Aav Y d
TENHIVYRVUaNL I

Tn3ams : MsAneImsnesuadluynzalne
(Scylla serrata Forskal 1775): Havamaemeann
= aa A
PINMWHASWENTYIINEN
Study of Red Sternum Syndrome in Thai Mud Crabs
(Scylla serrata Forskal 1775): Physical, Biological

and Path biology Factors

©
D
e

1 4 a a a a 4
1. é%?ﬂﬁ?ﬁ@]ﬁ?%?ﬁﬂ A3, WYN 'Eﬂ%ﬂmﬁ% ﬂ1ﬂ'§"]ﬂ%'§'§l‘ﬂﬂ? AUSINYIATAT

urMneaeaalng
4 a a Q' a a 4
2. 509@18A519158 A5, TUA WINY MAIBUAN  AULINATNT

urMneasAalng

avdvayulasdinauangnITUMIMIgANAnEEzdNINUNDINUANLEYUNTINY

< dy:; 9Ya o 1o & 9 3 9
(mmmu“lmwmmuLﬂumadmﬁ]ﬂ aNo. LAy anI. "lmmﬂmmmumammllﬂ)



GRBTILAY

TIVIAAEID. ...t e e ee e ee s es e eseeeese s eseseeeeseeseseasenens 1
Executive SUMMALY..... ..., 3
LTI Yttt e s ree e 3
T U T AIAUDIITUITY e 5
FERTIUTTNNT VY. e eeeee s e eees e ee e eeeeeee 8
UDULYANITUBINTT DY, eeeeeee e e eeeeeee e seens 9
LA T AR YN AT o KL OO 9
T s oL 11
LTI Yt e e e eee e e 11
S1UALDYAVDINITAWHUNIT IV oo 13
a1 A L1 (3L PO 19
FVIT AT NADOD. oo 39
AAANTTHU TSN oot 43
DT T ONIID o eeeeeee oo e see e s eeee 44
Output FFUDNTATIONT e 47



AIUYMIN

=).
=~
=
)

MIN

9y 1
1. uaa i minuaz AN AINU0INTZABIUNTNE ..o 21
2. anvaznameusnuazn 18 uve I Unanuneaa. ..., 22
dij a a oA Y A Y
3. 1%09auNIINND TUa Tz YR IYNUBINMINDUAL. ..o 26
o Qd' 1 Y] [} d' Yo = tﬂy A A
4. Srwifdnanamelunaaziundsnni lasumsdadeuuaiise............ 33

5. MAgA MGIga ANRAsuazaIUDAVUNIATFIUUDIA IS

T T I IR B OU e, 34

a 4 1 [ 1 -]
7. ﬂ”li’JmﬁW‘ﬂﬂ”liﬂﬂﬂ’ﬂﬂiz‘Vi’JN’E]G]i”Iﬂ"ISGHEJG]@LLWL?@LLEI%Q@L!‘VEE] HULAS

e

L R RV T 1L 1 L oo 39

q U



aFVYMN
a v
NNN Hi

v o v 4 cﬁy
1. Llﬁﬂﬂﬂ"lﬁ’]ﬂﬂflﬁ]EJ‘V]"IQﬂTfJﬂ"IW"U@QV\l"IﬁiJLWW%LﬂEJ\ﬁE! ........................................ 16

=).
g}
De
o
=
2
ee
@
—_—
>
]
an

A A A A A
2. matlanszanal msdatiiewe M3 swap 1WOINUITIN

LN TR T o [ R TR T R L, & AT 18
. g e o
3. aawlpIzAeaue neia Taeaeel] 1 6 1unsa 1059 e, 19
4. ANHUZNOUDNYNTROUA oo 22
Y
5. mﬂﬂé"aqagamﬁﬂﬁ&ﬁﬂmaumJUﬁmﬂimuﬁmg%umﬁGa ................... 23
4 1 ] g == Y]
6. 1INNAoIaNIsAiUDdesiuLdausouuaiiGelue Jorzueel ... 24
dy a A S [ A A Y
7. 1%09auNTINNU U0 T8Iz YIYNUDINITNDUAL ..o 26
==\ [} J
8. MUANFTIAIOWUT RC2NEP-A......oveiieiiieiiieeiee e, 28
9. LUARISOENYWUT RC2MEP-A....o.ovoeeeoeeso e 28
== (Y] 4
10. HUANTHAWWUT RC2hep-B......ooveiiiieiieiieeeeeee e 29
11. umﬁﬁamaﬁuﬁchzhep-B ...................................................... 29
== (Y] 4
12. HUANITEAWWUT RC2hep-D......ooiieiiieeieeeeieeeeeeeeee e, 30
13. LmﬂﬁﬁamﬂﬁuﬁRczhep-D ...................................................... 30
14, WUAREOEORUS RC2hep-E.....oooovooe oo, 31
15. LmﬂﬁﬁﬂmﬂﬁuﬁRczhep-E ....................................................... 31

=Y

16. §19UN5ATIIAADAVDIBU 16S rRNA UILUATIZOEWUE RCSHep-A...32

€

N

=Y

1PUNTATIINDAVDITU 16S rRNA UoLUATISsa10WUT RCSHep-B...32

Do

17.

v =)

18. S1AUNIATIATOAVDIOU 168 rRNA YoLUATIEoa10WUT RC5SHep-D...32

o w a aAa =l == v Jd

19. a1 UNIAUINADAVDIYU 16S rRNA UDUUANLTITYNUT RC5Hep-E...32
% 3 ] 3 a 2’

