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Abstract
To highlight the adaptation of an endemic species to an oceanic island environment, adult 
morphological characteristics and growth patterns were compared between a mitten crab 
endemic to the Ogasawara Islands (Eriocheir ogasawaraensis) and a congener from mainland 
Japan (E. japonica). Mean carapace width of E. ogasawaraensis was nearly 1.6 times larger than 
that of E. japonica in both sexes. A difference was detected in the carapace length vs. carapace 
width relationship between these two species. Comparing chela propodus height vs. carapace 
width, a sexual difference was detected similarly in both species, but while males had only one 
growth phase in E. ogasawaraensis, males of E. japonica were dimorphic due to two growth 
phases. The regression line obtained for male E. ogasawaraensis (chela propodus height vs. 
carapace width) was nearly on the extending line of small phase male E. japonica. Female E. 
ogasawaraensis had relatively larger chelipeds than female E. japonica. As for ambulatory legs, 
E. japonica males had relatively longer legs than females, but no sexual difference was detected 
in E. ogasawaraensis. Eriocheir ogasawaraensis had relatively shorter legs than male E. 
japonica but longer legs than female E. japonica. Therefore, in E. ogasawaraensis sexual 
dimorphism was not as differentiated as in E. japonica, and the adult male dimorphism 
recognized in E. japonica was absent. The large body size of E. ogasawaraensis is consistent 
with island gigantism that is commonly found in response to a lack of large predators on isolated 
islands. Evolution of dimorphism can be explained by sexual selection, and the differences 
between the island and mainland species are presumed to be correlated with differences in the 
mating behavior and/or environmental factors in their habitats.
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Introduction

The Ogasawara (Bonin) Islands are composed of 30 islands of various sizes, located in the 

Pacific Ocean about 1000 km south of the Japanese mainland (Fig. 1). They are oceanic islands 

formed by protrusions of ancient submarine volcanoes similar to the Galapagos and Hawaii 

Islands. As the Ogasawara Islands have never been located in the close proximity of the Japanese

mainland (Honshu, Hokkaido, Shikoku, Kyushu and adjacent islands) or the Asian continent 

since they were formed, a great number of endemic species have evolved in unique ways 

particularly in this archipelago, which consists of the Muko-jima group of islands, the Chichi-

jima group and the Haha-jima group (Kanagawa Prefectural Museum of Natural History 2004). 

Consequently, the Ogasawara Islands have been referred to as ‘the Oriental Galapagos’, and 

were added to UNESCO's World Heritage list of natural properties in 2011. 

   In recent years, the presence of a new mitten crab (Eriocheir) species in the Ogasawara 

Archipelago has been confirmed. The mitten crabs (Eriocheir spp.) are characterized 

morphologically by their mitten-like hair (plumose setae), which grows densely on the propodus 

and dactylus of their chelipeds, and ecologically by their catadromous migration. Juvenile crabs 

grow in freshwater rivers and adult crabs migrate downstream to the sea to reproduce. The new 

mitten crab species had previously been identified as E. japonica (de Haan) since Miyake (1970).

However, the Ogasawara species grows much larger than the mainland Japanese species (E. 

japonica), and there are several marked differences in their morphology when compared with 

other Eriocheir spp. Consequently, this new species was described as Eriocheir ogasawaraensis 

Komai, Yamasaki, Kobayashi, Yamamoto and Watanabe, 2006 (Kobayashi 2005; Komai et al. 

2006). 

   The first author has so far studied the ecology of E. japonica in the mainland of Japan, and 

documented several morphological and ecological characteristics (Kobayashi and Matsuura 
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1995a, 1995b; Kobayashi 1999a, 1999b, 1999c, 2003). The new mitten crab species can be 

collected in both rivers and seacoast, suggesting that it is catadromous in habit like the mainland 

species, but it may be different in ecological characteristics as well as morphology. Thus the first 

author surveyed this new species in the spring of 2004 in the Ogasawara Archipelago, prior to its 

formal description. This survey revealed that this species was seriously endangered and that only 

adult crabs could be collected in Chichi-jima Island (Kobayashi 2005). A crab collected during 

this survey was designated as the holotype specimen of E. ogasawaraensis (Komai et al. 2006).

