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Abstract

The present investigation was carried out on the structural characteristics of burrows of the fiddler crab —
Austruca sindensis (Alcock, 1900) between March 2021 to January 2022 from the mudflats of Kamboi, Gulf
of Khambhat, Gujarat, India. Burrows were selected randomly from upper and middle intertidal zones for
burrow casting. The unsaturated resin was poured inside the burrow and allowed to get solidify. The resident
crabs were captured for morphological identification and its morphometry (carapace length - CL and carapace
width - CW) and sex were recorded. A total of 94 complete burrow cast were used for burrow morphological
and morphometric analysis wherein, characteristics including burrow diameter, orientation, length, width,
inclination, branching and volume were recorded. A total of 7 different burrow shapes were recorded in which
Single tube (27) burrow was prominently observed followed by J-shaped (25), S-shaped (21), Spiral burrows
(10), etc. The crab carapace length showed significant positive correlation with carapace width, burrow
opening diameter, total burrow length, total burrow depth and burrow volume. Burrow diameters are
significantly smaller in the foreshore compared to that of the backshore, suggesting that larger individuals
reside along the backshore, where they excavate deeper and large-diameter burrows to minimize chances of
desiccation. While, the juveniles were observed utilizing shallow burrows with small opening diameter located
near water line. Specific pattern was observed in the burrow temperature in which the burrow temperature
dropped significantly at the greatest depth which provides suitable environment to the crab to survive in the
harsh environmental conditions.

Keywords burrow architecture; mudflats; seasonal variation; temperature.

Arthropods

ISSN 2224-4255

URL: http://www.iaees.org/publications/journals/arthropods/online-version.asp
RSS: http://www.iaees.org/publications/journals/arthropods/rss.xml

E-mail: arthropods@iaees.org

Editor-in-Chief: WenJun Zhang

Publisher: International Academy of Ecology and Environmental Sciences

1 Introduction
Burrow architecture is common behaviour observed in many vertebrates (Moulton et al., 2006; Schwaibold
and Pillay, 2006) as well as invertebrate fauna (Matsumasa et al., 1992; Lomovasky et al., 2006). Burrows
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created by benthic invertebrates are a common feature of many marine, estuarine and freshwater soft sediment
habitats (Little, 2000; Huhta, 2007). Brachyuran crabs are active burrowers of intertidal soft sediment causing
remarkable effect on benthos present in the sediments (Iribarne et al., 1997; Herman et al., 1999). Burrows are
advantageous to get protection against predator, to refuges from disturbance, thermal extremes (Ansell, 1988)
and to avoid adverse environmental conditions (Kinoshita, 2002; Thongtham and Kristensen, 2003). Burrow
morphology varies from species to species (Griffis and Suchanek, 1991; Wolfrath, 1992) but sometimes
variation in burrow morphology is observed within same species due to several physical and biological factors
such as sediment composition, vegetation type, shore height, tidal variation, sex and age of the individual etc.
(Takeda and Kurihara, 1987; Morrisey et al., 1999; Lim and Diong, 2003; Chan et al., 2006). Burrow
architecture is ecologically important specially to maintain semi-terrestrial mode of habit (Dubey et al., 2013).
Burrowing behaviour is commonly reported in the genera Macrophthalmus and Heloecius (Griffin, 1965,
1968), Uca (Pearse, 1912; Crane, 1941a; Altevogt, 1955), Ocypode (Cott, 1929; Crane, 1941b; Tweedie, 1950;
Barrass, 1963; George and Knott, 1965; Hughes, 1966), Dotilla (Tweedie, 1950) and Scopimera (Tweedie,
1950; Fielder, 1970).

Fiddler crabs are among the most common and best known for their burrowing behaviour (Crane, 1975;
Lim, 2006). They abound along the shores of tropical and subtropical regions around the world where they
excavate simple dwellings (burrows) in intertidal areas (Gibert et al., 2013). These crabs are known to
accommodate their burrowing exercise to a varying degree of conditions like substratum conditions, salinity,
temperature, tidal periodicity, anthropogenic disturbances, predators etc (Dubey et al., 2013). During high tide
crabs remain inside the burrow while emerging out during low tide for feeding or other surface activities
(Gherardi et al., 1999). Such behavioural adaptation helps them to avoid the need of periodically return to a
burrow to replenish its water supply (Hartnoll, 1973). Nowadays, ecological functions of burrowing behaviour
in specific ecosystem have received increasing attention and crab burrowing has been considered as one of the
major factors of bioturbation affecting the physical and chemical processes in ecosystems (Wang et al., 2010).
Therefore, the present study was planned to understand the structural characteristics of burrows of the fiddler
crab Austruca sindensis (Alcock, 1900) which is commonly distributed on coastal region of Gulf of Khambhat.

2 Materials and Methods
2.1 Study area
Gulf of Khambhat is one of the three Gulfs of India and having largest tidal amplitude on the West Coast of
India. Gulf of Khambhat owes its own peculiarity in terms of its geomorphology, hydrodynamics and high
tidal amplitude. Gulf, being funnel shaped with wide mouth and narrow head (width 200 km at mouth of Gulf
terminating to 6 km at the extreme end of Gulf i.e. mouth of Mahi estuary), provides geo assistance to the tidal
amplitude and turbulence. The coastal area of Gulf of Khambhat is having wide variety of intertidal habitats
like mudflats, sandy shores, rocky-muddy shores, estuaries and mangroves (Pandya and Vachhrajani, 2010).
The present study was carried between March 2021 to January 2022at Kamboi coast-Gulf of Khambhat
(Site 1-22°12'45.10" N, 72°36'06.26" E; Site 2- 22°13'00.27" N, 72°37'02.34" E) located in Bharuch district,
Guijarat, India (Fig. 1). Kamboi coast is one of the important habitats located on the narrow head region of
Gulf of Khambhat, which is reach in diversity of brachyuran crabs. The intertidal area of Kamboi coast is
muddy in nature. The upper intertidal zone is made up of silt and clay which is dominated by Austruca sps, the
middle zone contains undulating muddy area which is dominated by llyoplax sayajiraoi (Trivedi et al., 2015)
and lower intertidal zone is made up of sand which is dominated by brachyuran crab Dotilla blanfordi (Alcock,
1900) (Pandya and Vachhrajani, 2013).
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GULF OF
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Fig. 1 Location of study site: Kamboi, Gujarat, India.

