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Abstract. Land hermit crabs (Coenobita spp.) are infraorder anomuran 

crustaceans that have an important role in coastal ecosystems, especially as 

decomposers and environmental bioindicators. One of the interesting 

phenotypic characteristics of land hermits is their diverse body colors. This 

study aims to reveal the diversity of body color of land hermits at Karang 

Hawu Beach, Pelabuhan Ratu Bay, West Java, and examine the relationship 

between body color and sex and body maturity level (juvenile and adult). 

Samples were collected using convenience sampling and analyzed using 

Fisher's Exact Test in R Studio. Two species were successfully identified, 

namely Coenobita brevimanus and Coenobita rugosus, with 87 individuals. 

The results showed ten categories of body color, including new variations 

such as brownish, green-blue, and light purple-cream. However, no 

significant relationship was found between body color and sex or carapace 

length (p > 0.05). All color categories were found in the juvenile and adult, 

indicating that body color is not exclusive to a particular stage of 

development. Further research is recommended using a molecular approach 

and expanding the study area and number of species to understand better the 

mechanism of body color variation in land hermits 

1 Introduction 

Biodiversity is one of Indonesia's important coastal assets in supporting ecosystem balance 

[1]. Of the various types of coastal fauna, land hermit crabs belong to the infraorder Anomura, 

the Coenobitidae family, which has a soft and curved abdominal morphology, uses gastropod 

shells as abdominal protectors, has five pairs of legs, but only three are used for walking, 

while the other two are used to support the shell. Coenobita is one of the organisms that has 

an important ecological role, especially in the recycling of organic matter [2, 3]. Although it 

does not have as much economic value as sea crabs or other fishery commodities, hermit 

crabs have great potential in education, ecotourism, and biodiversity research. 

One of the interesting aspects of land hermit crabs is the striking and diverse variety of 

body colors. This attractive and diverse body color is not only a visual attraction, but can also 

reflect ecological adaptation to the environment, substrates, and predatory pressures [4, 5]. 
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However, research on the color diversity of land hermit crabs in Indonesia, especially on the 

South Coast, West Java, is still very limited. 

 Karang Hawu Beach, located in Pelabuhan Ratu Bay, West Java, is a coastal ecosystem 

rich in biodiversity and a natural habitat for various species of land hermit crabs [6, 7]. The 

characteristics of the rocky and sandy beaches and the presence of human activities around 

this area make Karang Hawu a potential location to study the color variation patterns of land 

hermit crabs. This study aims to uncover the diversity of land hermit crabs on Karang Hawu 

Beach and examine them based on gender and body size. 

2 Materials and methods 

2.1 Time, location and method 

This study was sampled along the lip of Karang Hawu Beach, Pelabuhan Ratu Bay, West 

Java, Indonesia, in January 2025. Karang Hawu Beach has unique coastal characteristics, in 

the form of a combination of rocks, sand, and beach cliffs jutting out into the sea. This 

location was chosen because it provides various microhabitats that allow for the diversity of 

land hermit crabs, such as rock crevices, organic waste piles, and open sandy areas [6]. 

Geographically, Karang Hawu Beach is located at coordinates of around 6°59' S and 

106°32' E. Environmental conditions in this location are influenced by daily tidal activity, 

ocean wave intensity, and human activity. During sampling, the search area for land hermit 

crabs was focused on coastal zones above the highest tide line, i.e., in the regions that tend 

to be dry but still close to seawater sources, including around coastal vegetation, wood chips, 

and weathered tree trunks, piles of garbage, and large rocks. 

Sample sorting, documentation, preparation, and measurement were done at the Animal 

Function and Behavior lab, Animal Bioscience Study Program, Department of Biology, 

Faculty of Mathematics and Natural Sciences, IPB University. 

2.2 Sample collection and identification 

Sampling was conducted using the convenience sampling method, an active search method 

in the morning and evening, when the hermit crab was more active. Each land hermit crab 

was collected by hand. Once collected, each individual was sorted by body color and 

documented using a Canon EOS M10 camera with a macro lens. Gender is determined by 

looking at the position of the gonopore; if the gonopores are in the third pereopod coxae, then 

the female, while in the fifth coxa position, then the male. 

