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Abstract　　A specimen of Hippa adactyla Fabricius, 1787, was collected from Blanche Bay, Papua 
New Guinea. Nuclear 18S and mitochondrial 16S ribosomal RNA gene sequences were examined for 
interspecies and intraspecies comparisons. The result suggests some genetic similarity and diversification 
of this species distributed widely in the Indo-Pacific. We also report a local culture of eating the animal 
under the name “Gum Gum”. This is a pioneering report on the genetic perspective and fishing of a mole 
crab in southwest Pacific.
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INTRODUCTION

　　Mole crabs are benthic crustaceans of the family Hippidae (Anomura, Hippoidea) widely distributed 
on intertidal and shallow subtidal sandy ocean beaches. They include the following three genera: 
Emerita, Hippa, and Mastigochirus. As reviewed by Boyko and McLaughlin (2010) and supported by 
recent molecular works by Roterman et al. (2013) and Bracken-Grissom et al. (2013), all morphological 
and molecular phylogenetic studies show that the Hippoidea is monophyletic and that the taxon is the 
basal taxon in the extant Anomura. Within the Hippoidea, the monophyletic status of Albuneidae, 
Blepharipodidae, and Hippidae is supported by their morphological (Boyko and Harvey, 2009) and 
molecular analyses (Bracken-Grissom et al., 2013). However, the monophyly of the above-mentioned 
three genera in the Hippidae is still unclear. A molecular phylogeny of the mitochondrial 16S ribosomal 
RNA and cytochrome c oxidase subunit 1 gene sequences from nine species of Emerita and one of 
Hippa placed Hippa pacifica in a clade of Emerita (Haye et al., 2002).
　　In South Africa, relatively large-scale fishing of the mole crabs Emerita austroafricana and Hippa 
ovalis is practiced (Kyle et al., 1997). Emerita emeritus has been caught for food at Phuket, Thailand 
(Janekorn, 1982, after Ingole et al., 1998). Hippa adactyla, with the local name “Ourudom”, is 
considered a medicinal food on the Kavaratti atoll, Lakshadweep Islands, southern India (Ingole et al., 
1998). Also in Japan, H. adactyla is commonly caught for local food in the Amami Oshima Islands under 
the local name “Gumyi” (N. Hisashi, personal communication) or “Kamenkua” (Fuji Television, 2006) 
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and at Nakijin Village, northern Okinawa Island, under the local name “Sunagame” (TV Asahi, 2010). 
Around Papua New Guinea, crustacean fishing in the South Pacific islands has been well reviewed by 
Dalzell et al. (1996); however, fishing of mole crabs was not mentioned in this review.
　　To obtain further information on phylogenetic status, genetic diversity, distribution, and food 
culture, we analyzed two DNA markers—nuclear 18S ribosomal RNA (18S) and mitochondrial 16S 
ribosomal RNA (mt16S) gene sequences—in a specimen of H. adactyla from Papua New Guinea. We 
performed interspecies and intraspecies comparisons with previously described sequences of Hippidae.

