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EXECUTIVE SUMMARY

The mud crab is one of the most economically important aquatic species in
Thailand. Each year a large quantity of mud crab is exported to many countries
around the world. Presently, the mud crab resources have been declining due to the
reduction in mangrove forest which is the nursery ground of mud crab. Meanwhile
the demand for mud crabs has been tremendous increased due to the increase in
demand for small mud crabs for soft shelled crab culture. This caused the fishermen
try to increase the efficiency of fishing gear by turning mud crab trap to portable mud
crab trap with a very fine mesh size 3.5 cm. in order to catch more crab to support the
demand of the soft shelled mud crab market. Nowadays, this form of fishing gears is
rapidly increasing with a little increase in total mud crab catches and the size of mud
crabs caught is considerably smaller than they used to be. Although a large area of
mangrove forest has been replanted with the incorporation of the mud crab stock
enhancing in Klong Ngao mangrove forest, Ranong province under the DOF project,
the problem of heavy exploitation of mud crab still continues and severely damages
the stock. It is therefore important to examines the current status and understand the
effect of reduction in fishing effort on yield, biomass and value of mud crab resources
in Klong Ngao mangrove forest in order to achieve stability of catch and to maximize

long-term yield. This study can be categorized into 5 topics as follows:

1. Classification of mud crab

Crab samples were collected in Klong Ngao mangrove forest during October
2002-September 2004. All mud crab samples were examined for external
morphology and 24 morphometric characteristics were measured on male mud crabs

to avoid sexual dimorphism.

Discriminant Analysis (DA) to discriminate between the mud crab
phenotypes incorporated with the identification of Keenan ez. al. (1998) to identify

the mud crab species.
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The mud crab in Klong Ngao mangrove forest were discriminate into 4
groups: black mud crab, white mud crabs, purple mud crab and green mud crab. The
test of equality group means of 24 characteristic of male mud crabs revealed 5
characters which were outer propodus spine (OPS), inner carpus spine (ICS), outer
carpus spine (OCS), distance between frontal median spines (DFMS) and 9™ lateral
spine height (9™ LSH) displayed distinct different between 4 group of mud crab
species. Base on the results of discriminant analysis and a key to the species of Scylla
by Keenan et. al/ (1998) the mud crab in Klong Ngao mangrove forest can be
identified into 4 species namely Scylla olivacea (black mud crab), S. paramamosain
(white mud crab), S. tranquebarica (purple mud crab) and S. serrata (green mud

crab).
2. Species composition and monthly size distribution of mud crabs.

The study site has been selected at two villages, Banlang and Hat Sai Khao
in Klong Ngao mangrove forest, Ranong province. Detailed data on total catch, catch
composition and carapace width frequencies were collected twice a month during full
moon and new moon for the period of 2 years (October 2002-September 2004). The

detail of fisheries data obtained by interviewing fishermen.
2.1 Vessels and gears.

There are two types of fishing gears, collapsible crab trap and crab lift net,
operated in Klong Ngao mangrove forest. The collapsible trap is the main fishing gear
for catching mud crabs. There were 40 boats using the collapsible trap and 8 boats
using the crab lift net. The average number of fishing gear per boat was 66-73 for

collapsible trap and 49 for crab lift net.
2.2 Catch composition.

The composition of the collapsible trap catches composed of 60.79% mud

crab, 38.20% spiny-claw swimming crab and 1.01% the others aquatic animal.
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Almost 100% (99.76%) of the mud crab caught by collapsible trap was the black mud
crab. The total catch of mud crabs was about 31-34 tons during 2002-2004 with the
catch rate of 0.07 kg./trap. The average size caught both male and female was 8.12
and 8.26 cm. respectively which is under the average mature size of 9.9 cm.

(estimated by Thanitha, 2005 and Chaeewasedtham, 1990).

2.3 Distribution.

The distribution of female mud crabs was found all year round but the
decline was found during November to February especially in the inner area of Klong

Ngao, this confirm the spawning migration from mangrove area to the open sea.

The distribution of small size crabs was found all year round with the
maximum catch rate during May to June. It is assumed that the recruitment in May to
June came from the spawning in the last November-December and the recruitment in
August-September came from the spawning in March-April. Due to the age-length
relationship of von Bertalaffy growth equation, the spawning crabs take about 5-6

months to develop to the size of recruits.

3. Growth parameters, mortality and recruitment pattern

The two years data of carapace width distribution were used to estimate
asymptotic length (L), growth coefficient (K) by using FISAT (FAO ICLARM Stock
Assessment tools) (Gayanilo and Pauly, 1997). The result of the estimation were Loo
=14.70 cm and K = 1.2 per year for male and Loo = 14.85 cm and K = 0.95 per year
for female. A catch curve analysis was used to estimate the instantaneous rate of total
mortality. The instantaneous rate of total mortality of male crab was 5.98 per year
with the instantaneous rate of fishing mortality 3.53 per year and the instantaneous
rate of total mortality of female was 5.98 per year with the instantaneous rate of
fishing mortality 3.33 per year. Instantaneous rate of natural mortality rate (M) was

obtained from Pauly’s empirical formula. The calculation gave M = 2.45 per year for
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male and 2.10 per year for female. The carapace width-weight relationship is W =

0.078(W)**  for male and W = 0.235(CW) **’ for female.

