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ABSTRACT: Mud crab samples of the genus Scylla were collected from Klong Ngao mangrove,
Ranong Province, Thailand, for identification purposes and to determine the most useful characters
for discriminating between the mud crab species. A morphological study with the use of a key
to the species of Scylla indicated that four species can be recognized from the area: Scylla
olivacea, S. paramamosain, S. tranquebarica, and S. serrata. The results of Canonical Variate
Analysis (CVA) show clear separation of the clusters for Scylla olivacea and S. paramamosain,
but the clusters of S. tranquebarica, and S. serrata were not well defined. The results of
Discriminant Analysis (DA) in this study agree and disagree in various details with the previous
results of these four species in the literature. The results support the proposition that the ratio of
the inner carpus spine (ICS) and outer propodus spine (OCS) is the main character to distinguish
S. olivacea and S. paramamosain from S. tranquebarica and S. serrata. However, it is difficult
to apply only morphometric data to identify the species of Scylla in Klong Ngao. In the present
study, the phenotypic characteristics as well as the color of the carapace and chelae of the crab
specimens are recommended as good characters to distinguish the four species encountered in
the area. In particular, the coloration and pattern of chelae and swimming legs are especially
useful in discriminating between adult S. tranquebarica and S. serrata.
Key words: morphological study, Canonical Variate Analysis, Discriminant Analysis, Scylla,
Klong Ngao, Ranong Province, Thailand

INTRODUCTION
Mud crabs of the genus Scylla (also
known as the mangrove crab) occur in tropical to
warm temperate zones in the Pacific and Indian
Oceans. They are commonly associated with
mangrove swamps and nearby inter-tidal and subtidal muddy habitats (Hill, 1980; Keenan, 1999).
Within their inter-tidal habitat, mud crabs hide in
an extensive burrow system which offers
protection from predators. Mud crabs occupy a
wide range of habitats from the inter-tidal to the
sub-tidal zone. Generally, they prefer to live in the
mangroves of estuarine areas (Macintosh, 1988).

Previously the taxonomy of mud crabs,
Scylla, has been based on descriptive methods.
There are several studies which have created much
confusion regarding the taxonomy of Scylla.
Estampador (1949) revised the taxonomy of mud
crabs in the Philippines based on the external
morphology, color of carapace and legs,
anterolateral teeth of carapace and outer spine of
cheliped carpus and gametogenesis, and recognized
three species and one variant of Scylla; Scylla
serrata (Forskål, 1775); S. oceanica (Dana, 1852);
S. tranquebarica (Fabricius, 1798) and S. serrata
var. paramamosain. In contrast, Stephenson and
Campbell (1960) indicated that there was only one
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species in the mud crab genus Scylla a nd
morphological differences varied according to the
habitat occupied.
In 1996, molecular analysis was used to
identify variations among crab morphs in the genus
Scylla from Japan, Indonesia, Malaysia and
Thailand (the eastern part of Thailand) and allozyme
electrophoresis was used to assess the genetic
differences between crab samples. The genetic
data revealed that there were three distinct species
of mud crabs: Scylla serrata, S. oceanica, and S.
tranquebarica (see Fuseya and Watanabe, 1996).
Subsequently, Overton et al. (1997) applied
multivariate analysis to both meristic data and
morphometric data of male mud crabs to study S.
serrata from four locations; Klong Ngao, Ranong
(southwest Thailand), Surathani (southeast
Thailand), Can Gio (south Vietnam) and Sarawak
(Malaysia). The analysis identified three groups
of crabs with names based on the coloration; first
is the “white mud crab from Surathani and Can
Gio, from Vietnam”; the second is the “black mud
crab from Ranong and Sarawak” and the third is
the “black mud crab from Surathani Province”.
Later, the taxonomy of mud crabs in the
genus Scylla was again revised by Keenan et al.
(1998) on the basis of morphometric and genetic
analysis using allozyme electrophoresis and
sequencing of cytochrome oxidase mitochondrial
(mt) DNA which was used to assess the genetic
differences between specimens. As a result, four
species of mud crabs were recognized, viz. Scylla
serrata (Forskål, 1775), S. paramamosain
(Estampador, 1949), S. tanquebarica (Fabricius,
1798), and S. olivacea (Herbst, 1796), in which a
part of the specimens were collected from
Thailand. It was the first report of S. olivacea
from Thai waters and Keenan et al. (1998) referred
S. oceanica, described by Estampador (1949), to
S. olivacea. Recently, in the world list of crabs
published by Ng et al. (2008), four species of mud
crabs genus Scylla were also reported as the same
as those recognized by Keenan et al. (1998) and
Ng (1998).

