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Abstract 

The present study deals with gastropod shell utilization of the hermit crab, 
Clibanarius rhabdodactylus Forest on the rocky intertidal zone of the Saurashtra 
coast, Gujarat State, India. Collection of the specimens was carried out using a 
hand-picking method in June and December 2018 during low tide. The hermit 
crab weight (HW) and shield length (SL) were measured and sorted in different 
class intervals of 1 mm each. Gastropod shells were identified and 
morphological variables such as shell dry weight (DW), shell length (SHL), shell 
volume (SHV), shell aperture length (SAL), and shell aperture width (SAW) 
were recorded. A total of 2000 individuals of C. rhabdodactylus were collected, 
occupying 29 different species of gastropod shells. Males and non-ovigerous 
females occupied a greater number of gastropod shell species (25 and 27 
respectively) as compared to ovigerous females (23 species). Males and 
ovigerous females preferred larger shells as compared to non-ovigerous females. 
Cerithium caeruleum (Sowerby II) (67.1%) was the highest occupied gastropod 
shell species followed by Lunella coronata (Gmelin), Tenguella granulata
(Duclos) and Turbo bruneus (Roding). Regression analysis showed a moderate 
relationship between the different morphological variables of hermit crabs and 
gastropod shells; the highest values of coefficient of determination were obtained 
between hermit wet weight and gastropod shell dry weight. The values of 
relationship between different morphological variables of hermit crabs and 
gastropod shells suggest that shell architecture has a significant impact on shell 
utilization patterns of C. rhabdodactylus. 
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Introduction 

Hermit crabs belong to the superfamily Paguroidea of 
order Decapoda. They are abundantly found in 
intertidal and subtidal areas (Reese, 1969) and 
occupy empty gastropod shells to protect their non-
calcified abdomen (Vance, 1972). Hermit crabs 
occupy either empty shells (Reese, 1969) or by 
removing the gastropod from the shell (Elwood and 
Neil, 1992). The selection of shell is primarily 

dependent upon shell availability (Kellogg, 1977) 
while shell species, shell internal volume, weight, 
aperture width and length, and shell condition are 
also important factors for shell selection (Abrams, 
1978; Angel, 2000; Dominciano and Mantelatto, 
2004; Biagi et al., 2006; Bach and Hazlett, 2009). 
Occupying empty shells provides shelter from 
various physical factors (Hazlett, 1966) and 
biological stress (Bertness, 1982). Shell morphology 
has various advantages and disadvantages to hermit 
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crab species. For example, large and heavy shells 
provide more space for egg incubation and protection 
from predators, but they also reduce reproductive 
success and increase energy consumption from 
locomotion (Bertness, 1981; Wada et al., 1997; 
Osorno et al., 2005; Arguelles et al., 2009). Hermit 
crabs need to occupy larger shells as their size 
increases, and therefore, they constantly search for a 
suitable gastropod shell (Bertness, 1981). 

The pattern of shell use is well-known to be 
dependent on shell availability (Turra and Leite, 
2001; Argüelles-Ticó et al., 2010) and shell 
preference (Bertness, 1980; Mantelatto et al., 2007). 
Hermit crabs choose shells according to species or 
shape (Mantelatto et al., 2007), size (Hazlett, 1992), 
shell condition (Pechenik et al., 2001), the previous 
experience of the crab (Meireles et al., 2008), and the 
developmental and reproductive stage of the crab 
(Elwood et al., 1979). The size, type and condition of 
the shell used by a hermit crab have been shown to 
be determinants of its growth, fecundity, motility, 
and survivorship (Bertness, 1981; Bach and Hazlett, 
2009). Accordingly, hermit crabs are not only 
selective for the shell size (Turra and Leite, 2004; 
Mantelatto et al., 2007) and weight (Briffa and 
Elwood, 2005), but also for shells of particular 
gastropod species (shell type) (Vance, 1972; Hazlett, 
1981). Preferred shell types have been shown to 
increase hermit crab fitness relative to non-preferred 
shell types (Dominciano et al., 2009). In hermit crabs 
particularly, shell selection is not by chance but 
based on adequacy and availability of resources 
(Reese, 1962; Conover, 1978), and is affected by 
both shell size and species (Abrams, 1978; 
Mantelatto and Dominciano, 2002; Mantelatto and 
Meireles, 2004). 