2.2 Burrow architecture

The burrows of crabs were selected randomly from upper intertidal and middle intertidal zone. The burrow
opening diameter was recorded with the help of digital vernier callipers (Yuri YURO1 Digital Vernier Calliper
0-150 mm). The mixture of unsaturated resin, cobalt and catalyst (3:1:1) was poured into the burrows until the
burrows were totally filled. Crabs emerged from the burrows were collected, sexed and the carapace width and
length measured using vernier callipers (0.1 mm). When the burrow casts had solidified ¢2 h), they were dug
up for subsequent measurement of burrow dimensions (Fig. 2). The volume of the burrows were determined
by weighing the burrow cast (0.01 g) and dividing the weight by the density of the unsaturated resin (0.96
g/lcm?®) (Trivedi and Vachhrajani, 2016).

2.3 Vertical temperature gradient in burrows

Variation in sediment temperature was measured along the depth of the burrow during low tides. Burrows
were selected randomly and their opening diameter was measured using vernier callipers (£0.1 mm). The sand
surface temperature at the burrow opening was measured using a digital thermometer (Eurolab ST9269B,
+0.1°C). The temperature of sediment was measured at every 5 cm depth interval up to the depth of 25 cm.

2.4 Statistical analysis

The regression was done to establish the relationship between carapace lengths of the crab and different
morphological parameters of the burrow cast. In factor analysis univariate descriptive statistics was used.
Whereas in correlation matrix, two selected attributes such as “coefficient’ and ‘significance level” were used.
In *factor analysis extraction’ attribute display selected was ‘unrotated factor’ solution and ‘scree plot.’
Method of extraction was based on ‘Eigen value > 1. All the statistical analysis was performed in *“Statistical
Package for the Social Sciences (version SPSS 22) software.

3 Results

3.1 Different shapes of the burrows

A total of 94 burrow casts were obtained, of which the 46 host crabs were captured (29 males and 17 females).
A total of 7 different burrow shapes were recorded including J-shaped burrow (28), Single tube burrow (27),
S-shaped burrow (21), Spiral burrow (10), J-shaped burrow with branch (5), U-shaped burrow with single
opening (2) and Multi-branched burrow (1) (Fig. 2, 3). The relationship between various parameters was
studied in three seasons.

IAEES www.iaees.org



40 Arthropods, 2023, 12(1): 37-56

Fig. 2 Burrow architecture of Austruca sindensis with various measurements of burrow cast. a. J-shaped burrow, b. Spiral burrow,
c. S-shaped burrow, d. Single tube burrow, e. U-shaped burrow, f. Multi-branched burrow, g. J-shaped with Branch burrow.
(TDB - Total depth of Burrow; TLB — Total length of burrow; IA— Burrow inclination angle; CL — Chamber length; CW —
Chamber width).
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Fig. 3 Indicates number of burrow count with respect to shape of the burrow. J-shaped burrows (Fig. 2) (n = 28) had mean
burrow volume of 44.59 + 32.76 cm® with an average burrow opening diameter of 8.79 + 2.29 mm. Burrows were vertically
inclined with mean inclination angle of 120.2 + 10.48°. J-shaped burrows were constructed by crab with mean carapace length of
7.87 = 1.96 mm (n = 10). Mean length and depth of the burrows were 27.08 + 10.12 cm and 22.43 + 6.29 cm respectively. Mean
length of the chambers situated on the centre and base was 2.45 + 0.99 cm and 2.47 = 0.50 cm. Mean width of the chambers
situated on the centre and base was 4.37 + 1.99 cm and 4.82 + 1.39 cm.
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Single tube burrows (ST) (Fig. 2) (n =27) had mean volume of 44.99 + 27.66 cm® with mean opening
diameter of 8.68 £ 2.01 mm. Burrows were constructed by the crabs having mean carapace length of 8.34 +
2.01 mm (n =12). Burrows inclined vertically from the surface with the mean inclination angle of 118.04 +
15.02° and ended with chamber (CL: 3.2 + 0.58 cm CW: 9.02 + 1.8 cm) at the base. One another chamber
were constructed with mean length of 3.08 £ 0.84 cm and width 6.22 + 2.05 cm. Mean length and depth of the
burrows were 23.03 £ 7.96 cm and 21.46 + 7.55 cm respectively.

S-shaped burrows (Fig. 2) (n = 21) had largest volume (47.12 + 26.80 cm®) with an average burrow
opening diameter of 8.71 + 2.20 mm. S-shaped burrows were constructed by the crabs with mean carapace
length of 7.05 £ 1.66 mm (n = 10). Burrows were vertical with mean inclination angle of 117.47 + 16.06°. In
many S-shaped burrows two small chambers were constructed by the crabs either at base or in middle region
of the burrow. Mean length of centrally located chamber and terminal chambers was 2.52 + 0.63 cm and 2.6 +
0.58 cm respectively. While Mean width of intermittent and terminal chambers was 5.53 + 2.58 cm and 5.34 +
1.64 cm respectively. Mean length of the burrows was 31.59 + 9.79 cm and mean depth of the burrows was
23.77 £ 6.09 cm.

Spiral burrows (Fig. 2) (n = 10) had mean burrow volume of 37.35 + 22.46 cm® with a mean opening
diameter of 7.91 £ 1.80 mm and created by crabs with mean carapace length 6.33 = 1.19 mm (n = 4). Burrows
were vertically inclined with mean inclination angle of 137.5 £ 17.05°. Mean depth and mean length of the
burrows was 22.73 + 8.15 cm and 29.95 + 10.31 c¢cm respectively. Mean length and mean width of the chamber
was 3.4 £0.28 cmand 5.5 + 1.34 cm.

J-shaped burrows with branch (JB) (Fig. 2) (n = 5) had mean burrow volume of 21.09 + 11.38 cm® with an
average opening diameter of 9.03 = 0.88 mm. Burrows were constructed by the crabs with mean carapace
length of 7.27 + 0.16 mm (n=3). Burrows were vertical in shape with mean inclination angle of 128.8 + 8.54°
and depth of 15.6 + 4.13 cm. Main shaft of the burrow takes turn towards the surface in the form of branch
which does not extend to the surface and ends in the forms of spherical blind end. Second branch is formed
from the base of the main shaft and ends making small chamber at the base. The mean length of the burrows
was 17.7 £2.95 cm.

U-shaped burrows with single opening (U with SO) (Fig. 2) (n = 2) had mean burrow volume of 40.63 £
0.11 cm® with an average burrow opening diameter of 7.54 + 0.87 mm. U-shaped burrows were constructed by
the crab with carapace length of 7.55 mm (n = 1). Burrows were vertical with mean inclination angle of 138 +
2°. Mean depth and mean length of the burrows were 17.5 £ 0.8 cm and 28.4 + 0.9 cm. Mean length and width
of the chamber at base was 2.9 cm and 8.3 cm.

