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Genetic population structure of Sphaeroma wadai Nunomura, 1994 
(Isopoda: Sphaeromatidae) along the Japanese coast

Jun Kitaura, Ryuta Yoshida, Noboru Nunomura

Abstract.̶ DNA sequences from a portion of the mitochondrial 16S rRNA gene 
were used to examine genetic differentiation among the local coastal populations of 
the Japanese wood-boring isopod Sphaeroma wadai Nunomura, 1994. Of the 15 hap-
lotypes identified, only 3 were shared among the sampled localities. The most domi-
nant haplotype was shared by all populations from the Japanese mainland. All haplo-
types identified from Okinawa Island and Iriomote Island were endemic to each 
island. For the Japanese mainland group, the haplotype network showed a star-like 
shape, with rare haplotypes radiating from the central most common haplotype by 
only one or two mutation steps. Haplotypes identified from Iriomote Island were sepa-
rated by many steps from those identified from all other sampled localities, and haplo-
types identified from Okinawa Island were separated by several steps from those iden-
tified from the Japanese mainland. Phylogenetic analyses revealed the existence of 
two lineages: one comprising specimens from Iriomote Island and the other compris-
ing specimens from the Japanese mainland and Okinawa Island. These two lineages 
diverged at an uncorrected p-distance of 9.1%–10.3%, probably representing a differ-
ent species. There were no clear morphological differences between the two lineages 
except for the propodus length of the seventh pereopod of male individuals.

Key words: Genetic structure, 16S rRNA, mtDNA, Japanese wood-boring isopod, morphological 
variation

■ Introduction

The genus Sphaeroma Bosc, 1802 is distrib-
uted worldwide and approximately 40 species 
are reported to date (Boyko et al., 2008). From 
Japan, seven species are known, including S. 
terebrans Bate, 1866; S. sieboldii Dollfus, 
1889; S. retrolaevis Richardson, 1904; S. wadai 
Nunomura, 1994; S. shimantoensis Nunomura, 
2003; S. mukaii Nunomura, 2006; and S. ro-
tundicaudum Nunomura, 2008. Four of the 
seven known species, S. wadai, S. shimantoen-
sis, S. mukaii, and S. rotundicaudum, are con-
sidered endemic to Japan, and they (except S. 
wadai) have been reported only from their type 
localities so far.

The richness of local species might be corre-
lated with their characteristic life forms. The 
life history and population biology of the genus 
Sphaeroma have been studied for several spe-
cies, including S. hookeri Leach, 1814 (Jensen, 
1955; Kouwenberg and Pinkster, 1985), S. 
quadridentatum Say, 1818 (Borowsky, 1996), 
S. rugicauda Leach, 1814 (Harvey, 1969; 
Heath and Khazaeli, 1985), S. serratum Fabri-
cius, 1787 (Harvey, 1969; Kittlein, 1991), S. 
terebrans (Thiel, 1999), S. wadai (Murata and 
Wada, 2002) and S. walkeri Stebbing, 1905 
(Ounifi et al., 2015). Among these, S. terebrans 
and S. wadai show boring habits. Sphaeroma 
wadai is mainly distributed in the inner parts of 
a bay, inhabiting burrows in sandstone and de-
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caying wood, where it completes the reproduc-
tive cycle (Murata and Wada, 2000; 2002). Fe-
males release offspring from the brood pouch 
in their own burrows and live together until the 
offspring grow to a certain stage. Observations 
in tide-simulation tanks have indicated little 
activity outside burrows (Murata and Wada, 
2000), suggesting that adult movement is very 
limited. No early dispersal stage and low active 
dispersal ability of adult would limit gene flow 
among regional populations, resulting in the 
existence of a large number of local species. 
The life history of Sphaeroma terebrans is 
similar to that of S. wadai and is characterized 
by its low active dispersal (Messana et al., 
1994; Thiel, 1999; Messana, 2004). Neverthe-
less, molecular phylogeographic analysis sug-
gests that S. terebrans disperses great distances 
by rafting on floating wood, while the physical 
barriers posed by coastal topography limit the 
gene flow to nearby localities (Baratti et al., 
2005; 2011).