The Gujarat coastline is ~1650 km long and can be 
divided into three major coastal regions viz. the Gulf 
of Kachchh, the Gulf of Khambhat and the 
Saurashtra coast (Trivedi et al., 2015). The coastline 
of Saurashtra is 800 km long with narrow, rocky, 
intertidal habitats (Trivedi, 2015). Total 75 species 
belonging to 43 genera and 26 families of 
crustaceans including barnacles, brachyuran crabs, 
anomuran crabs, prawns and lobsters has been 
recorded from the study area (Trivedi et al., 2015). In 
total, 18 species (4 genera, 2 families) of hermit crabs 
are reported from the Gujarat State (Kachhiya et al., 
2017; Trivedi and Vachhrajani, 2017; Patel et al., 
2020). However, ecological studies like intertidal 
distribution (Vaghela and Kundu, 2012), effect of 
abiotic and biotic factors on populations (Desai and 
Mansuri, 1989) and shell utilization patterns (Trivedi 
and Vachhrajani, 2014) are usually carried out on 
species like Clibanarius zebra (Dana) and Diogenes 
custos (Fabricius) (Patel et al., 2020). 

Clibanarius rhabdodactylus is a rarer species of 
hermit crab found on rocky intertidal habitats of the 
Philippines (Malay et al., 2018), Japan (Osawa and 

Yoshida, 2009) and the Saurashtra coast, Gujarat 
State in India (Kachiya et al., 2017). Ecological 
aspects of this species are not studied yet, and so, the 
present study is an attempt to understand the ecology 
of C. rhabdodactylus on rocky shores of the 
Saurashtra coast, Gujarat State.  

The study aims to analyze the relationship between 
the morphology of C. rhabdodactylus and various 
morphological parameters of gastropod shells utilized 
by the species. 

Material and Methods 

Study area 

The present study was conducted in the rocky 
intertidal zone, located on the Saurashtra coast, at 
Veraval (20˚54'37''N, 70˚21'04''E) (Fig. 1). The width 
of the low tide exposed rocky intertidal zone varies 
from 60 to 150 m. Clibanarius rhabdodactylus 
occurs in high abundance on the rocky shores of the 
study site where it occupies rock crevices and 
shallow tide pools found in the upper and middle 
intertidal zone (Patel et al., unpublished data). 

Sampling method 

The specimens of C. rhabdodactylus were handpicked 
randomly during low tide in June 2018 and December 
2018. All the specimens were kept in an ice box and 
brought to the laboratory for further analysis. Hermit 
crabs were gently removed from their shells by slowly 
twisting the crab against the direction of the shell 
spiral and only intact individuals were used for the 
study. The gender of each individual was identified 
using a stereo microscope (Metlab PST 901) and 
further categorized into male, non-ovigerous female 
and ovigerous female.  

Hermit crabs were sorted into different size classes 
on the basis of their shield length (SL). Two 
morphological characteristics, hermit crab weight 
(HW) (0.01 g) using a digital scale (Mezire mini 
accuracy pocket balance, 0.01 g to 200 g) and shield 
length (0.01 mm), from the midpoint of the rostrum 
to the midpoint of the posterior margin of the shield 
(Sant'anna et al., 2006) using vernier callipers 
(Mitutoyo Absolute AOS Digimatic, 0.01 mm to 150 
mm) were measured for each individual. The 
gastropod shells were identified to species level using 
a monograph by Apte (2014). For gastropod shells, 
five traits were measured: shell total length (SHL) 
(0.01 mm), from the tip of the apex to the base; shell 
aperture length (SAL) (0.01 mm), maximum length 
of the opening of a gastropod shell parallel to the 
shell length; shell aperture width (SAW) (0.01 mm), 
maximum length of the opening perpendicular to 
aperture length (Chiu et al., 2002). For dry weight 
(DW) (0.01 g), the shells were dried in a laboratory 
oven at 60 °C for 24 h and weighed (Argüelles-Ticó 
et al., 2010). For shell volume (SHV) the empty shell 
was filled with water using a syringe (0.1 ml) to the 
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edge of the aperture and the total volume of water 
filled is considered as the shell volume (mm3). The 
shell traits were considered dependent and were 
correlated with the hermit crab morphometric 
variables (SL and HW), taken as independent 
variables.  