Overview of presently recognized species of
mud crab genus Scylla in Thailand
Mud crabs in Thailand have been found
both on the east coast and the southwest coast of
Thailand (Tiensongrasamee and Pratoomchat,
2002). The Thai mud crab was previously
recognized as belonging to one species, S. serrata
(Suvatti, 1950). Later, Chayarat (1988) collected
crab specimens on the eastern coast of Thailand
and classified the mud crabs into three groups
according to the color and body size: (1) Scylla
serrata and S. serrata var. paramamosain, (2) S.
tranquebarica, and (3) S. oceanica. He referred
them to local common names: black mud crab,
green mud crab, and white mud crab, respectively.
A taxonomic study of the genus Scylla
species found in Thai waters was reported by
Viruhpintu (1989), in which only two species, S.
serrata and S. tranquebarica, were recognized.
However, she referred S. serrata va r.
paramamosain to S. serrata. Those two species
were reported as well as in the checklist of
crustacean fauna in Thailand (Naiyanetr, 1998).
Genetic methods (RAPD-PCR) were first
used by Klingbunga et al. (2000) to assess the
difference between mud crab specimens from
Chanthaburi and Trad Province in the eastern coast
of Thailand. The genetic data showed that three
species were present. Sangthong and Jondeung
(2006) collected specimens from both the eastern
Gulf of Thailand and the south-west coast of
Thailand and applied Canonical Variate Analysis and
Mahalanobis’ Distance. Three distinct species; S.
olivacea, S. paramamosain and S. tranquebarica
were then recognized.
However, four species in the genus Scylla
were recognized from western Thailand in a
checklist by Ng and Davie (2002): Scylla olivacea,
S. paramamosain, S. tranquebarica, and S.
serrata, but without descriptions or discussion.
Most recently, Sodsuk et al. (2007) applied
allozyme techniques to identify mud crabs from
Thailand and found three groups on the east coast
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of Thailand and four groups in Ranong Province,
on the southwest coast of Thailand. Sodsuk
(2007) studied the difference of allozyme markers
and distinct morphological characters and reported
four species of Scylla in Thai waters: Scylla
olivacea, S. paramamosain, S. serrata, and S.
tranquebarica and referred them to local common
names: black mud crab, white mud crab, green
mud crab, and purple mud crab, respectively.
Another recent article by Jondeung (2007),
involved the study of the phylogeny and taxonomy
of Scylla, using morphology and Canonical Variant
Analysis (CVA) and Mahalanobis Distance analysis.
Four species were reported: Scylla serrata, S.
paramamosain, S. oceanica, and S. tranquebarica.
They were referred to local common names: black
mud crab, white mud crab, green mud crab, and
purple mud crab, respectively. The name Scylla
oceanica was again introduced to Thai literature
as in Jondeung (2007).
The present study was carried out in a
mangrove forest called Ngao located in Ranong
Province. It lies between latitude 9o 21' to 10o 42'
north and longitude 98o 24' to 98o 56' east, and
covers an area of approximately 30 square
kilometers. Ngao canal or Klong Ngao as it is called
locally, runs from east to west and divides the
mangrove forest into two parts. The local climate
is strongly influenced by two monsoon seasons:
the southwest monsoon from May to September
and the northeast monsoon from November to
February.
Scylla species from Klong Ngao, Ranong,
were first recorded by Jirapunpipat and Pradissan
(2005). Four species were reported from the area:
Scylla olivacea (Herbst, 1796), S. paramamosain
Estampador, 1949, S. tranquebarica (Fabricius,
1798), and S. serrata (Forskål, 1775), but without
detailed information or comments. They were
referred to by Jirapunpipat and Pradissan (2005)
as their local common names, namely black mud
crab, white mud crab, purple mud crab, and green
mud crab, respectively similar to the names used
by Sodsuk (2007) and Sodsuk et al. (2007).
The present report is divided into two
parts. The first part aims to provide more details
about the identification of mud crabs of the genus
Scylla in Klong Ngao mangrove, based on the key