A monthly recruitment pattern was obtained by using the two year pooled
data of carapace width frequencies. The recruitment pattern shows two prominent
peaks per year for both sexes, the first recruitment peak was in June to September and
the second peak was in October to February for male and for female the first

recruitment peak was in April to July and second peak was in August to December.

4. The current status of mud crab stock.

The estimated growth and mortality parameters were used in Thompson and
Bell model to assess the state of mud crab stock. The results showed that at the
present exploitation gave a total yield of 18.11 tons with the value of 1.23 million
baht for male and a total yield of 14.65 tons with the value of 1.01 baht for female
while the maximum sustainable yield (MSY) for male was 18.56 tons and maximum
economic yield (MEY) was 1.23 million baht. There was no MSY peak for female
crab, but MEY was 1.04 million baht. The value of biomass of both male and female

decrease steadily as fishing effort increase.

5. The consequence of a reduction in fishing effort on yield, biomass and value of

mud crab.

At the present status of male and female mud crab were exploited close to
the maximum sustainable yield (MSY) and maximum sustainable economic yield
(MEY). Therefore, an increase in fishing effort on crab stock may lead to minor
increase on yield and value but will cause tremendous decrease on spawning stock in
biomass and catch rate which will resulted on higher investment and less income of
fishermen. However, the reduction of fishing effort by enlarging the mesh size of
collapsible trap would mean the length at first capture will increase to 8 or 8.5 cm.
This method will give a minor change on yield and value but will obviously increase

the spawning stock biomass and will increase the number of recruits later on. The



length at first capture of 8 cm. is recommended due to the experiment of catch
efficiency and size selectivity from the study on spawning ground and spawning
season for management of orange mud crab; Scylla olivacea (Herbst, 1796)
population in Klong Ngao, Ranong, Thailand by Thanitha (in print) also proved that
the total catch and catch rate were not significant differently with the modified trap

with the rectangular shape 3*5 cm of escape cavity and the normal trap.

Recommendations

1. The Department of Fisheries or other state agencies should support more budget on
purchasing the mature mud crabs for breeding. The young crab received from this

activity could be used for stock enhancement of natural crab resources.

2. The knowledge gained from the research should be simplified for the fishermen to
enable them to understand crab stock. The main idea is to raise awareness of
conservation and sustainable resource management around the coastal area for the
local people. In many cases most of the legal measures are not practical because of
the lack enforcement and some fishermen try to avoid them. To make fishermen
themselves realize on the values of the resources is the best way to rehabilitate the

crab resources.

3. The modified trap suggested by the project carried out by Thanitha should be
promoted among the fishermen since this type of trap allows the small size crab to

escape. The Klong Ngao fishing ground should be used as pilot area.
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Classification and stock assessment of mud crab in Klong Ngao mangrove forest,

Ranong Province

Kanchana Jirapunpipat Nathakorn Pradissan

ABSTRACT

Mud crab samples and fisheries data were collected in Klong Ngao
mangrove forest, Ranong province during October 2002-September 2004.

The classification of mud crabs are described by external morphology base
on identification of Keenan et al. (1997) and Discriminant analysis (DA). There are
four species of mud crabs including Scylla olivacea, S. paramamosain, S.
tranquebarica and S. serrata found in this area.

Collapsible trap is the main fishing gear for catch mud crabs in Klong Ngao
mangrove forest. The total catch of crab during 2002-2004 was 31-34 tons and catch
rate of 0.07 kg./trap with the average size caught was 8.12 for male and 8.26 cm. for
female.

The results of prediction model (Length-based Thompson and bell) showed
that the mud crab in Klong Ngao mangrove forest is at present exploit close to the
maximum sustainable yield (MSY) and maximum sustainable economic yield (MEY).
Therefore, an increase in fishing effort on crab stock may lead to minor increase on
yield and value but will cause tremendous decrease on spawning stock biomass and
catch rate which will resulted on higher investment and less income of fishermen.
However, the reduction of fishing effort by enlarges the mesh size of the trap so that
the length at first capture is 8 or 8.5 cm. This recommendation will reduce the

declining of spawning stock biomass of mud crab.