Species identification and color grouping are based on the identification book [8, 9]. The 

fundamental difference to identify the species of land hermit crab is the presence or absence 

of a brush on the palm of the left chela on the upper margin, the presence of a stridulatory 

mechanism on the upper outer surface of left chela, and the presence or absence of a sexual 

tube on the fifth pereopod coxa. It is known that there are several groups of body colors in 

land hermit crabs, in Coenobita brevimanus, such as blueish-gray, dusky, reddish-violet, and 

livid purple, in Coenobita rugosus, such as cream, purplish, blueish-gray, and dark blue. 

Each sample is measured for SL (Shield Length) as an indicator of maturity size. 

Measurements are taken with calipers starting from the rostrum to the midpoint of the 

posterior edge of the cervical groove [5, 10, 11]. 
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2.3 Data analysis 

The analysis was carried out, namely Fisher's Exact Test, using R Studio 2024.09.1 to see if 

there is a significant relationship between body color and sex and carapace length [10, 11]. 

3 Result 

3.1 Land hermit crabs species in Karang Hawu Beach 

87 specimens with color variations have been identified as Coenobita brevimanus and 

Coenobita rugosus based on morphology (Fig 1, Fig 2). Based on the morphological 

identification results of C. brevimanus chela the left has a larger size, the surface of the chela 

is smooth and rounded without the presence of stridulation structures, the right chela has a 

rough surface and many small protrusions complemented by long setae on the upper margin, 

the ocular peduncle is sub-cylindrical and dark in color, the anennal acicle is not fused with 

the second segment of the antenna, in females there is no sexual tube growing on the coxa. 

The second species found is C. rugosus, the main characteristic of this species is that it 

has a larger left asymmetrical claw and a rough and grooved surface (rugose), has setae on 

the top of the claw, has a stridulation structure on the left claw, the sexual tube in the fifth 

coxa of the male pereopod has almost the same length, the ocular peduncle is longer than the 

base of the antennular peduncle. 
 

 

Fig. 1. Color variation of C. brevimanus. (A-D) Reddish-Violet, (E) Livid purple, and (F) Brownish. 
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Fig. 2. Color variation of C. rugosus. (A-F) Blueish-Gray, (G) Black-Gray, (H, K) Green-Blue, (I) 

Purplish, (J) Brown-Black, (L) Cream, (M) Light-Purple Cream. 

3.2 The relationship between body color and sex 

87 specimens were collected, consisting of 50 females and 37 males (Table 1). In the species 

C. brevimanus, color variations in reddish-violet, livid purple, and brown were found. This 

species' most dominant body color is reddish-violet, with a total of 43 individuals, then livid 

purple, with 8 individuals, and brown as a newly observed color variation of 5 individuals. 

Meanwhile, C. rugosus shows a more diverse color variation covering seven categories 

of body color, four of which are newly observed color variations. The most common colors 

in this species are blueish-gray 9 individuals, black-gray 6 individuals and cream 4 

individuals. Other colors, such as purplish, brown-black, green-blue, and light purple-cream, 

are found in smaller amounts. 

Table 1. Color diversity within C. brevimanus and C. rugosus  

Species Body Color Female Male Total 

C. brevimanus Reddish-violet 26 17 43 

Livid purple 6 2 8 

*Brown 3 2 5 

C. rugosus Blueish-gray 4 5 9 

*Black-gray 2 4 6 

Cream 2 2 4 

Purplish 3 0 3 

*Brown-black 1 3 4 

*Green-blue 1 2 3 

*Light purple-cream 2 0 2 

Total  50 37 87 

    Note: * new color variation 
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Fig. 3. Body color distribution by sex. 