For size distribution of different sexes of the hermit 
crabs, individuals of each sex were grouped into 
different size class intervals of 1 mm shield length 
ranging from 0.1 mm to 8 mm. The Regression 
analysis was carried out by the power function (y = 
axb), with the best fit expressed by the determination 

coefficient (R2) to find out the relationship between 
the different morphological variables of the hermit 
crab and gastropod shell morphology (Sant’Anna et 
al., 2006). Variation in mean values of shield length 
of different sexes of hermit crab was analysed using a 
one-way ANOVA at a 5% significance level. The 
shell species occupation rate was estimated as a 
percentage and the Chi square test (2) was used to 
compare the occupancy rates of different shell 
species at a 5% significance level.  

 

Figure 1: Map of study area. 1. Veraval, Saurashtra coast, Gujarat, India.
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Figure 2: Rocky intertidal habitat of Clibanarius rhabdodactylus (A); microhabitat of Clibanarius 
rhabdodactylus in Veraval, Saurashtra coast, Gujarat, India (B). 

 

Results 

A total of 2000 individuals of C. rhabdodactylus were 
collected during the study period - 680 specimens 
were males (34%), 611 were non-ovigerous females 
(30.55%), and 709 were ovigerous females (35.45%). 
Males of C. rhabdodactylus were significantly larger 
than females (F=388.51, df= 1999, p<0.001) (Table 1). 
 

Table 1: Carapace shield length values of Clibanarius 
rhabdodactylus in Veraval, Saurashtra coast, Gujarat, 
India. (***p<0.001). 

Sex 
Minimum 

(mm) 
Maximum 

(mm) 
Mean ±

SD 

Male 1.87 7.53 
4.48 ± 

0.95*** 
Non-
ovigerous 
female 

0.9 6.64 
3.46 ± 

0.64*** 

Ovigerous 
female 

2.32 6.22 
3.63 ± 

1.50*** 
 

Male individuals were recorded in all size classes (0.1 
to 8.0 mm) with a maximum number of individuals 
recorded in the 4.0 to 5.0 mm size class. Non-
ovigerous females were recorded from 1.0 to 4.0 mm 
size classes with the maximum number of individuals 
recorded in the 3.0 to 4.0 mm size class. Ovigerous 
females were recorded in the 2.0 to 5.0 mm size 
classes with the maximum number of individuals 
recorded in the 3.0 to 4.0 mm size class (Fig. 3). 

Clibanarius rhabdodactylus was found occupying 29 
species (males: 25 species, non-ovigerous females: 
27 species, ovigerous females: 23 species) of 
gastropod shells in different percentage rates of 
occupation. Out of 29 species of gastropod shells, 

five species were highly occupied by C. 
rhabdodactylus (Table 2).  

Cerithium caeruleum Sowerby II (67.1%) was highly 
occupied by C. rhabdodactylus followed by Lunella 
coronata (Gmelin) (6.7 %), Tenguella granulata 
(Duclos) (4.8 %), Turbo bruneus (Roding) (3.8 %) 
and Pollia undosa (Linnaeus) (2.4 %) (Table 2). The 
variation in percentage occupation of these five 
species of gastropod was significant (2= 184.58, 
p<0.0001). The remaining gastropod species (termed 
“others”) contributed 15.2 % of total gastropod shell 
occupation and their occupation percentage varied 
from 1.6 % to 0.1 % (Table 2). The percentage 
occupation of the five highly occupied gastropod 
shell species also varied significantly for the different 
sexes of C. rhabdodactylus (males, 2= 60.44, p < 
0.0001; non-ovigerous females, 2= 263.97, p < 
0.0001; ovigerous females, 2= 276.0, p < 0.0001). It 
was also observed that out of the five most 
commonly occupied shells, Cerithium caeruleum was 
occupied maximally by all the sexes whereas the 
second most preferred shell by males was Lunella 
coronata by females it was Tenguella granulata. 