Key words: mud crab, Klong Ngao, identification, assessment
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Carapace width; 8CW Carapace width at spine 8; CL Carapace length; PWC Posterior
width of carapace; LSH 9" lateral spine height; FMSH Frontal median spine height; FMS
Distance between frontal median spines; DFLS Distance between frontal lateral spines;
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DFLS DFMS
o r =Y B
(A) Carapace (B) Frontal lobe
- = > 3
K>

IPM

(C) Sternum (D) Periopods

(E) Chelipeds

7N 1 uanINNIIRANIUEANG] 24 ANmuze9YTAdMEL Multivariate analysis:
(A) Carapace; (B) Frontal lobe; (C) Sternum; (D) Periopods; (E) Chelipeds
Fig. 1 Showing the measurement of 24 characters forming data for multivariate:

(A) Carapace; (B) Frontal lobe; (C) Sternum; (D) Periopods; (E) Chelipeds.
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Fig. 2 The measurement of external carapace width of mud crab.
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a,b = ﬁﬁﬂ\i%%ﬁﬂimqqﬂﬂ’JWN@NWUﬁﬁI'ﬂ\?MQLLﬂ?VN@@Q

1JI2UNUAT 2 WAZ AT b AINNITIATIZHANNITOAD DY (Linear regression
analysis) taeilasuannisliatTugil Natural logarithm

Ln(W) = Lna+b*Ln(CW)

2.2.5 BAnziiInilmesnaiule namaunui wazdnsnisanaaedy

A

(1) nmsdsziduArnnamiimasniaiulavesynuiamaAguazinALds
o v dl v £ al :// A
UNdRYANIINILANYAINDANNNTINTBINTZABILNLLAN AL UALIWALH LA LFLR A URA A AN
2545 D49 AUENEU 2547 NININIIILATIEFANITRIRasnNRUIRGaeTUunIN FISAT

(FAO ICLARM Stock Assessment Tools) (Gayanilo and Pauly, 1997) TaglszunniANAN

ﬂf’mmmm@q@mﬁgmmmmimﬁuim (Ly) uwazdmIndauaesdutlsz@niniamasuse

futls=AvanisiFula (2/k) maAaaes Powel-Wetherall plot wazihen Ly, Pl&antlszann

A" k (Scan of k value) e input data Tunsuuaduldeansifulnlaani sl as

Tﬂﬁi\‘m%wm%’w@ﬂqmﬁmmm*wm%ﬁ\m?m@wmgwm@%mmLWﬂ feazldFpnnuning
a

nszAadgeganneiananunsnimuls (Ly,) warAdNsz@ananismuln (k) WHele

Q
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ANNITINIRBFAINANINATAINITOUIANDIELATIUIAAINNNAINTBINTEABILNTLA (age-
length key) anaun19n19LALIALaY von Bertalanffy growth equation (Bertalanffy,1938)

Y o gl/
st

L, _ LOO(,]_e-ku»to))
Tned L, = ANNNANNTEABRIL)INaNY t Huiagiflu
LTURLNAT
Loy = ANHNNANNTEABIgegATas AviioaflumuRimmg
t = angaasy sl
dl IS o A dl 1
t, = srazaydanueaiugus viasyeaziaaiile

Wnilusa Audnendludl

k = AdnL3rANaniaiALInTeay (growth constant) i

Mdogsall
(2) N199ATIZUAIRNLITZENENIANY
- N9ALATEZUANENLTZANEN19A18991 (instantaneous  total

mortality coefficient, Z2) Tme e Length-converted catch curve ANAD Sparre and Venema

(1992) MINANNFFIL

n ClL.L) = C-Z.t(Ltl)
At L) ’

de  C (L,L,) = nadL LAz umsn At 1,2
At (L,,L) = ma“ﬁ'Lﬁu%uslmwimﬁummm%u 1,2
C = AnAgi
t(L+L,)/2 = mqﬁ@gmﬁnmmmﬁummm%u 1,2

Z = AutlszAnsnisanasusiall

e L, way L, AATAANAALBLAYA NIaSLAaYAUATNIATY 1 LAY 2
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- N9 AANANLIEANEN IR IAYEIINTNR (natural

mortality coefficient, M) mNxA3u8¢ Pauly (1980) l&tlszsnuenduils=@nanisanalne

o

89TNTNR (M) ANANNTAMNANTUT A 12 95ULITH 9] Auasan1aalneasINTG Fatl

In (M) -0.0152 - 0.279 In (L) + 0.6543 In (K) + 0.463 In (T)

4 ' PR VY Y A =
e T ﬂqﬂmﬂﬂuﬂL@l@ﬂﬁluLLﬁﬂﬁuquuﬂJﬁu’)ﬂLﬂuﬂ\?ﬁquﬁ@Lsﬁﬂ@

- AuaAduYsz@nsnasmigannnisilszua (Fishing

mortality coefficient, F) aangmn? Z = F + M (Beverton and Holt, 1957)

|
= s

e Z = AANLTZANENTRNYTIN
F = ANdNUsE@nan1TAnalaan1sl i
M = ANANUIZEANENITANE IALIEITNTNG

- dmannsauaunn I4se el (Exploitation rate, E) aangss

E = F/Z (Beverton and Holt, 1957)

Wa  E = AemsN1auALNN 1 9 Terma]
F = Adulszdananisanalnanisilseae
Z = AANUsZ@aNENIRNYIIN