   Collected crabs in this survey revealed that E. ogasawaraensis differed from E. japonica in 

several characteristics. The previous studies have reported most of them, but how they differ in 

terms of sexual dimorphism has not yet been recorded. In E. japonica, there is evident sexual 

dimorphism in the adult stage. Additionally, dimorphism within adult males is present. By 

studying the relative growth pattern of their chelipeds, it has been demonstrated that the male has

two separate growth phases, whereas the female has a single phase among adult crabs found in 

the sea (Kobayashi 1999a). This dimorphism pattern in adult males is somewhat similar to that of

horned beetles, where there are two male types (large and small horn types) and one female type 

(no horn) (Eberhard 1980). Similar cases of male polymorphism have also been reported in other

crustaceans, including several brachyuran species (Ra'anan and Sagi 1985; Laufer et al. 1994; 

Corgos et al. 2006; Sainte-Marie et al. 2008).

   The new species E. ogasawaraensis also exhibits sexual dimorphism, but the pattern of 

dimorphism is evidently different from that of E. japonica collected from Japan’s mainland. In 

the present study, we record the carapace size range of adults and sexual differences of the 

Ogasawara mitten crab E. ogasawaraensis in the relative growth patterns of chelae and 

ambulatory legs, and compare them with those of E. japonica from mainland Japan. 
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MATERIALS AND METHODS

Sampling of Eriocheir spp. 

Sampling of adult Eriocheir ogasawarawensis was carried out in the intertidal and shallow 

subtidal zones in the seacoast of Chichi-jima Island, Ogasawara (Bonin) Islands (27°05’ N, 

142°12’ E) in mid-March 2004 (Fig. 1). Traps baited with fish meat were placed in the rocky 

intertidal area (Kominato), and in addition collectors captured crabs by hand in the sandy, muddy

and rocky beaches during the ebb tide (Okumura, Kopepe and Kominato).  

   Adult Eriocheir japonica were collected in the intertidal and shallow subtidal zones at 

Tsuyazaki Beach (33°47’ N, 130°28’ E), Fukutsu City, Fukuoka Prefecture, Japan between 

September 1991 and June 1992 (Fig. 1). Around the  collection site（Genkainada Sea and 

flowing rivers）, there is unlikely to be enough commercial fishing to have an effect on its 

population. The collector captured crabs using a hand-held net in the beach during the ebb tide. 

   Adult mitten crabs (i.e., sexually mature ones) can be easily selected. Crabs which appeared in 

the tidal areas (sea coast and lower tidal river) in the reproductive season are generally all adults 

which have migrated downstream from freshwater rivers for mating and oviposition (Kobayashi 

2003).

Measurement

All collected crabs were sexed and their greatest carapace widths (CW) were measured to 

analyze the composition of adult crabs. Some of these crabs were used for the analysis of relative

growth patterns, and the parameters measured were carapace length (CL), greatest height of 

chela propodus (CPH) and merus length of the third walking legs, which are the longest segment 

of the longest walking leg (leg merus length, LML). All measurements were conducted using 

vernier calipers to the nearest 0.1mm (Fig. 2). 
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   Size-frequency histograms were constructed using CW in each sex for both species. As for E. 

japonica, cohorts were identified using the Electric Length Frequency Analysis (ELEFAN I) 

routine of the FISAT II package (FAO 2002), based on modal progression analysis of size-

frequency data using Bhattacharya’s method. Mean CW (±SD) was calculated for each identified

size group. Kobayashi (2011) has already confirmed that these groups are not instars but cohorts,

which settled in different seasons and years, and attained maturity at different ages. The growth 

pattern of E. japonica in the river phase showed that the CW size in each cohort during the 

reproductive season corresponded well with the size range of divided groups of adults in the tidal

area. 