20. Box plot GII?JQ@’JLL‘]Ji ﬂ’JHJL‘]JHﬂiﬂ-ﬂN ﬂ?TNLﬂMLLﬂ%@Bﬂ%L%UiHMW .......... 36

Y ~ ] o w 3
21. @@]5’]ﬂ15§]’]8lﬂﬁﬂ%@\1ﬂv Mo 1 LL‘WL?E] @]’]Nﬁ’]ﬂﬂl')ﬁ’]mﬂ%}@yjﬁ ...................... 37



sHalasIN13: MRG5080103
#alasans: ﬁﬂmmmiﬁa\mmﬁlugmmvlm (Scylla serrata Forskal 1775):
138N NNLNTIN TINTWLRZNENTTIAINGN
PBWNIVY: Q’f’ﬁwmamwmsﬁ 3. VYN A13NALRI
MATVTIINGT AHSAINYIFRAT VRIINLIRLFLINT
WITITIIRWINTUNT F9nIauasilay
E-mail address: Maijackee@yahoo.com
UNAALD
miﬁmmmmﬁ@ﬂﬂamaaquJmLavlml (Scylla serrata Forskal 1775) mnWﬁmﬁmH
1%5’&%5’@&34?13&0@15?& Usznalng NRaINILIATaINad WUINTNMUEIWaNA LI
o Aaa Aa o & a A =< A A o ~ A
Tadavasniizuas Ynlamsviasuasiularnsidasda maauﬂuamm:msﬂuﬂq@ 138
1312 haemolymph NNATIFFOULASWLIN haemolymph maaﬂﬁﬁmmsﬁmLL@@LLﬁaVLﬁLﬁu 3
WUU A8 haemolymph F&% RFNU1ILAS frMaduinuy ﬁnﬂuuvl,@ﬂﬂmmm mﬂumam
Afemarasueanuinesozmeluivwiay  FTeusnidedadiaiien 7 etz 7
sznaudas d’suﬁﬂﬂm\gmaaﬁwmﬂ du wlen néwuiitarias ﬂﬁﬁmﬁaﬁmg AITLNE
1IMTLAENRNLIAN 1D ﬁnvl,ﬂﬁﬂmmamUlﬁﬂﬁaaﬁ;amiﬂﬁ’éLﬁnmammudaamu W1J
\ A a a a A AAa AaA ' ' ' o [
m‘gma”umi"’uaﬂsﬂnmwwmm@LwaLLUﬂmmmgﬂmaLma LIlAIIDURZAN I NAN
=< A a A a o & A A o o ¢
mﬂmiﬂﬂmmoqama‘nmﬁuaagmmmi'ﬂaaLmemimwﬂLmamﬂmmvl,@ 4 EBWUS
M re A A a =< &< g ' A a 'y = A a
LL@]VLSJWUL%SLLuﬂﬂLiﬁlu‘quJﬂﬂ@] I%ﬂ’liﬂmﬂﬂﬂix‘l%WU’J’]HWNaﬂﬂ’lfma\‘]LL@]OL‘SEIG’%’]ﬂVI&JE]’]ﬂ’]‘i
mnvl,ﬂgjiﬂﬁﬁaﬂﬁagﬂﬁ haemolymph  &U1A88HWY gﬁﬁﬁ%aaﬂﬁﬁmnua:gﬁﬁm
v o Q & v Q { =Y ¥ = 1 a
LNOARAN  ANNE1AU maaa@ﬂaaaﬂumsﬁg@@L%amml,mm‘%smﬂﬂ'n 1 8@ 27N
=1 1 tﬁq’ A A U 1 U (% :’ ] A
nMIANEIAIa I TaLUafs s e luieme lagdn lnuinnzlaniwaniwian
LLﬁaL%ﬁg’(ﬂszumﬁamaﬂﬂﬁaﬁau@m6] Pagsmeld NaanMIANENTITBNIINLAIN
maaWﬁmww:LﬁmanJeiaé’mwmimmlaag Taglgauds 7 daudsfa anudlunia-a19ua9
W MIALEINRIEN nTausdnlesin  anuldssussvasiin qm%nﬂﬁluﬁmazqmﬁgﬁ
21ME ANLANTAINEN USinwaanBraninazayluiiuaza N uLsIUSIMUatRgY 1l
3Lﬂ‘§’1$1§°ﬁ/a§aﬁ’m%§ Stepwise method of variable selection WU l@waikuL (model) fa
ratio =8.518—0.236tempair VL@TLL&@MTWqm%gﬁmmﬂﬁﬂﬁmwwuﬁmgLﬂuﬂaﬁ'ﬂma
manwiiinadadamiasvesy @xaides 10.10% Tadaduiiaiiouldudunuaz il

WasiaN1IALUadL) fauiasamemaeninang lulnadansansa adtlusia (4 13



Project Code: MRG5080103
Project Title: Study of Red Sternum Syndrome in Thai Mud Crabs (Scylla serrata Forskal
1775): Physical, Biological and Pathobiology Factors

Investigator: Assist. Prof. Dr. Mayuva Areekijseree
E-mail address: Maijackee@yahoo.com

