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ONTOGENETIC COLOR CHANGE AND SIZE VARIATION
OF THE LAND HERMIT CRAB COENOBITA VIOLASCENS
HELLER, 1862 (ANOMURA, COENOBITIDAE)

Thanakhom Bundhitwongrut'

ABSTRACT

Ontogenetic color change and size variation between two color morphs as well as between
sexes and among reproductive stages of the land hermit crab Coenobita violascens Heller, 1862
were investigated. Hermit crabs were collected from the supralittoral zone at low tide in the area
of Cape Panwa on Phuket Island in the Andaman coast of Thailand during January 2011 and
March 2012. Two color morphs of C. violascens were observed in both sexes and described in
detail. A brownish-red morph was observed in small to medium-sized individuals (2.99-7.22 mm
CSL [cephalothoracic shield length]), whereas a violet-colored morph was found in medium to
large individuals (7.54—15.73 mm CSL). Violescent individuals had a mean CSL size of 11.15 =
1.85 mm (n = 29) while brownish-red individuals had a mean CSL of 5.04 + 1.36 mm (n = 18).
The fact that coloration differences between individuals are related to developmental stage, and
do not represent genetic variability, indicates that color “phase”, rather than “morph” is a more
appropriate descriptive term. The beginning of color change on the body and appendages between
two morphs of C. violascens is discussed. The results suggest that color change from brownish-red
to violet (7.22—7.54 mm CSL) appears before sexual maturation, based on the size of the smallest
ovigerous female (9.64 mm CSL). The results of the current study provide fundamental knowledge
for the conservation of C. violascens.
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INTRODUCTION

Land hermit crabs in the genus Coenobita, Family Coenobitidae, are distributed in
particular tropical and subtropical coastal and insular areas (HarTnoLL, 1988a). Adult
land hermit crabs inhabit supralittoral areas and farther inland habitats, including beaches,
mangroves, beach forest and rainforest (WiLDE, 1973; NakasonEg, 1988; WoLcorr, 1988; Dol
ET AL., 2016). These crabs occupy discarded empty shells as mobile shelters to protect their
soft abdomen from environmental stresses (SALLAM ET AL., 2008; LAIDRE & VERMEL, 2012).
The occupied shells of land hermit crabs also offer protection from desiccation and predators
(GreeNawAY, 2003). Their feeding habit is as a generalist scavenger, accelerating the recycling
of nutrients and energy in food webs (LaDrE, 2013). Consequently, land hermit crabs are
an important component in the marine—land interface of supralittoral zones (MORRISON &
SPILLER, 2006).
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Seventeen valid species of the genus Coenobita have been named from tropical and
subtropical areas throughout the world (DE GRAVE ET AL., 2009; McLAUGHLIN ET AL., 2010;
RaHAYU ET AL., 2016). Coenobita violascens Heller, 1862 is widely distributed in the
Indo-Pacific region from the east coast of Africa, Madagascar to Thailand, Taiwan,
the Philippines, and Japan (NAkASONE, 1988; McLAUGHLIN, 2002; MCLAUGHLIN ET AL., 2007 [in
part]; RaHAYU E7 4L., 2016). In Thailand, C. violascens has been reported from both coasts of
Andaman Sea and Gulf of Thailand (McLAuGHLIN, 2002). This species occurs in mangrove-
associated habitats and on beaches (NAKASONE, 1988; McLAUGHLIN ET AL., 2007; Dor ET AL.,
2016). Studies on the life history of C. violascens have reported on many aspects, including
distribution in natural habitats (Funkawa et ar., 2017; Hamasaki 7 aL., 2017a); functional
morphology related to water uptake (BEccH1 £7 AL., 2015); shell occupation (BUNDHITWONGRUT,
2018a); larval release and tree-climbing behavior (Doi £7 aL., 2016); larval survival, growth,
development and duration under laboratory condition (HaMAsAk1 £7 AL., 2015b,2016,2017b,
2018a, 2020; Karo £t AL., 2015); settlement behavior of early glaucothoes (or postlarvae)
(Fusikawa ET aL., 2018b); emigration behavior, molting and survival during the
sea-to-land transition (HAMASAKI ET AL., 2015a; Funkawa ET AL., 2018a); thermal tolerance of
early juveniles (SANDA ET aL., 2019; Kasuya £1 aL., 2020); and recruitment to adult habitat
(Hamasaxki £7 AL., 2018b). Additionally, information on trade of C. violascens as pets has been
recently reported (BunDHITWONGRUT, 2018b, 2020).