The aim of the present study was to investi-
gate whether the genetic and morphological 
differentiation can be seen among the popula-
tions of S. wadai. We collected specimens 
along the Japanese coasts and determined the 

mitochondrial genes of 16S rRNA (16S) and 
cytochrome c oxidase subunit I (COI), which 
were used in the phylogeographic studies of 
congeneric S. terebrans (Baratti et al., 2005; 
2011). However, the PCR success rate of COI 
was low in the specimens of S. wadai; thus, 
only 16S dataset were analyzed in this study. 
The phylogenetic relationships among six Jap-
anese Sphaeroma species and eight Sphaeroma 
species from the public databases were ana-
lyzed to elucidate the current phylogenetic 
position of S. wadai.

■Materials and Methods

Samples
In total, 323 individuals of S. wadai from 13 

localities (including its type locality, Tanabe 
Bay, Wakayama) from the Japanese mainland 
and the Ryukyu Islands were collected to ex-
amine genetic differentiation (Table 1, Fig. 1). 
In addition, surveys were conducted in Osaka 
(Yodo River and Onosato River), Miyagi 
(Nanakita River, Natori River, and Matsushima 
Bay), and Fukushima (Matsukawa Bay) Pre-
fectures, but no S. wadai individuals were ob-
served.

Table 1. Sampling localities and sample size for Sphaeroma wadai.

Collection locality Locality 
number Latitude Longitude Collection date N

Isumi Riv., Chiba Pref. 1 35°17′N 140°24′E 15/June/2016, coll. by JK 29
Tama Riv., Kanagawa Pref. 2 35°32′N 139°45′E 14/June/2016, coll. by JK 30
Harai Riv., Mie Pref. 3 34°35′N 136°37′E 28/Feb./2016, coll. by JK 30
Uchinoura, Wakayama Pref. 4 33°41′N 135°23′E 13/Feb./2016, coll. by JK 10
Samusaura, Wakayama Pref. 4 33°40′N 135°21′E 13/Feb./2016, coll. by JK 18
Arida Riv., Wakayama Pref. 5 33°4′N 135°7′E 25/Oct./2015, coll. by JK 29
Katsuura Riv., Tokushima Pref. 6 34°2′N 134°34′E 27/Mar./2017, coll. by JK 30
Kamo Riv., Ehime Pref. 7 33°54′N 133°10′E 24/May/2016, coll. by KW 15
Shimanto Riv., Kochi Pref. 8 32°57′N 132°58′E 25/Mar./2016, coll. by JK 20

32°57′N 132°59′E 15/Nov./2016, coll. by KW & AN 10
Kita Riv., Miyazaki Pref. 9 32°36′N 131°41′E 26/Mar./2017, coll. by JK 30
Manose Riv., Kagoshima Pref. 10 31°26′N 130°17′E 27/Mar./2017, coll. by JK 29
Okukubi Riv., Okinawa Is., Okinawa Pref. 11 26°27′N 127°56′E 20/Aug./2017, coll. by JK 30
Urauchi Riv., Iriomote Is., Okinawa Pref. 12 24°24′N 123°46′E 27/Aug./2016, coll. by RY 6
Nakama Riv., Iriomote Is., Okinawa Pref. 13 24°16′N 123°52′E 25–26/Feb./2017, coll. by JK 7

Collector: JK, J. Kitaura; RY, R. Yoshida; KW, K. Wada; AN, A. Nomoto
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Fig. 1. Map of sampling localities for Sphaeroma wadai in Japan and a minimum spanning tree of haplotypes. Circle sizes are 
proportional to haplotype frequency, and each circle is color coded according to locality. Nucleotide substitutions among haplotypes 
are represented by dashes.

Table 2. List of species collected in the present study for phylogenetic analysis of the genus Sphaeroma, along with sampling 
localities and sequence accession number.

Species Collection locality
Latitude/ 
Longitude

Collection date

Accession 
nos.