Cerithium caeruleum shells were utilized by C. 
rhabdodactylus individuals recorded in size classes 
ranging from 0.1 to 7.0 mm. Lunella coronata and T. 
granulata shells were commonly utilized by C. 
rhabdodactylus individuals recorded in size classes 
ranging from 2.0 to 7.0 mm with maximum 
utilization recorded in size classes 6.0–7.0 and 3.0–
4.0 mm, respectively. Turbo bruneus and P. undosa 
shells were commonly utilized by larger individuals 
of C. rhabdodactylus, recorded in size classes 
ranging from 3.0 to 8.0 mm, with maximum 
utilization recorded in size classes 7.0–8.0 and 4.0–
5.0 mm, respectively (Fig. 4). 
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Table 2: Gastropod shell occupation by Clibanarius rhabdodactylus. (N: Number= 2000; M= Male; F= Non-ovigerous female; OF= Ovigerous Female). 

Gastropod Family Gastropod species N % M % F % OF % 

Cerithiidae J. Fleming, 1822 Cerithium caeruleum Sowerby II, 1855 1342 67.1 270 39.7 480 78.6 592 83.5 
Turbinidae Rafinesque, 1815 Lunella coronata (Gmelin,1791) 134 6.7 121 17.8 11 1.8 2 0.3 
Muricidae Rafinesque, 1815 Tenguella granulata (Duclos, 1832) 96 4.8 5 0.7 36 5.9 55 7.8
Turbinidae Rafinesque, 1815 Turbo bruneus (Roding, 1798) 77 3.8 70 10.3 6 1.0 1 0.1 
Pisaniidae Gray, 1857 Pollia undosa (Linnaeus, 1758) 48 2.4 38 5.6 6 1.0 4 0.6 
 Others 303 15.2 176 25.9 72 11.8 55 7.8 
Cerithiidae Fleming, 1822 Cerithium columna Sowerby I, 1834 2 0.1 0 0 1 0.2 1 0.1 
 Cerithium coralium Kiener, 1841 4 0.2 0 0 3 0.5 1 0.1 
 Cerithium echinatum Lamarck, 1822 6 0.3 1 0.1 2 0.3 3 0.4 
 Clypeomorus batillariaeformis Habe and Kosuge, 1966 7 0.4 2 0.3 4 0.7 1 0.1 
Chilodontaidae Wenz, 1938 Euchelus asper (Gmelin, 1791) 20 1 15 2.2 4 0.7 1 0.1 
Cymatiidae Iredale, 1913 Gyrineum natator (Roding, 1798) 13 0.7 10 1.5 2 0.3 1 0.1 
Horaiclavidae Bouchet, Kantor, Sysoev and Puillandre, 2011 Paradrillia patruelis (Smith, 1875) 6 0.3 0 0 1 0.2 5 0.7 
Mitridae Swainson, 1831 Mitra scutulata (Gmelin, 1791) 3 0.2 1 0.1 2 0.3 0 0 
Muricidae Rafinesque, 1815 Chicoreus brunneus (Link, 1807) 27 1.4 26 3.8 1 0.2 0 0 
 Chicoreus maurus (Broderip, 1833) 21 1.1 18 2.6 2 0.3 1 0.1 
 Ergalatax contracta (Reeve, 1846) 15 0.8 3 0.4 8 1.3 4 0.6
 Ergalatax heptagonalis (Reeve,1846) 5 0.3 0 0 4 0.7 1 0.1 
 Indothais lacera (Born,1778) 5 0.3 4 0.6 0 0 1 0.1 
 Indothais sacellum (Gmelin, 1791) 30 1.5 25 3.7 1 0.2 4 0.6 
 Morula uva (Roding, 1798) 17 0.8 5 0.7 3 0.5 9 1.3 
 Orania subnodulosa (Melvill, 1893) 14 0.7 3 0.4 6 1 5 0.7 
 Purpura panama (Roding, 1798) 28 1.4 20 2.9 4 0.7 4 0.6 
 Semiricinula tissoti (Petit de la Saussaye, 1852) 22 1.1 4 0.6 9 1.5 9 1.3 
Nassariidae Iredale, 1916 (1835) Nassarius marmoreus (Adams, 1852) 5 0.2 2 0.3 2 0.3 1 0.1 
Neritidae Rafinesque, 1815 Nerita oryzarum Recluz, 1841 7 0.4 5 0.7 2 0.3 0 0 
Pisaniidae Pollia rubiginosa (Reeve, 1846) 7 0.4 5 0.7 2 0.3 0 0
Trochidae Rafinesque, 1815 Monodata australis (Lamarck, 1822) 6 0.3 4 0.6 2 0.3 0 0 
Turbinidae Astralium stellare (Gmelin, 1791) 32 1.6 22 3.2 7 1.1 3 0.4 
Vanikoridae Gray, 1840 Vanikoro cuvieriana (Recluz, 1843) 1 0.1 1 0.1 0 0 0 0 
Total 2000  680  611  709 
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Figure 3: Size frequency distribution of different individuals of Clibanarius rhabdodactylus in Veraval, 
Saurashtra coast, Gujarat, India. 
 