 

In C. brevimanus, the most dominant body color in both sexes is reddish-violet, with 26 

female and 17 male individuals. Livid purple also appears to be more common in females 6 

individuals than in males 2 individuals). In contrast, brown appears almost evenly between 

females and males, 3 and 2 individuals, respectively. This pattern suggests that females tend 

to have more individuals in each color category in this species (Fig 3). 

 Meanwhile, C. rugosus shows a wider variety of body colors with seven color categories. 

Blueish-gray is the most common color, with 4 females and 5 males. Black-gray and cream 

have a balanced or near-balanced proportion between the sexes, respectively. However, some 

colors appear unique or appear only in one sex, such as purplish and light purple-cream 

colors, which are only found in females, while brown-black and green-blue colors are more 

common in males. However, based on the fisher's exact test, it is known that there is no 

significant correlation between gender and body color (Table 2). 
  

     

BIO Web of Conferences 186, 01004 (2025) https://doi.org/10.1051/bioconf/202518601004

ISOTOBAT 2025

5



Table 2. Relationship between body color and gender 

Species p-

value 

Remarks 

C. brevimanus 0.88 Insignificant; Body color is not related to gender 

C. rugosus 0.41 Insignificant; Body color is not related to gender 

3.3 The relationship between body color and shield length (SL) 

In this study, an analysis was carried out to determine whether there is a relationship between 

body color and age class in C. brevimanus and C. rugosus. The carapace length in hermit 

crabs indicates the maturity level/age class; in this study, it is divided into two categories: 

juvenile and adult. Based on previous research, the carapace length for juveniles is 2.99-8.99 

mm, and the adult carapace length is 9-15.73 mm [10]. Statistical tests on color with age 

groups showed that body color was not significantly correlated, meaning there was no 

relationship between body color and age groups (juvenile and adult) in C. brevimanus and C. 

rugosus. This is shown by the results of the Fisher test, which resulted in a p-value of > 0.05 

in both species (Table 3). 

Table 3. Relationship between body color and SL 

Species Age 

Class 

p-

value 

Remarks 

C. brevimanus Juvenile 0.75 Insignificant  
Adult 0.84 Insignificant 

C. rugosus Juvenile 0.45 Insignificant  
Adult 0.67 Insignificant 

 The results of the analysis of the age class indicated that there was a clear difference in 

carapace length between juvenile and adult individuals from all samples. In C. brevimanus, 

the average length of the carapace of juvenile individuals is 8.15 mm (n = 23), while the adult 

has an average of 11.22 mm (n = 33). Meanwhile, in C. rugosus, juveniles have an average 

carapace length of 7.20 mm (n = 12), and adults 11.26 mm (n = 19) (Table 4). This difference 

is clearly illustrated in the boxplot (Fig 4), where the distribution of the SL values of the adult 

group is consistently higher than that of the juveniles in both species. 

Table 4. SL Average by Age Class 

Species Age Class Mean SL (mm) Total (N) 

C. brevimanus Juvenile 8.15  0.52 23  
Adult 11.22  1.42 33 

C. rugosus Juvenile 7.20  1.45 12  
Adult 11.26  1.50 19 
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Fig. 4. Distribution of SL by age class. 

4 Discussion 

Body color in land hermit crabs is an interesting but complex phenotypic character because 

various biological and environmental factors influence it. The results of this study show that 

the variation in body color in C. brevimanus and C. rugosus is not significantly correlated 

with sex or developmental status (juvenile and adult), but shows a tendency to change with 

increased body size or increase in SL. This phenomenon strengthens the understanding that 

body color in hermit crabs is not a single indicator of distinguishing the sex or age of the 

hermit crab. In this study, it was found that all categories of body color were found in both 

juvenile and adult individuals, indicating that body color is not exclusive to specific stages 

of development. 

