J..'.J'Vl€Jtl 16li..'.J:S1ti1tl 

'U ' 

mn bb'1~ 11..1-1i1..'.JV1GY-.'.lfJ~~&1lJ~t1~ (nt1t.11t1t1-'Y'JfJf'l~mt1t1) zj..'.J b lJt1-1i1-.'.l~ljm':i11..'.J 1 "llhJ bb~1 ;u~'Y'J'U 1e:i 1e:i 

161l'l'i':i~tl~~ 1 bb'1~ 2 :S11..111..1mn (m'Y'J~ 16) 

1.-lil..'.J~iJ..'.J 1lJ~9lJtl1 
(Immature stage) 

2.-1i1..'.Jfi'1GY-.'.l~9lJt11 

(Developing stage) 

3. -1i1..'.JY1~€JlJ~&1lJ'W't15 
' 

(Mature stage) 

primary germ cell bbM1-.'.l1~b~tifafa1n 

b'Lltl (Oogonia) lj"lltl1~b~f1 lj"lltl1~f1111lJ 

f1l1..'.J 11.218±4.9961lJ1Pl':iblJl9l';i bb'1~ 

ljm1l.Jt.111 16.508±5.5051lJ 1fl':ibl.Jl9l':i 

lj m ':i'W' 9lJtl 1 "lle:J -.'.l b61l '1 ~ b~ e:i'UvJ €1'1~ 1°1'11 
' 'U 

(Follicular) f1~lJ"ll€J..'.J fa 1e:i 161!"1 ljt11bf1l~t1'1 
' "lltl1~1'Vlqj~tl Yl'U primary oocyte e:itj1ti 

':i ~ ti ~ previtellogenic stage bb '1 ~ 

Yl'Usecondary oocyte 1e:i 1e:i161l'l•rnf1111lJ 

f1l1..'.J 33.580±14.6191lJ1fl':iblJ(9l';i bb'1~lj 

f111l.Jtl11 42.556± 16.6621lJ 1ri':ibl.Jl9l';i 

1e:i fa 161!"1~9lJtl 1 '1lJ 'U ';j ru ljm ':i&1 ~ '1lJ &11 ';i 
'U 

1 b 'Vl '11 '1 b ;u i1 ti ( Vitellogeni n) b 61! '1 ~ lj 

GYn~ru~f1'1lJ bb'1~lj:S11..111..1mn 1~mu'Y'J1~ 

.. · ; .. , ~ i~ ~u:~L~:n:~'~,~!': ~4~6~~±~svo11~ ,, 
.. ' ~ 97.138±29.7601iJ1fl':iblJ(9l';j 



--
.n1-w~ 16 .n1-w~~'tl11.:ii'.:il'ti'tleN\lleJal'ti.:i (Scale Bar 100 µm) 

(n) 'ti1.:inv'Ll'l~~a11w'Llfi <w·ena'Ll--wq<tt.n1fl11) ., . 
('ti) 'ti1.:iq~~a11w'Llfi (ijti'U1a'Ll-~.:i\111fl11) ., . . 
(fl) 'ti1.:1\ll~.:iq~~a11w'Llfi (n'Lla1a'Ll-'WqA~ma'LI) ., . 

4.4.2 WfAJ'U1n1".ib~iUta\JW'UB'tleJ.:1\lleJa l'ti.:ib'Wft~ .. ' 
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.Clj CU I V i.I Q .di .di Q I i.I 

"il1f1fl1';i'L~';i'E.J11m€JE.J1'l€lru6V1~~1m 'Vlfl'Ufl'Vl 1..::1 L 'Utl LE.Jtl1'Vl E.J1 'VfU11 611111';itl'V'J'Ufl1';i61';i1'l 

L6i!"1'1~'U~'Ucy"il1fH 61HHlL~1l~'U (Spermatogenic cell) lil1'U1'U111f1 th~f1€J'U~1E.J 4 ';i~E.J~ 
~..::i.fl ';i~E.J~~ 1 Spermatogonia (SG) l'.l"U'U1~L~n111n LL"1~~~~61111~ L~tl LoV1~"1i1..::i~n1~..::1~\9ll'U1 L6i!"1'1 .. ' ' 

~'U~'Ucy (Developing stage) Lijm~mnE.J1~'Ucy"il~"1~G'l'lLrn~'V'J'Uf11';i'W'\9ll'U16U€l'l Spermatogonia 

';i~E.J~~ 2 Spermatocyte (SC) Ldm~e:i~~~tl1L~'ULoV1l1l1f1~'UbL"1~~'UL6i!"1'1';i~E.J~d:S1'U1'U1l1f1 ';i~E.J~ 
~ 3 Spermatid (ST) ~'Ulil1'U1'U111f11'Uvie:i5ru6VI~ LL"1~ ';i~E.J~~ 4 Spermatozoa ~~~tl1L~'ULoV11 L~11 
~\9ll'U1~1'UVl1'l~'U (m~~ 17) 1'U"li1..::in~~6111~'U5 L~e:i!9l1~';i~E.J~ Spermatid ~\9ll'U1fl1E.J1'Uvie:i5ru6VI~ gl 'U 'I 'U 

hJLlJ'U';i~E.J~ Spermatozoa 1il1'U1'Umn 1'U"Uru~~"li1..::ivi~..::in~~6111~'U5 L6i!"1'1~'U~'U5L'V'Jf!!m'Uvie:i 01 'U 'I 'I 'U 

eJUJ6VI~ l'.llil1'Ul'U"1~ "1..::1 'Vl 11~"U'U1~ "lJ€J'ltllE.J1~ ~'U~'U5G'l~ "1..::1 1 'U"li1..::ifi tJ'Utl ~ ~611i'W''U5 ( b1l'l!t1 E.J'U) , "I 'U 'I 

6' .<di Q.J If i.I 0 

~'Ub6i!"1 "161'U 'V'J'U ~ L ~fl!~ ';i ~ E.J ~ Spermatogonia Spermatocyte LL"1 ~ Spermatid "ii 1 'U1'U111 f1 

(m~~ 18fl)1'U"li1..::in~~6111'W''U5 (~n'l!tmfl11-n'UE.J1E.J'U) 'V'J'Ub6i!"1'1~'U~'U5L'V'Jf!!~';i~E.J~ Spermatid al 'U 'I ul 'I 'U 

LL"1~ Spermatozoa lil1'U1'U111f1 LL"1~ilfl1';i"lJE.J1E.J~1L ~11111f1~'U "il'ULL'Vl'U~ L dm~m~E.J1~'U5fl1E.J1 'U 

(fl1~~ 18 "U) bLG'l~-ci1'lVl~'lt)~~611l~'Ucy (~"11fl11-~t)'l!tfl1fl11) fJ'lfl'l'V'J'Ub6i!"1'1~'U~'UcyLV1~€l€ltjfl1E.J1'U 
I l.::::il 0 ~ ..::::t 

'Vltl LL~1l"il1'U1'U'Vl"1~'1'l (fl1~'Vl 18 fl) 



..; 
.fl1'W'VI 1 7 111-w~fl'tl11.:irH1~rueri::'tlv.:i'VlvEJ 1 'ti.:i b 'Wfl~ • v 

(SG=permatogonia; SC=Spermatocyte; ST= 

Spermatid; SZ=Spermatozoa) (Scale Bar 20 µm) 

.fl1'W~ 18 an"ttru::m'l'b tl~EJ'lJbb tla.:ib'ifaaauw'lJfi'tlv.:i'VlvEJ 1°ti.:ib 'Wfl~ (Sea le Bar 20µm) • v 

<n> rivunfl~a11w'lJfi ('ti) 'Jfl~a11wufi (fl) V1a.:iqfl~a11wufi IDf V • 'lJ • V • 

., ' 
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m ';if\i n ~1 ti.:i r1'\J';i:rn ti'U"l.lti.:iti-'JCJ 1~ITTJ~'W th 'W mlj CJ ~1CJ 1. vi fl'Llfl'VI 1-:i 1. ti ti 1.~ tii'VI CJ1 'W'U 
' 

Receptaculum seminis l.U'Ufl-!l~1.firn~tilP11~m1~ljm';it:.J61lJ"l.ltl-!ll.~tJ~1~il'Ufafa161rvi lj~n~ru~l.U'U ' ~ ~ 

m~ 1. '\J1~~"1J11"li'W1.dti~Fil1f1.fl1CJ'Utin (m'W~ 10) 'W'Ul1fl1CJ1'LI~~1.ll'U~n~ru~"l.lti.:ivlm ~mfirn611~~ ' ~ 

~'U~'l.!51. 'Wfll~ 1.dtilj f11';it:.JGilJ~'U5zj.:i~~'W'Ul11 'U"ll1.:i~iJ f11';j~'LJ~'U51.1.~d1.:i1 "li .fl1CJ 1 'U"l.Jtl-!l~ l.tl'U I. 611~~ 
'I 'll 'I 'I 

~'U~'U~I. 'W f!l~~~'W'U Gi I. lJ~lJlJ 1 L1J1i1 (Spermatozoa) ti ~fl1CJ1'U'11'U1'UlJ1 f1 1.1.~1 'W"ll1-!l~'Utl f1fl ~ 
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~'U~'WB'U1'lf'l~'l-;;J:::l'fU~ bll1:wm 111161i'1B~fl1ti1 'Wll1'l b~flUBtl 1 'W'1i1'l~ViBtl~1fii'1m-;;izj,:im-;;i bfi~-;;J1fl-;;)1fl 
' '\J 

~'U~'WBrlB'Wfl1':i~1fii'1 (fl1~~ 19) bb'1:::bzjB:Wl9iBtl'U bbB'1'Ui'J'Wbbfl'1'W~ (Albumen gland) ~'Y11VIU1~ 
' '\J 

~:::~:wmV11':i1~ti''Ufl~fl::: (m~~ 19) 

.ri1-w;l 19 LUvL~v Receptaculum seminis 'tlv-:1\llvEJb'!i.:iL'WflbiiEJ 
(n, 'ti) ~n~~'tlei.:i;lLnuaLtl-i11 l 'Ll•tb.:iv1'Wiim':iau~'Llq 
(A, .:i) ~m~truz'tlei.:i;lLnuaLtl-i11 l'Ll'ti1.:i;liim':iau~'Llfi • 

'WU Spermatozoa v~fl1EJ L 'LI 

Scale Bar (n,fil 200 µm) ("ti,.:! 100 µm) 

bbB'1\ji'J'W bbfl'1'W~ (Albumen gland) 1111'lfl'11'l-;;J:::iiviB"U'W1~1Vlaj ~Lzjm.J~BtlLJ 
~1b'il~\111~~:w .ijijtj~ (Receptaculum seminis) bb'1::: Uf'lD6!J'1bbfl'1t!~ (Capsule gland) zj,:im-;;iblJt! 

'Vl1'l ~1t!"UB-:i 1 "ll~hH'LJfl11~~:W bb~1 61i1-:it1Bflfl~~LJ'W't15-;;i:::~LJ11ii"Ut11~"UB'l bbB'1'Ui'Jt!bbfl'1t! ~ -;;i:::lj "l'\J ct '\.I 

"U'W1~b~flU'1:::bdB~-;;J1flfl1t11'W-;;J:::b~'W1Jli~b-;;Jt!l1 parenchymal glandular mass f1-:i1l!iifl1':i~~'W1 
bb'1::: f'1B t1-U'1-:ifl1:::-;;i1 ti ~1flt!B~1-:i Vi '11:W 1 (fl1~~ 20 fl) zj -:i bb\11fl~1'l-;;J1 fl61i1-:in~ fl1 '1 ~'U ~ti 5 

DI '\J ' 
v ' 

parenchymal glandular mass -;;i:::"Utl 1 tl"Ut!1~~'WB~1-:i:w1 flbb'1::: eJ ~ bb U'W b -LI B-:J-;;J 1flii fl1161:::61:w 

eJ1Vi1';i~1Vi-rlJfl1':i11'l1 "Ii (m~~ 20 "U) zj,:i~LJ11liviB"Ut!1~b~fl~bzjB:W~B~1Vifo'1-:iVi~mhb~tl'lB1Vi11 
1LJ~1"1l (fl1~~ 20 Fl) bdBiifl1':i11'l1"1lbb~1 '11t!"UB'l~B:W1"1lbb~'l-;;J:::'1~"Ut!1Vl'1'lbb'1:::ii~'11tl"UB'l 
parenchymal glandular mass ~611111':im~u1JfB~1-:iivib-;;Jt! (m~~ 20 ,:i) 
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.f11'W~ 20 nTiW9Al'Ll1'tlv.:ILLvauii'LI Ltna'LI~ (Albumen gland) .. 
<n> -d1.:inei'Llqfl~m.1w'Ll5 ('ti) -d1.:iqfl~a1Jw'Ll5 .. . " . 
(fl) an~ru::'tlv.:iviv'tl'Ll1flL~m~m.J~v~vivLVm.i~h'Ll'Llvn .. .. 
( .:i) an~ru::'tlv.:l~el l ,j bbfl.:l~afl'tl'Ll1fla.:l;nnm':itln t if L U'LILL 'Viti .:IV1'Yl1'i .. 
Scale Bar (n,'tl,fl 100 µm) (.:i, 200 µm) 

Capsule gland i.thJ'11'W~l.zjeJlJ~eJi1V1'11fl Albumen gland iJvie:ie:i~\Jl':i~fl'11~1.~eJl.lJ'W 
'Vl 1-:J ~TW'lJeJ-!l 1°1l~1~1''1.Jfl1':i~'11J1.1.~1 ~tJ'Jl b 'W"lll~ ri €l'Wl.l.fl~61i1-:if1V1~'1.J~'W;j~'IJ'Jl \l~lJ fl 1':i'1~'1lJ l.bflfl b6/l£JlJ 

"I..., ' 

~1Vl1''1.J'111-:i I. tJ~eJfl 1 "1l vh 1 ~I. iie:i b~eJlJ~'lJ11'11lJ1';ifll. i1'W 1~-a'vi b\l'W 1.1.ri~·1m1£J'lJ'W 1V1 b VlqJ I, ~lJ~'W\l'Wl.i1'W 
1~mh-:iiviL\l'W (m~~ 21 n) 1"W"ll1~V1~-:iti~~'1lJ~'W~ 'lJ'W1vivie:i'lJe:i-:i~e:ilJd"~riviri-:i ':i1lJn~1,1.1"1ri1,6il£JlJ~ 
\Jfl'1~'1lJ 11'1~ riviri-:i\lmne:i'IJV111vi (m~~ 21 'lJ) zj~~l'W 1'W'lleJ-:ivie:i~1, zje:ilJ ~e:itl''IJ61le:i-:i11-:i \Jl':i-:inm-:i\I~ 
'111J1-:it1'1-:J Ltl\JI L i1'WvleJ'lJ'W1V1 b~tl~ L lJ'W'Vll-:J ~l'W'lJeJ~ Lbflfl L6il£JlJ~\I~ Lfl~eJ'W~ ~l'WeJ eJ tllJlfll £J'WeJ fl L ~€1 
1.ri~e:irntJ~e:in1"1lffi~1''1.Jm-:itJlj'1'Wfi1.1.~1 (m~~ 22 n,'ll) 



.. 

.,,; 
.f11'W'VI 21 ~n'ttt\J:aUm~v'tlv.:ibbfltl'lfa bLnt'l'LI~ (Capsule gland) 

" 
(n) vimhl'tibta:::\Pie111a~1.:ittli'ivn'!i1.:iq~llJa11.W'Llq 

('ti) vimhl'tibta:::\Pie111a~1.:ibtliivn'Vl~.:iq~llJa11.W'Llq 

.n1w~ 22 ~n"*tu:::bUvviva.:i~1'UbLftt'lb~a11'tlv.:lbLfltli!aLtna'U~ (Capsule gland) 

(n, 'ti) vivL~v11lPie1a.:1~1'LILLftab~a11L.yjv~11b tl~vn 1 'ti 
(T =tube) (Scale Bar n, 100 µm 'ti, 40 µm) 

. " 
4.5 mcaAn"*1nT-aL tliia'UbL tla.:i~tu.n1'Wu1V11.:1Lflifaa:::ma.n1'W 

4.5.1 vvn~b;J'U~a:::a1alfil'UJ1 
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~1flfl1':il'~'t.J~m run161lt1t1fl~ b ~'l.!~'1~'11tJ1m 'Utl11 'U~'U~Pi fl~1~'U11 G1mtiiJ1'UV1mN-d'U 
' i1ri1bu~tJ't.J~mrutJtJfl~b~'U~'1~'11tJ 1m'Utl1 (5.68± 1.97 ppm) ~.:ifl11G1mtiiJ1'Ul°l1b\9ltJ (5.29± 1.29 

ppm) b~tJ~.:iG1tJ.:JG1mfl i1ri1~1~~~1m~tJ'U~'11fl:l.J (3.28, 3.12 ppm) bb'1~~.:i~~~1'Ub:l.J~1tJ'U~ 
'1mflD'1'Ur11L\91tJ (7.81 ppm) bb'1~b~tl'U~t)~fl1fl:1.J~G1mtiD'1'UV1'UeJ.:i~'U ( 8.66 ppm) (m~~ 23) 
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ULEJ. 'Y"l.f'I. il. El. 