 

Figure 4: Use of different gastropod shells by individuals of Clibanarius rhabdodactylus of different size classes 
in Veraval, Saurashtra coast, Gujarat, India. (Numbers above the bar indicates number of individuals). 

 

The shield length of C. rhabdodactylus showed a 
moderate relationship with all the morphological 
traits of the gastropod shells with maximum values of 
relationship recorded for gastropod shell length and 
shell dry weight (Fig. 5). Clibanarius rhabdodactylus 
weight showed a moderate relationship with 

gastropod shell length, shell dry weight and shell 
volume, with maximum values of relationship 
recorded for gastropod shell length and shell dry 
weight. Clibanarius rhabdodactylus weight did not 
show a significant relationship with gastropod shell 
aperture length and width (Fig. 6). 
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Figure 5: Regression analysis between Clibanarius rhabdodactylus shield length and different morphological 
parameters of gastropod shells in Veraval, Saurashtra coast, Gujarat, India.
 
Table 3: Comparison of values of shell length (SHL), dry weight (DW) and shell volume (SHV) of five highly 
occupied gastropod shells between different sexes of Clibanarius rhabdodactylus in Veraval, Saurashtra coast, 
Gujarat, India. 
Gastropod species Parameters Male Non-ovigerous female Ovigerous female 

Cerithium caeruleum G. B. Sowerby II, 1855 
SHL (mm) 26.18 ± 4.67 23.61 ± 4.42 24.76 ± 3.56 
DW (gm) 2.52 ± 0.99 1.92 ± 0.81 2.12 ± 0.69 

SHV (mm3) 0.63 ± 0.24 0.5 ± 0.18 0.53 ± 0.17

Lunella coronata (Gmelin,1791) 
SHL 20.92 ± 4.56 13.31 ± 5.03 17.44 ± 0.79 
DW 4.46 ± 1.65 2.58 ± 1.04 3.24 ± 2.46 
SHV 1.45 ± 0.44 0.77 ± 0.29 1.20 ± 1.17 

Tenguella granulata (Duclos, 1832) 
SHL 29.89 ± 3.95 23.63 ± 3.12 24.79 ± 2.86 
DW 2.56 ± 1.01 1.64 ± 0.51 1.90 ± 0.48
SHV 0.98 ± 0.96 0.48 ± 0.15 0.55 ± 0.18 

Turbo bruneus (Roding, 1798) 
SHL 29.53 ± 5.03 21.53 ± 5.31 31.16 
DW 5.42 ± 2.24 3.57 ± 2.70 3.27 
SHV 2.10 ± 0.83 1.31 ± 0.98 1.8 

Pollia undosa (Linnaeus, 1758) 
SHL 31.97 ± 2.70 30.08 ± 2.09 30.39 ± 4.41 
DW 4.30 ± 0.95 3.45 ± 0.86 2.53 ± 1.09 
SHV 1.20 ± 0.28 1.03 ± 0.22 0.8 ± 0.4 
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Figure 6: Regression analysis between Clibanarius rhabdodactylus weight and different morphological parameters 
of gastropod shells in Veraval, Saurashtra coast, Gujarat, India.

  

Discussion 

In the present study, it was found that C. 
rhabdodactylus occupies shells of 29 species of 
gastropods which is higher than the gastropods species 
shells utilized by other species like Clibanarius 
antillensis Stimpson (25 species) (Argüelles-Ticó et 
al., 2010), C. zebra (23 species) (Trivedi and 
Vachhrajani, 2014), C. virescens (23 species) (Reddy 
and Biseswar, 1993), C. erythropus (19 species) 
(Botelho and Costa, 2000) and C. vittatus (13 species) 
(Sant’Anna et al., 2006). It was also observed that 
ovigerous females of C. rhabdodactylus were 
occupying shells of only 23 species of gastropods 
which is less than males (25 species) and non-
ovigerous females (27 species). Similar results were 
observed for ovigerous females of Clibanarius zebra 
(Trivedi and Vachhrajani, 2014) and Paguristes 
tortugae (Mantelatto and Dominciano, 2002).  