Color change in animals can be categorized as morphological (chromogenic) and
physiological (chromomotor) (SwiErk, 2022). In crustaceans, morphological color change is
relatively fixed and species-specific and this adaptive pattern is associated with ontogenetic
change, probably related to specific developmental stages or ages (McNAMARA & MILOGRANA,
2015). Ontogenetic color change between juvenile and adult stages of land hermit crabs has
been reported in Coenobita brevimanus, C. cavipes, C. perlatus, C. purpureus, C.rugosus and
C. violascens (NAKASONE, 1988; Funta & Narusg, 2016; HAMASAKI ET AL., 2017a, 2017b).
Moreover, ontogenetic changes of body coloration in laboratory-raised juveniles of six
coenobitid species (i.e., Birgus latro, C. brevimanus, C. cavipes, C. purpureus, C. rugosus
and C.violascens) have recently been reported (HaMasakl1 £7 aL.,2017b). As for C. violascens,
different color morphs between developmental stages have been briefly described as
brownish-red juveniles and violescent adults (NAKASONE, 1988). The size variation between
these color morphs of C. violascens has not been recorded, nor has size been compared
between sexes and among reproductive groups. The hypothesis of the present study is that size
transitions between the color morphs and between developmental stages should be congruent
or nearly co-occurring based on puberty molt as the beginning of sexual maturation, because
morphological changes (e.g., condition of female pleopods in C. perlatus and C. rugosus
[PAGE & WiLLAsON, 1982]) are usually associated with this significant molt (HARTNOLL,
1988b). Therefore, the objectives of the present study are to describe ontogenetic change
in coloration and to determine the size variation between color morphs, between sexes and
among reproductive groups, as well as to investigate the relationship between color morphs
and the environment of C. violascens sampled in its natural habitat at Cape Panwa, Phuket
Island, Andaman coast of Thailand.
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MATERIALS AND METHODS

The study was carried out from January 2011 to March 2012. Coenobita violascens
were collected monthly using multiple quadrat sampling (BARNES, 1999; BUNDHITWONGRUT
ET AL., 2014, 2015) from the area behind the Phuket Marine Biological Center (PMBC) at
Cape Panwa, Phuket Island (7°4826"N 98°24°35”E; see map and details of environmental
conditions in BUNDHITWONGRUT ET AL. [2014]). Crabs were collected by hand at low tide from
the supralittoral zone in the early morning. Four temporary line transects were placed at 15-m
intervals perpendicular to the shoreline. In addition, 16 temporary quadrats (1x1 m with
walls 10 cm high to prevent the agile crabs from escaping during collection) were also placed
at 5-m intervals on transects from 5 m to 45 m horizontally from the tidemark at the time.
The number of quadrats on each transect was unequal due to the different distances between
the starting quadrat and the cliffs on each transect. After sampling, each crab was carefully
pulled out of its shell in order to investigate its characters. After the investigation, all crabs
were allowed to reinhabit their previously occupied shells and released unharmed into the
natural habitat at the point where they were collected.

Each crab sampled was measured for cephalothoracic shield length (CSL = from the tip
of the rostrum to the midpoint of the posterior edge of the cervical groove) to the nearest
0.01 mm using digital vernier calipers. All crabs were also weighed (BW) to the nearest
0.1 g on a digital scale. Sex was determined by gonopore position (FOREST ET aL., 2000;
MCLAUGHLIN ET AL., 2007; TUDGE ET AL., 2012). Crab reproductive groups comprised males,
all females, non-ovigerous females, and ovigerous (egg-carrying) females. Juveniles were
defined as crabs of either sex smaller than the smallest ovigerous female, and adults as crabs
of either sex equal to or larger than the smallest ovigerous female (SALLAM & MANTELATTO,
2010; BUNDHITWONGRUT ET AL., 2014, 2015). Categories of coloration of C. violascens were
“brownish red” and “violescent” (= “violascent”), as previously reported by NAKASONE (1988).
Color descriptions of live crabs of both morphs were also recorded in detail. Additionally, crabs
were categorized into 0.5-mm CSL size classes according to NakasoNE (2001) and SaLLam
ET AL. (2008) to determine and compare the size frequency distributions of the two color
morphs (i.e., brownish red and violescent) and developmental stages (i.e., juvenile and adult).
As for size variation, the mean and standard deviation of CSL and BW of C. violascens
were calculated for each category of color morph, sex, and developmental stage. The relative
numbers and densities of the two color morphs were measured within each 5-m interval of
distance from the tidemark to determine if color was related to the environment of the crabs.

RESULTS

Color Description

Brownish-red morph (2.99-7.22 mm CSL; Fig. 1A-C, Fig. 2A-C)

Overall body color ranging from reddish orange or bright red to brownish red as they
grow. Small individuals possessing brighter color than larger ones. Ocular peduncles each
with a longitudinal light orange stripe on dorsal surface and reddish orange, red to brownish
red on lateral surface (Fig. 2A, B). Cornea black. Ocular acicles uniformly reddish orange
or bright red to brownish red (Fig. 2B). Shield creamy or light orange dorsally with two
irregular longitudinal brownish bands, nearly parallel to each lateral side of dorsal surface
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(Fig. 2B). These bands enlarge and cover nearly all the area in larger individuals. Lateral
surface of shield brownish red or brownish. Posterior carapace creamy or light orange
with irregular longitudinal brownish-red or brownish streaks on dorsal surface. Antennular
peduncles and flagella crimson. Antennal acicles light orange in small individuals or light
lavender in larger ones. Antennal peduncles reddish orange in small individuals to red or
brownish red in larger ones. Antennal flagella dark brown. Overall color of outer surface
of chelipeds varying from reddish orange or red to brownish red. Cutting edge and ventral
margin of left cheliped light orange (Fig. 2C). Most of mesial surface of chelipeds light
orange in small individuals or light lavender in larger ones. Larger individuals usually with
a prominent longitudinal brownish stripe on dorsolateral surface of carpus of left cheliped.
Outer surfaces of second and third pereiopods generally reddish orange, red to brownish
red. Mesial surfaces of second and third pereiopods light orange or light lavender.
Proximal and distal margins of carpus, propodus and dactylus of second and third
pereiopods of some larger individuals white or light orange.