Multi-branched burrow (MB) (Fig. 2) (n = 1) had mean volume of 79.58 cm® with opening diameter of
10.53 mm. The burrow looked almost similar to J-shaped with branch burrows, except one extra branch
attached to the base of the secondary branch. In this burrow except primary arm no other branch reach the
surface and they all ended with spherical blind lobe. The extra branch attached with secondary branch base,
had multiple chambers. The burrow was constructed by the crab having carapace length of 7.72 mm (n=1).
The burrow inclined vertically with inclination angle of 87°. The burrow had depth of 30.4 cm and total length
of the burrow was 51.3 cm.

3.2 Seasonal variation in burrow architecture

In winter, crab carapace length showed positive correlation with carapace width (R=0.90), burrow opening
diameter (R?=0.82), total burrow length (R?=0.57), total burrow depth (R*=0.56) and burrow volume (R?*=0.49)
(Fig. 4). In summer, carapace length showed strong positive correlation with the carapace width (R*=0.93),
burrow opening diameter (R?=0.96), total burrow length (R?=0.74), total burrow depth (R?*=0.57) and burrow
volume (R*=0.63) (Fig. 5). Crab carapace length was positively correlated with the carapace width (R?=0.92),
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burrow opening diameter (R?=0.91), total burrow length (R?=0.64), total burrow depth (R?*=0.57) and burrow
volume (R?=0.44) in monsoon season (Fig. 6). The crab carapace length did not show significant correlation
with burrow inclination angle in all three seasons (R?=0.06, 0.01, 0.01 respectively for winter, summer and

monsoon) (Fig. 4, 5, 6).

Fig. 4 Regression analysis for the relationship between crab carapace length and different morphological measurements of
burrows in winter season.
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Fig. 5 Regression analysis for the relationship between crab carapace length and different morphological measurements of
burrows in summer season.
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Fig. 6 Regression analysis for the relationship between crab carapace length and different morphological measurements of
burrows in monsoon season.

3.3 Variation in burrow architecture in male and female crabs

The carapace length (mm) of the male and female crabs were not significantly different (males: 7.94 £+ 1.8,
females: 7.17 + 1.87). In the case of burrow characteristics, both sexes constructed 6 different shaped burrows
and their burrow shapes were not different. However, the diameters of male crab burrows were larger
compared to the diameters of female crab burrows, male crab burrows were longer and more voluminous than
those of the female crabs (Table 1).

IAEES www.iaees.org



Arthropods, 2023, 12(1): 37-56 45

Table 1 Burrow characteristics of Austruca sindensis (Alcock, 1900).

Burrow Morphology Male Female

Total shape 6 6

Total burrow 29 17

carapace length (mm) 794+18 7.17+1.87
Burrow opening diameter (mm) 9.22+1.97 847 +1.77
Burrow length (cm) 30.55 + 10.94 27.56 + 10.56
Burrow depth (cm) 21.81+6.34 21.18 £5.04
Inclination angle °C 123.28 + 13.29 12471 +11.22
Volume (CM®) 39.19 + 13.33 30.62 + 8.99

3.4 Vertical temperature profile of burrows

The depth wise variation in burrow temperature was studied for various burrow shapes recorded in the present
study. Results revealed similar pattern in temperature variation for all the burrow shapes. In winter, the sand
surface temperature recorded 26-30°Cwhich remained similar for all the burrow types (Fig. 7). The sand
surface temperature was recorded 38-44°C and 32-40°C during summer season and monsoon season
respectively (Fig. 8, 9). The temperature declined to 2 to 2.5°C at a depth of 5 cm. After the depth of 5 cm the
rate of temperature drop decreased to 1 to 1.5°C at every 5 cm. The temperature recorded at the deepest part of
the burrow that could be measured up to 25 cm was 22-27.5°C, which was cooler than the surface temperature

in all the season.

0 S 0 J
ERU g 10
= =
£20 & 20
30 30
20 25 30 35 40 20 25 30 35 40
Temperature ° Temperature °
0 Spiral 0 a ST
10 £ 10
= =)
£ £
20 = 20
2 =
30 30
20 25 30 35 40 20 25 30 35 40
Temperature ° Temperature °

Fig. 7 Vertical temperature profiles with the burrow depth for different shapes of the burrows during winter season.
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Fig. 8 Vertical temperature profiles with the burrow depth for different shapes of the burrows during summer season.
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Fig. 9 Vertical temperature profiles with the burrow depth for different shapes of the burrows during monsoon season.

3.5 Principle component analysis (PCA) of burrow morphology

3.5.1 PCA of burrow morphology in winter season
In winter season the number of variables in upper intertidal zone (UTZ) (Ul to U21) are twenty-one and

middle intertidal zone (MTZ) (M1 to M11) are eleven. Scree plot in figure 10 shows data has three major
components as shown in Table 2. Per cent variance for component 1 is 77.837%, 2 is 17.369% and 3 is 4.795%.
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Cumulative percentage for component 1 is 77.837%, component 2 is 95.205% and component 3 is 100%
shown in Table 2. Fig. 11 indicates most of the burrow are concentrated in one quadrate and only M10, U8 and
U12 are concentrated in another quadrate. All burrows are closely present giving out maximum correlation.

Table 2 Total variance in winter season.

Component Initial Eigenvalues Extraction Sums of Squared Loadings
. . % of .
Total % of Variance Cumulative % Total . Cumulative %
Variance
1 24.908 77.837 77.837 24.908 77.837 77.837
2 5.558 17.359 95.205 5.558 17.359 95.205
3 1.534 4.795 100 1.534 4.795 100
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Fig. 10 Scree plot indicating major 3 plots for winter season.
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3.5.2 PCA of burrow morphology in summer season
In summer season number of variables in upper intertidal zone (UTZ) (U1 to U13) are thirteen and middle
intertidal zone (MTZ) (M1 to M21) are twenty-one. Scree plot in Fig. 12 shows data has two major
components as shown in Table 3. Per cent variance for component 1 is 85.503% and 2 is 16.497%. Cumulative
percentage for component 1 is 85.503% and component 2 is 100% shown in Table 3. Fig. 13 indicates most of
the burrow are concentrated in one quadrate and only M9 and M11 are concentrated in another quadrate. All
burrows are closely present giving out maximum correlation.

Fig. 11 Component plot in rotated space for winter season.

Table 3 Total variance in summer season.

Component Initial Eigenvalues Extraction Sums of Squared Loadings
% of % of
Total Cumulative % Total . Cumulative %
Variance Variance
1 28.391 83.503 83.503 28.391 83.503 83.503
2 5.609 16.497 100 5.609 16.497 100
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Fig. 12 Scree plot indicating major 2 plots for summer season.
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Fig. 13 Component plot in rotated space for summer season.