MATERIALS AND METHODS

　　A male specimen of H. adactyla was caught by a local fisherman at Karavia Bay, indenting the 
western part of Blanche Bay, East New Britain, Papua New Guinea (4°17′56″S, 152°9′48″E) on 
February 3, 2015. The specimen was fixed in 70% ethanol and held at room temperature. Genomic DNA 
was extracted by a standard proteinase K/sodium dodecyl sulphate (SDS)/phenol-chloroform procedure 
from approximately 1 mm³ fixed muscle that was surgically picked from the left first pereopod. 
Polymerase chain reactions were performed with KOD FX Neo (Toyobo Co., Ltd., Osaka, Japan) 
according to the manufacturer’s standard protocol. Two primer sets, eukaryotic primers for 18S (Moon-
van der Staay et al., 2000) and 16SA/16SB (Xiong and Kocher, 1991), for the nuclear 18S ribosomal 
RNA gene (18S) and mitochondrial 16S ribosomal RNA gene (mt16S) sequences, respectively, were 
used. The three-step cycling conditions were as follows: initial denaturation for 2 min at 94°C; 30 cycles 
of 10 s at 98°C, 30 s at 52°C, and 90 s at 68°C; and a final extension for 5 min at 68°C. PCR products 
were purified with a High Pure PCR product purification kit (Roche Diagnostics GmbH, Mannheim, 
Germany). Fragments were sent to Macrogen Japan Corp. (Tokyo) for sequencing. Sequence data were 
aligned with ClustalW 2.1 (Larkin et al., 2007). Maximum likelihood approaches under a general time-
reversible model were performed with MEGA v. 5.2 (Tamura et al., 2011). A comparative specimen of H. 
pacifica (H. marmorata) was caught at Iejima, Okinawa, Japan (26°42′53″N, 127°49′50″E) on April 26, 
2015 and analyzed by the same procedure. Comparative 18S and/or mt16S sequences of Hippa and 
Emerita are shown in Table 1. Same superfamily two Albuneidae species, Albunea gibbesii (KF182440, 
KF182558; Bracken-Grissom et al., 2013), and Paraleucolepidopa myops (KF182441, KF182560; 
Bracken-Grissom et al., 2013) were also obtained from previous studies as outgroups.

RESULTS AND DISCUSSION

Morphology
　　The specimen (Fig. 1A) that has a carapace with three median lobes in the frontal margin, well-
developed lateral frontal lobes, submarginal row of setose pits (N = 49), fine transverse grooves, dactylus 
of pereopods II and III with anterior margin cut into right angles, and antennal flagellum with four 
articles, was identified as H. adactyla Fabricius, 1787, based on Boyko and Harvey (1999). It was an 
adult male, 26.1 mm long and 22.5 mm wide in the carapace. The carapace and the abdomen were 
generally grayish dark brown with pale orange marks in living condition. The specimen was deposited in 
Hiroshima University Museum as voucher HUM-C-021. The comparative specimen (Fig. 1B) that has a 
carapace with two median lobes in the frontal margin, about equally projecting lateral frontal lobes, 
submarginal row of setose pits (N = 38), and antennal flagellum with two articles, was identified as H. 
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pacifica based on Boyko and Harvey (1999). It was an adult female, 12.0 mm long and 9.7 mm wide in 
the carapace. The specimen was deposited in Hiroshima University Museum as voucher HUM-C-022.

Fishing practices
　　The estuaries at the collection site consist of black volcanic sand, few coral reefs and mangroves. 
Native Tolai people caught mole crabs from the intertidal and shallow subtidal sand bottom by their foot 
and hand. They told me their variety of recipes for cooking the animal, for example just boiling and 
frying with oil or coconut milk. They said that spit roasting was the best and it could be eaten whole, 
shell and all. The people spoke not only English and Tok Pisin, official languages of Papua New Guinea, 
but also their own language, Kuanua. They called the mole crabs “Gum Gum” as a species of “Kuka”, 
meaning crab in Kuanua and Tok Pisin. Some species of small true crabs were also caught in the same 
area, although these were used not for food but for fishing bait.
　　As mentioned in the Introduction, the eating culture and fishing of mole crabs are known in the 
India and Japan. Our result suggests a wide geographical distribution of them in the Indo-Pacific. To 
what extent and how the culture diffused will be future research questions.

Molecular analysis
　　PCR fragments, 1895 bp for 18S and 561 bp for mt16S, were well amplified from the specimen of 
H. adactyla, and the analyzed sequences, 1800 bp for 18S and 521 bp for mt16S, were deposited in
GenBank under the accession IDs LC052326 and LC052327, respectively. Those of analyzed H. pacifica
were LC055145 and LC055144.