Violescent morph (7.54-15.73 mm CSL; Fig. 1D, E)

Overall body color ranging from light lavender to violet or dark violet. Ocular
peduncles grayish violet, dark violet or dark gray dorsally and dark gray laterally.
Lateral surface of each ocular peduncle of some light-lavender individuals with an
irregular longitudinal light-lavender patch. Cornea black. Ocular acicles uniformly
light lavender to violet or dark violet. Shield light lavender to grayish violet dorsally
and light lavender to violet laterally. Posterior carapace light lavender or light violet.
Antennular peduncles red to reddish brown. Antennular flagella red to red brownish.
Antennal acicles light lavender to violet or grayish violet. Antennal peduncles light
lavender to violet. Antennal flagella dark brown. Overall chelipeds, second and third
pereiopods light lavender to violet or dark violet with dark brown tubercles. Dorsolateral
and distal ends of chelipeds, second and third pereiopods with lighter color. Some
individuals with a large dark-brown, brown or brownish-yellow patch on the outer lower
surface of palm of left cheliped.

Size Variation between Color Morphs

Coloration of both sexes of Coenobita violascens comprised two morphs: brownish-red
and violescent. Violescent individuals had the mean CSL size of 11.15 = 1.85 mm (n = 29),
whereas the mean CSL size of brownish-red individuals was 5.04 = 1.36 mm (n = 18) (Table
1, Fig. 3). Crabs of the brownish-red morph were small to medium-sized ranging from 2.99
to 7.22 mm CSL (n = 18), whereas crabs of the violescent morph were medium-sized to large,
between 7.54 and 15.73 mm CSL (n = 29) (Fig. 4A). Violescent individuals were found in
both sexes and in all reproductive groups, but the brownish-red morph was not found in the
ovigerous female category (Table 1). Sizes at color transition from the brownish-red to the
violescent morphs of males were 6.48 to 7.54 mm CSL while those of females were 7.22 to
8.44 mm CSL.

Relationship between Color Morphs and the Environment

During 15 months of the study period, the number of individuals of C. violascens found
in each sampling month was between 0 and 6. The crab number in each sample quadrat ranged
from O to 4 (n = 240 quad.) with a relative density of C. violascens equal to 0.20 + 0.53 crabs/
m?. In the sample quadrats, the density of brownish-red individuals was between 1 (n = 16
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Figure 1. Color morphs of Coenobita violascens. Brownish red: A, female (2.99 mm CSL,
28 November 2011); B, female (6.28 mm CSL, 13 January 2012); C, male (6.48 mm CSL,
11 March 2012). Violescent: D, female (11.77 mm CSL, 10 March 2012); E, male
(13.80 mm CSL, 1 October 2011). Photographs by Thanakhom Bundhitwongrut.

quad.) and 2 (n = 1 quad.), whereas the density of violescent individuals was slightly higher,
ranging from 1 to 3 (ave. = 1.56) crabs. Moreover, brownish-red individuals of C. violascens
were found at 5 m (n =4 ind.) and 25-45 m (n = 14 ind.) from the tidemark while violescent
individuals were encountered from 5 to 45 m (n = 29 ind.), except at 30 and 40 m, from the
tidemark (Fig. 5).

Size Variation between Sexes and among Reproductive Groups

A total of 47 individuals of C. violascens were collected, including 26 males (55%) and
21 females (45%) (19 non-ovigerous females [40%] and 2 ovigerous females [4%]). The mean
CSL size + SD and size range (minimum-maximum) of all individuals, males, all females,
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Figure 2. Color characteristics of body parts
of the brownish-red morph of
Coenobita violascens. A, male
(5.55 mm CSL, 3 August 2011);
B, male (4.18 mm CSL, 23 March
2011); C, female (6.15 mm CSL,
4 August 2011). Photographs by
Thanakhom Bundhitwongrut.

and ovigerous females of C. violascens are shown in Table 1. Based on the smallest ovigerous
female of C. violascens in this study, 9.64 mm CSL was the beginning of sexual maturity, or
the transitional size between juvenile and adult (Fig. 4B).

The mean CSL size + SD and size range of all male C. violascens were 9.69 +3.74 (range
3.39-15.73) mm (n = 26) whereas those of all females were 7.72 + 2.71 (range 2.99-11.77)
mm (n =21). The mean BW + SD and range of all male C. violascens were 8.1 £ 6.7 (range
0.3-24.7) g while those of all females were 4.0 + 3.1 (range 0.2-10.3) g.

DISCUSSION

The present study contributes to our knowledge about ontogenetic change in coloration
of Coenobita violascens by providing comprehensive descriptions of the two color morphs
previously reported by NAkasonE (1988), as well as a comparison with individual size.
NakAsoNE (1988) provides abbreviated detail of the coloration of adult and juvenile
C.violascens without any indication of the size disparity between these developmental stages.
HamasAKkI ET AL. (2017b) recently describes ontogenetic change of body coloration in small
juveniles of C. violascens (1.06-2.83 mm CSL) raised in the laboratory. The present study
reveals ontogenetic changes in coloration of larger juveniles and adults of C. violascens
(2.99-15.73 mm CSL) sampled from their natural habitat. Additionally, size variation between
sexes and among reproductive groups of this species was also investigated.
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Table 1. The mean CSL size + SD, size range (minimum-maximum) and the number of crabs
sampled of both color morphs of Coenobita violascens at Cape Panwa, Phuket Island,
Thailand from January 2011 to March 2012.