Project Period: 2 years

Abstract

Observation of abnormal mud crabs (Scylla serrata Forskal 1775), red sternum
character, was carried out by collecting samples from crab farms in Samutsongkhram Province,
Thailand. These crabs had soft carapaces, red chelae and joints, pale hepatopancreases, gills,
and loose muscles. They also appeared less movement, and finally died. Examination of
haemolymph revealed 3 broad stages of the syndrome, namely, orange, orange-white, and
milky-white in colors. To identify the cause of syndrome, haemolymph and 7 organs of mud
crabs; integuments, hepatopancreases, gills, abdominal muscles, claw muscles, stomachs, and
hearts were dissected and histopathologically examined using transmission electron microscope
(TEM) and scanning electron microscope (SEM). Closer examination found infection of rod-,
curve rod-, and coccus-shape bacteria in all investigated organs and haemolymph. Isolation of
microorganisms from the infected tissues of red sternum syndrome crabs resulted in 4 types of
bacteria. No any microorganism growth observed in the normal crabs. The severity of the red
sternum syndrome was in the order from milky-white, orange-white, and orange, respectively.
This was in agreement with more than one type of bacterial infections found. It was postulated
that the bacteria entered the crabs via gills, migrated through circulation, before reaching these
organs. The result from physical factors showed the first-order regression model based on all
predictor variables was fitted. The analysis was performed to relate the ratio of death mud crabs
to these 7 environmental factors (pH, transparency, water temperature, air temperature, salinity,
dissolved oxygen and light density) using stepwise method of variable selection. The model
was ratio =8.518 —0.236tempair . Temperature of air was the only parameter (from the selected
environmental parameters) affecting the ratio of death mud crab accounting for 10.10%.
Variation in other factors, not in the extent of this study, could be likely to have contributed to

the residual variation in the data set.
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60 W LULUAT LRITaUA2IDE9190% grid

a. Houda0g9NGALNY (Thin section) #1886 0.5 % Uranyl acetate
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miﬁnmmmiﬁ’aaum‘l%gmtavlﬂﬂ (Scylla serrata Forskal1775): ila9an9

MUAIN BINTWLALNYIDTIINGN

1. UNW1 (Introduction) gmmLﬂué'@'j(ﬁ’uﬂmgﬁwadvlﬂﬂﬁﬁ;&a@hmsmaaﬂg\'}
é . @
WINNINYINWBVRINAIUTzNIeUTNe  nINY T (agﬂmsmulmﬁauﬁmmm
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Lﬂuﬁﬁwnﬁaﬁma@u (RA8UW) gﬁﬁmmiﬁa:mﬁauvlm%m GRNGE
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(Cancer pagurus) (Stentiford wazAquz, 2002; Stentiford wazAtus, 2003) T9R
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(% & =y a ¢=§ t:{l = o s J a €gj
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la&dl Shields (1994) Stentiford UazAue (2002) 3897311 edible crab (Cancer

11



A A o o & A A o A !
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) Qs 1 l—‘§ s 1 1 Y A s 1 v
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2. 31812 YAVAINIIALRWN13IVY (Material and method)

2.1 ﬁnmﬁa%’smamﬂmwmmﬂﬁa\lLWﬂztgﬂagiuiau?J Taad@nwilasei
fnanasaaludt

211 SaaMUTNTuIaILRIGIIe389  Radiometer LA IANSINUNITHD
RIN9VBINES MRl

212 SaanulUssusvassin  (Transparency) seldia%es Secchi-disc 14
wigdatdn

2.1.3 5’@qmﬁgﬁﬁma:qmﬁgﬁmmﬂ I@ﬂlﬁﬂ%ﬂdﬁﬂf@@'mﬁ{]ﬁLL‘]J‘]JB?’WL%‘E]E‘IJ
fnsuialuinwiiesaunlsnigiafnesriaados

2.1.4 Saanududrnldinsasile Regractometer ldmsinpialuluningvas
R IUNUEIN (ppt)

2.1.5 SalsinmeandlauiazansluinlasdTnediinnsaldvnsausun o
aandLan (Oxygen electrode) El,um'%'aaﬁaﬁﬁﬂﬂ’h Dissolved oxygen meter (DO
meter) I iaduninouasdadnsudadas (mg 1) nIagnlud1uadn (ppm)

2.1.6 SannuLunsa-snsvasineroiaias pH meter

2.1.7 aaﬂLmuﬂ'uﬁﬂmiﬁﬂmﬁa%’ﬂmamslmwmaamﬁjLWW:Lfgmgﬁaﬁ'gazhc.l
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AN 1 LRINITIATITENIINIBAINDBINITULNZLR Udg
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AT lusinlgiud punniszanm 4 IFNTALTUR Wt 5 09 15 W Lﬁagaau‘lﬁ
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2.2.2 849618819628 0.1 Phosphate buffer pH 7.2 annuuizaasngbusine
@ & . . . Y & a & & & 4
TNHIFNINATILIN (primary fixative) mﬂmmﬂgmsaaﬂvla@ 2.5 1Wasiouwd Nazany
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16



2.2.3 iaaTuIa139879678879618 0.1 M phosphate buffer pH 7.2 wan3nw
ANNGIBENINSINEaY (secondary fixative) dapsamisuanszoanlod 1 Weofifud
LLﬁaﬂwﬁqm%Qﬁﬁadmu 1 A9 2 Tlus ntudveamaniaaszaan lodasndeii
nAw 3 A5

2.2.4 fsihasnandiatnidanarslan (acetone) wiailsTudaagiolu spurr
resin ﬁ’]éf’sashdslﬁll,ﬁ\‘iﬁ’sElﬂ’]iﬁ’]ﬁ?ﬂihﬂﬂ@”]@?ﬂﬂﬁ 45 9IFLTALTOR 2 1% UazEne
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2.3 ﬂ’liLW’lngﬁldL%B’i)']ﬂﬂ%ﬂ')zgﬁﬁa'm’]‘éﬁadLLﬂGLLaglﬁLLﬂﬂﬂ%Qﬂgttgﬁ
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(Light microscope)
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2.3.3 LLEJﬂ‘]J%qY]%{L%BLLQZLﬁULﬂ% stock culture