Figure 1.  (A) An adult male specimen of Hippa adactyla collected in Papua New Guinea. (B) An adult female 
specimen of H. pacifica collected in Japan, showing dorsal (d) and ventral (v) sides. Ethanol fixed. Scale 
bar, 10 mm.
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　　These sequences did not completely match others in GenBank by BLAST search. However, the 
phylogenetic results from both 18S and mt16S, 1683bp and 291 bp showed close relationships with 
known sequences of Hippa species (Fig. 2). The topology of the 18S tree showed that the two genera 
Emerita and Hippa split into two clades with high bootstrap support. The mt16S tree also showed a clade 
of Hippa with relatively high bootstrap support, but a clade of Emerita was obscure. These results are 
not inconsistent with the morphological classification based on the monophyly of each genus, unlike the 
results of Haye et al. (2002). However, sufficient comparable sequences of Hippa species have not yet 
been deposited enough in GenBank (which now contains sequences of only two species), and no 
sequence of Mastigochirus has been analyzed yet. Future molecular studies of Hippa and Mastigochirus 
species may clarify the genetic monophyly of these genera.
　　The mt16S sequence of H. adactyla from Papua New Guinea was identical to that of H. adactyla 
KJ132557 (Tsang et al., 2014) collected at Nan’ao Township, Yilan County, Taiwan (24°26′24.64″ N, 
121°48′24.40″E, by Taiwan National Museum of Natural Science) except for a 66-base deletion in the 
latter sequence; but differed by 52-base substitutions from H. adactyla KF051307 (Roterman et al., 
2013) collected at Durban, South Africa (30°03′00″ S, 30°53′16″E), intertidal zone on a sandy beach, 
September 16, 2003 (C.N. Roterman, personal communication). This H. adactyla KF051307 was close 
to H. pacifica, as shown in Figure 2B. The 18S sequence of H. adactyla from Papua New Guinea also 
differed from that of H. adactyla collected at Durban (KF051278; Roterman et al., 2013) by three base 
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Figure 2.  Molecule-based phylogenetic trees of Hippa adactyla and Hippidae species. (A) Based on partial 18S 
sequence (1683 bp). (B) Based on partial mt16S sequence (291 bp). Two Albuneidae species, Albunea 
gibbesii and Paraleucolepidopa myops, are included as outgroups. Bold lettering indicates new data of this 
article. The topology and branch length of cladograms were produced by maximum likelihood. Numbers 
above branches denote bootstrap support. Codes after species names are GenBank accession IDs.
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substitutions. These facts suggest the following two points: (1) H. adactyla has some genetic 
diversification in 18S and mt16S; and (2) the population of H. adactyla in Taiwan, located in the 
northern hemisphere, has a close genetic relationship with the specimen collected in Papua New Guinea, 
approximately 4,600 km from Taiwan. The latter may be consistent with wide distribution as a single 
population. However, human-mediated introduction can also be considered as an explanation, given that 
our collection site is not far from Rabaul, an important port for foreign fishing vessels where Taiwanese 
ships frequently come into. Future studies of genetic polymorphism among other Indo-Pacific 
populations may clarify the human disturbance of this species.
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Table 1. 18S and mt16S sequences of Hippa and Emerita included in phylogenetic analyses.

Locality
GenBank accession IDs

Publication
18S mt16S

Hippa adactyla South Africa KF051278 KF051307 Roterman et al., 2013
Taiwan - KJ132557 Tsang et al., 2014
Papua New Guinea LC052326 LC052327 This paper 

H. pacifica - - AF246158 Haye et al., 2002
Japan LC055145 LC055144 This paper

Emerita analoga - AF439383 - Perez-Losada et al., 2002
Chile - L43107 Tam et al., 1996
California - L43108 Tam et al., 1996
California - AF246153 Haye et al., 2002
Chile - AF246154 Haye et al., 2002
California - AF425322 Zaklan and Cunningham, unpublished

E. benedicti - - L43109 Tam et al., 1996
Texas - AF246155 Haye et al., 2002

E. brasiliensis - AF439384 - Perez-Losada et al., 2002
Uruguai - L43110 Tam et al., 1996
- - DQ079712 Porter et al., 2005

E. emeritus - AY583971 AY583898 Ahyong and O’Meally, 2004
India - AF246156 Haye et al., 2002

E. holthuisi Dubai - AF246157 Haye et al., 2002
E. portoricensis Puerto Rico - L43111 Tam et al., 1996
E. rathbunae - - JN800539 Bybee et al., 2011
E. talpoida - AY743949 - Babbitt and Patel, unpublished

Massachusetts - L43112 Tam et al., 1996
South Carolina - L43113 Tam et al., 1996
Florida - L43114 Tam et al., 1996
South Carolina - AF246150 Haye et al., 2002
Massachusetts - AF246151 Haye et al., 2002
Florida - AF246152 Haye et al., 2002

生物圏科学研究科研究紀要54.indb   25 2016/01/27   9:13



26 Makoto URATA, Hayato TANAKA and Susumu OHTSUKA

REFERENCES

Ahyong, S. T., O’Meally, D., 2004. Phylogeny of the Decapoda Reptantia: resolution using three molecular 
markers and morphology. Raffles Bull. Zool. 52: 673-693.