~I ~I ' 4.5.2 fl1111bu'l.Jn'a"Vlbu'UV11{1 

37 

n.f'I. 1'1.f'I. n .v. VLEI. 

~1nmcal'vir11rn1~ bD'Umvi b D'Uv11-.J~1n~'U~~n~1 1m11ri11~ b D'Llmvi bD'Uv11-.J (pH) 1 'LI 

tl161JeN 61t1Twtf1'UV1'Ue:J'l~'Lli1r11 pH bu~m'Vi1n'U 7.12± i.os zj'li1r11bu~t161'ln111'LI61m'Lltf1'Ufi1b\1lt1i1 
' 'IJ 

rll pH bu~m'Vi1n'U 6.11±0.9S 1vit1r11 pH ~'l~Vl~61tl1Ulll'UVl'Utl'l~'Ub'U-tll'lb~tl'U'VHl~fllfl~i1r11 
b'Vi1n'U 8.82 bLi;'\~~161vi~61mutf1'Ufi1L\1lti1 m~e:i'Ui1t1mt1'Lli1r11 b'Vi1n'U 4.8o <m~~ 24) 

' ' 
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- .. - Vl'IJil~~'IJ 

.,.. 
c:: 5 
;;::! 

ii? 4 -" 
ri 
r 

3 ("" 
cc 
r 2 -cc 

1 

0 

L:IJ.EJ. 'VL f'I. il. El. n.f'I. 1'1.f'I. fl.El. fl. f'I. 'VLEI. 
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" 4.5.3 eJW'Vl.fli1-f.1eJ'l\h . .. 
<il 1flfl11 (9111<illl'l fi1B ruV1.ni1 'IJB..:itl11 u ~u~Pi fl~1 'W'U11~fl1'Lltr1uV1uB..:i6Zi'Ui'.i B ruVl.nil 

'I 'U 'I 'I 'U 

'IJB..:Jtl1bu~mvi1i1'U 31.33 ± 2.07 ml"lwllm~CJ~ zj..:ii'.ir11bu~CJ~..:ifl111u~mulr1ur11b(91CJi'.ir11bu~CJ 
'\) 

bvl1tl'U 29.15±1.15 tl..'.Jl"1Wll'1 b611CJ~ 'W'\Jl1€ltwV1.fli!~..:i~1>161l1..:i b~€l'Ll'Wfl~.fl1A:J.J 1 'Ll~mulr1uV1um6Ziui'.i 
'I 'U 'U 'I DI 't 

r11 34.9 €l..:Jl"11b61lm611CJ~ bb'1:;~1~1>161l1..:ib~B'Llilfl'U1CJ'Ll1'U~mulr1'Ur11b(91CJ 27.1 eMl"11b61lm611CJ~ 

"" (.fl1'W9/1 25) 

....... 
!-' .._, 
Gl: 

c:;;o> 
::>: a 
r.i~ 

40 
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' ' 

- @I - • • 'lll'UiWU'IJ ·- ' . • ' ' - :1- - -u- - - t - - 41 -----4·--- Ill- - - • - - .. ----· -

b:l.l. l'J. 'l'I. fl. ii. l'J. n.fl. a.fl. n.EJ. \;I.fl. 'l'l.l'J. 

" 4.5.4 m111WLLB1111H iiEJ-.i\l'Vlll~ 

<il 1flfl11 (9111<ili'l'lrl1 bb Bl.I 1:J.J b U CJ 'IJB ..:itl 11 u ~'Ll ~Pl fl~1 'W'U l1~fl1UlJ1'Llfl1b(91CJi'.jrl1 
bbBlJ 1iib'Llmu~mvi1n'U 0.98±0.32 ppm NH3-N zj..:ii'.ir11bu~CJ~..:ifl111u~mulr1uV1uei..:i~ui'.ir11bu~CJ 
bvl1fl'U 0.90±0.32 ppm NH3-N i"l'Ul1bbellJ 1iibUCJ-d1..:i~..:i~1>11m~ei'Llmfl{l1fllJbb'1:;~..:iVi1flll1'Ll~mti 

D1'Llfl1b(9ltJiiri1 1.659bb'1:; 1.650 ppm NH3-N mlJci'1~'U bb'1:;~1~l'l-d1..:iL~eJ'Ll(91'11flll1'l.J~fl1UD1'\.J 
' ' 

' "" Vi'UB..'.J"IJ'l.J 0.339 ppm NH3-N (.flTWYl 26 ) 

......... 2.00 z 
I 

"' I 
z 1.50 

E 
a. 
3- 1.00 
iiiJ 

11;r _,. 

~ 0.50 
ri 
(i) _,. _,. 

0.00 

·--·-- ----..... __ ... -- --·- -, 

b:l.l. l'J. VI. fl. ii. l'J. n.fl. a. fl. n.v. 

Liifl'IJ 

' ' 

~fii1L\;JEJ 

- • ·vr'Wn.:i~'IJ 

'--~ 'II- - ... 

\;}.fl . 'l'l.V. 

Jl1W;i 26 nTntl~EJ'ULLtl~'lf'i1LLeJ11WLiiEJ~.:J'Vl11~ 
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4.5.5 trhnwlw11Pl';ivl 

~1flfl 1'jC91'j1~1~ ri11'W1~'jVi'LJe.i,nJ 11 'W~'W~~n~1 Yru11~muD' 1'Wr11 b~CJ:n ri11'W1C91'jvl 

bu~mvi1n'U 0.139±0.016 ppm N02 -N zj~:nri1bu~CJ~~rd11'W~milD'1'W'Vl'We.J~~'W:ijfi1bu~mvi1n'U 
0.116±0.021 ppm No2·-N 'W'Ul1A11'W1~'jVi•1h~ ~~~~1m~e.i'W~~Vl1rU.J1 'W~tnUD1'Wrl1 b~CJ:nri1 

0.272 ppm N02 -N bbt;n~~1~~'1i1~ b~e.J'Wb:!.J~1CJ'W1 'W~mUD1'W'Vl'We.J~~'W 0.088 ppm N02-N 

"" (mwv1 27) 

,....... 
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Lil.El. 

4.5.6 'lfi111Wb1.Jb\Pl';i'VI 

--e-A1LlllEJ 

- Iii- - Vf'U<J~~'U 

Yi . fl . ii. El. n. fl. a. fl. n.v. Ill. fl . Yi.El. 

~1flfl 1'j\Pl'j1~1~ ri11'W 1~w1'LJe.i~J11t1~'W~P1n~1 'W'Ul1~mtiu1'Wr11b~CJl1ri11t11C91'jVJ 
bu~mvi1n'U o.184±0.070 ppm N03 -N zj~ljfi1bu~CJ~~n111t1~mtiu1t1Vl'WeN'1it1l1fi1bu~mvi1n'U 

'U ' 

0.110±0.064 ppm N03--N 'W'Ul1A11'W1~'jVl'li1~~~~~1 'Wb~e.J'WlJtl'W1CJ'W1 t1~mtiD'1t1r11 b~CJl1ri1 
'U ' ' 

0.270 ppm N03--N bb'1:::~1~~"1i1~b~e.J'Wb:!.J~1CJ'W1t1~ti1tiu1t1Vl'We.J~~'W 0.006 ppm N03--N 

"" (Jl1'WV1 28) 
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~I I 

4.5. 7 fl1111bu'U~'N 

40 

~rl1b\;lfl 

- .. - 'Vl'Ue:J.:i~'U 

n.fl. a. fl. n.fl. \;l. fl . 'W. fl. 

~lfl fll'j~'jl~l'vi r11ri11:1.J b.iJ'U~1-:i"lleJ·nl11 'W~'W~Pifl~1 ~'Ui1~mi1 Ul'W'Vl'W eJ-:i61l'UiJr11 
' 

m1mlJ'W~1-:ibu~mvi1n'U 39.02±15.68 ppm as CaC03 zj,:iiJr11bu~CJ~-:ifli11'W~m'Llu1'U1°11b~CJiJ 
r11bu~mv\1n'U 13.86±4.43 ppm as CaC03 ~'Ui1r11m1mlJ'W~1-:i-d1-:i~-:i~vi1m~eJ'Ub:l.J~1CJ'W1'W 
'1mi1u1'W'Vi'WeJ-:J61l'UiJr11 62.21 ppm as CaC03 bb"1~ ~1~vi-d1-:i b~eJ'WlJ tl'WltJ'W 1 mrn1ilu1'Ul°11 b~CJ 

' ' ' 
7.62 ppm as CaC03) (m~~ 29) 

70 ~rl1b\;lfl 
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.fl1W'VI 29 fl1'ab tl~EJ'UbL tl~~~1fl1111b U'U~1~ 
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~1fl fl1 'J\9l'J1~1'viri1 m1:w b lJ'Uvi1~61Je:i,nl11 'U ~'U~ fin'tt1 ~'U11~m'Ll u1'UV1'Ue:i~61i'Uiiri1 
' 

m1:wm~l'i'1~bu~mv11n'U 41.25±8.60 ppm as CaC03 zj~iiri1bu~tJ~~n111'U~m'Llu1'U1°11b\9ltiii 
ri1bu~mvhn'U 21.71±9.39 ppm as CaC03 ~'U11ri1m1:wm~l'i'1~·1h~~~~vi1m~e:im:w'tt1ti'U1'U 
~m'Llu1'UV1'UB~~'Uiiri1 57.05 ppm as CaC03 bb'1~~1~vi'li1~b~eJ'Un'Umti'U1'U~mtiu1'U1°11b\9ltJ 
8.25 ppm as CaC03 (Jn~~ 30) 
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' ' ' A 
·- - -L.' " '•" ' 

bll .fl. 'VL l'I. il. fl. n.l'I. a.l'I. 

4.5. 9 fl1111L tlumf'IL tlufi1'i"!lv'i~'U 

~l'l1b'1fl 

-Ill- -·wue.M~'IJ 

' ..,..111---111 
' .... ' .... ill' 

n.fl. '1.1'1. W.fl. 

~1 nm 'J l9l'J1~1'vi ri1 rn1m lJ'U mvi b lJ'Uvi 1~61Je:i~ ~'U 1 'U~'U~~ n'tt1 ~'U11~mtiu 1'UV1'U e:i~-U'U 
' 

ilri1 m1:w b lJ'Umvi b lJ'Uvi1~61Jm ~'U bu~ ti b v11 n'U 5.06±0.48 zj~iJri1 bu~tJ~~ n111 'U~ mtiu 1'Ur11 bl9ltiii 
'IJ 

ri1 bu~tJ b 'Vi1n'U 4.42±0.36 'Vi'U11 ri1m1:w b lJ'U mvi b lJ'Uvi1~61Je:i~~'U'li1~~~~vi 1'LI b~B'Ub:W'tt1tJ'U 1 'LI~m'Ll 
'IJ ' 

u1'UV1'Ue:i~61i'Uilri1 5.95 bbt=1~~1~vi'li1~b~e:i'Un'Umti'U 1'LI~milu1'Ul°11b\9lti 4.1 o (m~~ 31 ) 
' ' 
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42 

,, 
"" "' 4.5.10 fl111J"!f'l.J"llv.:i"lleHl~'l.J 

~ln m1 m1~1~ r11m1:JJ~'U'LJe:i..:i'LJe:i..:i~'Ll1 'Ll~'Ll~~n~1 'V'lLJ11~muD'1'Llf116l'lt.1i'.ir11 
ri11:JJ~'Ll'LJe:i..:i'LJe:i..:i~mu~t.1~e:i t.1'1::: 14. 79 +6.30 zj..:iiJr116u~t.1~..:in111'Ll~muD'1'LlV1'Lle:i-:i61i'Llilr116u~t.1~e:it.1 

- 'U ' 

fl::: 11.83±6.18 'V'l'lJ11r11m1:JJ~'Ll'LJe:J-:J'lle:J'l~'Ll61i1..:i~-:i~~1n~6At.1..:in'Ll~-:i~e:i..:i~m'Ll1m~e:i'LlmntJ1ri:JJ1 'Ll 

~bl1UD1'Ll'Vl'Lle:J'l~'LliJr11~e:it.1'1::: 23.96 D1'Llfl161'lt.J ~e:Jt.Jfl::: 24.43 66'1:::~1~~6Zl1..:i b~e:l'Ll'\tHlf'l~f11t.J'Ll1 'Ll 

~muV1'Lle:i..:i61i'Ll~e:it.1'1::: 4.54 (m'V'l~ 32) 
' 

30 

25 

,....... 
~ 0 20 ......... 
~ 

acs: 15 ~ 
"VP 
~ 
("" 10 ("' 
cs: 

5 

0 

Lil. El. 't'l. fl. 

4.5.11 'lh::i..n'Vl"tlv.:i~u 

.... 
.... II 

' 

ii. El. n. fl. lit. fl . n.EJ. 

' ' .... _ 

~.fl. 

-. 
l"L El. 

~ 1nn11 l'l11 ~ ~ ei LJo/f ..:i ~ ei ..:i ~ti 1U'V'l'lJ11 ~ n ~ru:::'LJ ei ..:i L d ei &l 'W ei 81 u n~lJ 'llei..:i &lu6il '1'¥1 
'U ' 

~n~ru:::&lm l!m-d'ei&lutl1unf!1..:i~1e'r~e)eiuum-d'ei&lu 1 umil.Jdhfon &luci1u (loam) l?l~fleJ'W'V1~1tJ 
' ' 

LbtJ'l (silt) &luci1'Utl'U'V111t.JLbtJ'l (sitly loam) bbf!:::&luci1'Utl'U'V111t.J (sandy clay loam) 

Q,I a.I d I ~ t:f ~ I Q,/ J!:t d 

4. 6 fl'J11Ja1J'W'Ufi'tlel.:I fl1flW.fl1'W'l.J1 fl 'J11J"!f'U'tlel.:l~'l.Jfl111J'Vi'U1 LL 'l.J'ULL~~ ~"!f'Ufl111Ji;l1J'IJ'at\JL 'Wfl 
"' ' 

• 'U 

'tlv.:i'VlmJ 1"fi.:il uVJuViAm~n 

~1m1fiin~1m1~'hri11::·1.fo..:ir1tJ1:::nei'lJV!~fl (Principal Component Analysis, PCA) ~1lJ11tl 

eJTI'lJ1t.J11lJ~€l-:J Lbfl'U ri1 eigen value 'LJ€l-:Jfl11l.Je'rmbtl1~'l'\/l:JJ~~ei t.1'1::: 62.55 ~ln-ifm,Jf!VleJ'l'Vl:JJ~ 
~1flfl1 eigenvalue "lleJ'lbbfl'U~ 1 (PCAl) LLfl:::Lbfl'U~ 2 (PCA2) lJrl1fl11lJLLtl1tl11'U~€lt.Jf1::: 41.81 

Lbfl::: 20. 73 l'lllJ~l~'lJ fl11l.J t.111"ll€l'l L~'UlJfldl:JJi;11A'qJ L 'Ufl11D'l'lJ€lflfl1fl11lJ Lbtl1tl11'U 1 'Uf111~fl~1 

-zi~-iim,Jfl~ 1 (PCAl) €lTI'lJ1t.Jfl11lJ~1'W''U5'LJei..:i r11YiL€l"ll'LJ€l'l&l'U (Solid pH) fl11lJ~'U&l'U (Solid 

moisture(%)) fl1fl11l.Jm:::~1..:i (Hardness (ppm as CaC03)) 1uh11'Y1 (Nitrite (ppm N02 -N)) 

fl11lJ'\/l'U1 Lb U'U"lleJ'l'VleJtJ 1 u~u~fiifl~l (Snail density (i ndividuaVm2
)) LLfl:::~"!lUA'J1lJ~lJ'lJ1uJb 'V'lf'l 