Color morph
Reproductive group
Brownish red Violescent
Males mean = SD (mm) 480+ 1.21 11.86 +1.92
range (mm) 3.39-6.48 7.54-15.73
n 8 18
All females mean + SD (mm) 523 +1.50 997 +£0.93
range (mm) 2.99-7.22 8.44-11.77
n 10 11
Ovigerous females mean + SD (mm) - 9.70 £0.08
range (mm) 9.64-9.76
n 2
All individuals mean + SD (mm) 5.04 +1.36 11.15+1.85
range (mm) 2.99-7.22 7.54-15.73
n 18 29
20
151 1
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Brownish red Violescent

Figure 3. Boxplots of the cephalothoracic shield length (CSL) of the two color morphs of Coenobita
violascens sampled at Cape Panwa, Phuket Island between January 2011 and March 2012.
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Figure 5. Proportion of the brownish-red and the violescent morphs of Coenobita violascens in function
of the distance from 5 m to 45 m horizontally from the tidemark at the time. Value above each
column is the total number of individuals sampled at each 5-m interval.

Ontogenetic color change of different color morphs of Coenobita violascens is
morphological (chromogenic) (McNAMARA & MILOGRANA, 2015) because it is associated
with gradual changes related to developmental stage (i.e., juvenile and adult). NAKASONE
(1988) mentioned brownish-red individuals as juvenile and violescent individuals as adult
C.violascens. Nevertheless, in the present study, all brownish red (n = 18) and some small
violescent individuals (n = 6) were juvenile, whereas most larger violescent individuals
(n =23) were adult, assuming that the smallest ovigerous female (9.64 mm CSL) was at the
beginning of maturity, or transitional in size between juvenile and adult. Some brownish-red
individuals had variable coloration in the study area. Overall body color of this morph ranged
from reddish orange or bright red to brownish red as they grew. The results also suggest that
the transitional size between the two color morphs (7.22—7.54 mm CSL) is not congruent with
and does not match the transitional size between the developmental stages (9.64 mm CSL)
(Fig.4). According to the present hypothesis, however, the puberty molt marks the beginning
of sexual maturation and is usually marked by morphological changes (HARTNOLL, 1988b).
The color change of C. violascens from brownish red to violescent in this study appeared
before sexual maturation. Additionally, sizes at the transition from brownish-red to violescent
morphs between sexes of C. violascens are seemingly different, as the males undergo color
change before females. However, the sample sizes of C. violascens in this study are relatively
small. More specimens from further investigations using different sampling techniques or by
surveys in different study sites, particularly in its main habitat in estuarine areas, will confirm
this hypothesis of ontogenetic color change between sexes.

The present study provides details of ontogenetic coloration of large juveniles and adult
Coenobita violascens (2.99-15.73 mm CSL) that extend the observations by HAMASAKI
ET AL. (2017b) on first stage crabs to small juveniles of C. violascens (1.06-2.83 mm CSL).
The ontogenetic color changes from small to large juveniles are as follows. The white dorsal
surface of the ocular peduncles changes to a longitudinal light orange stripe on the dorsal
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surface of each ocular peduncle. Shield color changes from whitish/creamy to creamy/light
orange. Two longitudinal dark reddish brown bands on the middle part of the shield expand
as two irregular longitudinal brownish bands, and enlarge to cover almost the whole area of
the shield in some large brownish-red individuals. A dark reddish-brown band at the anterior
lower part of each side wall of the shield enlarges and covers all areas of the lateral surface
of the shield. Longitudinal white stripes on the middle and ventral parts of the left cheliped
palm become light orange in most large brownish-red individuals, as the whitish rings
between the proximal and distal parts of each segment of the chelipeds and the second and
third pereiopods disappear.

The finding that the color “morphs” represent ontogenetic stages rather than genetic
morphotypes suggests that the color “phase” is a more appropriate term than “morph”.
However, I will continue following tradition and use the term morph, with the understanding
that an apparent morphotype may in many instances represent an ontogenetic phase, as in
the present case.

The transitional color changes between the two morphs of Coenobita violascens are
indicated in the current investigation. The change from brownish-red to violescent in
C.violascens seems to start with a light lavender color appearing on the antennal acicles and
mesial surfaces of the chelipeds and pereiopods in the large brownish-red morph. However,
more samples of C. violascens are needed to allow us to study variations in the ontogenetic
color change from brownish-red to violescent morphs. We need further observations of larger
juvenile C. violascens raised in captivity until they become adults to provide more detailed
knowledge of the ontogenetic color change.

The bright coloration of juvenile Coenobita violascens contrasts with the coloration of
its habitat of sparse vegetation on sand alternating with dense vegetation at the current study
site (BUNDHITWONGRUT ET AL., 2014). Camouflage by background color matching is often seen
in juvenile crabs, potentially reducing predation risk (PaLma & STENECK, 2001; STEVENS &
MaARILAITA, 2009; LAvaLLI & SPANIER, 2015; HaMASAKI ET AL., 2017b; Caro, 2018). Although
bright coloration may serve as warning coloration or aposematism (Cortr, 1940; BootH, 1990;
QUICKE, 2017), there is no harmful model for juvenile C. violascens to mimic at this study
site (personal observation). Although there is no proven example of aposematism in decapod
crustaceans (Caro, 2018), some information on warning coloration of potential toxins in
brachyuran crabs has been recorded (LavaLL1 & Spanier, 2015). Nevertheless, there is no record
of toxin or distastefulness in C. violascens. Interestingly, HamAsAk1 £7 aL. (2022) recently
reported that, in the laboratory, the fiddler crab Paraleptuca crassipes, with its bright red and
black body color patterns, encounters lower predation risk by the mudskipper Periophthalmus
argentilineatus than the fiddler crab Austruca perplexa which has brownish-white coloration.
This suggests that the bright coloration of P. crassipes may represent incidental mimicry of
the unpalatable red/orange-colored polychaete worms that mudskippers might have learned
to avoid. However, that the brightly colored polychaete worms are unpalatable to the crabs
living in the same habitat needs further confirmation if this is to be taken as an example of
aposematism (HAamMASAKI £7 L., 2022). Therefore, whether the bright coloration of C. violascens
is adaptive warning coloration is unknown.