226  MUENANIZNLAINNITAILIN UL TZNFaNAAL N‘Jﬂ%’)ﬂ’]‘WLL@Z

o

yarvas neanduliluisinnnaesen 4mdnsyued

NILsTIUNANAR (yield) NIaTINIW (biomass) WATHAAT (value) B8l
nzialagld Jones' length-based cohort analysis (Jones, 1984) wazld Length-based
Thomson and Bell model (Sparre and Venema, 1992) NN ANNANAR UIRTINNLAY
Nﬂ@ﬁ’m@\‘iﬂﬂl:ﬁmLﬁ‘ﬂﬁﬂ’]ﬂﬂﬁiﬂuuﬂ@\‘m’]?mLL?N’]H‘]J?::NQ (fishing  effort) AMWITIRLABS

= o

nenstlszasiinunldlunislssiduaninzninegnsinzia nudsae Jones (1984) HAil
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AnuaulszansnziangnauldilszTamd (C)
C(L,.L,) =N(L1) *F/Z*[1-exp (- Z* A)]

ClL,.L,) AR ANUIULNZANYNALNTUIAANENTENINN L, uaz L,

UL ININE N MALN LR Ttine N1 sz (N)

NI(L,) = [N(L,) * H(L,,L,) + C(L,,L,)] * H(L,.L,)

N(L,) e ﬁﬁmugmmﬁﬁqmmmmuﬁlmjmmmmmq L,

N(L,) R @"mqugmmﬁ'L%’qmmmt,wﬂummmmmmq L,
H(L,L,) AR daunin(fraction) 184 N(,) Fa3an3Amannnnsanglng

89THTIA WUTIAIRN £, T8t + A2

fudsz@nanamalnenisszie (F)  vesynzialuuiavdunsniadues

F(L,.L,)

1

M* E(L.LYZ(L,.L)

1-[F-(L,L)z(L,L)]

fmaneau sy lami(F/z) unldann

FIL,L)/Z(L,L) =

Q

L)

o ’ a = ! A A
NITNITUILATNANAR NqasﬂfJﬂqWLL@?&H@ﬁqT@Qusz@ WaNnsilaguklag

A FNTESKRINIEEATN (fishing effort) Ie/ld F-factor x = 0-3 Ia8NAN F-factor x = 1 UNIEID

annaznnsuszaalud w.A. 2545-2547
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NANISANEN
1. msauuntiaynzsianwuluusina e uaaaIned AAUINTEUAY

aannagiusausandaat 9 nziainuluninaaassualugasheunaiau
2545 T fiugNe 2547 WU A9 99.16% a1 Yussuaziaen wululFunutdesuin

WNEN 0.84% 1RILENNUHARLILNZLATIANHA
1.1 anmoeinliaesynuig

AINNNIANENANHOIENNLUBNTBINLLATA 4 BTA WU NzaRAFauuAINLL
P A C oy | Y = A
AYANN HINTTABNARUINNITEL AIUNANNTRINTEABAZ YU ANUTNERUUTaNUNN 9 T LTl

arNmaNdaneunan Asetasdatanuinggariigasneimiuwuaduienasdas

% g a 1

naesaanssAdazivdusulanAnsa i unIN19199 N a8 AT UE19989UUINNTTADY

] o = A &, = o v

@@‘ﬂ‘wqﬁl (@VI 9) Vlfﬂ@ﬂ’nN’V‘ﬂulﬂ@Uﬂqsﬁ"Nﬂ@qﬂm@\?ﬂﬁzﬂ‘ﬂﬂluLLurJLﬂﬂ"Jﬂ‘]_lL‘]J’]m'—] Wu/ﬁuﬂm
=
H

o

¥11979m18 6 3 (frontal carapace spine) Y mﬂm:m\mwﬁ'ﬂLﬂugﬂm’mmaﬂuﬂ@’mLLWZ\]N

ANAUTNY AYINGIANTBNUUINA BN TaINTTABYAz AN AT BaRAUTlAT89Y Nz LA
d' o %3 dy [ ] o a a v v A

TNt anuriniudiulsznavlunisauunaiinynzia Ui uuenaesdeie
(carpus of chelipeds) uazie (propodus of chelipeds) AUUIN 1-2 91 AEULINAIUUEN

(outer spine) wazmNaWlu (inner spine) Anudasdneliaunaluny ldwindu duBnude

{ o

(propodus of chelipeds) THApadALaw Hszaediaunn 5 ¢ gusnlddruiuduamsuas

a

a o

flasiuda an 3 graunldlunnaimu douggainamssaculaiaasiansmuziiuuiunny
% | ' 5 ¥ Ne do o8 47
panglunadaslun1s918tn A189nN7EA0ILATATNNAILARAN AUIA1AYTE HIRIAKAY
a a d”i/ KX a a a o d! ] o a o dl 1
ATg0TFAudaRimtenfi uardnateanan dazunnseiulauatauazdnwuziog