   The distribution of the plumose setae on chelae was also recorded and classified as previously 

described (Kobayashi and Matsuura 1993) into the following stages (Fig. 3 and 4): Stage I, setae 

absent or fine and only sparsely distributed; Stage II, setae densely distributed, but only on the 

outer lateral propodus and dactylus; Stages III, IV and V, the setae area progressively extends to 

the inner lateral side. In Stage III, the setae extend only to the area around the proximal end of 

the dactylus. In Stage IV, the seatae area extends to the central part of the inner lateral side of the 

propodus. In Stage V, a setae tuft occurs on the dorsal side, with most of the surface area of the 

propodus and dactylus being covered with setae. These area of setae on the outer and inner sides 

is connected on the ventral side of the propodus. Setae growth and the increase of the growth 

area were nearly continuous between stages. In the present survey, an additional stage was 

categorized for the discrimination of E. ogasawaraensis (Figs. 4 and 5); and was described as 

Stage IV+. In this new stage a tuft of setae occurs on the dorsal side that covers most of the 

surface area of the propodus and dactylus, but here the area of setae on the outer and inner sides 

is not connected in the ventral side of the propodus (Kobayashi 2005; Komai et al. 2006). This 

stage could be also confirmed in E. japonica. The occurrence of these stages within a population 
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of E. japonica has been reported in Kobayashi and Matsuura (1993). Both species are 

symmetrical and homochelous under normal conditions (no autotomy nor regeneration); thus, 

only the right chela and only right legs of symmetrical crabs were measured. The growth phases 

of cheliped and walking legs were divided according to Kobayashi (1999a) for cheliped and 

Kobayashi (2002) for ambulatory legs. In addition, regression lines were fitted using the least 

squares between CL and CW, CW and CPH and CW and LML for each growth phase after log 

transformation: Log Y = a Log X + b; X = CL, Y = CW in CL vs. CW relationship; X = CW, Y = 

CPH or LML in CW vs. CPH and CW vs. LML relationships. Allometric growth type can be 

categorized by the value of a; negative allometry (a < 1), isometriy (a = 1) and positive allometry

(a > 1) after the method reviewed by Tessier (1960) and Hartnoll (1982). Therefore, the 

differences from isometry (a = 1.000) were tested using the Student’s t-test in each regression 

line, and the growth rules of each organ were confirmed in both sexes for both Eriocheir species.

RESULTS

Carapace width range

The carapace width (CW) of Eriocheir ogasawaraensis collected in the present survey ranged 

from 67.1 to 106.6 mm in males (n = 12, mean ± standard deviation = 81.5 ± 12.2) and from 70.9

to 95.8 mm in females (n = 9, 82.6 ± 8.4). That of E. japonica varied from 33.0 to 79.8 mm in 

males (n = 172, 49.1 ± 9.4) and from 35.1 to 71.1 mm in females (n = 152, 51.4 ± 7.2) (Fig. 5). 

The mean carapace width of E. ogasawaraensis was 1.65 and 1.61 times larger than E. 

japonica’s. The standard deviation was larger in males than in females, and minimum and 

maximum adult sizes were found in males similarly in both species. 

   Adult E. japonica were composed of six cohorts in males (M1-M6) and four cohorts in females

(F1-F4). A coincidence of mean CWs between the sexes was found in four pairs of cohorts; M2 
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and F1 (43.5 and 43.0 mm), M3 and F2 (50.3 and 50.0 mm), M4 and F3 (57.1 and 57.5 mm) and 

M5 and F4 (64.3 and 64.2 mm), suggesting that each pair had the same age. This result agreed 

with the presumption that a sexual difference in the growth pattern is small for the freshwater 

phase (Kobayashi 2011). The predominant cohort was M2 (36.6%) in males and F2 (39.6%) in 

females, and the mean CW of the former was smaller than that of the later.

Carapace length vs. Carapace width relationship

   The relationship between carapace length (CL) and carapace width (CW) in both species is 

shown in Fig. 6. Regression lines were fitted on a normal logarithmic scale for each sex in both 

species. All regressions were highly significant (F-test, P < 0.0001) and the growth rule was 

different between sexes in each species; males were isometric (a = 1.019) but females were 

negative allometric (a = 0.975) in E. japonica, while males were positive allometric (a = 1.095) 

but female were isometric (a = 1.001) in E. ogasawaraensis (Table 1). The slope in males tended 

to be steeper than that in females in both species. There was no significant difference in intercept

between the sexes in E. japonica (ANCOVA, P > 0.05), but a significant difference was detected 

in E. ogasawaraensis (P < 0.05). The carapace of large males tended to be slightly wider than 

that of females in E. ogasawaraensis. In addition, E. ogasawaraensis had a significantly wider 

carapace than E. japonica in both sexes (P < 0.0001 in the intercept in both sexes, Table 2).