16S

Sphaeroma wadai 
Nunomura, 1994

Shimanto Riv., Kochi Pref. 32°57′N,132°58′E 25/Mar./2016, coll. by JK LC388436
Uchinoura, Tanabe, Wakayama Pref. 33°41′N,135°23′E 13/Feb./2016, coll. by JK LC388437
Okukubi Riv., Okinawa Is., Okinawa Pref. 26°27′N,127°56′E 20/Aug./2017, coll. by JK LC388438
Nakama Riv., Iriomote Is., Okinawa Pref. 24°16′N,123°52′E 25–26/Feb./2017, coll. by JK LC388434
Urauchi Riv., Iriomote Is., Okinawa Pref. 24°24′N,123°46′E 27/Aug./2016, coll. by RY LC388435

Sphaeroma retrolaevis 
Richardson,1904

Tama Riv., Kanagawa Pref. 35°32′N,139°45′E 14/June/2016, coll. by JK LC388429
Katsuura Riv., Tokushima Pref. 34° 2′N,134°34′E 27/Mar./2017, coll. by JK LC388430

Sphaeroma shimantoensis 
Nunomua, 2003

Shimanto Riv., Kochi Pref. 32°57′N,132°59′E 15/Nov./2016, coll. by KW & AN LC388427

Sphaeroma sieboldii 
Dollfus, 1889

Samusaura, Shirahama, Wakayama Pref. 33°40′N,135°21′E 13/Feb./2016, coll. by JK LC388428

Sphaeroma sp. 1 Kinokawa Riv., Wakayama Pref. 34°14′N,135°10′E 25/Oct./2015, coll. by JK LC388431
Sphaeroma sp. 2 Nadara Riv., Iriomote Is., Okinawa Pref. 24°23′N,123°49′E 25–26/Feb./2017, coll. by JK LC388432

Urauchi Riv., Iriomote Is., Okinawa Pref. 24°24′N,123°46′E 25–26/Feb./2017, coll. by JK LC388433

Collector: JK, J. Kitaura; RY, R. Yoshida; KW, K. Wada; AN, A. Nomoto
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The species used for phylogenetic recon-
structions are listed in Tables 2 and 3. These 
included six newly analyzed sequences from 
different Sphaeroma species (Table 2) and 
eight from public databases (Table 3). The se-
quences of Oxinasphaera tetrodon Schotte & 
Kensley, 2005 and Exosphaeroma truncatitel-
son Barnard, 1940 were also obtained from the 
public database and were used as outgroups.

DNA extraction, PCR amplification, and 
sequencing

Total genomic DNA was extracted from the 
muscle tissue of pereopods using the GenElute 
Mammalian Genomic DNA Miniprep Kit 
(Sigma-Aldrich). Template DNA was amplified 
using the 16S universal primers (16Sar 5′- 
CGCCTGTTTATCAAAAACAT-3′, 16Sbr 5′- 
CCGGTCTGAACTCAGATCACGT-3′, devel-
oped by Palumbi 1996). Touchdown PCR was 
performed using the Qiagen Multiplex PCR 
Kit, and PCR amplification was performed as 
follows. The DNA templates (1–2 μl), 2 μl of 
5×Q-solution, 10 μl of 2× Qiagen Multiplex 

PCR Master Mix, and 0.5 μl of each primer 
(10 μM) were mixed with distilled water to a 
total volume of 20 μl. The cycling conditions 
were as follows: initial heat activation at 94°C 
for 15 min, followed by 9 cycles of denaturing 
at 94°C for 45 s, annealing at 59°C (with 1°C 
decrements each cycle) for 40 s, and extension 
at 72°C for 90 s. Further 30 cycles of denatur-
ing at 94°C for 45 s, annealing at 50°C for 
45 s, and extension at 72°C for 90 s were per-
formed. The reaction was completed with a fi-
nal extension for at 72°C for 10 min. PCR 
products were purified using ExoSAP-IT 
(USB) and sequenced using the ABI BigDye 
Terminator version 3.1 in an ABI Prism 310 
Genetic Analyzer. All final sequences were ob-
tained from both strands for verification.