Bybee, S. M., Bracken-Grissom, H., Haynes, B. D., Hermansen, R. A., Byers, R. L., Clement, M. J., Udall, 
J. A., Wilcox, E. R., Crandall, K. A., 2011. Targeted amplicon sequencing (TAS): a scalable next-gen
approach to multilocus, multitaxa phylogenetics. Genome Biol. Evol. 3: 1312-1323.

Boyko, C. B., Harvey, A. W., 1999. Crustacea Decapoda: Albuneidae and Hippidae of the tropical Indo-
West Pacific region. In “Résultats des Campagnes MUSORSTOM, Vol. 20  Ed. Crosnier, A., 
Mémoires du Muséum national d’Histoire naturelle Vol. 180, Paris: 379-406 pp.

Boyko, C. B., Harvey, A. W., 2009. Phylogenetic systematics and biogeography of the sand crab families 
Albuneidae and Blepharipodidae (Crustacea: Anomura: Hippoidea). Invert. Syst. 23: 1-18.

Boyko, C. B., McLaughlin, P. A., 2010. Annotated Checklist of Anomuran Decapod Crustaceans of the 
World (Exclusive of the Kiwaoidea and Families Chirostylidae and Galatheidae of the Galatheoidea) 
Part IV-Hippoidea. Raffles Bull. Zool., suppl. 23: 139-151.

Bracken-Grissom, H. D., Cannon, M. E., Cabezas, P., Feldmann, R. M., Schweitzer, C. E., Ahyong, S. T., 
Felder, D. L., Lemaitre, R., Crandall, K. A., 2013. A comprehensive and integrative reconstruction of 
evolutionary history for Anomura (Crustacea: Decapoda). BMC Evol. Biol. 13: 128.

Dalzell, P., Adams, T. J. H., Polunin, N. V. C., 1996. Coastal Fisheries in the Pacific Islands. Oceanogr. 
Mar. Biol.: an Annual Review 34: 395-531.

Fuji Television Network, Inc., 2006. Kuishinbo Banzai, broadcasted on Feb 27. http://www.fujitv.co.jp/
kuishinbo/backnumber/backno_36.html#5642

Haye, P. A., Tam, Y. K., Kornfield, I., 2002. Molecular phylogenetics of mole crabs (Hippidae: Emerita). J. 
Crust. Biol. 22: 903-915.

Ingole, B. S., Sreepada, R. A., Ansari, Z. A., Parulekar, A. H., 1998. Population characteristics of the mole 
crab, Hippa adactyla Fabricius, in the intertidal sediment at Kavaratti Atoll, Lakshadweep Islands. 
Bull. Mar. Sci. 63: 11-20.

Janekorn, W., 1982. Do you know the sand-crab? Thai-Fish. Gaz. 33: 155-168.
Kyle, R., Robertson, W.D., Birnie S.L., 1997. Subsistence shellfish harvesting in the Maputaland Marine 

Reserve in northern KwaZulu-Natal, South Africa: Sandy beach organisms. Biol. Conserv. 82: 173-
182.

Larkin, M. A., Blackshields, G., Brown, N. P., Chenna, R., McGettigan, P. A., McWilliam, H., Valentin, F., 
Wallace, I. M., Wilm, A., Lopez, R., Thompson, J. D., Gibson, T. J., Higgins, D. G., 2007. Clustal W 
and Clustal X version 2.0. Bioinformatics 23: 2947-2948.