aAe

1
a a U

Yimaguazinaisansouanwalsd tnadanaanduthnusinmiies lulwad

!
=

A o -ai IS4 ¥ ¥ 13 o ! = dl o 1
@ZN@mﬂ’m‘éﬁLﬂugﬂﬂ’]NLﬁ@ﬁllﬁ/m@qu@ﬂﬂ?l’]\‘iL’J’]L‘IIWW']LLH’JT]@’N[F]Q ﬂQuLWﬂLNﬂiu?$ﬂ$Wﬂﬁ1N

anysalinaduthazifluglarumasunisuassdisyuaanainuuananada wazidaalu

= A=

sragnaNysninAa AN uTug ATINNANYTAATINNT WANAINAZAUNAWAAINAN UL
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NEUBNUAT TR (2531) s1enudnansuzneuiansnldusninaldlnanintladuils

aangeduaznielu luwamdaiieodaduilsaznugnldidudeanieifuiimaizandn (Uiva)

=

wazazlsvenAan 4 ¢ aeiuawidnuuanuazduluanyinnng uazilenssazanysnl

a

iAszengAnandariaunanaunia lfiduntinnizasslanudilazlaaaasnunTuszazin

'
{ o = 1

= LR 4 ] 4 & = Y o z A o
INUUINDY AVULWARITWUTEEINA 2 ANanzuziuangaFalatn e laauy Ae aduny

a k1l

AURUTIWAL AN 1 (first gonopods) waraduNzALRUEIWAL AN 2 (second gonopods)
1.2 nenuinaiinynzialag ldaneaiznnauen

TunsAnenisauunadaynza i lduaninoeiaes Keenan et al. (1998)
DauidnnnsAnEaeg Keenan et. al. (1998) azlildszydgnisliunnessinatieiinnainnig

A13avizali uAAEN19ANHIU99 Keenan et. al. (1998) Manuunaiinnzialaglddoyantg

o

AugAraniunlsznauiunisdnmanansueniauen wazlddniatuanaininyia
TunnsAneuesdiuludounaunaian 2545 D9 Auenau 2547 @1uNsauengialnzianiy
3BN13AULNTBY Keenan et. al. (1998) uarFandasNansuUzAuazasna auuiuuily

1 | { A a [ % a’l’
waznszaadlaglLiNaaniiy 2 nay 172 4 TUAANU

1 '
=

1 dl d} a o Ay A a o v
1.2.1 NANNUUI UUUN 2 aUNAAND (carpus) ABUUINNG il ol mlu (inner

!
¥ Ny A v

spine of carpus) @mmgﬂmw”l,ﬁmmmﬁammﬁuim AMUNUINNTRNDAULWAN  (outer

spine of carpus) azangiasusdsaisnsadunnwivliag Ylunguil liun Yaiuazijann

a o 9 U

(1) Ya/Jums (Scylla olivacea (Herbst, 1796))

o | o a ~ s A o o
mqfﬂﬂqﬂﬂuWWWWUIMU?LQMV’]@@\‘]MQ"IQQgllallu']ﬁL@ﬂLN@LVIﬂUﬂ‘Uﬂ“'ﬂzL@

1
a A

1AW IAENLTUIAAIINNINNTBINTZABIAILS 4.25-14.25 L HURLNAT ammmm@mm

14 a

ANAardAuIANauLad UesaetaazldtnnaduneanIues

o o

d .
uanmENetaAu ey

N WWUUINTIENINAIANUATENT9NIEAY (frontal carapace spine) RaneauzdanslAg

= =

N1 LazauAa9unN g 12957UNI9 (gﬂﬁ 3) fiFnfadunensesdaiie g 2

A ¥

du AanuNNdadafuuen (outer spine of carpus) AzanILIAAIUAZLAEY daunuINd



18

dadas1uly (inner spine of carpus) Azangilasauminiiusas lirasdn (31U 4) duiiFian
9 (propodus of chelipeds) AMWNALYLFMUANUNAIINUUTL (dactyl) BupanNn 2 AU

Ferunudunagdnuludnuialuninindunagiuuen i uwazan liiaonanasaumn

u u

Wisaaediugal (317 5 uaz 6) AuthaasywAlaazlidasnans (3U9 7)

[ %

UasaanadtnsAURUGINALAN 1 2991 ANANHzUMANLAZENY

o

P a Y 9 ) > Y ' o ' Ay o
LTEID LL@:?‘V]"H@‘Uﬂqumqﬁmﬂﬂﬂquﬂ@qﬂﬂﬂﬂvmﬁﬂﬂﬂquqzﬂ@uﬂmﬂ‘]ﬁluh\l QM?QM@@LQ"ILMNQHQ

e (317 8)

a

¥ A

AnwuzadansAuRugnaan 2 azfludulfs Wsnunaulaaas

ueneanifuassdaulanuzadieduiingiutalilh InadounadnatinazfansslanalAs
! dl %4 Qw ] ! ¥ ij/ ! dgl o o
wunazdaunadiaiatilinssdoulatsazAeudisunan Inaisassaautazyinguiu an
ANHIAN8L1NAN1AUIN 11 A28 MU TUIATBIHHTDIAIUTIUENAANANAUN AN
n3anuanengiu Tneasd 4 faatnaidANNdNIN d9uan 7 Aa0tNau ATy NAZ AL
' - . T . = =
1 wazdounadnaiiviouliensedoutlansazpaudisiuliunanmiien e Jdaouaz)