to species by Keenan et al. (1998). The second
part is an application of Canonical Variate Analysis
and Discriminant Analyses to determine the most
useful characters for discriminating between the
mud crab species encountered in the area. First,
Canonical Variate Analysis was used to discriminate
between the Thai Scylla species. Discriminant
Analysis was then applied to determine the most
useful characters for discriminating between the
species. The discriminating characters are
compared with those used by Keenan et al. (1998).
Part I: Morphological study
MATERIALS AND METHODS
The mud crabs were collected from Klong
Ngao mangrove, Ranong Province, southwestern
Thailand. Crab samples were gathered over a the
period of 2 years (October 2002 – September 2004)
from local fishermen in order to make sure that all
the crab specimens were of local origin.
A total of 170 specimens of the mud crabs
were collected and identified based on a recognized
key to the species of Scylla by Keenan et al. (1988).
RESULTS
Specimens of mud crabs with an external
carapace width greater than 7.5 cm were selected
for the present study. Based on the key to species
by Keenan et al. (1998), mud crabs in Klong Ngao
mangrove, Ranong Province, were identified to
Scylla olivacea, S. paramamosain, S.
tranquebarica, and S. serrata. Four specimens of
Scylla are deposited in the Reference Collection at
Phuket Marine Biological Center, Thailand (PMBC):
Scylla olivacea (Herbst, 1796) (PMBC 21446, 2
specimens), S. tranquebarica (Fabricius, 1798)
(PMBC 21442, 2 specimens), and S. serrata
(Forskål, 1775) (PMBC 21447, 1 specimen; PMBC
21448, 1 specimen). Scylla olivacea was the
dominant species, whereas S. serrata was noted
as a rare species in Klong Ngao mangrove swamp.
In the present study, the phenotype and
chelae color of the living mud crab specimens of
genus Scylla are used as characters to initially
classify the four species from the area (Table 1).
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Table 1. Comparison of coloration and morphological characters in determining species of the mud
crab genus Scylla adapted from Keenan et al. (1998) and this study.
Morphological
characters

Scylla olivacea

Scylla
paramamosain

Scylla
tranquebarica

Scylla serrata

Carapace color
(Fig. 1)

rusty brown or
dark brown

greenish or
brownish grey

olive green or
purplish green

dark green/ or
grayish green

Chelae color
(Fig. 2)

red brown to dark
brown

blue green (upper
part) and yellow
green (lower part)

purple

blue green to dark
green

Chelae pattern
(Fig. 2)

absent

present

absent

present with
strong pattern

Pattern of
swimming legs
(Fig. 3)

absent

weak polygonal
pattern

last 2 pairs of legs
with strong
polygonal pattern

all legs with
polygonal pattern

A

C

B

D

Figure 1. Photographs of carapace of male mud crab. (A) Scylla olivacea, (B) S. paramamosain,
(C) S. tranquebarica, and (D) S. serrata.
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A

B

C

D

Figure 2. Photographs of right chelae of male mud crab. (A) Scylla olivacea, (B) S. paramamosain,
(C) S. tranquebarica, and (D) S. serrata.
B

A

C

D

Figure 3. Photographs of swimming legs. (A) Scylla olivacea, (B) S. paramamosain, (C) S.
tranquebarica, and (D) S. serrata.
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The outer carpus spine was useful in

distinguishing between ,S. olivacea and
poramamosqin from ,S. tranquebarica and

,S.

shows considerable infra-specific variation in the

present study (Fig. 5-6).

Apart from those characters, the pattern
serrata (Fig. 4). The shapes of the first gonopods of the female abdomen is also distinct in ,S.
as well as that of the second gonopods are tranquebarica and ,S. serratA, indistinct in ,S.
generally simtlar in four species, with only a small paramamosain, and absent in ,S. olivacea (Fig.7).
difference in the

sLZe of

,S.

the angle of their apex and

ICS

ICS

Figure 4. Photographs of right ca{pus of male mud crab. (A) Scylla olivacea, (B) S. paramamosain,
(C) ,S. tranquebarica, and (D) S. serrata. Abbreviations: ICS, inner carpus spine; and OCS, outer
carpus spine.
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1 mm