Moon-van der Staay, S. Y., van der Staay, G. W. M., Guillou, L., Claustre, H., Medlin, L., Vaulot, D., 2000. 
Abundance and diversity of prymnesiophytes in the picoplankton community from the equatorial 
Pacific Ocean inferred from 18S rDNA sequences. Limnol. Oceanogr. 45: 98-109.

Morrison, C. L., Harvey, A. W., Lavery, S., Tieu, K., Huang, Y., Cunningham, C. W., 2002. Mitochondrial 
gene rearrangements confirm the parallel evolution of the crab-like form. Proc. R. Soc. Lond., B, Biol. 
Sci. 269: 345-350.

Perez-Losada, M., Jara, C. G., Bond-Buckup, G., Porter, M. L., Crandall, K. A., 2002. Phylogenetic 
Position of the Freshwater Anomuran Family Aeglidae. J. Crustacean. Biol. 22: 670-676.

Porter, M. L., Perez-Losada, M., Crandall, K. A., 2005. Model-based multi-locus estimation of decapod 

生物圏科学研究科研究紀要54.indb   26 2016/01/27   9:13



Molecular Identification of a Food Mole Crab 27

phylogeny and divergence times. Mol. Phylogenet. Evol. 37: 355-369.
Roterman, C. N., Copley, J. T., Linse, K. T., Tyler, P. A., Rogers, A. D., 2013. The biogeography of the yeti 

crabs (Kiwaidae) with notes on the phylogeny of the Chirostyloidea (Decapoda: Anomura). Proc. R. 
Soc. B 280: 20130718.

Swadling, P., 1976. Central Province shellfish resources and their utilisation in the prehistoric past of Papua 
New Guinea. The Veliger 19: 293-302.

Tam, Y. K., Kornfield, I., Ojeda, F. P., 1996. Divergence and zoogeography of mole crabs, Emerita spp. 
(Decapoda: Hippidae), in the Americas. Mar. Biol. 125: 489-497.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., Kumar, S., 2011. MEGA5: molecular 
evolutionary genetics analysis using maximum likelihood, evolutionary distance and maximum 
parsimony methods. Mol. Biol. Evol. 28: 2731-2739.

Tsang, L. M., Schubart, C. D., Ahyong, S. T., Lai, J. C., Au, E. Y., Chan, T. Y., Ng, P. K., Chu, K. H., 2014. 
Evolutionary history of true crabs (crustacea: decapoda: brachyura) and the origin of freshwater crabs. 
Mol. Biol. Evol. 31: 1173-1187.

TV Asahi Corporation, 2010. Neighborhood Treasures, broadcasted on June 9. http://www.tv-asahi.co.jp/
nanikore/contents_pre/collection/100609.html

Xiong, B., Kocher, T. D., 1991. Comparison of mitochondrial DNA sequences of seven morphospecies of 
black flies (Diptera: Simuliidae). Genome 34: 306-311.

生物圏科学研究科研究紀要54.indb   27 2016/01/27   9:13



28 Makoto URATA, Hayato TANAKA and Susumu OHTSUKA

パプアニューギニアで食用とされるミナミスナホリガニ 
Hippa adactyla の分子的同定

浦田　慎，田中隼人，大塚　攻

広島大学大学院生物圏科学研究科，
附属瀬戸内圏フィールド科学教育研究センター竹原ステーション，

〒725-0024 竹原市港町5-8-1

要　旨　　パプアニューギニアのラバウル近郊で現地人により採取されたスナホリガニの一種ミナミスナホ
リガニ Hippa adactyla Fabricius, 1787について，核18S及びミトコンドリア16Sリボソーム RNA遺伝子配列
を解析し，近縁種間及び同種内の関係について分子的に比較した。その結果，インド—太平洋域に広く分布
するとされる本種において，パプアニューギニア産個体はインド洋産個体と分子的に異なる一方，台湾産個
体とは極めて近い関係にあることが示された。あわせて，本種を「グムグム（Gum Gum）」と呼んで食用と
する現地の習慣を，他の地域の食習慣とともに紹介した。本稿は，南太平洋域のスナホリガニ類の分子的情
報と，同域での食用採取について，初めて報告するものである。
キーワード：異尾下目，スナホリガニ科，食用，ミナミスナホリガニ，18S，ミトコンドリア16S
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