It is also possible that the variation in coloration functions in intraspecific communication.
Differing coloration between juveniles and adults probably assists prereproductive recognition
to prevent adults from trying to mate with juveniles, or decreases conspecific aggression
towards juveniles by adults (BootH, 1990). The obvious evidence is that ovigerous females
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of Coenobita violascens sampled in this study were all violescent morphs. Another important
aspect that needs study is how C. violascens perceives color, which is presently unknown.
Currently, we have limited information related to the visual abilities of only a few coenobitid
crab species: C. clypeatus (PING ET AL., 2015; SHRAGAI ET AL., 2017), C. compressus (MOPAN-
CHILITO ET AL.,2021), C. brevimanus and C. rugosus (How 1 AL.,2023). Further investigations
of mating behavior and color perception of C. violascens are needed to test this hypothesis.

The relative density of Coenobita violascens at the site (0.20 + 0.53 crabs/m?) is much
smaller than that of C. rugosus (6.98 + 0.36 crabs/m?, BUNDHITWONGRUT ET AL. [2014]).
The habitat of the present study area, primarily supralittoral sandy beach (BUNDHITWONGRUT
ET AL.,2014; BUNDHITWONGRUT, 2018), is not the most preferred habitat type for this coenobitid
species which has been more often recorded in more productive habitats such as mangroves
and terrestrial areas near estuaries (NAKASONE, 1988; McLAUGHLIN T AL., 2007; Dor ET AL.,
2016). Furthermore, the number of C. violascens in the sample quadrats was relatively very
low (0—4 ind./quad. for all individuals, in comparison with the number of C. rugosus (1-28
ind./quad., BUNDHITWONGRUT ET AL. [2014]). This may indicate that C. violascens at the present
study site lives solitarily or forages at different times than other coenobitid species in the area
to reduce competition. Brownish-red individuals of C. violascens were encountered mainly
between 25 and 45 m from the tidemark at the present study site, areas which are mostly
covered by vegetation (personal observation). This possibly means that juvenile C. violascens
(all brownish-red and small violescent individuals) depend on the vegetation for shelter and
predator protection, as do C. rugosus in the same study area (BUNDHITWONGRUT ET AL., 2014).
Violescent individuals were found at nearly all distances from 5 to 45 m from the tidemark.
Most violescent crabs were adults, from which we may infer that their larger size protected
them from predation and allowed them to forage throughout the habitat with less dependence
on vegetation shelter.

From the Coenobita violascens collected, males attained larger CSL and BW than females,
which demonstrates sexual dimorphism in size as previously reported in C. clypeatus by WILDE
(1973), C. scaevola by SaLLAM & MANTELATTO (2010) and C. rugosus by BUNDHITWONGRUT
ET AL. (2014). The sexual size dimorphism is probably due to difference in energy allocation,
as males grow to larger size while females allocate more energy to reproduction (ABRAMS,
1988). Furthermore, the smallest ovigerous female of C. violascens at Cape Panwa, Phuket,
Thailand in the present study (9.64 mm CSL) was larger than those from Ishigakijima Island,
Ryukyu Archipelago, Japan (7-8 mm CSL size class, Funkawa £r AL., 2017). Discrepancies
between these two geographically separated populations of C. violascens could be attributed
to dissimilar environments and habitats, different life histories, or differing sampling methods
and periods (GARrcCiA & MANTELATTO, 2000; MANTELATTO & GARCIA, 2000; BUNDHITWONGRUT ET
AL.,2014). Reproductive system dissection of both sexes of C. violascens was not carried out
in this study. Further anatomical investigations should be conducted to confirm and compare
maturity between sexes of C. violascens. The smallest ovigerous female may not be a reliable
indicator of maturity, as used as the traditional criterion of sexual maturity (BUNDHITWONGRUT ET
AL.,2014), because males and females probably differ in size at maturity (e.g., NAKASONE, 2001).

In conclusion, the present study provides a comprehensive description of two color
morphs of Coenobita violascens as well as the transitional characters involved in ontogenetic
color change. From C. violascens sampled in this investigation, the change from brownish
red to violescent body coloration occurs before sexual maturation. C. violascens is sexually
dimorphic in size, as males achieve larger CSL and BW than females. Therefore, the results
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of this study will contribute to a better understanding of the life history of C. violascens and
aid conservation efforts for this land hermit crab species.