3.5.3 PCA of burrow morphology in monsoon season

In monsoon season number of variables in upper intertidal zone (UTZ) (U1 to U16) are sixteen and middle
intertidal zone (MTZ) (M1 to M12) are twelve. Scree plot in Fig. 14 shows data has three major components as
shown in Table 4. Per cent variance for component 1 is 91.679% and 2 is 8.322%. Cumulative percentage for
component 1 is 91.679% and component 100% shown in Table 4. Fig. 15 indicates all the burrow are

concentrated in one quadrate.
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Table 4 Total variance in monsoon season.
Component Initial Eigenvalues Extraction Sums of Squared Loadings
% of ) % of )
Total . Cumulative % Total . Cumulative %
Variance Variance
1 25.670 91.679 91.679 25.670 91.679 91.679
2 2.33 8.322 100 2.33 8.322 100
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Fig. 14 Scree plot indicating major 2 plots for monsoon season.
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4 Discussion

Burrows constructed in soft sediments play a significant role in the reproductive activity of the burrowing
crabs of Ocypodidae and Dotillidae families (Lim, 2006). The morphology of Austruca sindensis (Alcock,
1900) burrows showed considerable variation in shape, size and complexity, ranging from single entrance
shafts with no branches to multiple entrances. In the present study, total seven different burrow shapes were
recorded like J-shaped, Single tube, S-shaped, Spiral, J-shaped with branch, U-shaped with single opening and
Multi-branched burrow (Fig. 2). Crabs with smaller carapace length had constructed single tube and J-shaped
burrows, while larger sized had created single tube, J-shaped, J-shaped with branch, multi-branched, U-shaped
with single opening and spiral burrows. According to Chakrabarti (1981) and Chan et al. (2006), the burrows
like J-shaped and single tube burrows of juvenile crabs were shallow in depth with narrower opening diameter
and lesser volume. Temporary burrows of the adult crabs are often shallow and single tubular structures.

In the present study, multi-branched and J-shaped with branched burrows were constructed by adult crab.
The function of the branches of single tube and J-shaped burrows is still unknown but it has been assumed that
the branch may provide shelter to the individual crab from the splash of the waves and predators (Chakrabarti,
1981). According to Chan et al. (2006), adult crabs can tolerate longer periods of exposure to air by digging
deeper and more complex burrows. These crabs stay entirely in their burrows during daytime and as a result,
their burrows were deeper and more complex as compared to the burrows of the juvenile crabs (Chan et al.,
2006; Katrak et al., 2008, Gul and Griffen, 2018). More complex burrow provides greater underground surface
area, which is favourable for increased gaseous exchange and microbial colonization. This also delivers greater
access of resources to organisms inside the burrow (Thongtham and Kristensen, 2003).

Uca pugilator (Bosc), Sesarma longipes (Krauss), Cardisoma carnifex (Herbst) and Macrophalmus
parvimanus (Guerin) has created temporary burrows like single tube and bulb shape for refuges during high
tides or to get protection from the predator (Braithwaite and Talbot, 1972; Christy, 1982). During investigation,
adult carb excavated spiral burrow with end chamber. Previously, crabs of Ocypode ceratophthalmus (Pallas,
1772) and O. saratan (Forskal, 1775) constructed spiral burrow with the sole purpose of providing a place for
copulation (Hughes, 1973; Vannini, 1980). Nonetheless, simpler forms consisting of unbranched, subvertical
to inclined, irregularly twisted to J-shaped shafts are very common among species of Macrophthalmidae,
Myctiridae, Dotillidae, Gecarcinidae, Gecarcinucidae, and Portunidae (Gilbert et al., 2013).

In the present study, crab length showed significant positive relationship with burrow opening diameter,
burrow length, burrow depth and burrow volume. Here, mean burrow length and depth were recorded around
30.55 + 10.94 cm and 21.81 + 6.34 cm respectively for the crab with mean carapace length of 7.94 £ 1.8 mm.
Qureshi and Saher (2012) have also studied the burrow architecture of Uca sindensis (synonym of A.
sindensis). They excavated burrows with mean length and depth of 22.02 + 7.10 cm and 15.04 + 6.2 cm
respectively for crab with the mean carapace length of 2.212 + 0.591 mm. The burrow morphology is species
specific (Griffis and Suchanek, 1991; Wolfrath, 1992; Griffis and Chavez, 1988) but variation in burrow
morphology is observed within same species due to changes in physical and biochemical properties of the
sediment (Lucrezi et al., 2009). Larger-sized crabs had greater burrow diameter, larger burrow volume and
bigger chamber diameter than small and medium sized crabs (Upadhyay et al., 2022). Lim and Diong (2003)
studied burrow morphology of the crab U. annulipes (Milne Edwards, 1837) and found that larger crabs
generally excavated wider, more spacious burrows than small and medium-sized individuals.

Previous studies showed that burrow architecture get affected by several environmental factor such as
temperature, moisture level, wind (Lucrezi et al., 2009), and geomorphological properties of the sandy shores
like sand compaction, beach slope and sand grain size (Dixon et al., 2015; Pombo et al., 2017) and as well as
erosion (Hobbs et al., 2008). Burrow architecture also varies based on size and sex of the resident crab (Lim
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and Diong, 2003). Present study revealed that both male and female A. sindensis built six different shaped
burrow and male crabs burrows were longer and voluminous than the female crab burrows. Males build longer
and deeper breeding burrows to attract females for mating purpose (Christy, 1982; Backwell and Passmore,
1996; Tina et al., 2018). Mate selection occurs mostly based on the quality of breeding burrows, because
mating and egg incubation take place inside the male breeding burrows (Christy, 1982, 1987; Christy and
Salmon, 1984; Christy and Schober, 1994; Ribeiro et al., 2010).

Vannini (1980) and Atkinson and Taylor (1988) discussed that burrow provides protection against high
external temperatures and environmental extremes. Furthermore, Lim and Diong (2003) working upon fiddler
crabs hypothesized that high intertidal areas might help to maintain lower burrow temperature during ebb tides.
According to Dubey et al. (2013), temperature and moisture levels in the substratum could influence the
burrow depth by playing an important ecological role in the life history and habitat dependency of O.
macrocera. In the present study, the temperature of the sand surface dropped along the depths of the burrows
which suggests that the burrows can provide the resident to the crab and helps to get refuges during the
stressful period in summer. Temperature could be even lower when going further down the burrow, although
measurement cannot be obtained at further depths. As burrows are important to get refuge from desiccation for
intertidal crabs (Takeda and Kurihara 1987; Thongtham and Kristensen, 2003), the depth of burrows will be
influenced by the water content of the sediment.