Setae growth pattern and carapace width vs. chela propodus height relationship

The setae growth pattern on the chelae evidently differed between sexes in E. japonica. In males,

four stages occurred; Stage III, Stage IV, Stage IV+ and Stage V, while in females, there was 

only 1 stage; Stage III (Fig. 7a, b). In males, the relationship between carapace width and chela 

propodus height indicated the presence of two different allometric growth phases divided by a 

discontinuity; Stages III and IV form a single linear phase (phase 1), and Stages IV+ and V an 

additional linear phase (phase 2). The boundary between the two phases existed in 52-60mm 
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CW; relative chela size and setae growth pattern changed in this size range. The two phases 

applied to male cohorts indicated in Fig. 5b; phase 1 and phase 2 corresponded with cohorts M1-

M3 and M4-M6, respectively. Thus larger male crabs (cohorts M4-M6) tended to have larger 

chelae with dense setae while smaller male crabs (cohorts M1-M3) had smaller chelae with 

sparse setae. In the females, only one phase was confirmed; Stage III shows a single linear phase.

As for E. ogasawaraensis, two setae stages occurred in each sex and the sexual difference was 

small; Stages IV and IV+ in males, and Stages III and IV in females (Fig. 7c, d). In both sexes, 

one growth phase was confirmed from the relationship between chela propodus height and 

carapace width. Consequently, the setae growth area of male E. ogasawaraensis was nearly an 

intermediate type of large and small male E. japonica. Furthermore, female E. ogasawaraensis 

had a larger setae growth area than female E. japonica.

   Regressions were fitted on a normal logarithmic scale for the two phases (phase 1 and 2) in 

male and one phase in female in E. japonica, and one phase for each sex in E. ogasawaraensis 

(Fig. 7e). All regressions were highly significant (F-test, P < 0.0001). The growth rule was all 

positive allometry in phases 1 and 2 male (a = 1.314 and 1.201) and female (a = 1.182) of E. 

japonica, and males (a = 1.302) and females (a = 1.064) of E. ogasawaraensis. The slope tended 

to be steeper in males than in females in both species (Table 1). Significant differences were 

detected between the phases of different sexes in both species (ANCOVA, Table 2). Regarding 

E. japonica, slope and Y-intercepts differed significantly (P < 0.05 and P < 0.001) between the 

regression for phase 1 males and that for females. The Y-intercepts differed significantly (P < 

0.001) between the regression for phase 2 males and that for females. For males, there was a 

significant difference in the Y-intercepts (P < 0.001) between two-phase regressions. In E. 

ogasawaraensis, the Y-intercepts differed significantly between the regression for males and that 

for females (P < 0.001). Comparison between the same sexes of the two species examined 
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showed significant differences between phase 2 male E. japonica and male E. ogasawaraensis 

(P < 0.01 at the intercept) and between female E. japonica and female E. ogasawaraensis (P < 

0.05 at the intercept). However, no significant difference was detected between phase 1 male E. 

japonica and male E. ogasawaraensis, showing that the regression line of male E. 

ogasawaraensis is nearly on the extending lines of small-sized male E. japonica. The relative 

chela size of male E. ogasawaraensis was slightly larger than in small male E. japonica, because

the regression line of phase 1 male E. japonica was positive allometric (1.314). Therefore, male 

E. ogasawaraensis were much larger than E. japonica in carapace size, but had relatively smaller

chelae than large male E. japonica and had slightly larger chelae than small male E. japonica. 

Female E. ogasawaraensis had relatively larger chelae than female E. japonica. Consequently, 

the sexual difference of E. ogasawaraensis was smaller than that of E. japonica.