'U 

'll€l'l'\/1€lt.JLYiPI~ (Male GSI (%)) 1u"ll~.LJ'eil.Jf!~ 2 (PCA2) €lTI'U1tJfl11lJ611~'U5"llei-:i bb€ll1bmtit.1 
'U ' 'U 
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(Ammonia (mg/l)) ~ruVUJll (Temperature °C) ri1e:ie:in68b'IJ'U~'1~'11t.JLJ1 (Dissolved oxygen 

(ppm)) 'Vlbti6/J (pH) 1w\9l~'Vl (Nitrate (ppm N03-N)) ri1fl11mlJ'U1'11\l (Alkalinity (ppm as 
VQil ([ Q tj IQ.l.<::::il 

CaC03)) bb'1~\i1'1l'Wfl11:l..161:l..l'U~tub'l''H'l'(Jtl\l'Vltltlb'V'H''lb:l..IC.I (Female GSI (%)) (\911~1\l'Vl 10) 'V1'U11\i16/J'U 
'U 

m1:l..l~:l..l'U~rub'l"IP! ~\lb'l"IPl~bb'1~b'l"IMblJCJ 1'W~'U~~rn.~1iJm1:l..l~:l..l~'U6n'Um1:l..l~'U~'U (Solid moisture 
'U 'U 

(%)) fld1:l..IVl'U1bbtJ'W'(Jtl\JVltlCJL6li\l (Snail density (individuaVm2)) bbtl:l.JL:l.JbUCJ (Ammonia (ppm 

NH3-N)) bb'1~1'W1\9l~Vi (Nitrite (ppm N02 -N)) zj\liJfl11:l..l~1~'U6n'U~\i1bn'U~1e:itl1'11\i1muvn~1'W 
61muu 1'UA1 b\9\CJ 1 m~ ti'U m n~1fl:l..I ~\l'Vl1fl:l..I bb'1~n'WCJ1CJ'U bb'1~1'W61muu1'UV1'Uti\l~'U1 m~ti'U 

mn~1fl:l..I (m~~ 33) 

d ii ii ii 

~1':i1{i'Vl 10 fi1ei.:i~'IJ':i::nm.Jt1ei.:iilm.1i;it1ei.:1Vf{laei.:ibbn'1J'Vi~nnufi1mu.n1rnh fl11111~'\J~'IJ 
u • 

fl11111'Vi'IJ1bb tl'IJ bbi;i::~"rriifll1111a11u':irub 'WA 'tlv{i'Vivfl 1 "li{j 

e:ie:in68b'll'U~'1~'11C.1h1Ll1 (ppm) 

fl11mlJ'Wm\i1 blJ'Ul'11\l 

e:iruvmil (°C) 
' 'U 

1'U1\9l~'Vl (ppm N02 -N) 

1m\9l~'Vl (ppm N03~-N) 

bbti:WL:l..lbUCJ (ppm NHrN) 

m1:wm~~1\l (ppm as CaC03) 

fl11:WblJ'Ul'11\l (ppm as CaC03) 

fl11:l.J~'W~'U (%) 

u 

fl11:l..I b tl'Um\i1 b ll'Ul'11\l~'U 

fld1:l..IVl'U1bbtJ'UVltlCJ 16li\l (individuaVm2) 
v .tj ' 2J 

\i16/J'Ufld1:W611l'U';itl.Jb~l"l~ 
'U 'U 

v q tr ..::::ii 

\i16/J'Ufld1:l.J~:WV,';itl.Jb~l"lb:WCJ 

DO 

pH 

TM 

NT 

NTR 

AM 

PC1 PC2 

-0.200 -0.357 

0.222 -0.423 

0.285 -0.294 

-0.295 -0.142 

-0.302 0.318 

-0.283 -0.352 

AL 0.297 -0.301 

HA 0.288 -0.221 

SM -0.371 -0.177 

SpH 0.195 0.050 

DEN -0.336 -0.232 

GSIM -0.237 -0.063 

GSIF -0.308 -0.357 
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NTk 
' (}ct 2\115 l('r 

No" .20lS KT Nov 2013 NK 

Sec 21~15 NK Apr 2o:s K""" 
.. . . . . . .. ..,"(. 2 

,, ,, 
AM 

GSIF 
oo' 

PC 1 

'~~~ ,......_dA ! 
A.LTM i 

ph 

Au~ 2015 NK 

Jun 2015 NK Apr 201 ~ N>, 

May 2015 NK 

PC 1 

.fl1'W~ 33 n1':i1bfl':i1::1.fat..:i~th::me:iu'Vlli1n (Principal component analysis, PCA) "lle:J..:J~"ltil 
fl1111i;f11U':iWb'Wfl fi1flru.n1ml1 fl1111~'U~'U bL~::fl1111'Vl'U1bbU'U"lJB..:J'VIBU 16li..:i .. . 

"' ~ 4. 7 n1':ib 'W1::'W'U5 • 
~B LL~Yru5VleJtJ 1 "ll.:i~1nu11lJ"1J1~nn61lJlJ1 L 'W1~1r'WITT 'W'lfo'WG'l1~~n ~1m1fft.l~tJ~11 VIL -il1ntJ 

.. 'U " .. 

1:1n1'W Lbll'l~BlJ~~ l'lLl'l~tJlJ H 1 'W1~ ti~ nm'Ll1~mru 30 l''W LLG'l~ t1BlJ-rtJmV111 (l tJernml'lVleJmLG'l~ 
mV111'lJG'l11 u~LJ LL tJ'Ub~l'l) 1 'W'li1.:i~ L~lJm1 L vn ~vru ~B ~1 u'li1.:i L&i eJ'UblJ~1 tiun.:i mn~1fllJ 'WtJm 1~.:i 
~lb ~B'11~G'lzj.:iLllu'Wn~m1lJl'l1lJu11lJ"1J1~ (n1'W~ 34) Lbfl~:ij'tJfit:-i~lJ m1t:-i~lJ'W'u5Lnl'l~utJ1L1ru 

·1 ~ ' 

611'W~ b l!wJ1 LLG'l~~um11.:i 1"ll~1utJu611'W~~.:i~l'l'lleJ.:J~'W~'W11'1m 'V'WIL~tJ'lll'l 1 'W1.:i L ~eJ~~~lG'l.:J hJ1 u~u 
~ ' ' 

LLG'l~11.:i1"llHmtJ1u1'W1.:i Hfnm'lh~mru 1-3 l'u ~.:iL~lJ11.:i1"ll 1u611u'lJeJ.:JL'W\31Lilt1~i1m1'11~G'l ~~ 
'WtJm111.:i1"ll1~L 'liunu 1"li'llB.:JVIBti1 "ll.:i i1~n~rudi'lJ11Lm~nmllun~lJ (Clutch) 'li1.:i Lm1~~i1~'LJ11 

' 
bbG'l~~eJ'WtilJ bb~1~.:Jb~lJbb~.:J~1~'Wb~eJb1G'l1~1'W1'Ll (fl1'W~ 35) 

' 
bb~Yru5~11.:i 1 "lii1'll'W11'1fl11lJfll1.:J L 'lJ~eJmu~tJ 33. 91±2.91 iJG'l~blJ\>11 m1lJt111 L 'lJ~eJmu~tJ 

' 
37.38±2.59 iJG'l~blJ\>11 LLG'l~J1V1i!n,r.:iV1lJl'lbu~t1 14.67±2.67 n-rlJ 'W'Um111.:i1"ll'11u1u 16 n~lJ 

' 
11'1tJi1-ilm,JG'l'lleJ.:JfltjlJ1"llvi'.:id '11'W1'W'LJB.:J1"liLu~mL~G'l~fltjlJ (Average number of egg per clutch) 

B~1u'li1.:i 192.12±55.45 °v'JeJ.:i tl1V1Ufl'lJeJ.:JfltjlJ1"liLu~tJ (Average weight of clutch) B~1u'li1.:i 
5.61±2.26 n-rlJ L'1'W~1~'WcJf1G'l1.:J'lJB.:J1"liLu~tJ (Average diameter of egg) B~1u'li1.:i 
3.78±0.19 iJG'l~blJ\>11 '11'W1'Wl'W~'Wmu~tJ (Average hatching time) B~1u'li1.:i 21±4.12 -Ju 

1 u'li1.:i1~t1~ Lb 1n'lJeJ.:i m111.:i 1 "ll L 'lJ~eJ n 1 "lli1~n~ru~~'LJ11 L~m 1G'l 1~1u 1 LJ L LJ~Bn 1 "ll~~i1~Lvi1 L -i!lJ 

(fl1'W~ 36) fl11lJtJ11bD~BmL1floWfl'lJeJ.:J~f1VIBtJ1"ll.:ibu~tJ (Average shell length of juvenile) 

B~1u'li1.:i 3.035±0.129 iJ;;i~blJ\>11 bbG'l~ileY\9111m1-Wmu~tJ (Average percentage of hatching 

success) mJ1u'li1.:i1'Bt1G'l~ 86.54± 7.58 '11u1'WG'lf1VleJtJ~oWf1,r.:JVllJ1'1~1mL~Yru5 16 ~1 bvI1fl'U 
~ ~ ' 

2,657 ~1 ~nV1Bt1~-WneJeJn~1n 1 "ll~1m1mri~B'W~ LLG'l~numV1111~v1"trViV1~.:i~1n~neJeJn~1n 1 "ll 
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n1-w~ 36 m~-W'w'U1'!lei.:il'Ti'Vleia l'Ti.:il'U~L-w1::.Wn 
(n) l'Ti'Vlv'Ub'Ti.:ima 11''U ('!!) l'Ti'Vlv'Ub'Ti.:iei1a 10 1'U • • 
(fl) l'Ti'Vlv'Ub'Ti.:iei1a 15 1'U (.:i) l'Ti'Vlv'U'i:'Ti.:ima 20 1'U • • 

4.a m·n'1°iruL~u b\;l'!Jv.:i'Vleia 1'Ti.:im~iuei1\111~~1.:in'U 
"' 

\;]'1mh:inf1VlvtJ1-li-:i~l1v1tJ 1 L~€l'U (rn1:wm1LLJ~vma~tJ 7.90±0.043 iln~L:W\911 rn1:wn1'1-:i 
~ ' 

LD~€Jf1LQ~tJ 7.55±0.04 iln~L:W\911 LLn~tl1V1tl'm~-:iVl:W~LQ~tJ 0.143±0.001 f1~:W) ~L~tJ-:ib'U€11'Vl11~ 
LL\9lf1~1-:itl'U b'W1~tJ~ nm 120 1'U ~~L~:W'W'Ufl11lJLL\9lf11Ji1-:i-im-:imwil~t\)L~'U b\9l"lJ€l-:i'Vl€ltJ 1-li-:i1~~-:iLL~ 
L~tl'WLL 1f1"1J€l-:if111'Vl~n€l-:i LLn~'W'Ufl11l.JLb\9lf11Ji1-:i"lJv-:i f111 L~ ~t\l b~'U b\911~€1~1-:i-B'~ L~'W b 'WL~tl'W~ 3 Lbn~ 

L~v'W~ 4 'W'Ul1nf1'Vl€ltJ.ffi~~'U€11'Vl11~ffi LJ1~'W~€ltJn~ 15 l1m1L~~ruL~'U b\9l~~a~ (ri11:wtJ11LLJile:in 
~ OJ ' 

rn~tJ 22.65±0.55 iln~L:W\911 ri11:wn1'1-:iLLJ~e:ima~tJ 20.44±0.77 iln~L:W\911 LLn~J1vrtl'm~-:ivr:w~ 
Lu~tJ 3.59±0.24 n~:w) l1ri11:1.JLL\9lf1~1-:ie:i~1-:il1tl'm11~ru'Vl1-:ia~~ (P<0.05) n'Unf1'VleJtJ~L~tJ-:i1'W 

OJ ~ 

€11V111~ffiLJ1~'W~eJtJn~ 40 (ri11:wtJ11LLJ~e:ima~tJ 19.28±0.68 ilnfo:w1911 rn1:wn1'1-:iLLJ~e:ima~tJ 
17.51±0.55 iln~L:W\911 J1vrtl'm~-:ivr:w~Lu~tJ 2.25±0.20 n~:w) e:i1vr11~l11LJ1Wi'W~eJtJn~ 25 

(m1:wtJ11LLJ~e:ima~tJ 20.40±0.36 iJn~L:W\911 m1:wn1'1-:iLLJ~e:ima~tJ 18.65±0.18 iln~b:W\911 LLn~ 
tl1V1tl'm~-:ivr:w~Lu~tJ 2.67±0.07 n~:w) LLn~ mvr11"11~fll'Ufl:W (rn1:wm1LLJ~e:ima~tJ 17.62±0.76 

' ' 
iJn~L:W\911 rn1:wn1'1-:iLLJ~vma~tJ 16.20±0.49 iJn~b:W\911 LLn~J1vrtl'm~-:ivr:w~bu~tJ 1.64±0.15 n~:w) 
zj,:iy.itJ11l1m1L~~ruL~'U b\9ltJeJtJ~a~ m:wi;l1~'\J (m'W~ 3 7) 

OJ ' 

oU€ll;Jnf111b ~~t\Jb~'U b\9l"lleJ-:iV1e:itJ 1-U-:i 1~LLri J1vrtl'ma~tJ ( n~:w) J1vrtl'n~L ~:W~'W ( n~:w) J1vrtl'n~ 
b~:W~'U (~eJtJn~) f111b~~t\JL~'Ub\9lbQ~tJIJieJ1'W (f1~:W) eJ\9111f111L~~t\jb~'Ufali11L'W1~ (~eJtJn~~eJ1'W) 
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bbl?ln \911..:in'U6'lnV1e:itJvftl'i''f'llmV1111 t1'll~ m1'Vl~6'l e:i..:i5t1 e:itJ1..:iiJoJtJ~1fi'ru'Vl1..:i~~&l (P<O. 05) 1e:i..:imm f1e:i 
v ' v 

'll~fl11'Vl~6'le:i..:i~ 3 (mV111hh~t11e:itJ6'l~ 25) 'll~fl11'Vl~6'le:i..:i~ 4 (mV111hh~t11mrn~ 40) 
' ' 
bb6'l~'ll~fl11'\11~6'le:J'l~ 1 n'U~flfll~Vle:J:W) 1?11:W~1~'U bbl9ioLJe:J:W6'lfl11:WtJ11btl~e:in~b~:W~'Ll 

' v 

(i}6'lfa:W1?1119ie:Jl'Ll) '1J~fl11'\11~6'le:J'l~ 3 (B1Vl111tl1~'Ll1BtJ6'l~ 25) 'll~fl11'\11~6'le:J'l~ 4 (eJ1Vi111tl1~'Ll 
' ' 

1e:itJ6'l~ 40) 1lJ'V'J'UA11:w bbl?ln \911..:int1'\111..:i~~&J (P<o.05) 1 t1·1nl.J~~eJ'1?1111e:i~'lle:i.:i6'lnVie:itJ'll~m1'Vl~6'le:i..:i~ 
v ' 

1 (1'U~flfl1~Vle:J:W) lJeJl?1111e:J~~'l~~~ (1BtJ6'l~ 98.33±2.89) 1llbbl?lfll9i1'l"il1fl6'lflVie:JtJ~1~·foenVl11'/l~ 
'\J " 'U 'I 

m1:wbb1?1nl9i1..:i1tl"il1fl6'lflVle:JtJ~1~-f'llm'Vl11'1J~fl11'Vl~6'le:i..:i~ 3 (enV1111tl1~t11e:itJ6'l~ 25) (eJ'1?1111e:i~ 
v ' 

1e:itJ6'l~ 91.66±2.89) e:itJ1..:iiJ'W'tJ611A't1J'Vl1..:J~~&l (P<0.05) (m11..:i~ 11) 
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0 

fl 

a 

1st 2nd 3rd 4th Month 
D Lettuce !&ii Protein 15 % •Protein 25 % •Protein 40 % 

"ll 

a 

1st 2nd 3rd 4th Month 

D Lettuce B Protein 15 % •Protein 25 % •Protein 40 % 

a 

1st 2nd 3rd 4th Month 

D Lettuce •Protein 15 % • Protein 25 % • Protein 40 % 

.n1w~ 31 nT'.iL~'iruL~u LVl"llti·umvma t 'ti'1-vtl~i'umV11';ibbV1n\;i1'1nu ., 'II 