A few previous studies also observed that the burrows acted as refuge for fiddler crabs during very high or
very low temperatures (Edney, 1961; Powers and Cole, 1976; Wolfrath, 1992). According to Wolfrath (1992),
temperature variation inside the crab burrows was inversed with outside air temperature, and burrow
temperature was lower during the day and higher during the night than the outside temperature. It was also
concluded that temperatures higher than the optimal peak temperature reduces the ventilator and cardiac
performance in crabs, resulting in a lesser supply of oxygen to the tissues and a reduced endurance capacity
(Frederich and Portner, 2000; Allen et al., 2012). In PCA analysis, during summer and winter season less
cluster formation was observed. While in monsoon season, PCA analysis demonstrated better cluster formation
as all burrow parameters were closely correlated. This is may be because this season cab be a season for
breeding and reproduction. Thus, burrows are highly developed for mating with appropriate breeding
chambers and for an ovigerous female to stay inside the burrow for a longer time and with the least disturbance.
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segrated from the Litter in the Enllewing chanstene
B casdpaceis high (Fg 1A} (not raised
trll-_l.m'.:lfrl:n:i.njﬂﬁl:l'.ll Julﬁ,fgs.hl,fh'gﬂ}
pmmubeEnd (g 13‘}{intlﬂulmnliu_hmﬂhm:g[
Nt il 200 B fig, 613 031 st pant gentip recurved,
thp gestly corved (Flg 94 1) (distal port preminentby
securved, tip hiook dhagesd in 8, udadesisiy; off Nig ot
Iﬂ.’ulﬂlfﬁ.ﬁﬂ,llﬂ

Eurprarcimn grumialii bs so for repuorted rom
ihe Gauld of Atkm, Pesizn Golf, Guloof Oman;
Palostan, India, and Thailand {Naderdon, 2017 Ng
et ul 3018} In leble the spocies bs reconial from
Citrjurst, Malarasisiva, Warmstzia (Chhapygar, 1957)
and Kerada {Dvov Rirg, 2003), Trivedi of al, (2048)
memﬂhllhnﬂllhlmmlhdmuqmﬂ&!m
Fi=32] ciis Pemdesh { Dov Royand
Samdhl 2T, Chrimea { T iy aned Wath, 2017), West
Wemgral (I Moy mnd Nounedl, 3012), sl Anadyensn and
Micobar Tefasi (T Ry et Nali, 2002 resgecirs
= CTamin o

Trivedl f al (2018} vommentell that the tecords
of B ractulenpis froen Trvdi: Anstirrs Pradesh (Dev Riry
ant Nandi, HUTY, Tamil Nash (Thomos, 169, West
Rengal (Dev Roy and Nadl, 200 2), and Anadanan
amif Nicobay Tsdamds (T hama, 1967) are doumisl.
S nmeod thesemay hove been bessd on sadiorimcorme:
Identificrtions of Indiar muterial by Aloock { 1ROK}
an Fagrpeartims gramdidiond, the Lnter speciss haing 2
jurvere wyverrm of B actalemi O (e Sast of the
pﬂylmﬁlmw&}mnﬁ
rexjuine re-sxamimationy, but, Haved on egeography,
they are kely to be £ benguiewis oo £ intogriinom

(ze=iEmaEEm i these wpess),
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[Flige. 2,901
Earycarcinus imicgrifrom De Man, L879: 55, &6y Apel,
FPOby 445, 431, 44 Al anld Coopes: 1996
A28, 426, Apel, 0001 57 Naderton and S, 2007
344, tabe | O el MO 477 B, 2. Nadurdbes
aisd Torkay, 202 Ty Naderdoo of ol 2013449,
446, tab 2, Naderlon, 101701, figs. 24,10k, 2611,
26,00 Ngetal, 2015 AR, s JI2IH, 41, 58,6,
E7H, I H MR E G, Trivedl of w2018 %9 (11)
Baryearcinuy oriendadin — Aoock, 1998: 200, 211
( gt} Chiapgar, 97 438,405, l. 1 Tirmis
ot al. 1986: 8 10, fig 3a-<; Tirmizi and Ghani,
1008 W03 fig 10; THuepfy, 1907 |6 (part) fnst
Eurvosrsitn evientiaiis A Miloe: Edwands, 18871
Lilschaini (asupesisis Gordon?) — Stepansan,
P46 169171, g A6 Titges, 1982- 151
(Fwt) ot Labachemnd ameyenss Gondon, 1930 =
Heferipaluaenus ameprnds {Gordom, 1937)]
Busrpearsfmus e {1 sategrefrns) - Aped and Thebyy,
LR 194 195, 204305
Furycarommus bemgairnus $eb, 1999 376 ( paxt)

_ Type lpcalay Unknown, peabably India (of.
Naderliie 2HT),

Muderial cxsmined 3 mabes (CW 133 283 mom,
126 90mm) ¢ femabes (W 1|3 257 mm, O
6.6 R4 ), I.F"-.ILEIIL-E'.,_].‘&:]]FI |,'.'-.'..¥ BTN
68 40 MR, Camarnr State. Inadin, X7 March, 2015,
il ), nndhlqmlﬂu{a{[!ﬁ'llﬂm_ L
104 1em; CW 21 3o, CL 15 3mmm), 25034492
[part}, Chamta Blocs, Sonderbins Tiger Resarve
West Hemgal Staee, Isa (qratypes of Fdrpearciain
bergiinnais ok, 1999

Stomuris The specimens exmmmm  the present
ctualy apree with the description and figurs of the
species in Ngofwl. (20083 Rarpoammn mingrfree
diffprs friom F. satplinsss amd B sriesilobia in the
{bromrerr=aly cvets m E ot i amd E ot of
Wgetal, 2008; figs LA, B, C:6A B); frontd margin
weakly Relabod {14y 2H) {distinctly bilobed in £

temmine 75« NIFEEN

sustulends und B prtentalh, of Ng et ol 2000 fige
1A & BABL

The species v 5o far czlably ceported from Gulf
of Adbemy, ersin Gnll, Galf wf Ovman, sodd Pakistam
(Misisirhos, 2007; Mg of al, 1018}, The pressnt ituily
s stually the first consirmad recond of the spedies
from indfia, eren lhmrghﬂadm‘bu ﬂﬂmwﬂ
specimans from Cujanet (Kokak 5nd | marsadi) and
Mabarastra {Mamba) (reconded = b enirstafid m
b | 1S657) abuoanild b peerred i B imbegriframs
teis fipures lmaveno dusibl, Thessrscnnd of {hhiyiger
(95T Vhuazs ewtanad e ke e 08 B mtigrifrons
susgrhy S kellitani et s it buor sosat iy alieig Ui conasd of
weatests Indie The two avigenoes femabe paraty pes
af K, bongabonsia b, 179, ar=heee alen m-identpiad