SN (g‘ﬂﬂ' 9)

(2) 14'?1’1'3 (Scylla paramamosain Estampador, 1949)

=&

annaiudaetnaludouneunanan 2545 B9 fuenau 2547
WURIBENYUUNA 44 5o lUWAL 25 Fiv 2u1ANTEARININSFULE 7.63-11.64

v
ITURLNAT LAZIWALTE 22 fa HUUIANTLAAIFILA 7.30-13.80 LIURLNAT NTLABINA LA

4
=2 1 o

llaudeditantinanegiudnerueiogon Ay Au/muInszndamIfunti1eansznad

a

| = |

(frontal carapace spine) Wlugilauwdanlaaunanuazdauingndnanantias (gu7
I9/

U U

3) NUFnEAULeNTeITaNeasiTuIN 2 §1 AaruNNdeateafuLen (outer spine of

carpus) HuanaunaNiauda 1 4u dounuinndadiasulu (inner spine of carpus) azangil

| = i < dl o < ! 1 dl o a A =
autluinesiudne Tedaneneariusasresraaruiney (3Un 4) AuLTiniie (propodus) |
al

WNUVANEUeanun 2 81 uunnaunegdululauia v ndiuununesduuen fau

u u

)
@

A I~ A4 a A a ¥ 1 4 N A a ¥ = '
WARY aNTLIMTARAATNLTIIAIUANN ANULIUAALTE2aNEN UTNUANNEAIAANEII9LY
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whl bl AasLAut AN °mLﬁuLL@xmdwﬁ’mzﬁmmmm’wLmﬁ‘@mﬂﬁué@umﬂ (319 5 uaz

1
a

6) NLsALTNTes Al aariadnanaus ldawin)@anuazsioes (319 7)

a

Usonlaissanadurduiugwadan 1 sesianamedaslAayu

P Py . | . Y P o~
LLG]VI@Zﬂ@u‘IJ’NLLM@Nﬂ"J’]ﬂgNQ\? Lmzmmﬂ@mmm@‘umuslmmﬂum\ummu (ﬁ“lJ‘Vl 8)

a

A v &

ANNIIANHIAN U AL AURUEINANAT 2 299111980191 22
%

q

Fa8E19 WU ATeNyNTeddauuenaanaIniuiAINndenuanseiy Tnawudnd

[ A

119 12 fratne NedenzAuiugwaddn 2 Ayundeuinauinauduyguain wsa1adn 10

aQ
©

D
) eXe

FaEing adeNsRUNUGINARAT 2 Az

LAANLALTAINAAY BIANNNIFANHIFIDENIUNA 22 Faasing Azl 19 Faasinaidoutlans

TAssans doudn 3 fostelilalAeas (U7 9)

1.2.2 NguAay AuuINuuaNwugn 2 44 (inner and outer spines)

a a v

PisnuRasuuanaasdaia (carpus of chelipeds) aun 1sinuazi)dean
) ‘ﬂma\i'N (Scylla tranquebarica (Fabricius, 1798))

wusnatdosisunn 23 fa uuad 20 fa Tnsdauinmann

NA19NTLARIFAIUG 8.53-17.41 LHUFLNAT AVUNALNENLINNA 8 FQ HUUIANTEADIFILLE

¥
v

7.14-12.87 GURLNAT NTLABIAENRALNATNAUDAALT N NUIN/NUIEWINAN A1 UNTN 84

1%

) ! Iy = = A Y
ngzAaN (frontal carapace spine) %ﬁ’ﬂ%%’]x‘l@ﬂﬂ@ﬁﬂﬂ{lﬂ&l ﬂHmzLﬂugﬂ@’]NLﬁ@ﬁmﬂquﬂQN
lﬂl o/ 1 b al v o 1 :l/ o
Lu@ﬂ@qﬂﬁ]qwuqﬂ\lﬂ@umq\‘}Lﬂﬂﬂﬂ’]@qﬂLgumﬁﬂﬂqu@’]ﬂﬂ@qﬁmuqﬂ@jLL?ﬂLguWQ@@QLﬁu@ﬁﬂql‘l‘m

1% ] = ) ] ! v v \ 1%
mm‘mmgwm ﬁQﬂ?%ﬂQ’]\‘muq&I@LL?ﬂ‘ﬂzIﬂ\‘m’J’]\i (broaden mterspaces) NUITHNUIINNTESAB

o

fanwozdugtlaumasnindngiueay seudiutenlesnnfuianszaesaznsise

Nauas (317 3) fuassuusumiiaziilugdonluindoian dousseansaziflugsoaan

o

appRaamuNuAnT dman 2nRuaeguandana e lidaian douaasguasasi

a

anedaiau (317 5 uay 6) NuBALTNIBInAN I T laAa AL (3171 7)
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a o - - o i | o =
U?LQM‘]J@']HE@ﬂ@QﬂqgﬁﬂwuﬁLWﬁ@@VI 1 m@ﬁﬂuNQQQZIﬂQNuLLQZN

npAeuddulenauiuYnziaaiingu (gU7 8)