Carapace width vs. merus length of ambulatory legs relationship

The relationship between carapace width (CW) and ambulatory leg merus length (LML) is 

shown in Fig. 8. Regressions were fitted on a normal logarithmic scale for each sex in both 

species. All regressions were significant (P < 0.001 or 0.0001) and the growth rule was negative 

allometry only in male E. japonica (a = 0.775) and isometry in female E. japonica and E. 

ogasawaraensis of both sexes (0.939, 0.905 and 0.965)(Table 1). Thus in E. japonica small 

males had relatively long legs compared to large males. Males had relatively longer legs than 

females in E. japonica, and significant difference was detected between the regression lines 

(ANCOVA, slope P < 0.01, intercept P < 0.001). On the other hand, no significant difference was

detected between the sexes (ANCOVA, P > 0.05) in E. ogasawaraensis. In addition, E. 

ogasawaraensis has relatively shorter legs than E. japonica of both sexes, and significant 

differences were detected between the regressions of the same sexes (ANCOVA, slope P < 0.05, 

intercept P < 0.0001 for male, intercept P < 0.0001 for female, Table 2). 
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DISCUSSION

Body size

To highlight the particularity of E. ogasawaraensis among congeneric species, the carapace-

width (CW) range of adults occurring in the tidal area (reproductive area) was compared between

three Eriocheir species in Table 3. This table includes the records of E. ogasawaraensis in 

Chichi-jima, E. japonica from several Japanese populations and a continental population in Far 

East Russia, and a third species, E. sinensis, which has adapted to the continental environment 

and is genetically close to E. japonica. Although mean carapace width varied at each collection 

site of the same species, this was probably affected by the difference in the collecting methods 

and seasons, environmental conditions, fishing pressure, and status as invasive or native in each 

area. Kobayashi and Vazquez-Archdale (2016) documented that mean size of adult crabs 

collected by traps tends to be larger than that of crabs collected by hand, and concluded that 

collecting by hand-net is more representative of the distribution pattern of crabs. Most data, 

except the present data, were obtained by traps and probably includes data bias from the 

sampling method. 

  There is little available information about the adult size range for each Eriocheir species, but 

the size range of E. ogasawaraensis is evidently larger when compared to the E. japonica and E. 

sinensis recorded so far. The mean CW was ca. 45-60mm in E. japonica, and ca. 50-70mm in E. 

sinensis. While in E. ogasawaraensis, it was over 80mm in both sexes, and the maximum male 

size was 121mm, which is the largest among Eriocheir species (Yamamoto 2002). Although E. 

ogasawaraensis have carapaces with relatively wider widths, adult crabs also have overall larger 

body size.
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   The reason why mitten crabs grow so large in the Ogasawara Islands has remained a mystery. 

However, the phenomenon that terrestrial animals inhabiting isolated small islands undergo 

considerable body size changes has been known as the ‘Island rule’ (Foster 1964; Lomolino 

2005). The Island rule has been widely applied among vertebrates, but rarely among 

invertebrates. This rule involves two different evolutionary trends; large animals become smaller 

(island dwarfism) and small animals become larger (island gigantism). These evolutionary trends

are explained by poor biodiversity (simple food web structure) within isolated islands; small 

animals as food resources promoted the evolution of large carnivors towards reduced body size, 

and conversely small animals gain larger body size because large predators are very rare or 

absent. As for gigantic invertebrates inhabiting islands, we can cite the examples of the 

Madagascar pill-millipedes (Diplopoda, Sphaerotheriida, Arthrosphaeridae; Wesener et al. 2010) 

and the coconut crab Birgus latro (Linnaeus) (Gan et al. 2008; Drew et al. 2010). Similar 

gigantism evolved under a simple food web structure is also found in some deep-sea benthos 

animals (McClain et al. 2006) and alien estuarine invertebrates in their introduced regions 

(Grosholz and Ruiz 2003). The case of the Ogasawara mitten crab may be also applicable to this 

rule, considering the original simple food web structure found in the Ogasawara Islands.    

  Eriocheir has evolved to invade freshwater river environments where competitive species are 

rare, and to utilize new habitats to growth, which may have selected for generally larger body 

size. Among varunid crabs, species remaining in the tidal river area without diadromous 

migration are generally small (e.g., Neoeriocheir leptognatha (Rathbun)). The high fecundity 

owing to the large size compensates the cost of catadromous migration and loss of post-puberty 

molting growth after reaching the tidal area (Kobayashi 2012). In E. japonica, individuals that 

migrate upstream for long distances and spend longer time in the freshwater habitat tend to grow 
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larger (Kobayashi 1999c). Thus, adaptation to the freshwater environment correlates with 

developing a large body size at least for E. japonica. 

