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ABSTRACT: A total of 216 specimens of the pharaoh cuttlefish, Sepia pharaonis Ehrenberg, 1831, from
the Gulf of Thailand and the Andaman Sea, Peninsular Thailand, were collected, 51 from the Gulf of
Thailand and 165 from the Andaman Sea. Morphometry of 37 external characters of specimens of two
sexes from the two water bodieswere compared. S. pharaonis from both locations, regardless of sex, were
significantly different in twelve characters. Sexual differences were noted. Males and females, regardless of
habitats, were different in 8 characters. Differences were more prominent in males than female. In males,10
characters were significantly different, but only 2 characters differed in females. Overall, eighteen characters
were significantly different among groups (2 sexes, 2 locations). All differences were supported by canonical
variates. The results of the morphometrical differences between the cuttlefish from the two water
bodiessuggested thatsamples were taken from separate populations.
Keywords: External morphometry, Sepia pharaonis Ehrenberg, 1831, Peninsular Thailand
INTRODUCTION
Peninsular Thailand to the west faces the
Andaman Sea, which is part of the Indian Ocean,
and to the east the Gulf of Thailand, which may be
considered part of the Pacific Ocean. The Thai
Peninsula has been a geographical barrier since
the late Cretaceous, about 80 million years ago
(Metcalfe, 1998), and allopatric speciation or
variation may be expected to occur on both sides
of this barrier.Allopatric speciation in marine life is
seen in species with widespread distributions. One
such species found both in the Andaman Sea and
Gulf of Thailand, is the pharaoh cuttlefish, Sepia
pharaonis Ehrenberg, 1831 (Fig.1).
Sepia pharaonis has a wide distribution in
the Indo-Pacific region, ranging from the western
Indian Ocean including the Red Sea and Arabian
Sea to the western Pacific, South and East China
Seas, northern and western Australia (Reid 1998;
Reid et al., 2005). A recent report showed that S.
pharaonis is a species complex. Norman (2000)
reported that Sepia pharaonis was suspected to be
a species complex, since there are three forms of S.

pharaonis, having different morphological characteristics (colour patterns on the third arm pair) as
well asdifferent spawning season and distribution
range. S. pharaonis group I had solid white stripes
on the third arm pair while such stripes were broken
in S. Pharaonis group II and appeared as white
spots S. Pharaonis group III. The spawning season
was from August to October in S. pharaonis group
I, March to May in S. pharaonis group II, while
S. pharaonis group III spawned all year round. S.
pharaonis group I is found from thewestern Indian
Ocean, Red Sea to Arabian Sea, S. pharaonis group
II from the western Pacific Ocean (Japan to Gulf
of Thailand, the Philippines to southern Australia)
and S. pharaonis group III from the eastern to central
Indian Ocean (Andaman Sea coast of Thailand to
the Maldives).
Atthe molecular level, Anderson et al. (2007,
2011) studied three genes, 16S mt DNA, cytochrome
oxidase subunit I (COI), and the rhodopsin gene,
and found results which corresponded with the
study of Norman (2000). They categorized S.
pharaonis into five groups of which group 3 was
found in the Indian Ocean and Andaman Sea,
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corresponding to Norman’s S. pharaonis group
III. Groups1 and 2 were found in the Red Sea and
the Persian Gulf and the Arabian Sea respectively,
corresponding to Norman’s S. pharaonis group I.
Sepia pharaonis groups 4 and 5 were distributed
in the Pacific Ocean (from the Gulf of Thailand to
Taiwan) and Australia respectively, corresponding
to Norman’s S. pharaonis group II.

To determine if the molecular separation is
reflected in morphology it is necessary to compare
specimens of S. pharaonis from the two different
habitats. The aim of this research was to compare
the external morphology of different sexes of pharaoh cuttlefish, S. pharaonis from the Andaman
Sea and the Gulf of Thailand.

Figure 1. The pharaoh cuttlefish, Sepia pharaonis Ehrenberg, 1831 and its cuttlebone
MATERIALS AND METHODS
The specimens of the pharaoh cuttlefish,
S. pharaonis were collected from localities in two
areas of Thai waters (Fig. 2); the Gulf of Thailand,
(Chumporn, Songkhla, Nakhon Si Thammarat and
PrachuapKhiri Khan Provinces) and the Andaman
Sea (Ranong, Pang-Nga, Phuket, Satun and Trang
Provinces). The specimens were collected from fish
landings caught by otter-board trawlers and squid
trappers in those localities. A total of 51 specimens
composed of 23 males and 28 females were
collected from the Gulf of Thailand and 165
individuals (composed of 88 males and 77 females)

were collected from the Andaman Sea. Morphological
characters of each specimen were assessed following the methods of Jereb et al. (2005) and Roper
and Voss (1983) with dimension measured in mm
(Table 1, Fig. 3). In addition the number of suckers of each tentacular club was counted together
with measurement of the club sucker diameter. The
comparative size of club suckers followed Reid et
al. (2005), who categorizingthem as normal,
enlarged and greatly enlarged (Fig. 4). Following
measurements specimens were fixed in 10%
formalin for 3 days, and all specimens were then
stored in 95% ethyl alcohol preservative.
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Figure 2. Localities of specimen collection in Peninsular Thailand (Map Source: Google).
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Figure 3. Morphometric characters of Sepia pharaonis used in this study (details in Table 1).