= o A [ ¥ |alI ] o o 1
AMNNITANBIAILICAUNULLNANAN 2 m@agm\immu 16 MIBENY

{ =

WUINTUIATBIYNAEHAMNNFNLANFAIAURsId Ul aneLenaanaIniuaasadany

A o & v o LA o A = o : =

AUNUGINARAN 2 TRenLdINYN9 7 Fee1anauIn1eaNEANNNIINNINNGT kATaN 9
1 v

9N TUIATINNATLALNGIANTee dounindnaiiniaullenssdoutanaziFanunay

(gﬂﬁ 9)

(2) i@ (Scylla serrata (Forskal, 1775))

[

ilgofinuaziauiadeuinalunjidamauiuyan anouazysing

a a a

FORENNNIWLEINAL A1U91 11 f9 HIUIANIZABIAILE 13.40-22.80 LIUALNAT AOUWALLE

o = Z// 1 a aa a U 96/ o
WU 9 A7 NUUNANTEABIALA 12.4-271 WIURLNAT NTLABNH AN ULNANALNNFAIa1Aa Y
aa v =< o | [ ¥ . IS
HADNAUNIAT MU/ UIEUd19AIAUUENT89NT2ADY (frontal carapace spine) HUWIAZ
‘ﬂmﬂLmauﬁﬂwmuﬂugﬂmumﬁﬂuﬂfamﬁuﬁml,mu 1999z ndNIenuINALINarlATuAL
(narrow interspaces) Lﬁ@qmﬂﬁquumﬁ@uiwmaimﬂﬁmmLé’uﬁﬁﬂgﬁumnﬂmwum@'
wenLdus 2 uazinyuuaungnydos nunndnanszaasdneuiiuglasmasuntindn

Y Y Y o Y a Y PP ,
FrundnareuAuNentesrINAudanszaesas Ay (U0 3) Auasii@dseniingau

aa vy %

pratlaneinuasi@aduaninmg ﬂ?mué’mwﬁwmﬁﬂm::ﬁmm"mLLmﬁuLﬁiuﬁmu’m [Y¥2pst

4 % | a dJ ¥ 1 I | | a A = 1
ALLUTaIiINaziuluadu U3nuasauasasianasuiiudizsoiaziaiaaauiwe

!
a a o

! v ! v
AYANNIIATIATLLL 2UAUT 4 ARA2TurERAY (JU7 5 uaz 6) NLFdUTae) A

WHedannaneaudn (317 7)

¥ = %

UinaitlansuenaduasAuiuginadan 1 azAeudaFaqunanadie

%

UaupazseiunssnlauenuedAnacgeindi uasiaausuinmsaassinuaasdulane

L% v % [~3 v dl
HAAMNDUFALAZLINTNLANYURE (3UN 8)
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= o o A o & ¥ |dl I~ o
ANNITANHIANHOULATEITALRUTINALAN 2 28911 T893 8

F9EN9 WU IUIATBNNHTRddauTingnaanaInAulaNndeNInawfeuluyNaIn 6

o 1 a a o/ 1 dl dl v le o =l al o
Faaeng uadiiNe 2 faateiiduguuran douiadnaiiaoulilensedoutanaaziansng
NunanNin (319 9)

(B) W

(C) aing

(D) Uwaien

917 3 nawdnenunszaessuntingesnziamay: (A) 11 (Scylla olivacea); (B) 119
(S. paramamosain); (C) Qm\i (S. tranquebarica) Wa (D) ﬂulﬁm (S. serrata)
Fig. 3 Photograph of frontal carapace spine of male mud crab: (A) Scylla olivacea;

(B) S. paramamosain; (C) S. tranquebarica and (D) S. serrata.



(C) yaing (D) Yaien

317 4 nandnedediednsnnaennziamad: (A) Uan (Scylla olivacea); (B) 1217
(S. paramamosain); (C) ﬂmm\‘i (S. tranquebarica) WA (D) LHIL%EI'J (S. serrata)
Fig. 4 Photograph of right carpus of male mud crab: (A) Scylla olivacea;

(B) S. paramamosain; (C) S. tranquebarica and (D) S. serrata.
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(B) Y12

(C) Using (D) i

31N 5 nndnaiuntuaenZRINAL: (A) 1N (Scylla olivacea); (B) 11119
(S. paramamosain); (C) 1434"3@ (S. tranquebarica) Waz (D) ﬂu@m (S. serrata)
Fig. 5 Photograph of right cheliped of male mud crab: (A) Scylla olivacea;

(B) S. paramamosain; (C) S. tranquebarica and (D) S. serrata.
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(A) e (B) Y