ACKNOWLEDGEMENTS

The present study was financially supported by a Thai Government Science and
Technology Scholarship from the National Science and Technology Development Agency
(NSTDA). I would like to thank PMBC and the staff for allowing me to use the facility for
research throughout the study period. I would give special thanks to Dr. Prachya Musikasinthorn
(Kasetsart University) and Dr. Warren Y. Brockelman (National Biobank of Thailand) for their
precious comments to improve this manuscript. I am graciously grateful to three anonymous
reviewers for their invaluable comments and suggestions.

REFERENCES

ABRAMS, P. A. 1988. Sexual difference in resource use in hermit crabs: consequences and causes. Pages 283-296
in G. Chelazzi, and M. Vannini (eds.), Behavioral adaptation to intertidal life. Plenum Press, New York.

BarnEs, D. K. A. 1999. Ecology of tropical hermit crabs at Quirimba Island, Mozambique: shell characteristics and
utilization. Mar. Ecol. Prog. Ser. 183: 241-251.

Becchi, C., G. INNOCENTI, AND M. VANNINI. 2015. Water uptake in terrestrial hermit crabs: a morpho-functional
analysis. ltal. J. Zool. 82 (2): 157-164.

Boorn, C. L. 1990. Evolutionary significance of ontogenetic colour change in animals. Biol. J. Linn. Soc. 40 (2):
125-163.

BunpuITwoNGRUT, T. 2018a. Shell occupation by the land hermit crab Coenobita violascens (Anomura, Coenobitidae)
from Phuket Island, Thailand. Nauplius 26: €2018004.

BunphiTwonGrut, T. 2018b. Unregulated trade in land hermit crabs in Thailand. Nat. Hist. Bull. Siam Soc. 63 (1): 27-40.

BunpHITwoNGRUT, T. 2020. Notes on the current trade in land hermit crabs in Thailand. Nat. Hist. Bull. Siam Soc.
64 (1): 43-46.

BunDHITWONGRUT, T., K. THIRAKHUPT, AND A. PRADATSUNDARASAR. 2014. Population ecology of the land hermit crab
Coenobita rugosus (Anomura, Coenobitidae) at Cape Panwa, Phuket Island, Andaman Coast of Thailand.
Nat. Hist. Bull. Siam Soc. 60 (1): 31-51.

BunpHITWONGRUT, T., K. THIRAKHUPT, AND A. PRADATSUNDARASAR. 2015. Shell utilization by the land hermit crab
Coenobita rugosus (Anomura, Coenobitidae) with notes on the first record of bivalve shell use. Nat. Hist.
Bull. Siam Soc. 60 (2): 69-87.

Caro, T. 2018. The functional significance of coloration in crabs. Biol. J. Linn. Soc. 124 (1): 1-10.

Corrt, H. B. 1940. Adaptive coloration in animals. Methuen, London. 508 pp.

DE GRAVE S., N. D. PENTCHEFF, S. T. AHYONG, T.-Y. CHAN, K. A. CRANDALL, P. C. DworscHAK, D. L. FELDER, R. M.
FeLpMANN, C. H. J. M. FraNSEN, L. Y. D. GouLDING, R. LEMAITRE, M. E. Y. Low, J. W. MarTIN, P. K. L. NgG,
C. E. SCHWEITZER, S. H. TaN, D. TsHupy, aND R. WETZER. 2009. A classification of living and fossil genera
of decapod crustaceans. Raff. Bull. Zool. Suppl.21: 1-109.

Dor, W., A. Mizutani, aND H. Konno. 2016. Larval release and associated tree-climbing behavior of the land hermit
crab Coenobita violascens Heller, 1862 (Anomura: Coenobitidae). J. Crust. Biol. 36 (3): 279-286.

FOREST, J., M. DE SAINT LAURENT, P. A. McLAUGHLIN, AND R. LEMAITRE. 2000. The marine fauna of New Zealand:
Paguridea (Decapoda: Anomura) exclusive of the Lithodidae. NIWA Biodiv. Mem. 114: 1-250.

Fuiikawa, S., K. Hamasaki, S. Dan, aND S. Kitapa. 2018a. Emigration behaviour, moulting and survival during the
sea-to-land transition of land hermit crabs Coenobita violascens and Coenobita rugosus under laboratory
conditions: Effects of salinity and riverine odours. Biogeography 20: 111-121.

Funkawa, S., K. Hamasakl, S. DaN, anD S. Kitapa. 2018b. Settlement behaviour of the early megalopae of the land
hermit crab Coenobita violascens (Decapoda: Coenobitidae) under laboratory conditions: Effects of inshore
odours and salinity. Biogeography 20: 21-33.



ONTOGENETIC COLOR CHANGE AND SIZE VARIATION OF COENOBITA VIOLASCENS 43

Fuiikawa, S., K. Hamasakl, T. SANDA, N. IsHiyama, T. TSURU, S. DAN, AND S. Kitapa. 2017. Distributional characteristics
of terrestrial hermit crabs along the coasts of Ishigakijima Island and Iriomotejima Island, Ryukyu Archipelago,
Japan. Bull. Biogeogr. Soc. Japan 71: 25-38.

Funta, Y., AND T. NARUSE. 2016. New record of Coenobita perlatus H. Milne Edwards, 1837 (Decapoda: Anomura:
Coenobitidae) from Minna-jima Island, Miyako Island Group, the southern Ryukyu Islands, Japan. Fauna
Ryukyuana 28: 57-58. (In Japanese)

Garcia, R.B., anp F. L. M. ManTELATTO. 2000. Variability of shell occupation by intertidal and infralittoral Calcinus
tibicen (Anomura, Diogenidae) populations. Nauplius 8 (1): 99-105.