(fl) tl1V11!m~'1V111~ ('ti) fl1111m1Ltlaein (fl) fl11im11'1Ltlaeifl 

V1111mV1V1: ~1B'n~~~~1-:in'Ll1mb'W1'Llv'!.mGi~-:im1llbb~n~1~VJ1~~'1~ (P<0.05) • 
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m,-1.:i~ 11 'tiv11~n1,.L\11ruL~'U l\J!Lil~fl'!Jv.:t~n'Vlelfl 1 'ti.:t~L~f.l.:t~\Jl,.V1'Vl1,.~LL\Jlnlih.:tn'U 
" QI " " 

m,-L'11f!IL~'U L\JI 

II ' 

'l1T1.n!mu~EJ (n-r~) 

tl1V1tl'n~1.~~~'W (n-r~) 
~ v.d~~ I.I 

'WlVl'WflVlL~~"ll'W (1eJEJ6'1~) 

mwi1'1qi1.~'U 1~1.u~EJ ~e:i1'W (n-r~~e:i1'W) 
eJ~11fl1Wil'1qJL~'U 1~~1 L~l~ (~eJEJfl~~eJ'J'U) 

1°111~EJ11LD~eJfl~b~~~'W (iJftfo~m~e:i1'W) 
., J' 
eJ~111.LflnL'WeJ 

er~11~e:ivi <~e:iEJfl~) 

.,j 
'tlvin1,-'Vlvi~t1.:t'VI 1 

CN'nm~) 

1.64±0.15d 

1.5±0.15d 

1042.6±109.ld 

0.012±0.001 d 

2.02±0.03° 

0.080±0.006c 

2.55±0.18b 

98.33±2.89a 

'Vl3.J1UL 'Vl\11: (;)''JeJfl'l!l-1~~1-!lrl'W 1 'WbL 'W1'WeJ'WLL~V1-!ll°ld1~ bb~fl ~1-!JV11-!l~~~ (P<0.05) • 

.,j 
'l~n1,.'Vl~~el.:t'VI 2 

{Lth~'l.l~elfl~~ 15) 

3.59±0.24a 

3.45±0.24a 

2407±158.5a 

0.028±0.002a 

2.68±0.21 a 

0.122±0.004a 

2.07±0.04a 

96.66±2.89ab 

.,j 
eq~m,-'Vl~~ei.:t'VI 3 

{Lth~'U~elfl~~ 25) 

2.67±0.07b 

2.53±0.07b 

1780±34.2b 

0.021±0.006b 

2.44±0.05b 

0.104±0.003b 

2.28±0.28ab 

91.66±2.89b 

.,j 
"l1~n1,.'Vl~~el.:t'VI 4 • 
{Lth~'l.l~va~~ 40) 

2.25±0.20c 

2.1±0.20c 

1466.7±144( 

0.017 ±0.001 c 

2.29±0.14c 

0.094±0.006b 

2.49±0.16b 

96.66±2.8901
b 

' ' 

+:> 
\() 



. ' 

d 
U'Vl'VI 5 

"~tJ e:iiltJ~1tl ~a LLa :;.ije:i Lmrn LL 'l.J:; , 

<\l1flm111'U11:w ~1el 81.:iV1elt.J 1 -U.:ih.i511:w61l1~lw1ffull ~1:!J11ti'l"J'U ~1el81.:i 1~~.:i 2 ~m'Llflmn 
ii~ fl~ru~~'W~~cl1ri''1Jflel blJ'WbbVl~.:J~'W~ m1'V11'W1-V'111 mh.:iq~e.J'W bbn~ hJiim11 oil'm1bri:iJ ~fl~ru~ 
'VB.:J b -d' ei~'WB t.J l 'Wfl~:W'Vel.:J~'W6Bn9t1'~ b lJ'W~'W ~1'Wtl'W'Vl11 t.J zj.:im<\l b lJ'W~'W~ bb Vi~.:i m Pit.i~ b Vim~~:w 'Vel.:J " , 
VieJt.J 1-U.:ib~B'l<\11 fl m1~11.:i6/i11?1'VB.:JVIB t.J 1-U.:iiim1ei8mPit.11?111J~'WYJB.:J'W1~tl1vh:w-U.:i1 'l.Jfl~e.J'Wbbn~ " .,., 
fl 11-;ij 1~"'ei81 'W~'W ~'W 1 'W61.i1.:i bbll.:i (fl ~Vi'W11 bbn ~fl~ ~el 'W) 1111~ .:i fl 11'1"J'U ~1ei81.:i 1 'W61.i1.:i b~ el 'W 

'U gl '\J 
0 1 'ti 

b1J~1t.J'W-'l"J')?l~f11t.J'W b°vl1~'W ~ei~riflei.:in'U Kaewjam (1987: 173-176) ~11t.J.:J1'W11~1m1ti'JilJ'U 
VleJt.J 1-LJ.:i-;ij1'W1'Wmfl 1'W61.i1.:iq~e.J'W 1'W'Vtt.1~~61.i1.:iq~V1'W11bbn~q~~el'W <\l~'l"J'UVlelt.J 1-U.:i 1~1.Jeit.in.:i b~B.:J<\l1fl 
Vielt.J 1-U.:iiim1e:J.:i~1ei81~~'W bbn~t181'W~m1~m1~fl~11~t.1lJ~e.J1lJ~ btl~elfl bbll'W <\l~:iJfl 111 oil'ei1V111 

" " 
cl11t1.:i (Food reserve) b~t1~11.:i6il11?1<\l'Wm~vi'.:i~.:iq~e.J'Wfl~.:J~t11tl (~1JPifl~ U'lJVl1, 2528: 290) 

'WeJfl<\l1flt1'1'W~'W~fifl~1'1"J'Ul1 hJ:iJfl111~'U1~'(Jtl.:JVitlt.Jb6/ltl~ (Apple snail, Pomacea sp.) 

11~6/l'W ~11.:i1'1"Jb11~ bbn~1'1"Ji'-l11ru bb'Wb<\l~ru (2554: 9) 11t.1.:i1'Wi1V1t1m6/lel~eJ1<\lblJ'W~1bV11?1cl1ri'ru~ 
v ' v 

m <\l'Vl 11~Vielt.J1-U.:i1 'W511:w61l1 ~"' ~ -;ij1'W1'Wn.:J bbn~ bfi~ m 1~ru~'W5 b ~ t1.:i <\11 fl~11'Vl m m1~'U~'W 5 
'-I QJ 'I 'I 

~11J11tl~~J'W11m 'W~.fl1'W bbd~ft tl:lJ~VimflVlm tJ m1t1-r'U ~1tl'U~.fl1i'-lbbd~~el1J fl11fl'WeJ1Vi11~ 
V1"1flV1mt.1 11:w~.:i hJii6"1?11m'Ufl:W 1 'W511:w61l1&i zj.:im<\l b lJ'W~1bV11?1~'V111~~.:imm111'JilJ'UV1t1t.J1-U.:i1 'W 

' ' 
~'Wvfl~ blJ'W-;ij1'W1'W:W1fl el1<\lfl~111~11V1t1t.J1-U.:i~ei.:im1 bbV1~.:itl1~iim1:wt1~:w~:w'U1rub ~ti b lJ'Wbb Vl~.:i~ , " 
t1~mPit.1 zj.:i~fl~ru~ 'Vel.:J~'W bbV1~.:imV111 bb"~t)~m"m<\l bll'Wu<\l"5't.1cl1ri''lJ~t1m1t1~mPit.1 

<\l1flm1fifl~1~1m111bfi'U11'U11:w~1t181.:iV1t1t.11-U.:i 'W'U11ri1 bu~ t.1tl1V1°l!fl~.:iV1:w~ ri11:wt.111bbn~ 
ri11:wfli'1.:i'Vt1.:i b tl~ein 1 'Wbb~n~ b~t1'W~'Wn'U61.i1.:i b 1n 11'Wm111'U 11:w~1t181.:i 1~ t.J b il'j?i bii t.1i1ri1tl1wufl 

~ .:i Vi :lJ ~ bb"' ~fl 11:lJtJ11bb"1~fl11:lJfll1.:J b ti~ ti fl ti el tJ ~ ~ ~ 1 'W b ~ eJ 'W b :lJ ~1 tJ 'W ( 6.63±3.13 fl -r :lJ 
' 

30.15±3.81 bb"1~ 28.3 7 ±3.51 i1"1i'ib:w1?11) bbn~iiri1tl1V1°l!fl~.:iV1:w~bb"1~m1:wfl1'1.:ibtl~t1flmfl~~~ 1 'W 
' 

b~el'W'Wt)?l~mt.J'W (16. 74±8.04 fl-r:w bbn~ 33.97 ±4. 79 ll"1~b:W 1?11) bbn~m1:wt.111b tl~t1flmfl~~~ 1 'W 
"' "' , 

b~tl'W~.:JVl1fl:W (36. 76±5.42 iin~b:W1?11) 1'WVltlt.J 1-U.:i b 'W?1~iiri1ti1V1°l!flVi.:iV1:w~bb"1~m1:wt.111bbn~ri11:w 
" 

fll1.:Jbtl~elflUBt.J~~~1m~t1m:w~1t.J'W (3.83±1.17 fl'!:w 23.78±2.43 brn~ 25.44±2.59 lln~b:W\?11) 
brn~iiri1tl1V1°l!fl~.:JV1:1J~ fl11:w fll1.:J b ti~ t1 fl bb"1~fl11:w t.J 11 b ti~ Bfl :w 1fl~~~1 m~ tl'W 'l"J q?i~m t.J 'W 

(14.37±2.16 fl-r:w 34.15±2.42 bbn~ 35.67±1.88 lln~b:W\?11) fl11:wtn1bu~t.J'Vt1.:Jb'l"J?1b:rit.1lf1'Wr11b1?1t.J 
bb"~ll1'WVl'WB.:J~'W (34.74±6.29 bbn~ 33.51±4.06 ll"1~b:W1?11) bb"1~Vit1t.11-tl.:ib'l"J?l~tJ1'Wr11b1?1mbn~ 

" ll1'WV1'Wt1.:J~'W (31.81±3.90 bLn~ 29.20±3.37 iJ"~b:wm) m:w~1~'U 1'W'li1.:ib1n1b~t.11n'WV1t1t.11-tl.:ib'Ji1J?I 
V I tj ~ I q i.J Q.I Q.I ' I 1 

~'W'U11:W'V'W1~Lnflfl11 b'W?IL:Wt.J ~t1~fl'1t1.:Jfl'U11t.J.:J1'W'VeJ.:J ~:W?lfl~ (2528 : 289) Vi'l"J'Ul1Vielt.J 1-U.:iVi'l"J'U 

1 'W511:w61l1&iiifl11:wE.J11btl~t1mu~t.J'Vt1.:Jb'W?l~bLn~b'l"J?1b:rimvi1n'U 40 bL'1~ 85 i1'1~b:wm bb~<\l~:riri11:w 
bbl?lfl~1.:i 1'1Jil1flV1elm 6/lt1~b~t1.:i<\l1fl'(J'lJ1~'(Jt1.:i b 'l"J?lm Virufl11 b 'Wmiit.i <~m:w t11ru:wru bfll?l bb"1~511:wPifl~ 

'U u , 'I 



. ' 
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~~'t.rvh-:i, 2546: 43-49) ~l'W 1VltlJVleitJ16il-:i~':iTtrn:w 11'il 'Wl,~Bm:w~1 CJ'W-~-:JV11A:w B~1'W':i~m~1(911,~:w 
lCJ 1,1,(1~ 1 m&iB'Wtl'WtJ1 CJ'W-'Wt")l"l~f11 CJ'W 'WlJVIBCJ 1 'W ';i~ CJ~lCJrJB'WD1'1 VIBCJ 16il-:i b~B hn~:w~"dhJ'W1 ~ 
m1w11'1-:i1,rn~A11:wCJ111,tJ~m1mJ1'W-ci1-:i 45-80 1,rn~ 55-86 lJ'1~i,:W\91':i (Kaewjam, 1987: 176) 

'U 

'V'Wl~'VB'IVIBCJ 161]-:i~ i,~fl~?l~~?f1:wl';ifll,l,CJfll, 'Wl"11~ i, 'Wl"lb:lJCJ:lJfl11:WCJ111, tJ~Bfl 22. 78 iJ'1fo:W'91':i f111:W 
' 

n1'1-:i1,tJ~Bfl 20.95 lJ(l~i,:W(?l';i l,l,(1~J1V1tl'fl~'IVl:WVJ 3.61 n-r:w l,l,(1~1'Wb'Vll"l~:!Jfl11:WCJ111,D~Bfl 
'U 

21.11 lJ(l~i,:W(?l';i fl11:Wfll1'11,D~Bfl 20.26 iJ'1~1,:W(9l';i bl,'1~tl1VIUfl~'IVl:W~ 2.48 fl-r:w 1fl~l,fiCJ'ltl'U 
' ' ' 

':i1CJ'l1'W'VB'I ?ftll:W mru:wru1,fl(9l i,i,(l~Li':i':i:Wiffl~ 'W'~'W~l'I (2546: 43-49) 'Vl'Ul1'V'W1VJ'lJ€l'IVIBCJb'IJB~Vi 
' ' 

?I 1:w1':i tiv\'1m':i1,1,CJ m 'l"l 1"11~'V'W 1VJ1,~ fl ~?I VJ :lJ ri11:w CJ 111, tJ~ eJ fl 24 il'1~1,:w (?l':i ri11:w fl11-:i 1, tJ ~ eJ fl 
' ... ,, 

21 ll'1~1,:w (?l':i 1,1,(1 ~:!Jti1V1tl'fl~'IVl:WVJ 2.5 fl1':W fl11:W 1,1,(9lfl~1'1'VB'l'V'W1VJ m" 1,f\VJ" 1 fl?! m'Vl m1:WeJVJ:W 
' 

?l:W 'U ':i tU'VB-:J i,i, VJ'1'1€!1VI1 ':i fl VJ fl1 '1 1,1,(1~ 1,du1 (9l 1, ~ B 'I" 1m1, Vl'1'1 'V eJ'l l,l,flm6il CJ:W (Calcium) 1,1,(1 ~ 
'U "I 'U ... 