4 E_irefegrifroms, extoniling thie ramge of this species
10 Wast Bempal ctate (see remitio formet ez,

Errycarninus bempalrnsis Deb, 1999
(g3, 4,9 - 1)
Ewryearcives hengalimeia D, 1999; 376 (pamt), bg 2

Heterapanipe bempalemin — Nig o al, 2018: 475,
Trivell e al, 2005 %3

Material exammed Holotype, male (W 25,1
s UL A9 mm), ZE-CI30 Y Chamis Kiock,
Sandertum Tiger Reserve, West Bengal State. fngfia,
coll, 5. Hhaompa. Paratypes, 3 males (W 115 mm;
CLTX g, W 1L, CFL 66 mm), duts o per
hality e

Resnupria Db (1999 descxibod B, hurpadensls o
ﬂuhﬁnnﬁh‘nlﬂrprmd‘q_nm:q:gnﬂidumﬂmnf
wpecimuesta collectond frum S actans Tiges Ressgve.
West Bengal sizte. India Nyl clal (2018] provisionally
transizrmed this species to Horeropanepe on the hasi
ool L figure aeed ssrriptien of he byye specimen
given in Db (1999). In the pressnt study, H'ru-ppn

Elrrnmmhn:—l!hn!hminuhlﬂf the
sfrecimen FEmams cipossd whizn the mabe pleoa i
cipepdt (Fip W) amml pleomal sxmite 3 o mlatesty
wider, with the Latesal margin grojocting (Vig. )
which are chinracteristics of fierveorcnms
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Fgume ¥. Nurscerrenus, msreimms Uy S, (0 nale (W ZE Emm, OF 199 mm) (LTS ERC &1), Labbgme, bz, A, o,
bitrmad wimey, N, {imrtal wiew, U, snberior-thrcc sintmonm (demsses | -0 ol ploony [V, chede iaerwures 5 possoe e thst mo
b .|| r'.l“-l-l':

e T = NLF EERN
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"' v ™ i ' -1.-.‘___..-"'_; pR—
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i = e i | e —— ki - S |
- . - — - g e ——
4 - o i
i -;‘.t__‘ _I_F'--- -
i = e
gire 3 furws bemgiiiem Ity POUSL bty e O 20 nme OL 1S9 emm) | E50C TR0 TN ey filisck; tnudes
i, badyres Sored Mips wEnTa vere L semer e se e (oemess |4 omd pieom ) cfedee. opter e e
rmo Eeenie s pie e
{ RE-IYE e O .'.'f'll afrmum a e, LY tha |2 '-I'I'_,.l'I o ."r-'_l.:'-_"-'ll nstand |'he -.J".II':. =5 :I“'-.
IT# EPIECRTIER Feaisy e wipll AR Emleees | Ve 4 ) e |'_-._.'i:---".J::'-.:'--"-_="
"1:!|!:II-!||.II |.. I

epsets ool dre cley

Faifycaroinm hmpalonsiv o ofre ia similar (o E
mmspeEne. Fhe fwn ovrpemmostemaies (OW L1 %mm i cgrd s e dol oem chornctees: §he carapiacs
10 oo W M Syl L LS Y e ereeres p merl prieerminLeerd b

wrrilley pmed buigd i foombal view
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Ml & Eryorreo s Sy (e Mlae [T+ FETETTF TR SR e { Carmarre e [ BT T
C: 1A o) (RS G hpniea Bk Iraha, & hgbrnm, siored vies' I ool wesy ©) chefae miber weris: [ msieries

Hismios stermies (rbermlles LG8 o plieemn

1, LERESTOVELECL IR I A T TR L L DI EFTIW) BREET AL IERATRELL) B7W CRRELLOCT ribe aid i-_.i__E.- ¥

bgn LEL ERL 4NN Chere are-(dletieigt clainps b shurt 1H, FH, AN Furpeariiinl beswdlyssin Brfweved

sty Beiween el (o0 hmieraiiteral fiepih s friud Findrgrilnee in wemera] chiamcter thad

i L 4 b | e 2R W EW R ITEELIL. IR REmarE L RTINS RIS bw vEratmn; the oar LA af

Wittt eTinkbed th suls-orruis g ool oAl F.Dpegalemiiy by proygspurt siuele| g sebudiae £
FEghons are smonth ancd glibroul with dense setar ) (e geesdsads i B dndeerifrs: Byl 2A) 1he
miy along the sictures [Frg i j, anad the  amerolsteral esth are obitonm amd wiide, sporated

inber by mgrrin of (e episboerie Fus Che moesfaan Ereim #nt'h ofhiEr By 5 pissarr | L B TR

boBE Fruncats; proffd e SMMErRIrly Nl s2araied HESy et 2

e TTAT T Wi T et

THi e S EralEte

g i
i e T ML E N
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seyrarated by a LU shoajiesd histus b B imbigrifremes; Fig
LAY, thie male chels bs proportionatety shorter (g
) {rowere elungste i K, actagrirome, Fig 207; male
plirvnal vt © b chistimatly tragseeosdal hin siage | Fe
) (hesswir i B dmtegrifraie; Vg, ZC0); male ploonal
sosstes | -5 spe proporioasi=ly ees boad (Fig: VE]
(proportionstdy wiler in £ micgrifromes, iy 28]
and the distal part of the G1 b relatrve iy shiorter wathi
the tip pemtly upsurved {Tog, WG, H) (G dEstal part
sustively hmger e tth tha | almost sranght or gelstiy
dirrved downwirls in E. inlrgrifroas; Pg 90, R).

Thezslstm enith ol B carapoce s Eporem
of male jleomal wmlles -3 of B bvgalons (B
LA, AL 3] aee actuaily closer to the condition in
E- arientulis (IFgs LA, 1) et the ather charsctans
(reitshly carzmace shape, sntzrmlaters] amatire,
amml G ) do oot manck

The characiers prssesnd by E. bguloons are
imtpresfing While its carapace closely resminhbiss
specizn of Helyropume it caest iy N ofl, (2018,
Farycarcious I s podsitile that some, iF ok afl the
sognin ol Fairptursinus tediends” ind " Furperiine
el from the exmern Indian Ucean (cg, Dev
Ry, 2008, Bath pii Dew Boy, 209 see andes £
irinsttuii) situisHy belung to F. hemgaionsis inuead.
The material will need 2o e srmmed.