  An interesting characteristic of E. ogasawaraensis, is an expansion of its ecological niche from 

an aquatic life to a terrestrial environment. It may be induced by the lack of predators or 

competitive species combined with the small amount of water flowing in the rivers in the 

Ogasawara Islands. Kobayashi (2005) and Kobayashi and Satake (2009) have recorded active 

locomotion of adult E. ogasawaraensis in the terrestrial environment. Compared to the 

freshwater environment, where diadromous animals occasionally invade, the abundance of crab 

predators can be much lower on land, promoting evolution of gigantism. The sesarmid crab 

Chiromantes magnus Komai and Ng, endemic to the Ogasawara Islands, occurs in terrestrial 

habitats and is also gigantic compared to its related Japanese mainland congener, C. dehaani (H. 

Milne-Edwards) (Kobayashi and Satake, 2009; Komai and Ng 2013).

  Environmental factors in the Ogasawara Islands are also suited for gaining large body size. 

First-instar crabs of E. ogasawaraensis are ca. 2 mm in carapace width, similar to E. japonica 

(Kobayashi and Satake 2009). However, the sub-tropical climate in Ogasawara may accelerate 

growth rates. In temperate area of Japan, the growth rate of E. japonica is relatively low under 

low temperature and crabs stop molting growth in winter, when the water temperature drops 

below 10ºC (Kobayashi 2003). There is no such molt resting season in Ogasawara and crabs may

grow larger quickly if they maintain their high growth rate all year round.

   Their feeding habits may also have influenced the evolution of large body size. Their 

nourishment is biased towards the vegetable food containing persistent plant fiber provided in 

these oceanic islands. The amount of water flow is very small in most rivers in the Ogasawara 

Islands, and large fishes or other prey, which can provide rich animal proteins, are absent in the 

freshwater area. Meanwhile, freshwater rivers are mostly shaded by subtropical trees, so their 
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fallen leaves and dead wood densely accumulates on the bottom of these rivers. An increasingly 

herbivorous feeding habit could select for the growth of the digestive organ (mid-gut gland in the

case of crabs) to help increase the assimilation rate of plant fiber. Large species are often 

herbivorous among terrestrial or semi-terrestrial crabs (Wolcott and O’Connor, 1992).

   In the Ogasawara Islands, various alien species have recently invaded and endanger the 

existence of endemic species. Many non-indigenous carnivorous animals have been introduced 

by human activities, and are eating small animals and altering environmental conditions 

(Kanagawa Prefectural Museum of Natural History 2004). The evolution of large body size in E.

ogasawaraensis may be closely connected with a simple food web structure, but the recent 

decrease in the population of E. ogasawaraensis may be related to the increase of alien 

carnivores.

Sexual dimorphism

Sexual dimorphism was not as apparent in adult E. ogasawaraensis as in adult E. japonica. In 

addition, the growth phase dimorphism of adult males recognized in E. japonica was absent in E.

ogasawaraensis. Although the body size of adult E. ogasawaraensis was much larger than that of

adult E. japonica, the cheliped of male adult E. ogasawaraensis differed from that of large male 

E. japonica, but was similar to the slightly-enlarged form found in small male E. japonica. It has 

been reported that E. japonica from other areas in Japan (Kagoshima Prefecture, southern part of

Kyushu) and E. sinensis in France also exhibit evident sexual dimorphism and adult male 

dimorphism (Kobayashi and Matsuura 1993; Hoestlandt 1948). The cause of sexual dimorphism 

in animals has been explained by the hypothesis of sexual selection and ecological niche 

deviation (Emlen et al. 2005). 