1,1,:wflu1,6/1CJ:w (Magnesium) :Wm1:w'11~qi~Bf11':i?1~1,:i1,tJ~Bmb'1~fl1':ii,"~t1!1,~LJ1(9l (Malek, 1958) 

"1 fl fl1 ':i':il'U ':il:W ~1€1 EJ1'11 'W'1i1'1 i,~ B'W i,:W~1 CJ'W-'l"l ')1"1~ fl1 CJ'W 'l"l'U fl1 ':i b tJ~ CJ'Wbb tJ '1'1'VB'l"illlVl tl1fl1 ':i 

~'U'W''W51,b(1~D""5'CJ~ l,~CJ1-ilmriB'WoiJ1'1?1'1 1VJ CJ'W'Ul1fl11:WVl'W1mi'W'VB'IVIBCJ161],:i" ~ b ~:W~'W 1 'W'1i1'1flVJe-l'W 
'I 'U "l'U 

1,~m"1fle-lm 'iJ'W1'J""5'CJ~m~~'W 1-H'i,nVJn"m':i:w'VB'IVIBCJ 16il-:i~'lfl1';i1,A~B'W~ 1,1,(1~fl1':i~LJ'W''W61,1,(1~11,:i 16il 
' ' 

Kaewjam (1987: 173-176) ':i1CJ'l1'Wl1VIBCJ16il,:i"~1,~:wtJ':i1fl!]~1~'W"1flfl1':i~1~'11~~'W~'WVl~'l"1fl 
i,~:W i, oiJ 1~ fl VJ e-l'W 1 'W~l'W 'VB'leJ (9l';i1~1'Wb 'W 1"1~ i,i,(1 ~ i, '\"ll"ll,:lj CJ'V B'IVIB CJ 16il'l 1 'W Li':i ':i:W '111 ~:lj rl11fl~ 1,f\ CJ 'I tl'W 

'UIJl'U 'U 

(1: 1.1.5) 1,1,?1VJ'11-H'i,~'W11 VIBCJ 16il,:i:lJ'Wn~flTa:Wm':i"5''Uri~?l:w'W''W5 ~,:i.Q'LJ1,:i'1i1-:i nmm"'l"l'U~1'Wl'W'VB'I 
·1 'U ' 

I, '\"l l"l l,:n CJ~?l'ln11 B 1"m"1n"il11vi mm':i~'U'W''W56ll€J'l I, 'Wl"l 1,:n CJ~?11:w 1';itl 1,n'U 1,6/j(l ~~'U'W''W5b 'l"l l"lm 11~ 
'U 'I ... 'U 

':i~CJ~nm1'Wm':i"5''U~~?l:W~'W~tJ1~mru 30 'W1Vifi,:i 1 .ff11m (?l:wii'fl~ 1'JqiV11, 2528: 289) 1'W'Vtu~~ 
' ' 

?ftll:W mru:Wrui,fl(?l i,b'1~Li11:Wiffl~ ~~'W~l'I (2546: 43-49) ':i1CJ'l1'Wl1VIBCJb'IJB~:lJe)(9l';i1~1'Wb'l"ll"1~~€l 
, , 'U 

i,'\"ll"li,:!Jm'V11n'U 2.4 :1 1,1,(9lfl~1'1"1fl11CJ'l1'W'V€!'1 Olaguer and Bagarinao (2001: 198) VIBm"~tl 

(Mud snail, Cerithidea cinaulata) ~mJ1m.JeJtJ'11lJeJ(9l':i1~1W'Wl"l~~m'l"ll"lb:lJCJ 1,'V11n'U 1:2 :> 'U 'U 

Elhasni et al. (2013: 27) ':i 1CJ'11'W11 VI eJ m" ~ tl ( Murex snail, Bolinus brandaris) 'V1'U11 :lJ 

eJ(9l':i1~1m 'l"ll"l~ ~m 'Wl"lb:!Jm 'V11n'U 1: 1.15 zj'leJ(9l11~1m 'Wl"1~bb(9lfl~1'ln'Wm"~'WB tin'U1LJ bb 'U'Ubb'1 ~ 
'U 'U 'U 

qtj ..::!1,Q..16' .c:f 6' 1.::::J1 v 

1Lifl1 ':i?l'U'W'Wli 11:Wtl'lfl11l.J?l:W'U 1tu'VB'I bb V1'1'1'V1€l CJ€!1 1"1CJ 
, 'U 'U 

~'11Ufl11l.J?l:W'U1rui, 'Wl"l 1, 'iJ'W m11, tJ~ CJ'Wbb D'1'l'VB'l"il11vi CJ 1 fl1':i~'U'W''W5~ tifl'l"l'U 1~B 81'1-ff VJ 1, "'W 
'U , 'U 

1 'W'1i1'1t")~~'W 1VJCJ GSI ~'I I, 'Wl"l~bb'1~ I, 'Wl"11,lJCJlJrl1'j-!l~G1VJ1 'W'1il'lb~B'W'l"lt")~.fl1fl:W-mfl~1fl:W 1fl~ bflCJ-!ltl'U 

tl'U':i1CJ-!l1'W'VB'I Olaguer and Bagarinao (2001: 198) VleJCJi,"~tl (Mud snail, Cerithidea 

cingulata) m11, ~l.J~'W'VB-!l~'IJU 1°111 :W?l:W'U ':iru b Yll"l "~ b ~l.J ~'!..! 1 'W'lil'l i,~ B'W 1,:w~1 CJ 'Wfl'ltl'Wtll CJ'Wbb'1 ~ 
'U 

Vasconcelos et al. (2012: 76) 1'WVIBm"~tl (Murex snail, Bolinus brandaris) 'Vl'Ul1fl11i,~:W~'W 
'VB-:i~"11um1:wa:w'U1ru1, 'Wl"1"~ 1, ~:w~'W 1'W'1i1'l1,~Bm:w~1EJ'Wfi'liJti'U1EJ'W ~'I btll"l~ bb'1~ 1, 'l"ll"l i,:lJEJ 1n~ bflCJ'I 

'U , 'U 

n'Um111-:i16il'VB'IVIBm'IJB~ (Apple snail, Pomacea canaliculata) ~'l"l'U1'W"lil'lb&iB'Wmfl~1fl:W 
l,l,(1~b&iB'Wi1-:JVl1fl:W (Tanaka et al., 1999: 257) b~BYl"11ru1fi-:i'1i1'l'j-!l&1VJ'VB'lrl1 GSI "~'W'Ul1 VIBCJ 

16il-:i 1, 'l"ll"lb:lJEJ:lJri1'j-:JG1~ 1 m~B'Wfl'rn~1ri:w bb'1~m"1, 'iJ'W 1tJ1~11:lJm':i11-:i16ilmnfl11 1 ri~-:i 1, 'W':i1~'W'Ul1 
mEJ1'W1'116il~'lri-:i:lJ16ilV1'11EJ1~EJ~~a1mw~~'U11,~m1-:i1'V1~~B1tJ 51V11nam'Wbbl~~Bmvim~?1:w 
1n~i,fiEJ-:Jtl'UVIBm'IJB~ (Apple snail, Pomacea canaliculata) m"iJ'1i1-:inVJfl1':i~'U'W''U5mnn11 ·1.., , 
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1 'J~fllfl ~'Lltl'U~i11'V'Hb1V1~8lJbbfl~fl1';ivl1';i-:J~1\9l (Estebenet and Cazzaniga, 1992: 1-12) 

1 'Ll'1ltu~~fi1 GSI 'IJB-:J b 'V'H"l ~~-:J~'Ll 1m~8'Ll'V'Jfl~J11fll.Jbbfl~~fl'Ll1 t.J'Ll zj-:i b ll'Ll•1h:i rieJ'Ll~fl1 GSI 'IJB-:J 
'U 'U DI 'I 

b 'W mil tJ ;u~'J-:i~~vi m ;u btieJ-:il.J 1;u 1n b 'Wl"l~il fll ';j~ \9ll'Ll 1m11J~l.l\pcib 'Wl"11 Vf'W ~Bl.Jn B'Ll q~m';ia'U~'Ll~ 
B ~1-:i h n \911lJm;u'WUV!Bt.J 1 'll-:i~ufii;..i~lJ~'WITTvl\9lf!Bviffi 'LlbbV1~,nJ1~BvilJ~lJ'LJ';juJ (~min~ 11 ruV11, 

'U 'I , 'U QJ 

2528: 289) b"1i'Llb~t.J1tl'UV!Bt.Jb6118~ (Apple snail, Pomacea scalaris) fl1';i~\9ll'Ll1b61lf!~au'W''Ll~bbfl~ 
fl1';i'J1-:J1'li'IJ8-:JVI 8 tJ b 6118~~1lJ 1';iflbfiVl~'Ll1\9l \9lfl 8 VJ tJ 1vi tJ bu'W 1 ~ b~ eJ'LllJ fl ';i 1 fllJ bbfi ~ fllJ i11 'W''Ll B 

' 
(Wu et al., 2011: 64-66) 

m';i~ufii;..i~lJ~'WB'IJB-:JVIB t.J 1-U-:i 1'W5';i';ilJ6111~'Wumn1m~B'Llilti'Ll1t.J'Ll-\9lfl1fllJ 1vif.J'IJV1 ~m ll'Ll 1 'W';i-:J 
'U 'I 'I 'I 'I 

bbfi ~11-:i 1-UHm 81 m ll'WflzjlJ a'IJ111 'Ll'1ltu~~m ';i11-:i 1'll'Wu1 'Ll b~B'LliltJ'Ll 1 f.J'Ll bbfi~ mfl ~1fllJ b Yi 1~'Ll 
~Bvifl~B-:inu';i18-:i1'Ll'IJB-:i ~lJi3fn~ uruV11 (2528: 280-290) ';i18-:i1'Ll11;u~-wum';i~uriLbfl~m';i11-:i1'1l 

u ~ 

1 'Ll"1i1-:Jt]~ ~'Ll b~B'Ll 'Wf"]~fllfllJfi-:in'Uf.Jlf.J'W ~tJ bb 'U'U fl1';i11-:J 1'll'1l8-:JVl8fJ1 'll-:i;u ~61JV11-w ';j-:J~'Ll 1n~ bbVl~-:iJ 1 

bbf!~11-:i 1 'll Ltim;u1flm1lJ~'LlblJ'Llu;u~f.J~~1~ru~eJm';i~fl 1-U bbfl~b~BflflVIBf.J~fleJBfl;u1n 1-U~-:i~eJ-:im';i 
u ~ 

tl1bll'Ll~eJ11'18 zj-:Jbb\9lfl~1-:i;u1nV1Bm611B~ (Pomacea sp.) ~11-:i1'1l~vinu·foli)bV1tfotl1 ~1BB'Ll 
(Zygote) 'IJB-:JV!Bf.J 1 'll-:i~ ~1'Ll'YieJt111'll;u~1~~'U 81Vll';i~~~lJ;u1n B~\jil'Llbbflfl'WWi (Albumen gland) 

bbfl~ bbflm~ f.JlJ ~1Vl~'Ufl1';i~~1-:i btl~eJn;u1mbfltl~mbflfl'WWi (Capsule gland) 1'Ll'IJru~~VIBm6118~ 
(Pomacea sp.) ilfl1';i11-:J1'1i~vinul'~li)bVltieJtl1btieJ-:i;u1fl B~\jil'Llbbflfl'WWi (Albumen gland) 

il~1'Wtl';i~fl8'U'IJB-:J Protein carotenoid complex celled ~;u~-d1f.JtlfltJ8-:J~leleJ'Ll;u1nm1lJ~B'Ll 
fl1';ibifotl1bbfi~~n~1m1lJ~'Ll'IJB-:J1'1l ';illJ~-:ibb~51\9l~:ij1bll'Llbbfl~~m'Wbb1Vl~BlJ~bV1m~~lJ~Bm';ii:.J~lJ 

' 
~'Ll6bbf!~11-:i 1 'll (~lJi3f n~ 1JruV11, 2528: 280-290; tl';i1m'Vl'Vlm 'W';ilJ bfivi bbfl~flru~, 2549: 1-13) 

' u 

8-:Jrltl';i~fleJ'UBlf.Jl~au~'Ll~"lleJ-:JVIBf.J 1'll-:iiim1lJ1n~bfif.J-:Jfl'UV!Bt.Jb6118~ (Apple snail, Pomacea 

canaliculata) ~ii ';i ~ 'U 'U fll ';i a 'U ~'Ll 5b Viii e:J 'Ll tl'U VI €l f.J 611U VI~ 'Ll ~ 8 ~1'Llfl~lJ'1J8-:J Prosobranch 
' ~ ' 

gastropod Vlfllf.J611UVI (Catalan et al., 2006: 524; Catalan et al., 2002: 91) 1vif.Jl'l1bb'VIU-:J~-:i1'1l 

e:i~1n~nu Visceral hump bbfi~~vinu~1'Ll"1Je:J-:J Digestive gland il~fl~tu~bll'Ll'VieJa"IJ11bfiV1~'U;u1fl 
~l'Ll'/Je:J-:J Germinal epithelium (Catalan et al., 2002: 91) zj-:J~1lJ1';itl'l'l'U1e:i1eJ161!'Vl1~ 3 ';i~f.J~ 
(Immature, Developing bbn~ Mature stage) -d1-:inn1~ilm';i~~1-:i bLfl~'W'\9lJ'Ll1 be:J bB 161lVi;u~v1'11 Vf~-:i 
1 'liiJ fll ';i"IJf.J 1f.J"IJ'Ll1Vl~'Ll b tie:i-:i;u 1 n6/l1-:i b~lJ~\9lJ'Ll1 fl111J~lJ'U ';itlJb 'Wl"l IUJ'W''Ll 5~e:i-:iii fll ';i~ ~~lJ tl1V11 ';i 

~ ' 
b~e:i1Vfbtif.J-:J'W8~€lfl1';i~\9ll'Ll1bLfi~fl11lJ~lJ\j';ittJ"IJ8-:Jb8beJ161JVi (Wu et al., 2011: 65-66) 

zj-:ib lJ'W-d1-:inmb&'if.J1n'Un'Ufl1';i~\9ll'Ul"lle:J-:J 'W1b~f.Jn1e:i1~fl (Pallial oviduct) ~ilfl1';i"llf.J1f.J"ll'Ll1VI b~B 
fl1';i~~~lJtl1V11';ibbn~bbflm~f.Jl.lb~m-U1~-d1-:iq~m1au~'Ll~bbfl~11-:ihJ (Catalan et al., 2006: 525) 

b'Wl"1bilf.Jile:il'81~ Receptaculum seminis ~e:i~~B;u1fl~-:J1'li zj-:Jvl1VIU1~btl'U b6/Jn~~'U~'WBb 'Wl"l~ 
I I 'U 'I 'U 

bbfl~ bll'WVi~~lJ~'Ll6"1Je:i-:i 1B 1'Ylr1Vi\9lnn-:im;u1n~-:i 1-U bbn~ b6/Jn~~u'W''Ll5b-wl"1~ b ~e:ilJ ~Bnu-w1b~f.Jfl1e:i1~ fl 
' ' ~ 

(Pallial oviduct) 1e:i 1e:i161!Wi~1vl'~ufl1';i~~l.JbL~1€l€lfll.J1;u1fl Receptaculum seminis :\1~~1'U'YieJ 
"lle:J-:Je:J~\jil'Ubbflrt'W~ (Albumen gland) ~litl1Vl1';i bLfi~rnritJ~nbbflfl'UWi (Capsule gland) ~b~l.l 
bLrifl b~f.Jl.J 1 'Ll~l'Ll b tJi!i e:ifl 'Ue:i fl ;ulfld 1 m 'W mli f.J~li fll';j :ij1~n e:i 1;u'Wu b61jfl~ifo'W''W5b -w 121rnm 'U~1'Ll 

' ~ 
Receptaculum seminis ~-:ilim1m lJ'U1 tJ1~11 bl'll"1blif.Jilfl1';i~'Urltl'U b'Wl"1~bbn~ bflV'lfl1';i:ij1~n~'Ll 

' ~ ~ 

rim.1Vi;u dj fl1';i11-:J1-U (Catalan et al., 2002 : 92) Alb retch et al. (1999: 241-250) 118-:Jl'Wl 1 
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1 'l.J'VleJ m 'lleJ~l."v'H'll.iltJ (Pomacea sp.) 611l.11'Hl11'l 16li1"1Vl~'l~1flfl1'f'~,iJ~~iJtAJ'l.J~I. U'l.Jl.1"1'l.J1'l.J 1~w 
l.61li;'1'1~rn~'l.J61.'Wf'l~~61~61l.leJt!1'l.J Receptaculum seminis m~1.tie:i-:im~1flilrnrn~-:i611'J'iJ1-:JeJt!1-:i 

' '\J '\J 

v11V1u1~Vl~ e:i 1.i m 1.1.i;'1~m~~'l.J 1~1.61li;'1'1~iJ1"Y'l.J61. 9/'Jf'I~~ 1.iliJ 11 ~-:imm'J'tiv111Vi'Vle:itJ1."l!e:i~611m'J'm1-:i 16li 
' ' " 

1"1e:icJ1-:i~mtim 1vim1-:i16li1"1{)-:i 3000 'YJe:i-:i Vl~-:J~1flfl1'J'~iJ1"Y'l.J5Vl~-:iri~-:i (l~~"ll'l.J 6111-:i1'W1.~1~ 1.1.i;'1~ 
' 

1'W91'J'J''J'ru 1.1.9111.~1ttJ, 2554: 12) 

l.l.eJi;1\j:iJ'l.J l.l.fli;'1'l.Jl'i (Albumen gland) ilm1l.lt1'1A'qj~eJfl1'J'W(9),J'l.J1"lleJ'l~1BeJ'l.J'VleJtJ 161]-:i 1. tie:i-:i~1n 
1.1Jm1. Vl~'l tl1Vl1'J'61~ 61l.I 1 'l.J'J'~ Vll1'l fl1 ~tAY (9),J'l.J1"ll eJ'li;1 fl VleJ tJ ri eJ'l.J~ ~ ~Y-1fleJe:ifl~1fl161] (Catalan et al., 

'\J 

2002: 98) m ~Pimn m'J'v11-:i1'l.J"lleJ-:i~e:il.lffi 'l.J'VleJ tJ 16li-:irie:i'l.J-il1-:iue:i t!mfl ~-:i 1 i-ile:il.lm tl~ tJiJI. Vi tJiJ ~1fl 
" 