2.3.4 a1 700990 TNULAZITRANI 9 AININA 2
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AN 10 LUATISEEEWE RC2hep-B

nNA 11 uuaiTuaaWut RC2hep-B
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NN 12 uuANuaEWUT RC2hep-D

NINA 13 LUATISEREWUS RC2hep-D

30



NINA 14 LuAfISEaLRUS RC2hep-E
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io1n DNA nuuefiEes 4 ofia s RuswIwesBn 168 rRNA (AWF 16-
19) wazthlumdrdunsafanfdauazilouisunugiutoyazas NCBI Lﬁ'aﬁaxizq
FRAVILLANLIE wudn%aumﬁﬁﬂmﬂﬁuf RC2Hep-A UazanuWwE RC2Hep-D 1Iu
Morganella morganii LLazmﬂﬁuf RC2Hep-E \Jw Pseudomonas sp. lummzﬁ 16S
rRNA  223uuAfiiSoasWus RC2Hep-B wiautuuueissfanneiaudsslinsu
TUa

TAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGGGC
GGTAACAGGGAGAAGCTTGCTTCTCTGCTGACGAGCGGCGGACGGGTGAGTAATGTATGGGG
ATCTGCCTGATGGCGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAATGTCTTCGG
ACCAAAGCGGGGGACCTCCGGGCCTCGCGCCATCAGATGAACCCATATGGGATTAGCTTGTA
GGTGAGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGATCAGCCACA
CTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGG
GCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTT
CAGTCGGGAGGAAGGTGTTAAGGTTAATAACCTTAGCAATTGACGTACCGACAGAAGA

NINA 16 §19UNIAHIAREAYEIDU 16S rRNA BBILUATISHENWUE RC2Hep-A

TAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAGC
GGTAGCATTTCTAGCTTGCTAGAAGATGACGAGCGGCGGACGGGTGAGTAACGCGTAGGAAT
CTGCCGAGTAGTGGGGGATAGCCCAGAGAAATTTGGATTAATACCGCATACGCCCTACGGGG
GAAAGGAGGGGATCTTCGGACCTTTCGCTATTCGATGAGCCTGCGTGAGATTAGCTTGTTGG
TGAGGTAAAGGCTCACCAAGGCGACGATCTCTAGCTGGTCTGAGAGGATGATCAGCCACACT
GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGG
GGAACCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCA
GCAGTGAGGAAAGGGTGACAGTTAATACCTGTTA

NN 17 §19UNIAHIAREAYEIU 16S rRNA B8IUUATISUENIWUE RC2Hep-B

ATTAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGGGCG
GTAACAGGGAGGCTTGCTAATCTCTGCTGACGAGCGGCGGACGGGTGAGTAATGTATGGGGA
TCTGCCTGATGGCGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAATGTCTTCGGA
CCAAAGCGGGGGACCTCCGGGCCTCGCGCCATCAGATGAACCCATATGGGATTAGCTTGTAG
GTGAGGTAACGGCTCACCTAGGCGACGATCCCTA

NN 18 §1aUNIAIAREAYRIDU 16S rRNA BBILUATISHENWE RC2Hep-D

AAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCG
GTAGAGAGAAGCTTGCTTCTCTTGAGAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCC
TAGTGGTGGGGGATAACGTTCGGAAACGGACGCTAATACCGCATACGTCCTACGGGAGAAAG
CGGGGGACCTTCGGGCCTCGCGCCATTAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGG
TAATGGCTCACCAAGGCGACGATCCGTAACTGGTCTGAGCACTTT

NN 19 §19UNIARIAREAYEIDU 16S rRNA BaIUUATISHENIWUE RC2Hep-E
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(b) Boxplot 2846u1/5AN YT a0 aomndinuazamnnlanme

(c) Boxplot 284@LUTAMULTULFIRILDUAZANNUTULRIVNY LD

INNIATIIROUAIEY  Boxplot WUINA2 LL]JWmUﬁaﬁﬁwuaﬂn@;wﬂ:ﬂuagvmm

aNudunIa-a1d  sandawiuin  aulusIugas qm%nﬂﬁﬁma:mﬁmﬁmmoﬁwmja
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I(ﬂUY]@]’JLLﬂia’Jui%mNaﬂHmzﬂqiLL"ﬂﬂLLQGWIﬂaLﬂﬂGﬂﬂ@] ElﬂL’Ju@]’JLLﬂiﬂ’J’]&JIﬂNLLﬁx‘i‘N

dnmaanuasdenthadan  Sminoanuidinaszesteyasiulngdadudayani
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=
1.009
0. 00
T T T T T T T T T T T T T T T T T T T T T T1
l =2 3 4 5 £ 7 88 9% 1011 1Z 13 14 15 16 17 18 15 Z0 21 -2 -3 Z4
order
N.A.50 NN A.0. WL N.A.A n.A. §.a. n.g. a.a. W 5.0.50 8.a.51  n.n51

AN 21 é’mwmsmmaﬁwaag da 1 uwisa audauaMAuTaya

WiNpme: 1 fAadayalfou unman 2550, 2-3 AatayaldaununIWus 2550, 4 fie
Toyalmaniman 2550, 5 Aadayaidouumun 2550, 6 AedayaliawwnEAIAL
2550, 7-8 fatayalfanlnguian 2550, 9 Aadayaifaudinien 2550, 10-11 Aadaya
\Mounuenen 2550, 12-13-14 Aedoyaldouaany 2550, 15-16 Aadayalhou
WoeIMen 2550, 17-18-19 Aafayaldaniuinny 2550, 20-21-22 Aatayalfam