Figure 4. Categories of comparative size of club suckers of Sepia pharaonis (followed Reid et al., 2005)
used in this study
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Table 1. Character morphometry of Sepia pharaonis Ehrenberg, 1831 used in this study (modified from
Jereb et al. (2005) and Roper and Voss (1983)).
character
Dorsal mantle
length

abbreviations
DML

definition
Dorsal mantle length from anterior most point of mantle to
posterior apex of mantle

Ventral mantle
length
Mantle width
Fin length

VML

Fin width
Funnel length

FW
FNL

Free funnel length

FFL

Head length

HL

Head width
Arm length
Tentacle length

HW
AL
TTL

Club length

CL

Web depth

WD

Eye diameter
Club sucker
diameter
Rows of suckers

ED
SuD

Ventral mantle length from anterior most point of mantle to
posterior apex of mantle
Greatest straight-line (ventral) width of mantle
Length of fins from the anterior margin of the fins to the
posterior extreme of the mantle
Greatest width (ventral) of the fins between their lateral margins
Length of the funnel from the anterior funnel opening to the
posterior border
Length of the funnel from the anterior funnel opening to the
point of dorsal attachment to the head
Dorsal length of head from point of fusion of dorsal arm to
anterior tip of nuchal locking cartilage
Greatest width of head at level of eyes
Length of arm measured from first basal sucker to tip of arm
Length of the right tentacle from the junction of arm III and IV
to the distal extreme
Length of club length from proximal base of carpal cluster of
proximal-most carpal sucker to distal tip of club
Distance from mouth to shallowest point of web between
adjacent arms
Diameter of eye across bulbus
Diameter of suckers on tentacular club with 3 comparative
sizes; normal, enlarged and greatly enlarged
Number of transverse rows of suckers on tentacular club

MW
FL

RS
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Character indices were determined as: Character index = (character length ÷ mantle length)
×100 (%), in order to eliminate the effect of individual body size differences. To find the differences
among groups in the two waters, index data were
then analyzed by discriminant analysis with SPSS
version 11.5 software. Significance of differences
of characters were statistically tested by Canonical
Variate Analysis (CVA; CVA gen from IMP package)
(Sheet, 2006) among groups (sex and habitats) of
S. pharaonis in Peninsular Thailand.

RESULTS
Morphometric measurements of Sepia pharonis
from the Andaman Sea and from the Gulf of Thailand,
regardless of sex, were different. Although overlapping in a scatter plot, the results demonstrated
significant discrimination between the two groups
from the two locations (Wilks’ λ = 0.668, χ2 =
60.129, df = 36, P<0.05, Fig. 5). Twelve characters
were statistically different (P<0.05), including11
characters of the club suckers (Table 2).

Figure 5. Scatter plot of results from external morphometric analysis of Sepia pharaonis samples from
the Gulf of Thailand (blue crosses) and the Andaman Sea (black circles).

21

Comparative external morphometry of the pharaoh cuttlefish
Table 2. Morphometric characters with significant differences compared between groups by discriminant
analysis. (Male (M); Female (F); Andaman Sea (AS); Gulf of Thailand (GT); Male, Andaman Sea (MAS);
Female, Andaman Sea (FAS); Male, Gulf of Thailand (MGT); Female, Gulf of Thailand (FGT); Left (L);
Right (R); 1 –normal sucker; 2 –enlarged sucker; 3 –greatly enlarged sucker; numbers in brackets are total
numbers of characters showing significant differences).
AS vs. GT
(12)

M vs. F
(8)
Arm length I
Arm length II
Arm length III
Arm length IV

No. of club sucker
total L
No. of club sucker
2L
No. of club sucker
3L
No. of club sucker
2R
No. of club sucker
3R
Club sucker
diameter 1L
Club sucker
diameter 2 L
Club sucker
diameter 3 L
Club sucker
diameter 1R
Club sucker
diameter 2 R
Club sucker
diameter 3 R

MAS vs. MGT

FAS vs. FGT

All Groups

(10)

(2)

(18)
Arm length I
Arm length II
Arm length III
Arm length IV
No. of club sucker
total L

No. of club sucker
total L
No. of club sucker
2L
No. of club sucker
3L
No. of club sucker
2R

Club sucker
diameter 1 L
Club sucker
diameter 2 L
Club sucker
diameter 3 L
Club sucker
diameter 1 R
Club sucker
diameter 2 R
Club sucker
diameter 3 R
Club length
Head width