Ganus Filummaposs A. MilneEdwards, 1867

Pilumpapens mvesss (Maccagom, 1934)
(Hign & 10A-1)

Herivropanype convens Maccagnn, 1946 78, 177

Pelnannspeus salimoncers Ward, (942 94, pl & fig
b i Dhavde, 1985 £43; Nigetai, 2008 4] (list)

Pelenmerapewy onnparfind - Siephensen, 1948 141,
figg 350, b; G, 1967 I75; Rawwomn ef al, 1975
218 2, TI!IF.I'H-": 253 () Hoamby, J907
15, Nayderion yna Tirkay, 2002:37 [nol Pilumsins
ﬂqu'.fmhmhum, VE26r = Finmmrpesy raugaim
(Audoutn, 18261

P tidfes -~ Bamard, 1955 50, G 12 a0t
Hrtrrwmuempe sdicn De M, 1587 = Seabhupampe
mistlcn (1Ye Man, | 557}

temmine 75« NIFEEN

Piinsspeus reweezs - Davie, (999, 142, A fig.
ey W o

Palismrmispeun fomincrns - Coioper, 1997 171- 173 fljm
o, U Ape, 20001 W N et ul, 2004 148 (tim);
Sacherten g Tiirkoy, 2002 Vo Gluey el el 2015
00- U2, fhg | -5 Nadestonot al, 2003 449, tah
b Gasrri ol 2017: 439 413, figs. 2 7 Nadarion,
2007300, Hge. 3620, 26 325 IN A

e Incality. Ettilogia.

Atuberiul exumined. | mabe [CW £5.3 i) CL
115 mm}, 2 femmalow (CW 109 mun; TL &4 muny
CW 128 o €1, 8.6 ), LFS 2RO, K
(2137 5N PR TE], Gizjarat Sute, India, 12
Cctobee, 2016, ol | Trimed: | male {CW 96rmm;
CL 64 mm), | femle {CW 59 miny; CL 4.3 mm),
TR 20EL047 2, Semar Coth, Makistan, 20 Janusry
3N, ool 1. Ghory: | fomala (W L7 mmy; C1LAY
e 20 TR 00T Hledd Vabistur 4 Man'h jise
ol Q). Kaami; | femake (W | 4.4 mm) 18 8 mm)
{ pamilectatype of Pilimnoprss selemosomi Wi,
14943, TR 2012 0794, Salommn Ity Thagos
Archipeisps, 1936, coll B Visder ind G Anteime
2 meabes {CW 80w CLL &3 m, CW 80 num; ©1L
S0 mmy RO TOEE 1364, Persian Culf, an, Msy
2010, coll. M Safass

Remarks. The speamens examuesd (Fge 5,
(LA - 50 it the pereent studly comyuered well with
the description and fgiires i Ghurg o ul (2003).
iNlommopenr oo B cos to Poserrargrens but
varins From thi Lattirin heving 2 CW/CT rutlo of |4
to 1.5 and  fess propectiny fromt with o walbow ceniz)
antch {Darie, IERUL The specomons were ool permd
(g &, L0 1) from Eeicshuli mungsoves ocated
in Dk Staze: _

The spsscies bs so Erregrorted fom Seath Afrca,
Hed Sea, GuilTof Aulen, Der=an Goldd amd Geli of Orman
(Nayurioo, Z00T) In Indp, rhe spees wes reconied
fram {oaiarst (Czosavi el dl | H1IT) located on the west
cozst of Inidia, '

Goemus Heferepanope Stimgwon, 1858

Hetermpumape glabra Stimpuog, IRSR
(Fige. &, 1) F)
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Fgum S Fisennpesy soeeress § Slaeomuy 1990 ) neale (OW L5 mm, OF. 1LY s (S0 ) el Iepfia, A, S

firmdvew 0 ithelis siverew O sunpr oy vesme pemniie 4 ) and silese T8 peessner-iloeer e veemnoe gl plree

f= s - = NI EERN
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Sguie & Lisrrpessee g bt Slinrpeees |58 sl (W QLS iy U0 PO mos) (LS BN dvh | | iLsogies morsrerwes, Inidia &
fadrium, o remul werey 1, e, qutsr vy, L, uns=yor Shisos e {deemney 0§ amd plen; D) posis s fennoc sienom
atuf prlasm,

femmme 35 =F1F 004 n
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Helvrupaspe ghabng Stinpson, |58 15

Fryearsrsss macnlistas A, 159 213; e, 1999
37

Hitrrippunepe glubry — Duvie, 1989, 30134,
fge.Le - 2; T kel Ngr, 1904284 {1t} Ng of
af, 200K 140 (Bt} Naderioo s Torky, 2012
57 Naderloo of ul, 2003 449 tah | Trivedi of
wl, 2015 15, fhp ), 2 Nberlon, 2047307, figs
24104, 26,15, 26 06 Trived| et al | 2008 59 (1L
[Hue commglste sy nomymy s Doz, |96 130
Sakst, (976 50% Dai and Yany, 1991: 7

Type locabiy. Hong Kong

Mariad pramined, § mle (CW L 6,0 mome:
CEAGE -4 0 mm), 6 fomales (W 123 72 mm 01,
£3 S qmim), L% FRC-S8 Ghogha (21404°N
T2 T06EY, Gujunit Stiite, Dndu, 14 Agsril, 2004, coll.
] Timeshi,

Hemupriz Thespeimem enmmanmd m [k preent
study (P 6) agrao with tha despuin gt figures
Iy Dl {1909 The 1 tip (T 1IN0, ) i sltighithy
lestyges commpared o thud g ured de Pavie (1989 This
dfifferency cin exsly be sxplyined by the sy of the
| RS Kpe iR

"This mpeces w s {5 veported fromm Hist Africa,
Perslan Gulf, Guif of Ombn Fakistun, Indie,
Andsman S, Thatlind, Hong Keng, TEwan, Mgt
Archipstay, Stogagors, Aastrahs, and New Cadndonin
{Sakad, 1971 Darris, 1969 Dai and Yooy, 1990; Vrivedi
odal, 2008 Naderlos, J04T)

Gtz Anlpfemas Ng, 2002

Aniptutnrss guedridentates (e Man, 1895
(Vg = 8, (G- 1)

Palumnut sembuidus — Me Man] |87 B4 [rt
Pifametin seminadio Miss 1884— Glalirnrionmi
s (Mies, (534)]

Filiammiey queifridentutis Do Man, LF95: 537, fig.