Vitl tJI. 'lleJ ~I.~ eJ 1 ~-ii' tll.I i;'161l.I iJ 'J' ru~'l.J 1vi w1h-:i 'l.J eJ fl f1Vle-161l.I W'l.J 5 VI eJ tJI. "lleJ ~ 8-:i1llil fl1'J'W\9),J'l.J1 
\J '\J Dl'\J 'I 

V Q.I I .:::f I I 

Parenchymal glandular mass l.l.i;'1~'WiJfl1'J'fl'J'~~1tJ\911fl'l.JeJtJ1'l'Vli;'11l.I 61 61l'll.b\91fl\911'l~1fl"lll'lt)~ e-J61l.I 
v ' 

W'l.J~ al'l.J Parenchymal glandular mass ~~"lltJ1tJ"ll'l.J1Vl~'l.JM1'll.11fll.bi;'1~eJVll.l.1.ru 1.tie:i-:i~1flilfl1'J' 

61~61l.I e:i 1V11~1 ~niJ ~lBeJ'W 1.1.i;'1~ 1.1.61vi-:i{)-:i ri11l.l'W1e:il.l"lle:i-:i 1.1.llw'l.!6~~~11-:i 16li 1.d e:iilm 'J'11-:i 16li 1.1.~1 
' 

al'l.J"lleJ'leJ~iJ:iJ'l.Jl.bfli;'1'Ul'i (Albumen gland) ~~i;'1Vl"ll'W1Vli;'1'll.bi;'1~iJfl1'J'61i;'11tJ~l"lleJ'l Parenchymal 
'\J 

glandular mass ~611m'J'm~'W1"1e:icJ1-:ioffvi1.~'U Catalan et al. (2006: 525-529) ~1tJ'l1'l.Jl1t)l?Jfl1i;1 
1. U'l.Ju~"5'tJ~t11A'qJ1 'Wfl1~1. tl~tJ'Wl.b tli;'1-:i~m~tt1.!~"lleJ'l Parenchymal glandular mass m~v11-:i1'l.J 
"lleNeJ~iJ:iJ'Wl.bfli;'1'Ul'i (Albumen gland) 1.1.~~1.1.rii.J61l~bbfli;'1'l.Jl'i (Capsule gland) 1'WVl€JtJl."lleJ~ 

" " 
zj-:imm'J'm1.i.J-:ie:ie:ie:ifl1"11.lJ'W 3 ·1.h-:i fle:i rie:i'Unvim'J'~iJ~'U5 nvim'J'~iJ1"Y'l.J5 1.1.~~V1~-:invim'J'~iJ1"Y'l.J5 DI 'U .. DI 'U 'I 01 'U 'I 

611m'J'm1.i.J-:i parenchymal cell 1~~1fl 2 al'UVi~flfleJ Albumen secretory 1.rn~ Labyrinthic 
' ' ' 

cell 61i-:i'll1-:iriti'Wt)l?J~iJ~'W~~~1.1l.11.\911m.Jfl1'J'6111-:i1.1.~~61~61:1.J"lleJ'l Parenchymal cell 1.1.~11.ilm-il1rjql?J 

~iJ~'W~il ~~ilfl1~6111-:i l.bi;'1~61~61l.I Parenchymal cell 1 'Wtl1mrumn 91111~il"ll'W1Vl1 V1aj~m1.~~il 
1ri'J'-:i6111-:ioff iJ sb' €J'l.J zj-:i 1.1. \91fl~1-:i1 i.J~1 n'll1-:iV1~-:i n vie-i 61l.I~ 'U5~1llil fl1'J'tAJ (9),J'U1"ll€J-:J1.61li;'1'1d 1 'W"ll ru~~ 

"I '\J ' 

1.1.rii.J%jml.flffl..!l'i (Capsule gland) ilm'J'61~61lJl.brli;'11.~tJl.I 1 ~I. YltJ'l'WeJ~€Jfl1'J'6111-:i 1. tl~€Jfl"ll€J'l~1BeJ'W 

1'l.J'li1-:irie:im1.i;1~t)~e-J61l.l~'W~ (Catalan et al, 2002: 94-100; Catalan et al., 2006: 531) Obande 

et al. (2013: 45) 1~'J'1tJ'l1'Wl1 e:i-:ir1tJ~~fl€JiJl.Ll°lm~tJ:W 1m.nm1.~~e:i:rm~mtJ1'W'Vl€JtJ16li-:iriti'W-il1-:i61-:i 
" 

129.18±0.77 :iJi;'1~fl~:l.J~€J 100 fl~:l.J 

'll1-:i 1.1mm'J'~(9),J'U1"llm 1.61!i;'1'1~iJ1"Y'U61.1.~~m1l.l61:1.JiJ'J'ru1.'Wf'l1'WVl€JtJ16li-:i 1.'l"lf'I~ 1.1.~~ 1. 'Wf'll.~tJ 1fl~1.f1tJ-:i 
' " '\J 

n'U 'll1-:iq~~iJ~'U~ (1.&ie:i'U'Wq~mri:w-1.&ie:i'Un'l.JmtJ'W) 1. u'U"ll1-:iq~~'U611m'J'fl'WiJ fa 1e:i 161l'Yi~61:w\J'J'ru 
1. 'Wf'l;ij'1'l.J1'Wmflm tJ 1'W~-:i16li1. 'llm~tJ1niJ fl1'J''WiJ 1.61!~~~iJ~'U61. 'Wf'l~~61:WiJ 'J'ru1. vm~-:i 1 'We:ii' m~~iJ1"Y'U5 

.. 'U '\J , 

"ll€l'lb'Wf'l~l.bi;'1~1'Wa1'l.J Receptaculum seminis 1 'Wl.'Wf'll.~tJ'Vi~'l~1flfl1'J'~iJW'W51'WiJ11.1ru1.1.Vl~'l~eJcJ 
" ' '\J 

m P1tJ~ilm1:w61:wiJ~rum ~'WiJfl1'J'~iJrie-i61:w~'W51~ \91i;'1€Jvi~-:ill vie:itJ 16li-:i~~"5'iJri1.1.i;'1~V1e:i tJ 16li-:i 1. 'Wf'I~ ~~ 
\I 'U 'I 'U 'U 

61€JV1€J~tJ1~~iJ~'l.J~ Penis 1.-ii'1rjmtJ L'W1.b~~~'Wvl€J (Ductus ejaculatorius) 1.-ii'1~eJltJl~~'UtAJ'U~l.'Wf'I 
1.iltJ 1. y;e:ia-:i l.61!~~~iJ~'W~I. 'Wf'l0i.Je-161:1.J~'W~fliJ1e:i 1e:i 161!'¥1Vi~milu H~a1'U Receptaculum seminis 

(~:WPlfl~ Ut1JV11, 2528: 289) 1.61!~~~'U~'W~L'Wf'l~iJm'J'1.ri~e:i'W~1vitJQfl 1uflwvi1vitJ~l.~tJ (Ciliated) 

Vi~'.hfl1tJL'Uvl€Jth16li (Maximiliaon et al., 2013: 134-135) U'J'1611'Vl'Vl€J'l 'W~mflvi l.Li;'1~riru~ 
(2,54:: 1-13) 'J'1tJ'l1'Ue-Ji;'1"lJ€J'l fl1'J';ij1PJi;'1 ~€lf"JU.!.fl1'W tl~~"ll€J'l'\1!€ltJl.'ll€J~ 'W'Ul1'J'~ tJ~ l.1i;'11fl 1'J';ij'1PJ~~ 
1. ~:W~'W~~'Vl11 ~1.61!~~~iJ~'U61. 'Wf'l~flfl'Vl1mtJ 1.1.~~i;'1virirun1'W"lJ€J-:itl11.~e:i 1~ 

" '\J'\J 'I 



54 

t'J~~t.J'IJtJ.:J~fl1'Wbb1Vl~tl:l.J (bbtJ:l.J1mtlt.1 lwhrn11 bbi;l~ rl11:l.J~'W'1Jtl.:J~'W) nern\9\e:im1:l.J'Vl'W1bbLl'W 

'lleJ.:J'VleJt.11'1i.:i1'W~'Wvi~n~1bbi;i~vl'l!i:lri11:i.J~:i.J\fHUb 'Wl"l 1m~e:i'W 'Wti~mri:l.Jfi.:imnf;)1f'l:i.J b~:i.Jb i1~q~e.J'W 
m1:l.J~'W'lleJ.:J ~m v.i:l.J~.:J~'W v111 ~Vle:i t.1~~1Pii;ieJt.J1~~'W~'W~'W:l.J1b~eJ'Vl1fl'Wbbi;i~~'U'W'W511.:i1 'Ii ~.:iern 1 ~ 

'\J '\J ' 

m1:l.J'\ll'W1 bb Li'W 1'll.:i'Vle:it.11 'li.:i b ~:l.Jm n~mbi;l~~.:i ~rn\9\e:i m1'W'~'W1 b61li;l6"1~'U'W''W5~.:i1 m'V'J!"le'.J bbi;!~ b 'V'Jl"l bnt.1 
' '\J 

(~:l.Jflfl~ Dt1:J'Vl1, 2528: 290) Kaewjam (1987: 174) 11t.J.:J1'Wl1e.l'Wbll'WD~~t.J'Vl~flvim~~'Wil~m1:l.J 
\9\1.:i j 'lleJ.:J'VleJ t.11 'li.:i hi' bbrl n 11'\1!1 tl1Vl11 n 11 e..i ~:l.J 'W''W~ bbi;1~11.:i 1 'Ii 'W e:i n~1 n-d'tr.:i'W'Ul1~'1l'Llm1:l.J 
~:l.J'U 1 rub 'W l"lnri11l.J~ tJ Vlf'l ~ tl.:J n'UtJ~m ttnJ 1e.l'W1 wb\9\i;!~ b~ tJ 'W ~fl ~1t.J (m :l.J'/li;J tJ 1~ Vl 1'W' 2558) 

'\J 

(m'W~ 40) b tie:i.:i~1m~mi1~-ci1.:invi e.Jm llmh.:i~nm1v11m 1bfl~\Jl1vl11~i1m11-ff{J t.1 bbi;l~ b ll'W-ci1.:ivi 
\J ul'U "I 

tl1'Vi1:l.J6il.:i m~bll'W~1b'Vl\Jl1~tJ~:l.J1ru bbeJ:i.Jl:i.Jbi:lt.1 bbi;i~ 1'W1\Jl1vi L~:l.J~.:J~'W e:i~1 l"lrl~ bb~~riru~ 
' '\J ' 

(2554: 659-66 7) 11t.1.:i1'W11m1m1tJi;JvitJ~e:i mLe:i:l.J 1m 'Llt.11'W~'Wafn'Wtl1-iT.:i 1vi t.1m19.J:l.J~'W1~t.1~ nm 

1'11.:i I 'W'U11m11~~t.1B'WVl~t.11'Wmi11~.:ie..ii;l1~bilvi1'W1\Jl1b~'W1 'W~Ll bb'U'U'lleJ.:JbbeJ:i.J 1:!.J b'Llt.1 Lbi;J~tJ~:i.J1ru 

'lleJ.:JLbeJ:l.J 1:!.J L tlt.J~~ b ~:l.J~.:J:l.J1 fl~'W b~e:i b~:l.JtJ~mrum11-if{Jt.11 'W'W1i11 
'\J ' 

350 --A-- i..J;inruthe.Ju 14.0 

300 
~ ~bl'll'lei 12.0 
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3.1.ti. n.l'I. :ii.ri. b3J.V. VI.ti. ii.v. n.ti. a.ti. n.v. 91.ti. "l'l.V. ti.ti. 

Lfiv'IJ 

m1'l11~e:i Lbll~'WB'VleJ t.1161l.:i~1 f1'511:l.J'1l1 ~m b 'W1~~'WITT 'W 11.:i b1e:i'W~i1m1m'Uri:l.J~m'W bb 1vi~ e:i:l.J 
' ' ' 

~1m1nm~~'W1~bbll~'W511.:i1'1i1~11:i.J~.:i'Vll.lvi 16 ~1 o n'1l.ll9ieiu.lJ'W''W5 1 ~1) zj,:iiJ"i\'1'W1'W'llm1'1i 
.. .. 'I 'I 

bu~mb\9\i;!~flzj:l.J 192.12±55.45 'Y'J tl-:J n"il'1'W1'W'Y'Jti-:i 161lffin~bfit.1-:iil'U"il'1'W1'W 1'li'Vltit.J1 'li-:i1 'W'511:l.J'1l1 ~ 
tJ1~:l.J1ru 100-300 'Y'Je:i-:i 01~6/J'W ff:h-:i1'Wb11~ bbi;i~ 1'W'W11ru bb'Wb~~ru 2554: 14-15· ~'1!1~ e:itJi1w1 V'' ' 'I .. 

u.n~flru~, 2538: 385) ~1Vl1''U"il'1'W1'Wl''W~Ylmu~t.1'IJeJ.:J'Vltit.J1 'li.:i 21±4.12 l'W riei'W-il1-:i-if1n11Vle:i t.1 

b'llti~ (Apple snail, Pomaea sp.) ~ii-ci1-:Jb1n1 7-14 l'W (11~6/J'W ~11.:i19tH11~ bbn~1'W'W11ru 
bb 'W b~~t1:!. 2554: 15) zj,:im~ Lilvi~1mtJ bb'U'Ubb~~15m1Ylnm~ hJL Vlm~~l.l 11l.lfi-:ie:iru'Vl.fliJ1 'Wf11TWfl 

I 'U 'I 'U 

bbn~i.1~~t.JB'WI Aufderheide et al. (2006: 11-17) 11t.J.:J1'Wi11~t1~nm1'Wf111-Wn1'1i'llti-:JVJtit.JVl1fl 
(Giant ramshom snail, M. cornuarietis) ~ 28 ti-:Jl"11b61!nb~tl~ tJ1~mru 8l'W1'W'llru~vie:iru'Vl.niJ 

' '\J 
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22 €l~P11b6il'1b~tiG1 ';i~ti~b1'11m';i~fl~~b~11~'Llbtl'Ll 2 b'Vi1 Gil.l~fl~ D'l-JV11 (2528: 289-290) 

';i1ti~1'Lli1m111~'Llb tl'Ll'Li~-.ij ti61'1ri''l-Jl'i€lfl1';i11~ 1-ll bb'1~ fl1';ib~1'1-Jb~'U1~6l.lm ~1eJ€l'Ll~'Llm~~~~fl€l€l fl 
~1fl1-ll Vl~~~1 fl~ fl€l€l fl~1fl 1-ll~ flVl€ltJ 1-ll~1 'Llli';i';il.J6ll1~€l1 ~ b~1'1-J b~'U 1~b~l.Jltlfl1 ti1 'UVl~~t)~fl1'1 
bbl'in~'Utl'Ufl1111€l~l.lt'il.l'U';iru1mbl'i'1~~'Ll~ (Keawjam, 1987: 174-175) 

' 'lJ 

';j~~'U 1 'Li ';i~'Ll~ b Vim ~t'111lj~'1 l'i€lfl1';i b~1ru b~'U 1~6l.1€l~'1flVl€ltJ 1-li~'W'Ul16ll~fl1';i'Vl~'1€l~~1vi'1'U 
., 'lJ ' 

€l1Vl1';i 1 D';i~'Ll1'€lti'1~ 15 ~t'11111';iflb~l.lfl1';ib~1rub~'U 1~1~tl'U'1flVl€ltJ1-ll~ 1vi'mfl~G1~ Obande et al. 
., 'lJ ' 

(2013: 43-45) ';i1ti~1'Ufl1';ib'Li~tirn 'Viti'U€l~r1LJ';j~ fl€l'U'Vl1~ brim 'UVl€l ti 1-li~'W'U11';i~ ~'U 1't.J';j~'U1m d €l 

Vl€lti1-ll~1'€lti'1~ 10.67±0.151'Ll"l.lru~~ Serra (1997: 41-42) ~~fl~1€l~fl't.J';j~fl€l'U'Vl1~brim'UVl€ltJ 
b"ll€l~ (Pomacea sp.) 'W'Ul1';i~~'U1'Li';i~'Ll1m-d'€lVl€ltJ1'€lti'1~ 62 €l1~~~~'11~Vl€ltJ b611€l~ (Pomacea 

sp.) ~€l~fl1';i€l1V11';i~m D';i~'U~1fl€l1V11';i~~fl11Vl€ltJ 1-ll~ ~1m1tJ~1'Ll"l.1€l~ Mendosa et al. (1999: 