UNTAN 2551 LRy 23-24 ﬁaiagmaaqumﬁuﬁ" 2551
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n:l. g a £ o @ 6 o a v s a
M1379N 6 LLamawﬂsm‘nﬁa%auwuﬁmaaﬂ%ﬂmaaam@aau (7 @]’]LLTIJ‘J) LN AIN

U =) QG‘ Q/ e
MIANBAD 1 WNLID I@Uﬁl“ﬁﬁ&lﬂizﬁﬂﬁﬁ%ﬁNW%ﬁ;ﬂﬂd Pearson

Correlations

ph transpa [empwater tempair | salt oxygen | lightl light2 ratio
ph Pearson Correld 1 -.035 .076 -.094 -.340*1 -.053 .074 -.105 .150
Sig. (2-tailed) .769 .523 434 .004 .659 .534 .382 .208
N 72 72 72 72 72 72 72 72 72
transpa Pearson Correlg -.035 1 -.187 -.282* .038 -.248*  -.174 .269* .050
Sig. (2-tailed) .769 116 .016 .748 .036 143 .023 .676
N 72 72 72 72 72 72 72 72 72
tempwate Pearson Correld .076 -.187 1 .829*1  -.466* .268* .063 .096 -.284*
Sig. (2-tailed) .523 116 .000 .000 .023 .599 422 .016
N 72 72 72 72 72 72 72 72 72
tempair Pearson Correld -.094 -.282* .829% 1 -.147 211 112 .080 -.319*
Sig. (2-tailed) 434 .016 .000 .218 .075 .349 .504 .006
N 72 72 72 72 72 72 72 72 72
salt Pearson Correlq  -.340* .038 -.466* -.147 1 -.138 371* .040 .008
Sig. (2-tailed) .004 .748 .000 .218 .247 .001 .736 .948
N 72 72 72 72 72 72 72 72 72
oxygen Pearson Correld -.053 -.248* .268* 211 -.138 1 -.136 .100 .085
Sig. (2-tailed) .659 .036 .023 .075 .247 .256 406 A75
N 72 72 72 72 72 72 72 72 72
lightl Pearson Correld .074 -174 .063 112 .371%1  -.136 1 .046 .050
Sig. (2-tailed) .534 .143 .599 .349 .001 .256 701 676
N 72 72 72 72 72 72 72 72 72
light2 Pearson Correlq -.105 .269* .096 .080 .040 .100 .046 1 122
Sig. (2-tailed) .382 .023 422 .504 .736 406 701 .308
N 72 72 72 72 72 72 72 72 72
ratio Pearson Correld  .150 .050 -.284* -.319* .008 .085 .050 122 1
Sig. (2-tailed) .208 .676 .016 .006 .948 475 .676 .308
N 72 72 72 72 72 72 72 72 72

**.Correlation is significant at the 0.01 level (2-tailed).

*.Correlation is significant at the 0.05 level (2-tailed).

A =2 v o ¢ ! @ oo a £ v o ¢
IMNNTNNN 6 ﬂﬂﬂ’]ﬂ'ﬂqﬂawwuﬁizﬁjqd(ﬂaLL']J?I@IUiﬁﬂ&lﬂizaﬂﬁa%ﬁﬂwuﬁmaﬂ

Pearson WUINMAAMURNAWIIEHINUNIIIAUN1IRY Ln@é'awaaﬂagﬁﬁwmﬁnm LT

a g’ a = o o § o 1 ¥
qmwgwmLLa:qmﬂgmlummﬂum’mawwuﬁﬂuﬂaumagﬂumau’m (r=0.829, P<

0.01) mmLﬁuLLa:qmﬂgﬁmaaﬁwﬁmmé’wﬁuﬂumaau (r=-0.466, P< 0.01) &%

AAINIMIANYAD 1 LWLID ﬁmm&mﬁuﬁ‘maauﬁuqm%gﬁﬁma:qmﬁgﬁlummﬂ

(r=-0.284, -0.319, P <0.05, P< 0.01) NNEIAL

WaNNTNFNMTUFAIAINTUN BT IZRINOATINNTANLGD 1 UNTe LR WNAIIY

/a

U

ﬁWLLa:qmﬁgmummﬂ (@u58&32) lagldnsiasnzinmInanasliaay \Hana?
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uils8a3edatdT Stepwise wuhliipsdmulsgunndluameaniianudmdnlunis

a%mﬂmmﬁmmsmmﬁmﬁmimﬂmaagﬁlfé’lm AOIIDAIYRNNITAIUEN
ratio =8.518 —0.236tempair

(ratio fB8AINNIANY, tempair Aegmnadluaima) uazandayaanswh 7 fadh
=Y Al t? 1 = Q a
qm%nﬂulummﬂmmu 1 MINYIALTALTIE aATINNTANDITAAR (MNAWANT Db
v A & ' Aa ) v A ¢ & 6 A ' A
WWNALY)  weanuTRaTUNsANNRUWLUTIANES 1010 L1UasiEud ﬂamqm%Qﬂu
ANMNARINNITNDTUNLAN U WIS (maoﬁaga) @iaé'mﬂm‘smwaogvlﬁl,ﬁm 10.10
6 = 6 o & o A o v A % A o A A 1 Y o A
WaslTne  AInnaLL IR0 ta9 NI HFILIARDNRT1TAFL DN bl LA NININTIN
mfﬂﬁwa@iamia%mﬂﬂ'smﬁul,l,ﬂsmaaé'@mmsmmlaag@ia 1 uwisale

v

A998 7 mﬁmﬂ:ﬁmmmam:%’i’mé"@mﬂﬁmmia 1 LLWL%@LLGtQM%Q?Jﬁ’]LLﬂz

ganndluainie
Model Summary
Adjusted Std. Error of
Model R R Square R Square the Estimate
1 .3194 101 .089 1.41239
a. Predictors: (Constant), tempair
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 8.518 2.477 3.439 .001
tempair -.236 .084 -.319 -2.811 .006

a. Dependent Variable: ratio
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4. 39150kN19INAA Y (Discussion)