Peraplummun spapridentutun Batsa, 1733 59 {lin);
Tame and Ny, 1994 84 (Jse)

temmine 75« NIFEEN

Hetrpusone eedlacstn [Deb, 905 130; 990 774,
Fge. 3, 4; Ny o al, 2018 475, 481 —482; Trivedi o
al, T H: 55 (o)

Ampiummmes guudrideniome - Ng, 1002 313, fg

I, 2: Mg and Claek, 2008 figa |3 18 Ng et el
2008 140 (st}

Trpe focaidy. Pentianzk, West Kalimanian,
Indonesia

Meterral cxammed rounde (W LA ey
CLS6 meem), 251015002, Matla Hiver, Gungetic
Fheita, West Banpal State, Inddia, December 1936, enfl.
EW hemp Paral=taypn 4 it e (L7WRLO - 95 i

CCLAR b5 mm) same duts s belitype.

Ressusris. N of ul. (2018: 48! 482) charifisd tha
thit the cotrect spelling of the mume and citstin
ahatiskd e Hedentamipe nealieni Dok, 1905

Fieh (1095 2200 haredd Sl examples” of ths species
{m H_ murodoges ) froem an estusrine stes in the Madls
'ﬁm:ﬂﬂpﬂrﬂﬂ’lﬁf Eqﬂ State, Toxbra, anul
i Fyfes were o Db {1990 378) notmd
that she bl " Several (ubout 50) specimens mcluding
erbeaty e et ety s T Caamgetic e, cliected
Iy S W Kenp, L81 Hepd Mo, C1503/77 fite dhd
mnt wpeify Lhe mex ot S of U hebstypee. In the 281,
thpreris o T specime beleyd s holoty pewhicds
fres thir s dats s rdicatad by Db (19900 anll
lererecdgmsEmml is the lestoty pe smcd o holatype
wan nuizd i the oevpul paper (Beh, 1954),

Mg of ol (2018 475) commented thar the
ipecEnl b netther Heloamimoge it l'i.lurniuj:i:u
or fenihupanope, snd the G Gigured [ Deb, 1909
fig 4) was sanssinn |, beiing daort sl shout swith (he
tigr torundadd. The leciotype sl parsiectinypes of
H. moolsres were cxamined anad the Heteropanape
nelaeyis of Dy j hute LA T L T T
yuisdridentalus (The Man 1393) Do Mar (1895)
ﬂ:rrhrd Milirones guadridmbates from 2 good

sietiey oof apo i Troms the puert of Pantiosab West
Pomey, Indoeesa. Heaian mépmes a JpemeEn anfEr
nitatmed from Mesyal (D Man, IRET) o thinspeces.
Ninksifi (1906 ) reporied the species from Difbouti in
tiee Ri=dl S, hul hie zpecimen ik bire-exsmmmesd
in ey 1o comihrm n:.lmn:&:.:.th-m. Pales (J913)



firet refermedd bt re Posapulisinul De Mos, IR95 bus

Mg (W2} rewiawed the dEiue o [ Mampilumiis Tnd

shorweid thst thas FEOIUE WAl HIRENY mid 3 1‘I.-I.ii'.IL[II-J

Riwit e belingmiiil M (EOCNE | wslegiind 8 bt ity pho g I
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yueadride ity ar e ot by pe LT ted getius
Anipiwmius, chamsterined hrizdhitundaie (L i,
presaoce ok Ky gpranukes on the vl g ol fhe

[P AT {imsgnys o b foiniid by g lou L sbive lisg

Vg 1. Aaupfesme peatdesians (Tie b, (095 ] mete (UW L Smmy 1% mum) (752 Cis0i 1] Mtz Ko, bt (levermpn
# flermpampy mmbeess [k, (9F95) L hubies. doresl viee, [T chirdar, ourr v

jy dedial ]

w T w NIFE 0
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Figse & dnerueiue peeviewbettes (T Man TE95 ) i (T £ % mons T B8 ) {85 CTR0000 Ml Hives, bl [|ictubepe
all P reremarmrre smbesry [ledy 19000 - 4 haieth srmbdutory ey wrermus anad oes mohiseay Larrd reee, B ples © (el morgoe
i} pomarinrihmes demam @l ple=n

They pas ok H naoleon spreswith (he gesmptiom
arul frgures ot A imrridenlats by e Man (1895, Ny,
(20T, wnd Mg and Clark (2008) and = coksidersd
maspeaiic. The campace, chelipad snd ambulatory
leg chamactermall sgres (Tl TA, L BA) The GI i H.
netlasiy tgdred by Dk (1909 Fle J) & namursts
E=ing maeh ayrter s wnederan herillaimaton, The

femmme 35 =F1F 004

st G cosshy resemplesthal of 4 gunirmontatu,
enrrp® that e Uy ivmmne roambe || s bess producand
(Fig WS H). but thia can essiiy be capliimed hy
varitinn. fn midinon, the male wermes A oftha types
i H, meolacrs are expossd when the male jHean b
closed (Flg 31, seealan N amf Clark, 2008 Hauek

off b 2 RN

14




Triwzdl ot ul

A s .-r':_-.:—_l_ll:lr I'lﬁ:l.lﬂ ..HH{ "F:'W. ﬂr\ - /1
@ " \“w:;:. E( ) . f’

Tigie © A L, Fermarmmn rwiebo , Abli 2hearch, | M7, el (W 42 S, €1 38 o) (1052007 4, Koamsbos, Ml
- F, Feryrmrcmus nerprivsss De M, 5™, e (W 282 mm, CL ¥ 2nmm) (LS IRE €11, Lakhpe, fudin -, Eenvarans
lerrgminnens Dy, 1990, b lispyrpee-mcile [ CW IS0 oo, U1 | % et} (ZSL0TNMNT ), Closestta Alinck ibdin 4 10, 07, el wrwrnil
el 31 B, I, B, bl e o ool it el 54 1, B 1 et T

Baguie 10 8- C Plmeprees omveras (blacragess, PRI, muile {OW 150 o, O 115 o) (L7 %e YR T e India 0¥,
limrwpanagy plabes Semymes, {60 muls | CW §ddamm, O 0.1 ) (1P 730 66 ), Chnghs mungrees, kb o L Asptamnms
sttt g {The Belpms, (55T, mnile SOW 5% man: T %8 men) {ASEC1581,/2 | Alatds Rives Inibia (lmeseype sl liriremes
sl Db, (99L) A 1060wl vome o8 00 B B, 1, wrrmall v o Al ot e D 4L B L BARLGT

dnuﬂq[hmﬂtﬁummtmhmﬂln
Puttbianak, s & port at the dpening of the Kapia:
meﬂmﬂhmhm
It Malaysia and Singapore, the specles i often
foum! g foullisg i S
estuaring hohitate When pressat, it nften occams in
].l.lrm.m!ul.

femwrbe 75 « TFEO-

Theasconit aithor (SW) bs muet thankial w the
Dirsctor. Zoological Sarvey of mtis, Kotkats, fior
encowragement duremy this sty and provehing
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