112-117) b~tJ~Vl€ltlb611€l~ (Apple snail, Pomacea bridgesi) 1~ti1"&1'Uirflfl1~bb~~ (Dehydrated 

lettuce 1'Li';i~'Ll1'€lti'1~ 15.35) U,'1~€l1V11';ib~~61'1b1~';i't.J (1LJ';i~'Ll1'€lti'1~ 34.83) 'W'Ul1 Vl€ltlb611€l~~ 
'lJ 

1vi'1''U€l1V11';ibn~611 b1~~'t.Jljfl1';ib~1'1-J b~'U 1~&1~~~ b-tlm&lti1tl'UV1€l m"ll€l~ (Apple snail, Pomacea 

paludosa) ~b~1'1-Jb~'U1~&l~~~bri€l11'11'U€l1V11';i~m'Li';i~'Ll1'€lti'1~ 31.4 (Garr et al., 2011: 143) 

~~t!'U';iDbb'U'U€l1V11';i€l1~~~~'1l'i€lfl1';ib~1rub~'U1~6l.1€l~'1flVl€ltJ1-li~1vi'b-tl'Lln'U Wu et al. (2011: 67) 
'\J ., '\J 

';i 1tJ~1'Ll11fl1';i1~'UiJflfl1';iVI€111Yi11~VI€ltJb611 €l ~ (Apple snail, Pomacea canaliculata) 

ljfl1';ib~1'1-Jb~'U1~ 0.19 lJ'1~bl.l~';i\9l€J1'Ll Sumpan and Chaichana (2013: 428-431) 1vi''Vl~'1€l~ 

b~ti~Vl€lti 1-ll~~1tiirfl'tJ~ bb'1~irflm~V1€l11 'W'Ui1 ijm';ib~1ru b~'U 1~~1:W bb~fl l'i1~n'Ll m~ b ~€l~m~1fl ' ., 

'Wt)~m';il.lfl1';ifl'U€l1V11';i6l.1€l~Vl€ltJ 1-ll~~b tl'U~~1fi'Ll~~Yl6llbb'1~~~1 (Omnivorous mollusk) ~G111Jl';itl 
LJ1'U'Wt)~m';il.lfl1';ifl'U€l1V11';i~1flY16lltl1mbtl'U61!1fl~~11vi'bri€lbfl~Mn1~€l~€l1V11';i (Komalamisra et 

al., 2009: 245) fl1';j1 m 'Uirflm~V1€lmYlti~€l~1~ b&lti1';i~~'U 1 't.J';j~'Llm~i!€l tifli1m111 ~€l~fl1';i6l.1€l~ 

Vl€l ti 1-ll~ m~Yl11~b.U1~G1n11~G111~1.1 L 't.J';j~'Ll ~ b ll'Llt'1m1~~~1~mti6l.1€l~~~1J111'11'LJ';j~~'U 1 't.J';j~'Ll~ 
'lJ ' 

ii' €l tJ b Ylti~'W €lb ~€l-d1ti1' fl~1 Gil.l ~1.1'll€l~1 'Li ';i~'Ll1'Ll~1~fl1 tJ LJ1111ru 1 D';i ~'Ll€l H1:W b V1~€l b ~ €l 
' 

fl1';j b~1ru b~'U 1~ bbl'in1~€l~fl1';ib ~l.lfl1';ib~1ru b~'U 1~~1~mti6l.1€l~~~1J1 ~~ ~€l~fl1';j't.J1mru 1 'Li';i~'Ll~ ., ., 

mfl~'U bbl'in11vi'-S'U 1't.J';j~'U1 'LlmV11';i~b ~11mfl bfi'U 1 LJm~Yl11~bfi~G11';i't.J';j~fl€l'U1'Ll1~';j b~'U~b u'U~~l'itJ 
~~1J1b~l.ll.l1fl~'U €J1~~~~'11~fl1';ib~1'1-Jb~'U1~~1'1~ (bltJ~ b~tJ1'W~~fl, 2542: 81-82) Lovell 

(1989: 1-260) ';i1tJ~1'Ul1D1.111vi'';j~~'U1 D';i~'U~1~~ b~1'1-J b~'U 1~~1 bbl'in11~h~~'U 1 D';i~'Ul.J1fl~'Un 
b~1'1-J b~'U 1~~~~'U 1'Ll'Vl1~~';j~ n'U'11111n1LJ '111vi'1'U 1 't.J';j~'Umfl bfi'Um111~€l~fl1';jfl~'U'W'Ui1lje) ~';i1 
fl1';ib~1'1-Jb~'U 1~b 'Vi1 b~l.JVl~€l'1~'1~ b~flii'tJtJ Prather and Lovell (1973: 455-459) ';i1tJ~1'U1 D';i~'U~ 
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'lJ 'lJ 

(Catabolize) ~~~'11m~'Li';i~~'Vl5m'W1'Um';i't111LJ';j~'Um1-ll1.1~1.1~ 

~~-d'~ruVl.fJlJ~ b~tJ~ €11 ~ ~~ ~1.1l'itJfl1';i b~1'1-J b~'U 1~6l.1€l~V1€J tJ 1-ll~ Aufderheide et al. 

(2006: 12-16) ';i1tJ~1'Ul1Vl€JtJ'Vl1fl (Giant ramshorn snail, Marisa cornuarietis) tJruVl.fllJ 
' LI 'I 'U 

'VibV11ll~G1111'Ufl1';ib~tJ~ 25-28 mfi'11b6ili.1b~tJG1 Memon (2011: 25-28) 1vi'~fl~1€ltuVl.fllJ~ 30 €l~P11 
• ' 'lJ 

b6il'1b~tJG1 Vl€ltlb"ll€J~fi'U€l1Vl1';ibb'1~b~1'1-Jb~'U1~1~&lfl11~ 25 €J~fi'11b6ili.1b~tJG1 b'U'lJru~~ Seuffert et al. 

(2010: 80-83) 1vi'';i1 ti~1'Ui1~tJruV1nil 25 €J~P11 b6il'1 b~tJt'i VltJ m "lltJ~t'11m';itifl'UtJ 1V11';i 1vi'&l~G1~ 
' '\J ' 
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'1mmvi1':i1 LJ irn mvivie:ilJ'il ~iier \>l':i1':ie:i vi '1-:i~'1 vi ~ti t.J6'!~ 98. 33 zj-:i bb\>ln~1-:i'il 1 n~ (>1')€J1Vl1':i~'W ti ~1-:iii 
'U 'U '1 'U 

'l.Jt.1~1A'ru1111-:i~t'\~ (P<0.05) bb6'!~~1~'1vi1'W'1\>l':itl1Vl1':i~':i~lil'LJh.h~'W~eJt.J6'!~ 25 (\>11':i1-:i~ 4) 
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bl6'!1'W1'W€l1'il'Vl111XG'1~~6'l~eJ~rum'V'l~1 (Brunty et al., 1997: 165) '1eJvif1~e:i-:inLJf\1')pJfl~16lleN Garr 

et al. (2011: 143-144) ~Hh1t.1~1'Wl1eJ\>1')1':ieJvi6lleJ-:i'Vltit.Jb6/leJ~ (Apple snail, Pomacea 

paludosa) ~bit.J~vllt.JeJ1Vl1':ibiJvi~1bh~tJ (Catfish Diet) 'il~i'.ibb'Wl1ii'lJeJ\>l':i1fl1':i')eJvi~~1 
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~1 b ~'iJ')tl~1lJnuw61l b ~e:i 1 !Xiim1lJA~1t.1A~-:i nLJenvi1':i 1 'W5')')jj6/l1 &\ 
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'il1flf\1 ';jpJfl~1-ileJlJ6'lv1'W~1'W6llmVle:it.J1<LJ-:i1 'W5')';ill'll1 &\ '11ll1')fl'l11mtl')~ tJ nm m 'Wfl1':ieJ'WlJ16'! 1 'W 
'U c'9 'I 'I 

1 ':i-:i b~tl'W 1vl \il-:i'il~ b ~'W 1vl'il1flf111l1Vl'W1 bb ti'W6lltJ-:iVltit.J 1 <LJ-:i'iJ1fl~'W~'W1-iJ11~-:i~e:i-:i~m{\i'.jb Ylt.M 2. 0±0. 97 

bb6'! ~ 1.87 ±0.9 ~1~e:i \911 ')1~ bll \>l':i e:i1'ilb~e:i-:ill1'il1 n t]')~6/l1 mvim.11<LJ-:i1'W5';i':ill6/l1 ~fie:i'W-il1-:iile:i t.J 

bb~1 'W f111ll b ll'W 'il 1-:i~ 1lJ 1 ')fl'V'J LJVl eJ tJ 1<LJ-:i1 'W f111l1Vl'W1 bb 'Ll'W~ ~-:ill 1 fl n11 d fl1';jfl1Vl'W vi er (91';j1 f111ll 
'U 

Vl'W 1bb1l'W6lle:i-:ivi e:i t.J 1<LJ-:i1 'W fl1 ':i'Vl vi6'! e:i~ '1\>l':ieJ1vi 1')~ ':i ~~LJ f111l1Vl'W1bb1.l'W 150 ~1~ e:i m ':i 1~ bll \91 ':i 
'U 

'11ll1')rtm~$l'Wm')b'iJ1ru b&ILJ 1\>16lle:i-:ivie:it.J 1<LJ-:i1mrn1'V'l1 ')-:i b~ti'W 1vl~ '1e:iviAilti-:inLJfl1')~n~16llti-:i Garr 
' v 

et al. (2011: 143-144) ~bi t.J-:i Vltl t.Jb6/leJ~ (Pomacea paludosa) 1 'WIX e:i-:itJl)LJ'&\n 1':i~f1lLJ ~ll 
~m°v"l bb lvi~e:ilJ 'V'lLJ11vie:i m 6/le:i ~i'.ieJ\>l':i1fl1':ib&iLJ1\91 bb6'!~ eJ\91')1 ':ie:ivi~&l~ ')~~LJm1ll'Vl'W1 bb 'Ll'W 250 ~1~e:i 
\>11 ':i1-:i bll \91') bb~ti~1-:i 1 ')fi \>11lJ f\1 ':ib~ t.J~vl f111ll'Vl'W1bb1l'W~1'il~i'.1m ':i b'il ~qi b~LJ 1\91 bb'1~ eJ\>1')1':ieJvi~&ln11 
fl1':ibit.J-:i~m1l1Vl'W1bbti'W'1-:i (Junior et al., 2013: 757-759; Aufderheide et al., 2006: 17-18) 
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~6'l'il 1nm')Pimn 1 'WA~~d~1m')fl~')u1vi'11 'V1tit.J 1 <LJ-:i~ ~')lLJ':illJ 1vl'il1f15')')ll6/l1&\~1m')rt'\Jfo~111Xb-i!1 
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ilLJ'1mmnvi~tilJ 1'W1 ':i-:i b~ti'Wbb'1~mm')rt~LJ~'W5bb6'!~11-:i 1 -ii1vl b ~e:i b ll'W-ileJll'1~'W~1'WG11vi~LJ~n~1 
' 'U "" 

bb 'Wl'Vl1-:i 1 'Wfl1';i~\9ll'W1f\1';i b 'V'l1~~'W5bb6'!~ f\1';i b~t.J-:iVltit.J 1<LJ-:i~e:i1 tJ1 'Wtl'W1f1\>l 
' 
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Weight (g) 
Time (Day) 

control 15 % protein 25 % protein 40 % protein 

30 0.507±0.002b 0.761±0.098a 0.636±0.074a 0.660±0.058a 

60 0.835±0.021c 1.542±0.099a 1.199±0.211b 1.102±0.083b 

90 1.060±0.070d 2.324±0.150a 1.872±0.lOlb 1.597 ±0.140c 

120 1.643±0.151 d 3.596±0.241 a 2.678±0.078b 2.255±0.209( 

Length (mm) 
Time (Day) 

control 15 % protein 25 % protein 40 % protein 

30 12.224±0.212b 13.705±0.S7r 12. 753±0.568b 12.958±0.494ab 

60 14.388±0.137c 17.195±0.389a 15.621±0.987b 15.350±0.461 be 

90 15.292±0.438d 19.747±0.481 a 18.450±0.634b 17.189±0.619c 

120 17.620±0.766( 22.652±0.554a 20.400±0.365b 19 .280±0.618b 

' ' " 
\9111'HVi A.3 A111Jn11'l'Vle:JEJ 1'ti.:iVib~EHl~1Elfl1'V11"ai'i1'ltl'U 120 1'1.1 

Wide (mm) 
Time (Day) 

control 15 % protein 25 % protein 40 % protein 

30 11.051±0.098c 12.380±0.434a l 1.634±0.369bc 11.711±0.381b 

60 13.216±0.130c 15.603±0.452a 14.192±0.746b 13.942±0.307bc 

90 14.180±0.262d 17.790±0.514a 16.699±0.392b 15.639±0.465c 

120 16.200±0.497d 20.444±0. 775a 18.650±0.180b 17.513±0.556c 
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Length Wide Total Body Body Gonad GSI 
Month Sex 

(mm) (mm) Weight (g) weight (g) Weight (g) (%) 

Apr F 37.46 35.10 14.541 5.484 0.148 2.699 

Apr F 26.13 23.49 3.880 2.071 0.023 1.111 

Apr F 34.47 32.42 9.305 4.375 0.665 15.200 

Apr F 31.98 29.37 7.758 3.246 0.269 8.287 

Apr F 31.01 28.86 7.375 2.904 0.054 1.860 

Apr F 30.59 29.21 7.603 4.034 0.337 8.354 

Apr F 27.58 25.79 3.654 1.637 0.034 2.077 

Apr F 26.83 25.59 4.415 2.045 0.068 3.325 

Apr F 25.94 24.20 3.737 1.871 0.267 14.270 

May F 37.47 33.71 13.738 5.835 0.677 11.602 

May F 30.16 27.13 6.128 2.663 0.028 1.051 

May F 34.56 31.90 12.025 5.334 1.001 18.766 

May F 34.03 33.70 13.221 6.175 0.695 11.255 

May F 34.14 31.85 12.466 5.233 0.558 10.663 

May F 27.82 26.00 6.072 2.314 0.010 0.432 

May F 29.54 27.89 8.070 3.275 0.292 8.916 

May F 36.91 32.61 12.308 5.237 1.019 19.458 

May F 32.51 29.57 9.530 3.337 0.107 3.206 

May F 35.24 31.88 11.151 5.750 0.871 15.148 

May F 35.91 33.18 11.351 4.785 0.118 2.466 

Jun F 36.85 33.88 13.070 6.875 0.837 12.175 

Jun F 32.03 29.07 12.260 4.274 0.480 11.231 

Jun F 35.79 31.26 12.868 5.214 1.539 29.517 

Jun F 25.30 23.19 4.462 1.485 0.070 4.714 

Jun F 40.02 36.10 15.554 7.763 1.482 19.091 

Jun F 37.13 33.71 15.562 5.324 0.307 5.766 

Jun F 30.04 27.08 7.027 3.408 0.110 3.228 

Jun F 35.75 31.27 12.144 4.847 0.414 8.541 

Jul F 35.58 32.80 11.810 4.914 0.145 2.951 

Jul F 37.64 34.13 13.461 6.227 0.790 12.687 
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Length Wide Total Body Body Gonad GSI 
Month Sex 

(mm) (mm) Weight (g) Weight (g) Weight (g) (%) 