Aa

2 o a Ao oA

nnuansAnsantasuadlulnzialasisssanidennannldgndvesfay

A AA o & Aa Ay Aa
nz1afiga  haemolymph aanundiFwnadesinuwy YNl haemolymph &Fup1duazyAll
haemolymph &Y TIx0AAABINLUBINNTVRILTALAZEIEIEAMENANEN Aadtiziianuued
a Ad & A @ o @ P v @ [ a
faumauazidanizoeaninn lUdasauiauirlant19du ansme haemolymph &112
AR8YUNT  AREAUNIRALTaNN  Hematodinium sp. u&a3 crustacean wHa@9
(Meyer waz@atwe, 1987; Shields., 1994; Taylor ez Khan., 1995; Shields L8z Squyars.,
2000; Stentiford uazamz, 2002) AailladndlaTuizalinruguussrild haemolymph laj

& oW v . ] & o

8T DIA7 e (Meyer wazanz, 1987; Shields Wa Squyars., 2000) TINTUTIAIVDI
haemolymph  siuidunalnddnluszuunlduiuvesnin  crustacean AMoaunLaIy
A a . A N A a & A A A
WWNERIININ haemolymph  ldudednikdunwinziindiaizaaniatinrianiiia
AN (Stentiford LAz Shields., 2005) lasdsnuuwed Lee wazamiz (1999) 71
Nanaa extracellular products (ECP) ANR@9N V. harveyi mﬂﬁ:\‘iqmﬁﬁﬁa tiger prawn
(Penaeus monodon) W&IWLIN 2 T2lN4GaNIWLTN haemolymph maar‘jﬂuﬂéjwmaaa
gL EEANNAINNINIUMILTIMILZIINTIBNUIEY  Salaenoi  UAZAE  (2006) Gt
haemolymph 2asinziafilannisviasuasnianguassiunaniiensidanaldsduly
haemolymph  wuinhinuunuldsiuveseanddlulosdundiminluanadszanm 75
kDa uazmsiarzitiinamaniuasddsznaul haemolymph léur nasuas (copper)
WaTRINEF (zinc) wuhidianamgiesnidund 3 was 4 wh ewday wedSinm

~ . A A . & . A a ] A
WAALTEN (calcium) wunhiaay (magnesium) uaztan (iron) NUsumuINNIYUnG

=2 a & o PR o A R

midnmwumMIGaiTazaseitzanyilennfiaiuasszezn 3 ldAnwwy
wuafSy 4 afia uazlaindwIuuesdn 16S rRNA udth lumsaunsafinafda

~ ~ o o A A A A A & &
waziSuuinounugwdayases  NCBI  LiNafezszysiiavaduuafiisawuiniuise
LUATISIREWUS RC2Hep-A UazanaWul RC2Hep-D \iw Morganella morganii Waz
suWuE RC2Hep-E 111 Pseudomonas sp. Tz 165 rRNA wauuafisuanowug
RC2Hep-B inllaunuuuafizanannnziaudsslinmusiia wdansenuedisg ale
weriIduluinzia Scylla serrata (Forskal) dwudndiwimaanidaldifaliafidainis
Aasunwil lay Hudson way Lester (1994) Vlﬁ’ﬁmzﬂg Scylla serrata (Forskal) 31131

L 1 s a 6 A 1A a o
130 @1 91Nd17 Moreton 33A3nLaua Lulszinaaasiasidy woddwmnFasiwan 10