Free funnel length

Free funnel length
Fin width

No. of club sucker
3L
No. of club sucker
2R

Club sucker
diameter 1 L
Club sucker
diameter 2 L
Club sucker
diameter 3 L
Club sucker
diameter 1 R
Club sucker
diameter 2 R
Club sucker
diameter 3 R
Club length
Head width
Free funnel length
Fin width
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Our results also showed significant sexual
dimorphism in morphometric features. Males and
females, regardless of habitats, were significantly
different as shown in a scatter plot (Wilks’ λ =
0.442, χ2 =123.291, df = 32, P<0.05, Fig. 6) and
in 8 characters (Table 2), including the length of
all arms and the length of club (5 characters) and
number of suckers on arm IV (hectocotylus). Males
from the Andaman Sea and the Gulf of Thailand
showed statistically significant differences (P<0.05)
in ten characters (Table 2), including 8 characters
of club suckers. Discriminant analysis also supported
the view that males were different (Wilks’ λ =
0.387, χ2= 60.779, df = 36, P<0.05, Fig. 7). On the
other hand, females from the two locations showed
statistically significant differences (P<0.05) in only

2 characters of club suckers (Table 2). However,
the differences were supported in a scatter plot by
the discriminant analysis (Wilks’ λ = 0.580, χ2 =
35.439, df = 36, P<0.05, Fig. 8).
Comparison of morphometry of the four groups
(two sexes, two waters) in combination resulted in
differences among groups. The result supported the
discrimination of the four studied groups, demonstrating via scatter plot (Wilks’ λ = 0.2680, χ2 =
197.522, df = 96, P<0.05, Fig.9). Eighteen of the
37 characters were statistically different (P<0.05),
including 6 characters of the length of all arms,
club and number of suckers on arm IV and 9
characters of club suckers (Table 2).

Figure 6. Scatter plot of results from external morphometric analysis of Sepia pharaonis samples from
females (blue crosses) and males (black circles).
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Figure 7. Scatter plot of results from external morphometric analysis of male Sepia pharaonis samples
from the Gulf of Thailand (red stars) and the Andaman Sea (black circles).

Figure 8. Scatter plot of results from external morphometric analysis of female Sepia pharaonis samples
from the Gulf of Thailand (pink squares) and the Andaman Sea (blue crosses).
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Figure 9. Scatter plot of results from external morphometric analysis of samples of all groups of Sepia
pharaonis. The analysis includes females from the Gulf of Thailand (pink squares), females from the
Andaman Sea (blue crosses), males from the Gulf of Thailand (red stars), and males from the Andaman
Sea (black circles).
DISCUSSION
The pharaoh cuttlefish, S. pharaonis, from the
two bodies of Peninsular Thailand, the Andaman
Sea, Indian Ocean and the Gulf of Thailand, Pacific
Ocean are different in 12 characters,of which 11 are
related to tentacular club suckers number and size.
These differences are prominently expressed in
males from the Andaman Sea, compared to males
from the Gulf of Thailand.Sexual dimorphism is
expressed as significant differences in characters
of the arm length, I-IV. The present study has
revealed that differences in external morphometry
correspond to S. pharaonis groups II (the west
Pacific Ocean: Japan to the Gulf of Thailand, the
Philippines and the South Australia) and III (the
east Indian Ocean: Maldives to the Andaman Sea
coast of Thailand) of Norman (2000). The results
also corresponded to S. pharaonis groups 4 (the
west Pacific Ocean) and 5(the east Indian Ocean)
of Anderson et al. (2007, 2011), which concluded
that all these S. pharaonis groups differ morphologically, genetically and in their distribution range.

Moreover, this grouping of S.pharaonis was previously
suggested by Reid et al. (2005), who noted that
hectocotylus morphology differs between S. pharaonis
specimens from Japan and Australia.
Our results indicated that variations in
morphometry separate the cuttlefish from the
two water bodiesinto different populations.
Morphometric difference may be caused by
environmental factors, genetic factors or both
(Thorpe, 1976). Furthermore, Thailand is located
between two oceans, the Pacific and Indian Oceans.
Surface currents flow through the Straits of Malacca
connecting the two oceans, but the flow directions
are differentin different monsoon periods
(Rizal et al., 2010). Thus, a geographical barrier
may effectively separate the populations of the
Andaman Sea and the Gulf of Thailand. However,
morphological variation can also occur within
species because of phenotypic plasticity, causing
differencesin expression of the same gene in
response to environmental conditions such as
temperature, salinity, food availability, predator/
prey interactions, etc. (Remerie et al.,2005).Such
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phenotypic plasticity has been found for other
widely distributed species, such as the common
octopus, Octopus vulgaris Cuvier, 1797, (Guerra
and Manriquez, 1980; Guerra et al., 2010). These
authors have reported that this octopus exhibits
differences in morphometry and genetic variation
between populations in the Mediterranean Sea and
southern Indian Ocean, respectively.
The discrimination between the Andaman Sea
and the Gulf of Thailand populations of S. pharaonis
cannot be interpreted as a separation into subspecies
or species at present. Different morphometric
information may explain the potential existence
of geographic variation (Remerie et al., 2005)
between two oceans. Further studies should be
concentrated on molecular examination, as well
as cuttlebone morphometry and anatomical
morphometry, to support morphological variations

of S. Pharaonis revealed in this study and to confirm
the taxonomic status of this species.
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