  According to the research on E. japonica so far, it has been strongly suggested that the marked 

difference between the sexes in the adult phase of E. japonica is related to its mating behavior 
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(Kobayashi 1999a, 1999b). Mating in E. japonica is only carried out during their hard-shell 

condition; and their terminal molt is already completed in the freshwater phase, before migrating 

downstream to the sea area and their shell has hardened (Kobayashi 1999b). Males approach 

females without any regular pre-copulatory behavior; soon after which they grasp and mount 

females, thus beginning copulation. After releasing each other, the male grasps the female from 

its backside for at least several hours (post-copulatory guarding). When other males approach the

formed pair and drove the guarding male away, the female usually accepts copulation with a new

male. Therefore, the large chelipeds and long walking legs are advantageous to males for 

defending their mates against competitors and securing the paternity of the eggs. Sexual 

dimorphism and dimorphism in the male adult phase can be explained by sexual selection; these 

male traits could have evolved to increase male mating success (Kobayashi 1999a, 1999b).   

   Evolution of the polymorphism of adult male traits has been observed in several taxa under 

strong mate competition. In these polymorphs, the different morphotypes have different 

alternative mating behaviors (Andersson 1994). Among brachyuran crabs, male chela 

polymorphism similar to E. japonica is known in several majid species such as Libinia 

emarginata Leach, Chionoecetes opilio (O. Fabricius), and Maja brachydactyla (Balss). They are

often accompanied by an alternative mating strategy. Behaviors including mobility and timing of 

maturation are different between two morphotype males to maximize their reproductive success 

(Laufer at al. 1994; Elner and Benninger 1995; Corgos et al. 2006; Sainte-Marie et al. 2008). 

   In the case of E. japonica, the range of adult CWs nearly overlapped between the sexes, but 

those of males were larger than those of females. Exactly two additional cohorts, one small-sized

cohort (M1) and one large-sized one (M6), were added to four cohorts common in both sexes 

(M2-M5, F1-F4) in the adult males. This result suggests that the mating strategy widely varies 

among males. The difference in the mating behavior between the two types of male E. japonica 
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has not been clearly confirmed, but small crabs with small chelipeds can attain high mating 

success because the proportion is very large within a population (Fig. 5b; Kobayashi 1999a, 

2011). It may be related to their mobility. Smaller males have relatively long ambulatory legs, 

suggesting that they have a higher locomotion activity that is advantageous in searching for 

mates. 

  A recent study revealed that the variation of adult size was derived from variation of age at 

maturity (Kobayashi 2011). Mitten crabs which attained maturity through a puberty molt in the 

freshwater area (growth phase) soon migrate downstream to the tidal area and start reproducing. 

They die after one reproductive season without any molting growth in the sea (reproductive 

phase). Therefore, their adult size when collected in the sea is their mature size. In addition, large

adult males with large chelipeds (cohorts M4-M6) are estimated to be 1 or 2 years older than 

small adult males with small chelipeds (cohorts M1-M3) (Kobayashi 2011). Large males spent a 

long time for growth in the river phase, and their maturation was evidently delayed.

   As for E. ogasawaraensis, the CW range of adult males was larger than that of adult females, 

but the sexual difference was small when compared to E. japonica. The difference in cheliped 

size and the setae growth pattern was present but small, and there was no difference in the length 

of the ambulatory legs. This may be related to some particular environmental factors found in the

Ogasawara Islands, which are different from those of mainland Japan, and differences in the 

mating behavior between these two species. The population of E. ogasawaraensis has been 

isolated within a narrow area of the Ogasawara Islands; this species is so far recorded from only 

four main islands, Chichi-jima (24.0 km2), Haha-jima (20.8 km2), Ani-jima (7.9 km2) and 

Otouto-jima (5.2 km2) (Komai et al. 2006, Fig. 1). In these islands, the few rivers where E. 

ogasawaraensis grows during its juvenile phase are very short (less than several km), and mitten 

crabs are sparsely distributed in these rivers (Kobayashi 2005; Kobayashi and Satake, 2009). 
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Their reproductive area is also limited in the narrow area of the beaches in these small islands. 

Crabs do not need to migrate for such long distances as E. japonica in Japan’s mainland. The 

total number of the crabs distributed in these rivers is limited because of the narrow habitat area. 

The population density of E. ogasawaraensis observed in the beaches of Chichi-jima Island was 

very low (Kobayashi 2005) and competition for mates may not be so strong as in E. japonica. 

The presence of the sexual dimorphism in E. ogasawaraensis suggests that the large chelipeds 

are advantageous for males during mating, but the degree is not so strong as that found in E. 

japonica. Research on the mating behavior and mating systems could help provide further insight

into differences between the mainland and island species. 