GREENAWAY, P. 2003. Terrestrial adaptations in the Anomura (Crustacea: Decapoda). Mem. Mus. Vict. 60 (1): 13-26.

Hamasakr, K., E. SAek1, K. Mizuta, M. TANABE, 1. YaMASAKI, T. SANDA, S. Funikawa, S. DAN, AND S. Kitapa. 2018a.
Tolerance of low salinity by larvae in six terrestrial hermit crab species (Decapoda: Anomura: Coenobitidae).
Crust. Res. 47: 101-110.

Hamasaki, K., S. Fusikawa, C. Tizuka, T. Sanpa, T. Tsuru, H. Imal, anDp S. Kitapa. 2018b. Recruitment to adult
habitats in terrestrial hermit crabs on the coast of Ishigakijima Island, Ryukyu Archipelago, Japan. Invertebr.
Biol. 137(1): 3-16.

Hamasaki, K., S. Fusikawa, T. SaNDA, T. Tsuru, anND S. KitapA. 2017a. Distributions of land hermit crabs (Decapoda:
Coenobitidae) on the coast of the tidal lagoon, Nagura Amparu, on Ishigakijima Island, Japan. Biogeography
19: 142-149.

Hamasaki, K., S. Harta, T. ISHIKAWA, S. YAMASHITA, S. DAN, AND S. KitaDpA. 2015a. Emigration behavior and molting
during the sea-to-land transition of terrestrial hermit crabs under laboratory conditions. Invertebr. Biol.
134(4): 318-331.

Hamasaki, K., S. Karo, Y. MurakaMm, S. Dan, anDp S. Kitapa. 2015b. Larval growth, development and duration in
terrestrial hermit crabs. Sex. Early Dev. Aquat. Org. 1: 93-107.

Hamasaki, K., T. Matsupa, K. TAkaNO, M. SuGizaki, Y. MurakAaMI, S. DAN, AND S. KitapA. 2016. Thermal adaptations
of embryos of six terrestrial hermit crab species. Aquat. Biol. 25: 83-96.

Hawmasaki, K., T. Tsuru, T. Sanpa, S. Fusikawa, S. DaN, anp S. Kitapa. 2017b. Ontogenetic change of body color
patterns in laboratory-raised juveniles of six terrestrial hermit crab species. Zootaxa 4226 (4): 521-545.

Hamasaki, K., Y. Sarro, Y. Ociso, Y. Fusig, K. TaBata, S. DAN, aND S. Kitapa. 2020. Effect of temperature on larval
survival, development and duration of six terrestrial hermit crab species under laboratory conditions. Aquat.
Anim. 6: 1-14.

Hamasaki, K., Y. TAkAHASHI, AND S. DaN. 2022. Body colourations affect predation risk from fish in fiddler crabs.
J. Exp. Mar. Biol. Ecol. 557: 151818.

HarTNoLL, R. G. 1988a. Evolution, Systematics, and Geographical Distribution. Pages 6-54 in W. W. Burggren, and
B. R. McMahon (eds.), Biology of the land crabs. Cambridge University Press, New York.

HarTNOLL, R. G. 1988b. Growth and molting. Pages 186-210 in W. W. Burggren, and B. R. McMahon (eds.), Biology
of the land crabs. Cambridge University Press, New York.

How, M. J., A. ROBERTSON, S. P. SMITHERS, AND D. WILBY. 2023. Polarization vision in terrestrial hermit crabs.
J. Comp. Physiol. A DOI: https://doi.org/10.1007/s00359-023-01631-z

Kasuya, N., T. Sanpa, K. HamasAkl, S. DAN, AND S. Kitapa. 2020. Upper thermal tolerance of early juveniles of six
terrestrial hermit crab species. Anim. Biol. 70: 39-53.

Karo, S., K. Hamasaki, S. DaN, anD S. Kirapa. 2015. Larval development of the land hermit crab Coenobita
violascens Heller, 1862 (Decapoda, Anomura, Coenobitidae) described from laboratory-reared material.
Zootaxa 3915 (2): 233-249.

Lapre, M. E. 2013. Foraging across ecosystems: diet diversity and social foraging spanning aquatic and terrestrial
ecosystems by an invertebrate. Mar. Ecol. 34 (1): 80-89.

LARE, M. E., AND G.J. VERMED. 2012. A biodiverse housing market in hermit crabs: proposal for a new biodiversity
index. Res. J. Costa Rican Dist. Educ. Univ. 4(2): 175-179.

LavaLri, K. L., AND E. Spanier. 2015. Predator adaptations of decapods. Pages 190-228 in M. Thiel, and L. Watling
(eds.), The Natural History of the Crustacea. Vol. 2: Life Styles and Feeding Biology. Oxford University
Press, New York.

ManTtELATTO, F. L. M., AND R. B. Garcia. 2000. Shell utilization pattern of the hermit crab Calcinus tibicen
(Diogenidae) from Southern Brazil. J. Crust. Biol. 20 (3): 460-467.

McLAUGHLIN, P. A. 2002. A review of the hermit crab (Decapoda: Anomura: Paguridea) fauna of southern Thailand,
with particular emphasis on the Andaman Sea, and descriptions of three new species. Phuket Mar. Biol. Cent.
Spec. Publ. 23 (2): 384—460.