1 cm
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A1

1 mm

A2

B2

B1

1 mm
1 cm

1 mm
1 cm

C1

C2

D1

D2

Figure 5. Drawing of left first gonopods of Scylla species: 1, whole view; 2, detail of tip. (A) S.
olivacea, carapace width = 11.24 cm; (B) S. paramamosain, carapace width = 13.67 cm, (C) S.
tranquebarica, carapace width = 14.98 cm; and (D) S. serrata, carapace width = 17.71 cm.
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Figure 6. Drawing of left second gonopods of Scylla species: 1, whole view; 2, detail of tip. (A) S.
olivacea, carapace width = 12.98 cm, (B) S. paramamosain, carapace width = 12.94 cm, (C) S.
tranquebarica, carapace width = 15.54 cm, and (D) S. serrata, carapace width = 17.71 cm.
Part II: Canonical Variate Analysis and
Discriminant Analysis
MATERIALS AND METHODS
Only male mud crabs with complete right
appendages and spines were measured for
Discriminant Analysis. In total, a hundred
specimens including 26 specimens of Scylla
olivacea, 27 of S. paramamosain, 29 of S.
tranquebarica and 18 of S. serrata were available
for Canonical Variate and Discriminant Analyses.
Twenty four characters from carapace,
frontal lobe, sternum, periopods and chelipeds

were measured on each individual to the nearest
0.01 mm using digital calipers (Fig. 8). The
propodus and carpus spine were measured in
triplicate since the spines are rather small;
subsequently their mean values were used in the
Canonical Variate and Discriminant Analyses.
Morphological terms are used in accordance with
Keenan et al. (1998).
Twenty four measurements of characters
on each individual crab were standardized,
following Keenan et al. (1998), and 27 ratios of
these characters were used in the analyses. Details
of the calculation of these ratios are presented in
Table 2.
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A

B

D

C

Figure 7. Photographs of female abdomen. (A) Scylla olivacea, (B) S. paramamosain, (C) S.
tranquebarica, and (D) S. serrata.
Canonical Variate Analysis
Canonical Variate Analysis was conducted
to discriminate between Thai mud crab species.
The linear canonical function of CVA is derived
from a linear equation as follows:
Z = a1x1 + a2x2 + a3x3 … + apxp
where Z = a canonical variable scores
ap = the set of canonical function
coefficients
xp = the set of original variables
The first two canonical variables (CVA1
and CVA2) of each sample were plotted onto
canonical axes to display differences among group
variables. The analysis was done using computer
software Excel multivariate analysis version 5.
Discriminant Analysis
Discriminant Analysis was conducted to
determine the most useful characters for

discriminating between Thai mud crab species.
The linear discriminant function of CVA is derived
from a linear equation as follows:
Di = a + b1x1 + b2x2 + … + bjxj
D = a canonical variable discriminant
scores
b j = the set of canonical discriminant
function coefficients
xj = the set of discriminating
variables
The subscript i denotes the respective
group and j denotes the respective variables. The
analysis was done using computer software SPSS
Version 10 (Statistical Package for the Social
Sciences). Differences were considered significant
when p < 0.05.
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9th LSH

Figure 8. Showing dimension of measurements (Keenan et al., 1998): (A) Carapace; (B) Frontal lobe;
(C) Sternum; (D) Periopods; and (E) Chelipeds. Abbreviations used on figures: ICW, internal carapace
width; CW, carapace width; 8CW, carapace width at 8th spine; CL, carapace length; PWC, carapace
posterior width; LSH, 9th lateral spine height; FMSH, frontal median spine height; DFMS, distance
between frontal median spines; DFLS, distance between frontal lateral spines; FW, carapace frontal
width; AW, abdomen width; SW, sternum width; DL, dactyl length; ML, merus length; PL, propodus
length; PW, propodus width; PD, propodus depth; IPS, inner propodus spine; OPS, outer propodus
spine; ICS, inner carpus spine; OCS, outer carpus spine; 5PW, 5thperiopod dactyl width; 5PL, 5thperiopod
dactyl length; and 3PML, 3rdperiopod merus length.
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Table 2. Standardized morphometric data of mud crab used for Discriminant Analysis (Keenan et al.,
1998).
No

Standardized morphometric data

Abbreviation

Carapace data
1
2
3
4
5
6
7
8
9
10
11
12
13

9th Lateral spine height / internal carapace width
where LSH = (CW – ICW)/2
carapace width / carapace width at 8th spine
carapace length / internal carapace width
carapace posterior width / internal carapace width
carapace frontal width / internal carapace width
carapace posterior width / carapace frontal width
frontal median spine height / carapace frontal width
frontal median spine height / distance between frontal median spines
distance between frontal median spines / carapace frontal width
distance between frontal lateral spines / carapace frontal width
distance between frontal median spines / distance between frontal
lateral spines
sternum width / internal carapace width
abdomen width / sternum width