 Alternately, genetic drift or a founder effect may be linked with the difference. Because the 

Ogasawara Islands have never been located in the close proximity of the Japanese mainland or 

the Asian continent, a strong bottle-neck effect may have created the divergence among these 

populations. Recent analysis of genetic distances among Eriocheir species showed that E. 

ogasawaraensis has genetically departed from other species of Eriocheir sensu strict (E. 

japonica, E. sinensis and E. hepuensis Dai)(Xu et al., 2009). It suggests that the period when the 

E. ogasawaraensis population separated from the ancestral Eriocheir population around the 

continental area was earlier than the period when other Eriocheir species were divided. The poor 

morphological differentiation of E. ogasawaraensis may be the ancestral character of mitten 

crabs before their adaptation to the freshwater environment in long rivers. 

  Eriocheir ogasawaraensis was described as a new endemic species from the evident difference 

of morphology and genetic status from E. japonica in 2006 (Komai et al. 2006), and little is yet 

known about its ecology except its distribution area and catadromous migration. In addition, 

little information is available regarding mitten crabs distributed on subtropical islands 

comparable to the Ogasawara, e.g., E. japonica on the Ryukyu Islands. The Ryukyu Islands are 
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continental islands located at nearly the same latitude as the Ogasawara Islands with a similar 

subtropical environment (Fig. 1). Further research on the ecology of E. ogasawaraensis is 

necessary for the conservation of this unique endemic species.
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TABLE 1 Allometry analysis between pairs of transformed morphological variables (independen
t variable vs. dependent variable): log (carapace length, CL), log (carapace width, CW), log 
(chela propodus height, CPH), log (leg merus length, LML)
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TABLE 2. Results of analysis of covariance between growth-phase regression lines of Eriocheir ogasawaraensis 
collected in Chichi-jima, Ogasawara and Eriocheir japonica collected in Tsuyazaki, Fukuoka Prefecture
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TABLE 3. Carapace width range of adult crabs in each population of three Eriocheir species.
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FIGURE 1. Map of the Ogasawara (Bonin) Islands and the Japanese mainland, showing 

collection sites of mitten crab species.
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FIGURE 2. Position of measurements: CW, carapace width; CL, carapace length; CPH, chela 

propodus height; LML, third ambulatory leg merus length.
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FIGURE 3. Distribution patterns of setae growing on the propodus and dactylus of shaved right 

chela from the inner lateral face (a), dorsal face (b) and ventral face (c) for Stages I-V, previously

categorized in Eriocheir japonica collected in the mainland of Japan and Stage IV+, newly 

categorized for Eriocheir ogasawaraensis from the Ogasawara Islands. The shaded part shows 

the area covered with setae.
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FIGURE 4. Photographs of each stage of setae distribution on chelipeds of adult Eriocheir 

japonica (a-d) and Eriocheir ogasawaraensis (e, f): a, Stage III; b, Stage IV; c and d, Stage V; e 

and f, Stage IV+. a, b, c and e,  inner lateral side view; d and f, ventral view.
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FIGURE 5. Carapace width frequency distribution of adult Eriocheir ogasawaraensis collected 

in Ogasawara (Bonin) Islands (a), and adult Eriocheir japonica collected in Tsuyazaki Beach 

with normal distributions applied (curves with cohort number) and mean values (triangular 

symbols)(b).
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FIGURE 6. Relationship between carapace length (CL) and carapace width (CW) of adult 

Eriocheir japonica and Eriocheir ogasawaraensis (a), and regression lines for CW relative to CL

of each species (b). Axes are normal logarithmic.
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FIGURE 7. Relationship between carapace width (CW), chela propodus height (CPH) and stages

of setae distribution on the chela of adult Eriocheir japonica (a, b) and Eriocheir 

ogasawaraensis (c, d), and regression lines for CPH relative to the CW of each species (e). Axes 

are linear (a-d) and normal logarithmic (e).
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FIGURE 8. Relationship between carapace width (CW) and third leg merus length (LML) of 

adult Eriocheir japonica and Eriocheir ogasawaraensis (a), and regression lines for LML 

relative to CW of each species (b). Axes are normal logarithmic.
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