(C) ysing (D) Uaieg

917 6 nawdnednedn: (A) Uan (Scylla olivacea); (B) 1113 (S. paramamosain);
(C) Y39 (S. tranquebarica) uaz (D) Qlﬁm (S. serrata)
Fig. 6 Photograph of chelipeds: (A) Scylla olivacea; (B) S. paramamosain;,

(C) S. tranquebarica and (D) S. serrata.
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(C) ysing (D) Waien

U7 7 nwanadutlanes: (A) Uan (Scylla olivacea); (B) 1114 (S. paramamosain);
(C) a4 (S. tranquebarica) uay (D) ﬂmlﬁm (S. serrata)
Fig. 7 Photograph of female abdomen: (A) Scylla olivacea; (B) S. paramamosain;

(C) S. tranquebarica and (D) S. serrata.
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(A1) (A2) (B1) (B2)

(C1) (C2) (D1) (D2)

3071 8 nmameduazduiuginaddnsdnasii 1 aewnzia: (A) s (S. olivacea) 11.235
cm. cw; (B) ‘IJ”?JW (S. paramamosain) 13.671 cm. cw; (C) ‘]JuSJ’N (S. tranquebarica)
14.982 cm. cw WAz (D) ﬂ,ﬁm (S. serrata) 17.712 cm. cw
(1) AMWHN (2) TsaziasiagdauLlans

Fig. 8 Drawing of left first gonopods of Scylla species: (A) S. olivacea, 11.235 cm. cw;

(B) S. paramamosain, 13.671 cm. cw; (C) S. tranquebarica, 14.982 cm. cw and

(D) S. serrata, 17.712 cm. cw (1) whole view (2) detail of tip.



27

(A1) (A2) (B1) (B2)

4
E

1¢cm 1mm, cm.

(C1) (C2) (D1) (D2)
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Fig. 9 Drawing of left second gonopods of Scylla species: (A) S. olivacea, 12.984
cm.cw; (B) S. paramamosain, 12.941 cm. cw; (C) S. tranquebarica, 15.536 cm.

cw and (D) S. serrata, 17.712 cm. cw. (1) whole view (2) detail of tip.
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AMNUANITIATIEUNITINLUNNGNUN LA WUINAINITDALUNYsTaIns Nz

@ : = v e 1= =
aandu 4 ngu waziinNgnAeslunIImeNIingune 91.6% (1137199 2 Footnote a) Imsl
AuN30RuuNLsEanIngNan ignFesne 100% 1119 92.6% 1ilien 90.9% uaziHag
83.3% ANgUN 11 uanIngauunnguLszansnzainu UL uAaeINI9 WLGIAN

group centriod 283AnAawdiNvnsaINY 119 Yilleauazyioamn
F1979% 1 31A91EANUANGNTBIANRAL A sTB9AN UL AN 289 nzIaNAL
TINVNVINA 24 ANBUY

Table 1 Test of equality of group means for 24 characters of male mud crab.

Tests of Equality of Group Means

Wilks'
Lambda F df1 df2 Sig.
ICW .946 1.944 3 103 127
ocw 931 2.531 3 103 061
ECW 946 1.959 3 103 125
CL 952 1.737 3 103 164
Fw 934 2.424 3 103 070
LSH 492 35.450 3 103 .000
PwC 934 2.424 3 103 .070
FMSH 947 1.916 3 103 132
DFMS 864 5.422 3 103 002
DFLS 1965 1.254 3 103 294
AW 971 1.031 3 103 382
S 952 1.736 3 103 164
PL 951 1.756 3 103 .160
PW 966 1222 3 103 305
PD 1990 331 3 103 803
IPS 1993 238 3 103 .870
OPS 750 11.455 3 103 .000
ICS 407 50.117 3 103 .000
ocs 827 7.181 3 103 .000
ML 973 938 3 103 425
DL 1956 1.590 3 103 .196
FPW .966 1.223 3 103 305
FPL 972 982 3 103 405
TPML 987 435 3 103 728
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Fig. 10 Graph of median, 75%, 25% and range for five characters with the highest
Discrimination: (A) LSH; (B) DFMS; (C) OPS; (D) ICS; (E) OCS.
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P3N 2 UAASNANNFANUUNNENINaNARNAL A luLFan e aiauAaeInang Asudn

TEUN

Table 2 Showing the classification results of male mud crab caught in Klong Ngao

mangrove forest, Ranong province.

Predicted Group Membership

SPECIES Black Green Purple White | Total
Original ~ Count Black 28 0 0 0 28
Green 0 20 2 0 22
Purple 0 5 25 0 30
White 0 2 0 25 27
% Black 100.0 0 0 .0 100.0
Green 0 90.9 9.1 .0 100.0
Purple 0 16.7 83.3 .0 100.0
White 0 7.4 .0 92.6 100.0

a 91.6% of selected original grouped cases correctly classified.

b 67.2% of unselected original grouped cases correctly classified.
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Fig. 11 Graph of individual discriminant function of male mud crab in Klong Ngao

mangrove forest, Ranong province.
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