LSH/ICW
CW/8CW
CL/ICW
PWC/ICW
FW/ICW
PWC/FW
FMSH/FW
FMSH/DFMS
DFMS/FW
DFLS/FW
DFMS/DFLS
SW/ICW
AW/SW

Cheliped data
14
15
16
17
18
19
20
21
22
23
24
25

propodus length / internal carapace width
dactyl length / propodus length
propodus width / propodus length
propodus depth / propodus length
propodus width x propodus depth x 0.7854 / propodus length
(0 = no spine)
inner propodus spine / propodus length
outer propodus spine / propodus length
inner propodus spine / outer propodus spine
inner carpus spine / propodus length
outer carpus spine / propodus length
inner carpus spine / outer carpus spine
merus length / propodus length

PL/ICW
DL/PL
PW/PL
PD/PL
PWxPDx0.7854/
PL
IPS/PL
OPS/PL
IPS/OPS
ICS/PL
OCS/PL
ICS/OCS
ML/PL

Periopod data
26
27

5th periopod dactyl width / 5th periopod dactyl length
3rd periopod merus length / internal carapace width
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RESULTS
The means with standard deviations (SD)
and ranges of 27 ratios for standardized
morphometric characters among four different
species were analyzed (Table 3).
Figure 9 showing scatter plots of the four
morphs. The plots show four clusters with the
first two clusters, S. olivacea and S.
paramamosain, being well separated. The latter
species exhibits a larger degree of scatter between
individuals indicating more within group variance
than illustrated by the other three species. The two
overlapping clusters, S. tranquebarica and S.
serrata, are not well classified.
The stepwise Discriminant Analysis uses
Wilks’ lambda as the entering criterion. F to enter
is 3.84 and F to remove is 2.71. The frequency of
ratio of standardized characters from 9 steps of
the stepwise model is shown in Table 4. The 9
ratios; ICS/OCS, PWC/FW, OPS/PL, DFMS/FW,
LSH/ICW, ICS/PL, AW/SW, DL/PL and PL/ICW
contributed most towards discrimination with five
ratios of standardized characters; ICS/OCS, PWC/
FW, OPS/PL, DFMS/FW and LSH/ICW displaying
distinct differences between the four different
species of mud crab (Fig. 10 and Table 5). These
five ratios are considered to be the best
discriminatory features of the mud crab species
in Thailand.
The 5 ratios of standardized characters;
ICS/OCS, PWC/FW, OPS/PL, DFMS/FW, LSH/
ICW display distinct differences between the four
species of mud crab. Most notably, the ratio ICS/
PL of S. olivacea and S. paramamosain is close to
0 due to the inner carpus spine of both species
being indistinct while those of S. tranquebarica
and S. serrata are obvious, with values of 0.027
and 0.023, respectively (Table 3). This character
can be used to distinguish S. olivacea and S.
paramamosain from S. tranquebarica and S.
serrata (Fig. 10 and Table 5). On the other hand
the ratio OPS/PL of S. olivacea is very low
(0.002±0.005) due to the outer propodus spine of
this species being reduced while those of the other
three species are obvious with values ranging from
0.018 to 0.019. The outer carpus spine is
considered the best way to split the mud crab
species into two groups; the group of S. olivacea

and S. paramamosain, and the group of S.
tranquebarica and S. serrata; while the propodal
spine of the chelae can be used to discriminate
between S. olivacea and S. paramamosain.
However, there are no specific morphometric
characters that can distinguish S. tranquebarica
from S. serrata.
Discussion
Part I: Morphological study
Results obtained by using the recognized
key conclude that the mud crabs in Klong Ngao
mangrove, Ranong, are comprised of four species:
Scylla olivacea, S. paramamosain, S.
tranquebarica, and S. serrata. The identification
of four species from the area agrees with the
classification using allozyme genetic markers by
Sodsuk et al. (2007).
The identification to species was based
on the key by Keenan et al. (1998), in which Scylla
olivacea is present, whereas Jondeung (2007)
applied both the keys of Estampador (1949) and
Keenan et al. (1998) and reported the presence of
S. oceanica instead of S. olivacea, although, this
species was identified as S. olivacea in Keenan et
al. (1998). The authors used the key introduced
by Keenan et al. (1998) because his results were
based on morphological characters, morphometric,
and genetics whereas that by Estampador (1949)
only used morphology. Furthermore, the local
names: black mud crab and green mud crab refer
to different species in different publications. They
are Scylla serrata and S. oceanica in Jondeung
(2007), respectively, whereas they are Scylla
olivacea and S. serrata in the present study and
those in Jirapunpipat and Pradissan (2005),
Promdam (2006), Sodsuk (2007), and Sodsuk et
al. (2007).
The shape of first gonopods between the
four species was not clear enough to differentiate
the species (Keenan et al., 1998), neither was the
shape of second gonopods. The shapes of first
gonopods as well as that of second gonopods are
all generally similar in four species, with small
differences in the size of the angle of their apex
but this showed considerable infra-specific variation
in the present study (Fig. 5–6).
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

No.