Jul F 37.29 34.02 11.508 4.406 0.122 2.769 

Jul F 36.25 35.19 14.546 6.944 1.825 26.282 

Jul F 36.77 35.49 13.652 5.980 0.196 3.278 

Jul F 33.65 30.82 10.380 4.022 0.124 3.083 

Jul F 32.64 29.56 9.022 2.501 0.068 2.719 

Jul F 32.05 30.95 8.943 3.607 0.119 3.299 

Jul F 41.90 36.89 16.938 7.249 1.612 22.238 

Jul F 42.93 39.27 20.975 8.765 2.501 28.534 

Aug F 36.77 35.60 17.521 9.003 0.427 4.743 

Aug F 40.14 36.04 19.472 8.632 0.555 6.430 

Aug F 30.83 27.70 7.939 3.501 0.068 1.942 

Aug F 30.22 27.63 7.484 2.585 0.048 1.857 

Aug F 33.91 31.77 11.560 3.981 0.126 3.165 

Aug F 30.78 28.62 8.222 2.911 0.098 3.367 

Aug F 40.45 37.09 19.275 8.469 2.052 24.230 

Aug F 30.50 29.70 9.582 2.959 0.113 3.819 

Aug F 33.09 30.90 10.703 3.982 0.595 14.942 

Aug F 34.25 30.64 11.016 3.857 0.160 4.148 

Aug F 30.18 29.13 9.634 3.470 0.661 19.049 

Sep F 40.92 38.53 22.868 11.892 1.215 10.217 

Sep F 36.19 33.97 14.610 7.436 0.732 9.844 

Sep F 35.32 32.20 12.198 4.167 0.167 4.008 

Sep F 32.96 28.92 9.651 4.938 0.736 14.905 

Sep F 29.73 27.94 7.757 3.615 0.117 3.237 

Sep F 29.18 26.95 7.502 3.754 0.169 4.502 

Sep F 28.19 25.04 5.967 3.185 0.090 2.826 

Sep F 32.69 30.80 11.527 5.813 0.658 11.319 

Sep F 34.17 32.67 13.553 6.443 0.361 5.603 

Sep F 28.99 26.28 6.931 3.283 0.100 3.046 

Sep F 28.67 28.01 8.556 4.240 0.543 12.807 
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Length Wide Total Body Body Gonad GSI 
Month Sex 

(mm) (mm) Weight (g) Weight (g) Weight (g) (%) 

Nov F 33.51 29.89 10.623 3.945 0.074 1.876 

Nov F 34.02 29.98 10.153 4.192 0.088 2.099 

Nov F 38.88 36.36 15.645 5.314 0.104 1.957 

Nov F 33.27 30.70 11.641 6.242 0.134 2.147 

Apr M 26.06 24.19 4.504 2.110 0.058 2.749 

Apr M 22.28 20.22 2.778 1.238 0.021 1.696 

Apr M 26.98 25.72 4.140 1.957 0.062 3.168 

Apr M 27.65 25.52 5.270 2.113 0.058 2.745 

Apr M 28.26 26.83 5.272 2.350 0.114 4.851 

Apr M 26.75 23.97 2.392 3.931 0.095 2.417 

May M 32.36 29.62 9.033 3.444 0.327 9.495 

May M 24.09 21.30 3.775 1.267 0.082 6.472 

May M 27.70 26.31 7.084 2.968 0.308 10.377 

May M 26.61 24.41 5.095 1.985 0.148 7.456 

May M 29.03 27.03 8.075 3.508 0.259 7.383 

May M 27.10 23.86 4.343 1.692 0.148 8.747 

May M 25.44 22.28 3.930 1.763 0.151 8.565 

Jun M 30.72 27.34 19.390 3.778 0.265 7.014 

Jun M 30.18 26.65 16.220 2.692 0.283 10.513 

Jun M 33.37 30.78 10.711 3.721 0.272 7.310 

Jun M 29.64 27.83 8.185 3.054 0.186 6.090 

Jun M 33.27 30.79 8.983 3.312 0.189 5.707 

Jun M 23.74 21.71 3.963 1.303 0.046 3.530 

Jun M 30.94 28.86 8.436 3.242 0.271 8.359 

Jul M 36.00 33.73 11.699 4.092 0.760 18.573 

Jul M 30.66 29.17 7.835 2.991 0.091 3.042 

Jul M 30.05 27.32 7.068 2.624 0.151 5.755 

Jul M 27.60 25.98 5.448 2.247 0.146 6.498 

Jul M 28.13 26.04 5.049 2.031 0.076 3.742 

Jul M 31.66 29.92 8.406 3.203 0.145 4.527 
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Length Wide Total Body Body Gonad GSI 
Month Sex 

(mm) (mm) Weight (g) Weight (g) Weight (g) (%) 

Jul M 28.22 25.35 5.151 1.795 0.167 9.304 

Jul M 30.17 26.90 55.340 2.202 0.101 4.587 

Jul M 29.96 28.54 6.628 2.697 0.184 6.822 

Jul M 28.53 26.07 5.016 2.012 0.102 5.070 

Aug M 31.39 28.21 8.349 2.721 0.177 6.505 

Aug M 33.38 32.10 11.348 3.916 0.122 3.115 

Aug M 24.14 22.91 4.863 1.391 0.045 3.235 

Aug M 29.24 27.26 7.702 2.495 0.055 2.204 

Aug M 29.88 27.88 7.262 2.632 0.066 2.508 

Aug M 27.96 26.34 6.544 1.784 0.092 5.157 

Aug M 25.24 23.06 4.516 1.537 0.088 5.725 

Aug M 29.20 27.13 7.318 3.094 0.158 5.107 

Aug M 26.23 25.79 6.732 2.755 0.144 5.227 

Sep M 34.46 33.61 13.892 6.071 0.422 6.951 

Sep M 28.20 27.23 7.541 3.464 0.239 6.900 

Sep M 28.10 25.08 6.307 3.445 0.301 8.737 

Sep M 35.22 32.23 12.330 2.744 0.118 4.300 

Sep M 27.65 26.17 6.284 4.789 0.177 3.696 

Sep M 28.13 24.06 5.534 2.653 0.113 4.259 

Sep M 25.76 24.44 5.051 2.395 0.197 8.225 

Sep M 27.49 25.22 6.235 2.951 0.143 4.846 

Sep M 25.99 23.68 5.165 2.539 0.188 7.404 

Oct M 34.32 33.18 10.124 4.357 0.177 4.062 

Oct M 37.54 35.46 14.931 4.210 0.252 5.986 

Oct M 30.11 27.99 7.987 4.512 0.566 12.544 

Nov M 36.02 32.93 13.090 5.287 0.273 5.164 
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Length Wide Total Body Body Gonad GSI 
Month Sex 

(mm) (mm) Weight (g) Weight (g) Weight (g) (%) 

Apr F 28.02 27.17 5.502 2.451 0.106 4.325 

Apr F 32.72 30.56 7.256 3.425 0.212 6.190 

Apr F 35.56 33.32 9.801 4.802 0.512 10.662 

Apr F 27.36 26.23 3.712 2.020 0.102 5.050 

Apr F 26.53 25.97 4.311 2.156 0.081 3.757 

May F 64.95 60.75 83.381 32.256 9.653 29.926 

May F 31.95 30.33 10.113 3.495 0.018 0.515 

May F 30.33 25.20 57.890 3.229 0.039 1.208 

May F 29.47 26.33 6.414 3.272 0.062 1.895 

May F 27.98 25.61 5.412 2.257 0.014 0.620 

May F 24.41 21.74 3.616 1.110 0.009 0.811 

May F 31.58 28.61 8.453 3.380 0.128 3.787 

Jun F 31.79 30.30 10.459 4.705 0.966 20.531 

Jun F 26.09 25.40 6.521 2.363 0.045 1.904 

Jun F 23.01 20.95 3.933 1.330 0.012 0.902 

Jun F 22.78 21.25 3.692 1.450 0.018 1.241 

Jul F 35.27 33.19 14.468 6.816 1.621 23.782 

Jul F 32.65 32.10 10.246 3.326 0.137 4.119 

Jul F 30.74 27.64 8.189 2.403 0.049 2.039 

Jul F 30.50 27.48 8.877 3.857 1.469 38.087 

Jul F 40.65 37.35 18.221 6.275 0.454 7.235 

Jul F 31.79 29.90 10.243 4.042 0.589 14.572 

Jul F 36.63 34.06 13.869 5.484 1.637 29.850 

Jul F 29.22 26.81 7.712 2.870 0.054 1.882 

Jul F 41.44 39.23 23.468 8.591 0.588 6.844 

Aug F 41.21 38.32 20.576 6.271 0.258 4.114 

Aug F 32.23 29.34 9.176 3.975 0.188 4.730 

Aug F 37.45 35.10 15.136 5.730 0.240 4.188 

Aug F 36.60 32.77 12.496 3.175 0.033 1.039 

Aug F 43.27 39.90 21.649 8.218 0.398 4.843 
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Length Wide Total Body Body Gonad GSI 
Month Sex 

(mm) (mm) Weight (g) Weight {g) Weight (g) (%) 

Aug F 48.85 44.91 35.599 14.542 3.233 22.232 

Aug F 41.78 38.72 20.122 6.841 1.107 16.182 

Aug F 38.67 35.03 16.588 7.547 1.537 20.366 

Aug F 45.60 40.76 24.455 4.953 0.432 8.722 

Aug F 35.30 33.71 14.232 4.771 0.257 5.387 

Sep F 40.86 38.44 19.943 10.728 1.520 14.169 

Sep F 34.29 30.45 10.594 4.590 0.075 1.634 

Sep F 41.73 39.42 21.305 10.587 1.038 9.804 

Sep f 41.89 39.48 22.174 12.572 1.294 10.293 

Sep F 38.67 35.38 16.075 8.641 0.853 9.872 

Sep F 36.35 35.14 14.912 7.361 0.677 9.197 

Oct F 41.39 38.82 21.988 10.019 0.795 7.935 

Oct F 35.60 34.30 16.044 6.372 0.610 9.573 

Oct F 29.03 28.62 8.774 3.645 0.035 0.960 

Oct F 26.15 24.33 5.265 1.760 0.020 1.136 

Sep F 42.26 37.74 19.804 9.989 1.193 11.943 

Nov F 39.78 37.82 24.734 7.656 0.333 4.350 

Nov F 41.98 40.56 32.027 13.916 2.621 18.834 

Nov F 42.67 39.85 23.656 8.775 0.437 4.980 

Nov F 32.67 31.45 10.498 4.719 0.123 2.606 

Nov F 32.49 30.26 11. 706 4.233 0.047 1.110 

Apr M 21.11 20.26 2.489 1.462 0.062 4.241 

Apr M 24.44 23.56 3.800 2.861 0.098 3.425 

May M 33.66 33.40 12.472 5.338 0.457 8.561 

May M 28.23 25.41 6.173 2.553 0.151 5.915 

May M 29.52 27.94 70.780 3.190 0.181 5.674 

May M 27.53 24.59 5.362 2.376 0.245 10.311 

Jun M 32.15 28.92 10.483 2.650 0.316 11.925 

Jun M 32.80 30.06 11.119 3.062 0.231 7.544 

Jun M 29.76 27.63 7.811 2.955 0.346 11.709 
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Length Wide Total Body Body Gonad GSI 
Month Sex 

(mm) (mm) Weight (g) Weight (g) Weight (g) (%) 

Jun M 28.51 26.35 5.807 2.135 0.101 4.731 

Jun M 30.15 28.67 8.828 3.302 0.399 12.084 

Jun M 33.81 30.43 11.186 3.501 0.300 8.569 

Jul M 25.72 24.17 4.901 1.521 0.079 5.194 

Jul M 29.86 27.32 9.044 3.830 0.370 9.661 

Jul M 35.25 31.73 11.928 3.803 0.261 6.863 

Jul M 35.76 33.84 14.601 5.214 0.480 9.206 

Jul M 27.73 25.59 5.519 1.788 0.069 3.859 

Jul M 32.84 31.18 11.866 4.201 0.129 3.071 

Jul M 32.35 29.58 10.529 4.041 0.132 3.267 

Jul M 36.44 33.42 15.418 6.550 0.772 11.786 

Jul M 25.83 25.38 5.844 2.719 0.267 9.820 

Jul M 27.85 26.77 6.498 2.161 0.073 3.378 

Jul M 33.41 29.58 11.661 3.858 0.289 7.491 

Aug M 37.00 35.07 16.030 7.387 0.490 6.633 

Aug M 28.58 27.63 7.03.7 3.142 0.154 4.901 

Aug M 34.14 31.15 12.724 4.591 0.339 7.384 

Aug M 35.49 33.88 14.204 5.697 0.543 9.531 

Aug M 35.52 33.32 13.418 5.321 0.432 8.119 

Aug M 33.49 30.98 11.588 8.069 0.679 8.415 

Aug M 31.66 29.67 10.264 6.285 0.443 7.049 

Aug M 30.80 28.74 8.000 3.298 0.107 3.244 

Aug M 27.47 25.80 6.332 2.587 0.079 3.054 

Sep M 37.48 35.45 15.857 7.824 0.469 5.994 

Sep M 31.08 29.28 9.272 3.678 0.280 7.613 

Sep M 38.65 35.93 16.448 8.126 0.869 10.694 

Sep M 35.84 35.01 15.247 7.138 0.585 8.196 

Sep M 33.58 32.45 11.779 5.424 0.394 7.264 

Sep M 28.11 26.62 5.913 2.921 0.242 8.285 

Sep M 31.88 29.53 9.468 5.220 0.621 11.897 
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Length Wide Total Body Body Gonad GSI 
Month Sex 

(mm) (mm) Weight (g) Weight (g) Weight (g) (%) 

Sep M 35.54 32.86 12.461 5.768 0.398 6.900 

Sep M 35.53 33.30 13.263 6.672 0.708 10.612 

Sep M 30.39 29.61 8.863 3.950 0.492 12.456 

Oct M 33.92 31.83 9.673 3.426 0.220 6.421 

Oct M 27.65 25.13 5.614 2.192 0.070 3.193 

Nov M 37.79 37.07 17.298 7.901 0.428 5.417 

Nov M 33.21 31.54 12.418 4.717 0.193 4.092 

Nov M 35.66 35.06 14.691 5.789 0.290 5.010 



88 



.. 

..I :: '°' II o 
IPIT'a1~'VI \1.1 \Pl1"l'1~fllnl111'W'U1fitl1'U'U1'Ufll1b\Plf! • 

DO Temperature 
Months pH 

(ppm) (Co) 

April 7.81 7.02 30.1 

May 5.93 5.71 29.2 

June 6.85 4.8 27.1 

July 6.52 5.26 27.9 

August 4.11 5.8 29.2 

September 4.05 7.73 30.4 

October 3.12 6 30.2 

November 3.98 6.6 29.1 

. . 

Nitrite Nitrate Ammonia 

(ppm N02--N) (ppm N03--N) (ppm NH3-N) 

0.088 0.063 0.304 

0.103 0.161 0.847 

0.085 0.47 1.063 

0.202 0.128 1.659 

0.472 0.269 1.654 

0.157 0.186 1.311 

0.123 0.161 0.48 

0.083 0.134 0.519 

Alkalinity 

(ppm as CaC03) 

16.675 

13.388 

7.625 

8.887 

18.638 

10.237 

17.325 

18.112 

Hardness 

(ppm as CaC03) 

27.558 

23.263 

39.089 

14.004 

17.518 

8.258 

25.275 

18.768 
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DO Temperature 
Months pH 

(ppm) (Co) 

April 5.12 8.15 33.2 

May 8.86 8.82 34.9 

June 7.73 8.14 29.5 

July 7.15 6.27 28.5 

August 4.588 6.47 30.9 

September 4.62 6.25 31.3 

October 3.28 6.52 32.3 

November 4.13 6.41 30.1 

Nitrite Nitrate Ammonia 

(ppm N02--N) (ppm N03--N) (ppm NHrN) 

0.088 0.006 1.209 

0.137 0.057 1.224 

0.113 0.048 1.081 

0.118 0.118 0.956 

0.135 0.158 0.896 

0.145 0.178 1.054 

0.091 0.160 0.339 

0.105 0.155 0.480 

Alkalinity 

(ppm as CaC03) 

62.212 

55.605 

21.025 

23.387 

50.137 

26.512 

31.762 

41.475 

Hardness 

(ppm as CaC03) 

57.057 

42.042 

43.293 

37.537 

46.296 

26.776 

38.538 

38.538 

\.() 

0 
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Solid moisture (%) Solid pH 
Months 

Kam-toei NongKhun Kam-toei NongKhun 

Apr 6.550 7.612 4.47 4.49 

May 11.057 12.012 4.77 4.84 

Jun 11.193 11.028 4.15 4.86 

Jul 24.439 23.956 4.02 4.66 

Aug 21.796 15.839 4.99 5.37 

Sep 18.553 13.378 4.1 5.45 

Oct 15.208 6.309 4.19 5.95 

Nov 9.573 4.542 4.72 4.9 
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