A ~ VR Y & A A = & A v a A o A
Iha ‘nmﬂmmagﬂﬂaa@ 4 THe mﬂumaﬂﬂalvxm@BﬂguLLiaﬂa Tislasanwuln
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\88@ (blood protozoan) Hematodinium sp. 1Uslagindan (ciliates) UnRIM1N1289319
Ao Epistylis sp. U Acineta sp. URZLNIB (barnacle)
fnTumsfnmdisaanisaidianaseunuudaddiuaInelsiz 7 a1z Aediunun
AQUTBITIME GU Wwden nauiiierias naailaray nezwizenmsuaznauiiieala
v & Aa o A a & AA Aa ] ' ' o
uwaasliianilidennsvissuamnizpziins@asauuailiFoniizdiuns uvisldssauas
anuunay TReauAuMINyYdaiaannuuaiiioannnit 1 sl lasnaannisdnm
A A Aa Y & A A ) v ¢ o .
n93aT3nevedideimatasuasanansnueniawa e ld 4 mowug uwdnayliny
dw a A a & 1 U Y 1 1 % e 1
Fauuafioluyund Tauaasinemvissuas ldswanitdanuadinanngladsla
o va g A Y < . [ \ A \
nuuazhldfageuuaiGeld  Swandriunenuandndssmainuignaauss
fainzianlanmIviaauedinisdaite Hematodinium sp. @937189142849 Shields (1994)
WUNIUWITZUNAVUBS  Hematodinium  sp. luﬂ’liLamgLLazﬁo Tl (oocyte) nITLWNE
2In3 LﬁaL’E'Jaa'amguLLa:"ﬁao'mmﬂuﬁwﬁa (haemal sinuses) ATBIWNITUNITZLIAT
@aLa Hematodinium sp. ﬁLﬂumeIﬁﬂ Bitter crab disease (BCD) 1a8) Eaton WazAue
(1991) 3891wy Tanner crabs (Chionoecetes bairdi) 3NNz Sullivan N9IAZI%BEN
= °’ U "~ dl v 1 v & 1 a dq,
doaldluizeaada ialsa BCD laidngnaseudanunsuniszinauszmidaizaun
fge  Wadhgnaluldiuazngnuniziuaessmuiauuaziiadngngluldwiazy
] P &£ & g i
WUNTUNIIZUNALANUINIBENATI wanant Octolasmis Tayor Wae Khan (1995) @nwn
MILNITZUNAVAS Hematodinium sp. (Dinoflagellata: Syndinidae) ﬁLﬂumm@l"naﬂiﬂ
BCD lquj Chionoecetes opilio 1 Wytn1z Newfoundland Uszineuauian Tutl .6 1992
19 A.d. 1993 WudnIAalta Hematodinium sp. 1w 3.7 wWafidud veNau
nanNa 135 62 uwanniednih Field uasAme  (1998) @AN®INNSUWITZUNAVDI
Hematodinium sp. 1%7‘3’0 Norway lobster (Nephrops norvegicus) U UIOUTORIAZIUAN
o & = o & VoA R A A
YIUILNARTOALAUG LAULAUAIBEIAILALABUNENLY A.a. 1992 DaLRauTWIAN A.7.
. .. . . . = .
1995 WUl Hematodinium sp. Himiuwirzunaaglutwsasstuinfeiimuniszing
gagalunglulinfuaziendngien  wszdswuhiunadisndawananszinisfaize
U NAga &% Stentiford WAzAmAZ (2002) AT TN DINEN ANNDTAUNHUAL
inakanIWGans (PCR) lui edible crab (Cancer pagurus) Nugasannsdalsa Pink crab
disease (PCD) lutainguunivedll e 2000 D9 a.@. 2001 wuidnmsdaizandny
Hematodinium sp. A lAinalsa PCD laswy Hematodinium sp. JLHTWARINLA LAY

szaziadau s lwiaauazinli tubule cell vasauTiTasaatiasay
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Stentiford Wazame (2003) ﬁmﬂﬂ%g Cancer pagurus W8zl Necora puber 7
LEAIBINNTAALIA PCD 310 South coast 2adtNNe Guernsey WAZLSLIAEIWLINLEN
eil3 Newton U3sinadings 35winaidausuiney a.q. 2001 DILADUNNNTWUT .91,
2002 uazhanAnsNIY IR IINguazAnsINInaasIanIIARBIanaTauny i
i Cancer pagurus fewda Hematodinium sp. D9 25 LUasioud wazi Necora puber 3
ns@aLa Hematodinium sp. §909 100 tladigud wonINAFINLITINMsBaEeann
fadsauRuMIaaLTa Hematodinium sp. §78

Pestal iazatue (2003) ANBINIUNIIZTUNAVS Hematodinium sp. Iug
Chionoecetes opilio 91n&13 Conception #yjtn1z Newfoundland  szindanauIan
JeRINTUA 20 Auensuiewi 9 ANAN A.4. 1998 laaANENA N NEUaNLAZIN
\Raa mmaammﬁmﬁamalslef'fnﬁaaa;amsﬂﬁuuﬂ%uaawunwuws’szmwa\‘i
Hematodinium sp. gd%%&l’]ﬂﬂ’jﬁﬂ’ﬁi’]Udﬁ%ﬂﬂiLLWii:U’]@ﬁWUﬂ%ﬁLLiﬂ?lEl{l Tayor W&
Khan (1995)

Shields kazADAL (2005) 1LUATWNIITLIAVBILSA BCD ﬁﬁmm@;mnmsa@
L%a Hematodinium sp. lug snow crab (Chionoectes opilio) ﬁﬂﬂquj'Lm: Newfoundland
Uszinauaman lasfinn1sd1aasua a.a. 1997 f9 @.¢. 2003 9IN817 Conception
17 Bonavista uazuwadsUUa1Te Avalon WUl 6.6 1999 WUNMIULWITLLNADE
Hematodinium sp. US1184817 Bonaviata Lazan? Conception b @.61. 2000 WUNT
UWWIIZUNaVaY Hematodinium sp. UILIka1? Conception IuHLWﬂgﬂs:mwm 29499
wWatidud uazlwwendodszann 19 6 26 wafidud mnmaonudinuin)iwaiis
LLazgLWﬂQﬁﬁﬂW]@Lﬁﬂﬁﬂﬁ@@L%ﬂ Hematodinium sp. mnﬁq@