LSH/ICW
CW/8CW
CL/ICW
PWC/ICW
FW/ICW
PWC/FW
FMSH/FW
FMSH/DFMS
DFMS/FW
DFLS/FW
DFMS/DFLS
SW/ICW
AW/SW
PL/ICW
DL/PL
PW/PL
PD/PL
PW*PD/PL
IPS/PL
OPS/PL
IPS/OPS
ICS/PL
OCS/PL
ICS/OCS
ML/PL
5PW/5PL
3PML/ICW

Ratio

0.021±0.003
0.993±0.008
0.700±0.008
0.316±0.011
0.432±0.008
0.733±0.032
0.030±0.003
0.258±0.028
0.118±0.008
0.132±0.009
0.896±0.082
0.539±0.008
0.583±0.051
0.839±0.043
0.462±0.019
0.438±0.029
0.284±0.016
8.117±1.743
0.042±0.085
0.002±0.005
0.722±2.514
0
0.012±0.005
0
0.537±0.026
0.496±0.023
0.444±0.015

Mean±SD
0.015–0.030
0.979–1.011
0.686–0.719
0.293–0.334
0.419–0.445
0.678–0.791
0.023–0.037
0.208–0.317
0.099–0.134
0.118–0.154
0.749–1.069
0.523–0.556
0.464–0.627
0.707–0.912
0.421–0.499
0.393–0.501
0.248–0.317
5.631–14.266
0.010–0.455
0–0.019
0–12.591
0
0–0.022
0
0.449–0.573
0.460–0.539
0.402–0.470

Range

Scylla olivacea

0.027±0.005
1.011±0.010
0.688±0.010
0.332±0.103
0.397±0.176
0.837±0.047
0.058±0.028
0.417±0.238
0.141±0.013
0.129±0.009
1.102±0.136
0.539±0.011
0.601±0.088
0.751±0.089
0.471±0.044
0.448±0.101
0.296±0.075
8.754±4.179
0.040±0.014
0.019±0.009
2.287±0.671
0.009±0.013
0.020±0.010
0.350±0.444
0.532±0.035
0.496±0.020
0.409±0.022

Mean±SD
0.016–0.037
0.988–1.031
0.668–0.707
0.319–0.368
0.366–0.439
0.769–1.005
0.034–0.191
0.247–1.571
0.100–0.160
0.113–0.150
0.821–1.312
0.518–0.559
0.490–0.926
0.488–0.897
0.398–0.671
0.339–0.908
0.231–0.584
2.825–22.275
0.018–0.087
0.010–0.049
1.448–4.096
0–0.047
0.010–0.055
0–1.102
0.411–0.582
0.451–0.531
0.359–0.457

Range

Scylla paramamosain

0.032±0.005
1.013±0.009
0.692±0.011
0.316±0.012
0.416±0.012
0.761±0.028
0.082±0.178
0.626±1.386
0.134±0.010
0.129±0.008
1.040±0.090
0.530±0.011
0.556±0.056
0.815±0.095
0.459±0.028
0.439±0.052
0.255±0.017
8.908±3.725
0.032±0.012
0.018±0.008
1.935±0.482
0.023±0.007
0.019±0.008
1.260±0.328
0.516±0.029
0.499±0.037
0.414±0.060

Mean±SD
0.023–0.042
0.999–1.032
0.653–0.704
0.296–0.337
0.389–0.440
0.710–0.824
0.038–1.005
0.316–7.831
0.113–0.156
0.110–0.144
0.801–1.214
0.507–0.548
0.468–0.627
0.641–1.009
0.366–0.504
0.332–0.588
0.213–0.286
3.282–15.338
0.013–0.080
0.008–0.049
0.523–2.787
0.011–0.038
0.010–0.041
0.710–1.932
0.442–0.562
0.339–0.545
0.160–0.470

Range

Scylla tranquebarica

Table 3. Mean±SD and range of 27 ratios for morphometric characters from four different species of
mud crab collected from Klong Ngao mangrove, Ranong Province, Thailand.