44 THANAKHOM BUNDHITWONGRUT

McLAUGHLIN, P. A., T. Komal, R. LEMAITRE, AND D. L. RaHayu. 2010. Annotated checklist of anomuran decapod
crustaceans of the world (exclusive of the Kiwaoidea and families Chirostylidae and Galatheidae of the
Galatheoidea) Part 1 — Lithodoidea, Lomisoidea and Paguroidea. Raff. Bull. Zool. Suppl. 23: 5-107.

McLAUGHLIN, P. A., D. L. RaHayu, T. Komal, AND T.-Y. CHAN. 2007. A catalog of the hermit crabs (Paguroidea) of
Taiwan. National Taiwan Ocean University, Keelung. 365 pp.

McNaMARA, J. C., AND S. R. MILOGRANA. 2015. Adaptive color change and the molecular endocrinology of pigment
translocation in crustacean chromatophores. Pages 68—102 in E. S. Chang, and M. Thiel (eds.), The Natural
History of the Crustacea. Vol. 4: Physiology. Oxford University Press, New York.

Moran-CHiLiTo, A. M., M. J. Tovar-GiL, J. F. AristizaBAL, AND M. Rojas-MonTtoya. 2021. Safe or in danger?
Time and distance of reaction in hermit crabs to a risk of predation. Mar. Freshw. Behav. Physiol. 54 (5-6):
263-272.

MorrisoN, L. W., AND D. A. SpiLLER. 2006. Land hermit crab (Coenobita clypeatus) densities and patterns of gastropod
shell use on small Bahamian islands. J. Biogeogr. 33: 314-322.

NAKASONE, Y. 1988. Land hermit crabs from the Ryukyus, Japan, with a description of a new species from the
Philippines (Crustacea, Decapoda, Coenobitidae). Zool. Sci. 5: 165-178.

NAaKASONE, Y.2001. Reproductive biology of three land hermit crabs (Decapoda: Anomura: Coenobitidae) in Okinawa,
Japan. Pac. Sci. 55(2): 157-169.

PaGe,H. M., AND S. W. WiLLASON. 1982. Distribution patterns of terrestrial hermit crabs at Enewetak Atoll, Marshall
Islands. Pac. Sci. 36(1): 107-117.

Parma, A. T., anp R. S. Steneck. 2001. Does variable coloration in juvenile marine crabs reduce risk of visual
predation? Ecology 82 (10): 2961-2967.

PinG, X., J. S. LEE, D. GARLICK, Z. JIANG, AND A. P. BraispeLL. 2015. Behavioral evidence illuminating the visual
abilities of the terrestrial Caribbean hermit crab Coenobita clypeatus. Behav. Process. 118: 47-58.

Quickg, D. L. J. 2017. Mimicry, crypsis, masquerade and other adaptive resemblances. John Wiley & Sons Ltd.,
Singapore. 557 pp.

Ranayu,D. L.,H.-T. SHiH, aAND P. K. L. NG. 2016. A new species of land hermit crab in the genus Coenobita Latreille,
1829 from Singapore, Malaysia and Indonesia, previously confused with C. cavipes Stimpson, 1858 (Crustacea:
Decapoda: Anomura: Coenobitidae). Raff. Bull. Zool. Suppl. 34: 470-488.

Sanpa, T., K. Hamasakl, S. DaN, AND S. Kitapa. 2019. Low-temperature tolerance of early juveniles of six terrestrial
hermit crab species. Anim. Biol. 69: 349-364.

SarLam, W. S., anp F. L. ManteLATTO. 2010. Population features and breeding season of the land hermit crab
Coenobita scaevola (Forskal, 1775) (Anomura, Coenobitidae) from Wadi ElI-Gemal, South Red Sea, Egypt.
Nauplius 18(1): 25-33.

SarLam, W. S., F. L. ManTELATTO, AND M. H. HANAFY. 2008. Shell utilization by the land hermit crab Coenobita
scaevola (Anomura, Coenobitidae) from Wadi El-Gemal, Red Sea. Belg. J. Zool. 138 (1): 13-19.

SHRAGAL T., X. PING, C. ARAKAKI, D. GARLICK, D. T. BLUMSTEIN, AND A. P. BLAISDELL. 2017. Hermit crab response to
a visual threat is sensitive to looming cues. PeerJ 5: e4058.

STEVENS, M., AND S. MARILAITA. 2009. Animal camouflage: current issues and new perspectives. Phil. Trans. R. Soc.
B 364: 423-427.

Swierk, L. 2022. Color Change. Pages 1522-1525 in J. Vonk, and T. K. Shackelford (eds.), Encyclopedia of Animal
Cognition and Behavior. Springer, Cham.

Tupcg, C. C., A. ASAKURA, AND S. T. AHYONG. 2012. Infraorder Anomura MacLeay, 1838. Pages 221-333 in F. R.
Schram, and J. C. von Vaupel Klein (eds.), Treatise on Zoology — Anatomy, Taxonomy, Biology: The Crustacea
Volume 9 Part B. Kononklijke Brill NV, Leiden.

WiLDE, P. A. W. J. DE. 1973. On the ecology of Coenobita clypeatus in Curacao with reference to reproduction,
water economy and osmoregulation in terrestrial hermit crabs. Stud. Fauna Curacao 44: 1-138.

WorcorT, T. G. 1988. Ecology. Pages 55-96 in W. W. Burggren, and B. R. McMahon (eds.), Biology of the land
crabs. Cambridge University Press, New York.