The morphology of occupied gastropods shell species 
by hermit crabs is well correlated with the shield 
length and hermit crab weight (Abrams, 1978; Wada 
et al., 1997; Osorno et al., 2005). Similar calculations 
were carried out in the present study where the shield 
length and weight of C. rhabdodactylus showed a 
moderate relationship with shell dry weight, shell 
length and shell volume. Similar results were also 
observed in studies carried out on other hermit crab 
species like Paguristes tortugae Schmitt, (Mantelatto 
and Dominciano, 2002), Clibanarius erythropus 
(Latreille) (Botelho and Costa, 2000) and Pagurus 
exilis (Benedict) (Mantelatto et al., 2007).  

It is suggested that a heavy shell occupied by a 
hermit crab protects it from damage from wave 

action and attack from predators (Reese, 1969). 
Clibanarius rhabdodactylus is found in the rocky 
intertidal zone (Fig. 2), preferring deep tide pools, 
cracks, crevices and under rock sites which have high 
wave action and significant predator density. 

In the present study, it was observed that males are 
comparatively larger in size than females (Table 1) 
and that individual males and ovigerous females 
occupied larger shells (Table 3). Similar results were 
observed in shell utilization for Clibanarius 
erythropus where males occupied larger and stronger 
gastropod shells because they utilized more energy for 
somatic growth, while females utilized smaller shells 
to save energy for reproduction and egg development 
(Gherardi, 1991). However, ovigerous females 
occupied larger shells, compared to non-ovigerous 
females, since they require more spacious shells to 
accommodate and protect the egg mass (Abrams, 
1978; Bertness, 1981; Wada et al., 1997; Mantelatto 
and Dominciano, 2002; Sant’Anna et al., 2006).  

In the present study, C. caeruleum shells were highly 
occupied by C. rhabdodactylus which is possibly due 
to the higher abundance of C. caeruleum (25 
individual/0.25 m2) in the study area (Patel et al., 
unpublished data). A similar pattern has been 
observed for C. zebra, preferring Cerithium 
scabridum shells (Trivedi and Vachhrajani, 2014) 
and C. erythropus occupying Pisania auritula shells 
(Botelho and Costa, 2000). 

It was observed that, although C. caeruleum shells 
were occupied by almost all size classes of the hermit 
crab, individuals belonging to the size class 0.1 to 1.0 
mm were strictly utilizing C. caeruleum shells. 
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However, as the size of the hermit crab increases, 
selection of shell species shifts to L. coronata, T. 
granulata, T. bruneus, and “other” gastropod shells, 
suggesting competition for optimal shells in the larger 
individuals. The larger and more robust shells provide 
various benefits, including protection from predation, 
cannibalism, desiccation, intra- or interspecific fights, 
and courtship and egg mass protection (Hazlett, 1981; 
Abrams, 1988). Also, shell utilization patterns by 
different sexes of hermit crabs can be strongly affected 
by individual size, reproductive status, and growth and 
energy expenditure of individuals (Bertness, 1981; 
Mantelatto and Garcia, 2000; Dominciano and 
Mantelatto, 2004). 

Conclusion 

The current study provides the first insight into the 
ecology of C. rhabdodactylus inhabiting rocky shores 
of the Saurashtra coast of Gujarat State, India. It is 
observed that this species utilizes a wide variety of 
gastropod shells available in the habitat. The 
utilization of gastropod shells is not random, but 
depends upon the correlation between different 
variables of hermit crab size and gastropod shell 
morphometry. It was also observed that the pattern of 
shell utilization between different sexes of C. 
rhabdodactylus was also different, and is likely due to 
differences in their relative growth and reproductive 
success. Further studies on intertidal distribution, 
population ecology, and seasonal variation in the shell 
utilization patterns are needed to provide baseline 
information about the ecology of C. rhabdodactylus.  
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