0.034±0.009
1.016±0.012
0.692±0.013
0.330±0.012
0.401±0.038
0.829±0.065
0.055±0.010
0.419±0.062
0.130±0.009
0.201±0.294
0.948±0.230
0.537±0.014
0.578±0.063
0.745±0.073
0.456±0.024
0.496±0.187
0.282±0.051
10.082±5.861
0.035±0.011
0.019±0.006
1.932±0.559
0.027±0.010
0.025±0.010
1.119±0.344
0.541±0.024
0.594±0.369
0.417±0.025

Mean±SD

0.019–0.049
1.001–1.038
0.663–0.718
0.301–0.352
0.338–0.450
0.747–0.935
0.041–0.071
0.311–0.513
0.114–0.146
0.125–1.382
0.087–1.140
0.502–0.562
0.479–0.660
0.662–0.891
0.403–0.492
0.345–0.896
0.218–0.392
2.965–21.644
0.015–0.052
0.010–0.034
1.116–3.527
0.008–0.045
0.011–0.037
0.662–1.919
0.501–0.584
0.468–2.072
0.350–0.456

Range

Scylla serrata
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Figure 9. CVA of the mud crab morphometric characters. Plot of four morphs: black, Scylla olivacea;
white, S. paramamosain; purple, S. tranquebarica; and green, S. serrata.
Table 4. Frequency of ratio of standardized characters selected from the 9 steps of the stepwise
model.

No.

Ratio of standardized characters

Count

%

1
2
3
4

inner carpus spine / outer carpus spine (ICS/OCS)
carapace posterior width / carapace frontal width (PWC/FW)
outer propodus spine / propodus length (OPS/PL)
distance between frontal median spines / carapace frontal width
(DFLS/FW)
9th Lateral spine height / internal carapace width (LSH/ICW)
inner carpus spine / propodus length (ICS/PL)
Abdomen width / Sternum width (AW/SW)
Dactyl length / Propodus length (DL/PL)
Propodus length / Internal carapace width (PL/ICW)

9
8
7

20
18
16

6
5
4
3
2
1

13
11
9
7
4
2

5
6
7
8
9
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Table 5. Mean and standard deviation of five ratio of standardized characters that best discriminate
among four different species of mud crab in Ranong, Thailand.
Mean±SD
No.

Ratio

Scylla olivacea

Scylla
paramamosain

Scylla
tranquebarica

Scylla serrata

1
2
3
4
5

ICS/OCS
PWC/FW
OPS/PL
DFMS/FW
LSH/ICW

0
0.733±0.032
0.002±0.005
0.118±0.008
0.021±0.003

0.350±0.444
0.837±0.047
0.019±0.009
0.141±0.013
0.027±0.005

1.260±0.328
0.761±0.028
0.018±0.008
0.134±0.010
0.032±0.005

1.119±0.344
0.829±0.065
0.019±0.006
0.130±0.009
0.034±0.009

Estampador (1949) indicated that the
color of the carapace, chela and leg, spine on finger
base and polygonal pigment areas were important
for the differentiation of four species of the genus
Scylla. However, it was noticed in this study that
the color of carapace within the same species
varied according to the habitat.
In the present report, the polygonal pattern
and color of the chelae are more useful in
distinguishing the four species of Scylla than the
carapace color. Coloration and pattern of the chelae
and swimming legs are suggested to be
distinguishing characters in the identification of
mud crabs from the area. They can be used to
discriminate adult S. tranquebarica and S. serrata.
However, it should be noted that in the small-sized
crabs, the color and patterning were not obvious,
especially in S. tranquebarica and S. serrata.
Part II: Discriminant Analysis
In this study, only male mud crabs and
right chelipeds were measured since Keenan et al.
(1998) highlighted the sexual dimorphism of mud
crabs. Overton et al. (1997) found that the right
chela of Scylla olivacea was enlarged whereas that
in S. paramamosain was bilaterally symmetrical.
These findings are supported by Sangthong and
Jondeung (2006) who suggested that the characters
on the right chelae aided crab discrimination.
Scylla olivacea and S. paramamosain can
be found over all coastal areas of Thailand,
especially the first species which is dominant in