However, the significant differences in body size between individuals in the same or 

different colors, as seen in C. brevimanus, indicate that the discoloration may be related to 

the growth process. But statistical analysis with fisher's exact test yielded a p-value of 0.05, 

which means that color variation is not dependent on sex (Table 2). This is also supported by 

previous research that said the same thing, where in the C. violascens species, the body color 

does not show a specific distribution between males and females [10]. Another study 

observed that the body color in Calcinus tibicen was unrelated to sex, as males and females 
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showed an overlapping color spectrum, from bright orange to dark red. This is also supported 

by research on Clibanarius digueti, which suggests that although body color can play a role 

in visual signals or sexual selection in certain crustaceans, this is not true in chimney crabs. 

Furthermore, the relationship between body color and body size (SL) did not show a 

meaningful correlation. The fisher's exact in this study showed that the difference in body 

color did not significantly affect the length of the shield, either in C. brevimanus (juvenile = 

0.75; adult = 0.84), as well as in C. rugosus (juvenile = 0.45; adult = 0.67) (Table 3). This 

shows that even though the body size increases, there is not necessarily a statistically 

consistent change in body color. However, other studies have found that individuals with 

larger sizes tend to have darker and contrasting body colors [5, 10]. In Pagurus bernhardus, 

socially dominant individuals tend to be larger and have darker body colors, which is thought 

to be related to increased exoskeleton thickness and pigment content [12]. However, the 

results of such studies may be species-specific and not necessarily generalizable. 

In ontogeny, many studies have shown that changes in body color in hermits are part of 

the individual developmental process. Among them, C. violascens changes from pale to 

darker with increasing size and age [10]. The same thing happens with Calcinus tibicen, 

where the body color of young individuals tends to be pale and becomes more intense in 

adults [11]. Research on Calcinus laevimanus and some decapods has shown that these 

ontogenetic changes are mediated by chromatophore redistribution and hormonal changes 

such as RPCH (Red Pigment Concentrating Hormone). The results of this study show that 

although body colors appear diverse, no exclusive colors are found only in juveniles or adults. 

In C. brevimanus and C. rugosus, all body colors consist of a mixture of young and adult 

individuals, which indicates that color cannot be used as a single indicator of age or sexual 

maturity. 

This is supported by a note in the Pachygrapsus marmoratus study, which states that body 

color is influenced by a combination of environmental and developmental factors and not 

solely due to age. Body color ranges can overlap between ages, making it challenging to 

classify individuals based solely on color [13, 14]. 

On the other hand, the environment also plays a vital role in forming body color. Previous 

research has stated that residential substrates can trigger color adaptation as a form of 

camouflage [4]. This means that body color is not only the result of growth or genetics, but 

is also influenced by the ability of the hermit crab to adapt to its environment. In the 

mitochondrial DNA study of COI (Cytochrome C Oxidase Subunit I) on the Hippa adactyla, 

it was found that there was genetic differentiation from samples from Sundaland, where 

morphologically and color there were differences among samples from different locations 

[15].  

Overall, the formation of body color in hermit crabs results from complex interactions 

between morphological factors (body size), ontogenetic development, environmental 

influences, and genetic and physiological regulation. Body color cannot be used as a direct 

indicator of sex or age, but it remains an essential characteristic in understanding species' 

ecology, adaptation, and evolution. An interdisciplinary approach that combines genetic, 

molecular, and ecological analyses is needed to understand the mechanisms more deeply, 

including gene expression mapping, pigment analysis, and experimental observations of 

environmental responses. 

5 Conclusion 

The varieties of land hermit crabs from C. brevimanus and C. rugosus found at Karang Hawu 

Beach include reddish-Violet, livid purple, brown, blueish-gray, black-gray, cream, purplish, 

brown-black, green-blue, and light purple-cream. The analysis showed that body color had 

no significant relationship with gender or body size (SL). Furthermore, no specific color was 
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found exclusive to juvenile or adult individuals, as all color categories appeared across both 

age classes. 

 This research's ecological and educational potential is noteworthy, as understanding color 

variation in land hermit crabs may support environmental education, biodiversity awareness, 

and the promotion of coastal conservation. These findings contribute to scientific knowledge 

of phenotypic diversity and highlight coastal organisms' role as accessible subjects for 

ecological study and ecotourism development. 
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