Tunwdssiinuudnsiadeuueizeleslinumnaauazanmsildinge
LUATITIR8WUE RC2Hep-A, RC2Hep-B, RC2Hep-E ﬁLwﬂ"l,@i”ﬁnﬂgmmﬁﬁmﬂﬁﬁaa
uasdaingiing WU Tauuefiaen 3 e limunannalsaluyundle fousd
jwmsﬁm%ammﬁuﬁ RC2Hep-A Lﬁﬂg@ﬂnalumimaaaﬂ%ﬁ 1 azmmmﬁﬂﬁgmﬂ
e LLazﬁ’m’]iﬂLLElﬂL%ﬂLLUﬂﬁL%Elaaﬂﬂﬂﬁl’mHﬁ@]’mVLﬁ LA INAR0IEN 3 AeR liLAaNa
\iulanuy &9 dose faaAnaiuiln dose TiRsawadamInaliaudiuasusinas
faauNaGadn 30 1% ﬁvlwdawa@iaﬂﬁiﬁaISQﬁaaLL@aLLazgmLaﬁ?uﬁ"lmLammmi
souna soluldlduuaiiGens 3 shedl aw"l,aflfﬁl,%aﬁLﬂumm@;maammsﬁaaLL@N
LL@iquJ'*?iﬁmmsﬁaaLmammﬂummsﬁLﬁ@%ﬁﬂgi‘fuﬁqmmw"l,&ia ﬁﬂlﬁL%@ﬁ;a%wﬁﬁagj

anusTnmd wuldnal#iie Secondary infection uazawnIniainaglulnguniwlid
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v o & =< &< X . & A A o ' o [
16 asmannnisdnes luasstanaindanuafisyaran ldnnelusrenelasd ldny
imzakuwnsianududgnizumteaualddidudnag  vasdmeld uedl
NENUNNENIINMIAaINEagYUnGues Shields uaz Squyars (2000) NaaiTe
Hematodinium perezi FEAUANNLT N 1,000-100,000 L%éﬁ"ﬁﬂg blue crabs
(Callinectes sapidus) meﬁULLﬁawudﬁgL‘%umzﬂufuﬁ 14 BRINAALTALAZWUAINY
. & & A a a £ ¢ & &
RULUNDILTASLUALREA (hemocyte) aARd WITIRALLANT ULz 30 1Wastdud
(> a d%/ a t:ll g: a ::\I J 6 & 6 [ a d%l a :il
PAINAALTD LW IWA 14 INBUNITRALANNTY 60 LUasiTud wadannaarmaluwiwn
a g a AI ,é’ | =3 (- % a g %] {
21 uazAaTaNITEALN LAWK 100 1Wasidud radsandaaluiun 35
=2 - 6 g 1 Qs U
Namﬂmiﬂﬂmﬁwﬂmamslmwmaastmww:Lamgmamwmsmwmg Tagls
auds 7 ey Aanmaussniiunazldin anulusnasnadiin qmwﬂﬁluﬁmaﬂu
1Mme ANULAN  USinaandaninazagluinuazanuiunia-and Lﬁa’imﬁzﬁﬁaga
¢1835 Stepwise method of variable selecton WUINlGUNWLL  (model) fa
ratio =8.518—-0.236tempair  Tausasgmnninnameanviiuwziassiduilatuns
munwiiinadadanmiaevesy @xaiies 10.10% Tefiadniafiouldudiunyaz il

HaAaNIAN8v891)) SR8 NINMENINDUY "l,ajﬁwa@iamsmmaagl,wiamavl,s
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A3. TWINT TUdY mﬂ%nﬁ%ﬁﬂm ARANYIFIRAT URIINLIRLALINT Ineue
o o ¢ AN o v o ° \ A A A A = &
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Abstract

Mud crab (Scylla serrata Forskal 1775) is one of intensive commercial animals of Thailand that
has been exported accounted for more than 5,000 millions baht in 2005. This is because of
their good taste and high nutrition. In Thailand, distribution of mud crabs was along the coastal
water and they also have been cultured for more than 20 years. The culture of mud crabs was
found in several provinces; Chantaburi, Trat, Samutsongkram, Ranong and Trang. From our
observation of the soft-shell mud crab farm in Samutsongkram province (during December 2006
to June 2007), we found some crabs showing the abnormal symptom. These crabs had soft
carapace, red chelae and joint, pale hepatopancreas, gill and loose muscles, while their
haemolymphs were reddish in color. They also appeared limited movement and their meat
seemed bitter. The crabs also showed signs of inactive, non-moving, and finally dead. To
identify the cause of syndrome, haemolymph and 7 organs of mud crab; integument,
hepatopancreas, gill, muscle, claw muscle, stomach and heart were dissected and examined
using electron microscopy. The results indicated that red sternum mud crabs were infected with
rod-shape or curved rod-shape bacteria in all investigated organs and haemolymphs. More
investigation should be done to confirm the exactly causes of red sternum syndrome.
Nevertheless this study could be used as a fundamental data that could be useful for further
analysis.
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Abstract

Observation of abnormal mud crabs (Scylla serrata Forskal 1775), red sternum character, was
carried out by collecting samples from crab farms in Samutsongkhram province, Thailand.
These crabs had soft carapaces, red chelae and joints, pale hepatopancreases, gills, and loose
muscles. They also appeared less movement, and finally died. Examination of haemolymph
revealed 3 broad stages of the syndrome, namely, orange, orange-white, and milky-white in
colors. To identify the cause of syndrome, haemolymph and 7 organs of mud crabs;
integuments, hepatopancreases, gills, abdominal muscles, claw muscles, stomachs, and hearts
were dissected and histopathologically examined using transmission electron microscope (TEM)
and scanning electron microscope (SEM). Closer examination found infection of rod-, curve rod-
, or coccus-shape bacteria with thin and think cell wall in all investigated organs and
haemolymph. Isolation of microorganisms from the infected tissues of red sternum syndrome
crabs resulted in 5 types of bacteria. No any microorganism growth observed in the normal
crabs. Interestingly, these isolated bacteria can be classified following the severity of the
disease. Additionally, the degree of bacterial infection found was following to the stages of
disease. It was postulated that the bacteria entered the crabs via gills, migrated through

circulation, before reaching these organs.

Keywords: histopathology, mud crabs, Red sternum syndrome
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