the Andaman region, but S. tranquebarica and S.
serrata are rare species (Sodsuk et al., 2007).
According to Jirapunpipat (2008), Overton and
Macintosh (2002), and Robertson and Kruger
(1994), the carapace width of mature size of S.
olivacea, S. paramamosain, and S. serrata are
about 9.5, 11.05, and 13.7 cm, respectively, and
the carapace width of S. tranquebarica might be
about 13 cm (Jirapunpipat, unpublished data).
However, due to limited material, we had to use
the specimens with external carapace width greater
than 7.5 cm. The carapace width of S. olivacea,
S. paramamosain, S. tranquebarica and S. serrata
in this study are 7.5–14.25 cm, 7.63–11.64 cm,
8.53–17.41 cm, and 13.4–22.8 cm, respectively,
in which the mean size of carapace width of those
species are 10.08, 11.21, 12.6, and 13.22 cm,
respectively. Furthermore, the allozyme phylogeny
of S. tranquebarica shows a close inter-specific
genetic relationship with S. serrata (Sodsuk et al.,
2007). These issues might be the reason for the
overlap of the clusters of S. tranquebarica and S.
serrata in Figure 9.
The results of Discriminant Analysis by
Keenan et al. (1998: fig. 4A–C) revealed seven
ratios of characters which display distinct
differences between the four species of Scylla
collected from Red Sea and Indo-Pacific; ICS/
OCS, FMSH/FW, FW/ICW, Ml/PL, AW/SW, PL/
ICW and IPS/PL with three ratios of characters;
ICS/OCS, FMSH/FW and FW/ICW making a
major contribution in distinguishing between the
four species.

PDF created with pdfFactory trial version www.pdffactory.com

22

Phuket mar. biol. Cent.

Res.

l.$

'l.t

*I

3*$

f.o

lce

{,s

T

l.{I

tt
ll

r*-l
L**
-I
n+=
I

It*-l

,s
fll

H o.o

6
g

Bull.

=J

tt

t.EHll
.t7
,t6
,{s
,t3

"o2

J

*
S

.{*

il
g

o.oil

'.oi

ff c

27
?S
E5
Fleck tffhite Furple

'fS

Green

H

.rc
Irf

n-I
.

r-:-t
l-i
L-J

I

l_

gg
AS
l?
{8
Elack White Purple Srsen

_rs

'tr
.og

i-i
:*r

EEr

*&&
* TTT

.'I4

.$s

"G'l

J-F=
I

.ff

t.?
u

eS
2T
US
f8
Bla*k tl$htts FurFIe Sr+e*

*T*

cls

.s

I

**s

fl ;

*48

*

2f
27
tg
3lack tYftlle Furple

{A
Grsen

-T*

,G*

I ri1
i

.G$

E
t
3

'sI
.${

lle

orll

T[,fl

l..''..'...'..,_l

4

I

I
I
I

2e
27
1S
-lack Uhlta Prtrd.

tB
Grcen

tr'igure 10. Box plot of the ratio of morphometric characters of the mud crab (the box lower and upper
limits represent the 25b and 75ft percentile, the black horizontal line inside the box represents the
median and the lower and upper limits of the T:-bars represent the 10fr and 90fr percentile respectively,
with values beyond the range represented by open circle for mild out liners and asterisk for extreme
out liners) (black, Scylla olivacea; white, S. paramamosain; ptxple, S. tranquebarica; and green, S.
serrata\.

23
Morphological study and application of multivariate analysis for the mud crab genus Scylla

In the present study, Discriminant Analysis
showed that nine ratios of characters; ICS/OCS,
PWC/FW, OPS/PL, DFMS/FW, LSH/ICW, ICS/
PL, AW/SW, DL/PL and PL/ICW were important
in recognizing the differences among the four
different species of Scylla. It was the combination
of those characters that distinguishes the taxa.
However, five ratios of characters; ICS/OCS,
PWC/FW, OPS/PL, DFMS/FW and LSH/ICW
(Table 5 and Fig. 10) proved the most important
for distinguishing the mud crab species in Ranong
Province. These results and Keenan et al. (1998)
agree that the ratio of the inner carpus spine (ICS)
and outer propodus spine (OCS) is the main
character to distinguish S. olivacea and S.
paramamosain from S. tranquebarica and S.
serrata as well as the character of outer carpus
spine itself (Fig. 4). The ratio of the propodus spine
of cheliped (OPS) and propodus length (PL) can
be used to discriminate S. olivacea from S.
paramamosain. In addition, the ratio of the
carapace posterior width (PWC) and the carapace
frontal width (FW) and the ratio of the distance
between frontal median spines (DFMS) and the

carapace frontal width (FW) appear, from the
Discriminant Analysis, to be useful for
discriminating between the four species groups
(Fig. 10). These characters did not appear to vary
with environmental factors. However, it is too
difficult to use only morphometric data to identify
S. tranquebarica and S. serrata.
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