Estimates of genetic diversity and population 
differentiation of S. wadai

Basic parameters of molecular diversity, such 
as the number of haplotypes, nucleotide 
diversity, and haplotype diversity, were calcu-
lated for each S. wadai population using Arle-

Table 3. List of public data used for phylogenetic analysis of the genus Sphaeroma, along with sequence accession numbers and 
data source.

Species
Accession nos.

Source
16S

Sphaeroma terebrans Bate, 1866 EF445550 Baratti et al. (2011)
EF460859 Baratti et al. (2011)
EF460858 Baratti et al. (2011)
EF460854 Baratti et al. (2011)
EF460857 Baratti et al. (2011)
FJ666124 Baratti et al. (2011)

Sphaeroma sp. EF460853 Baratti et al. (2011)
EF460856 Baratti et al. (2011)
EF460852 Baratti et al. (2011)

Sphaeroma sp. EF460860 Baratti et al. (2011)
Sphaeroma serratum (Fabricius, 1787) KU248278 Wetzer et al. (2018)
Sphaeroma quadridentatum Say, 1818 KU248332 Wetzer et al. (2018)
Sphaeroma quoianum H. Milne Edwards, 1840 KU248333 Wetzer et al. (2018)
Sphaeroma walkeri Stebbing, 1905 KU248198 Wetzer et al. (2018)
Sphaeroma sp. KU248329 Wetzer et al. (2018)

Outgroups 　
Oxinasphaera tetrodon Schotte & Kensley, 2005 KU248226 Wetzer et al. (2018)
Exosphaeroma truncatitelson Barnard, 1940 KU248328 Wetzer et al. (2018)
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quin version 3.5 (Excoffier and Lischer, 2010). 
Estimates of population differentiation were 
obtained from pairwise FST calculations for the 
16S dataset using pairwise difference as a dis-
tance measure. Statistical significance was as-
sessed through 10,000 permutations. All esti-
mates and respective significance values were 
obtained using Arlequin version 3.5. The gene-
alogical relationships among the identified 
haplotypes were represented by a minimum 
spanning tree (Bandelt et al., 1999) obtained 
using PopArt ver. 1.7 (Leigh and Bryant, 
2015). Information on the frequency and distri-
bution of haplotypes was depicted in the net-
work by making circle sizes proportional to the 
haplotype frequency in the total sample and 
color coding them according to their frequency 
in each sampling location. The DNA sequences 
of haplotypes were deposited in DDBJ with ac-
cession numbers LC388646-LC388660.

Phylogenetic analysis
The sequences were aligned using CLUSTAL 

W (Thompson et al., 1994) with default gap 
penalties and then modified slightly by eye. 
Positions that could not be accurately aligned 
were excluded from the data sets, resulting in a 
total of 393 bp (including gaps). Phylogenetic 
relationships were determined using Bayesian 
analysis, implemented in MrBayes v. 3.2 (Ron-
quist and Huelsenbeck, 2003). The model of 
nucleotide substitution that best fit the data set, 
as determined by the software KAKUSAN4 
(Tanabe, 2007) using the Bayesian Information 
Criterion, was HKY＋Gamma. Four Markov 
chains were run under the parameters of this 
model for 5,000,000 generations, sampled ev-
ery 500th generation. The convergence of 
MCMC parameters and effective sample size 
were confirmed by Tracer 1.6 (Rambaut et al., 
2014). The first 10% generations were discard-
ed as burn-in prior to tree building. The poste-
rior probabilities of the phylogeny were deter-
mined by constructing a 50% majority-rule 
consensus of the remaining trees.

Morphological examination
We observed all diagnostic characters com-

monly used to identify Sphaeroma taxa at the 
species level (Harrison and Holdich, 1984; Ja-
cobs, 1987), but there were no characteristics 
which could differentiate the populations. 
Therefore, a stereoscopic microscope was used 
to examine the characteristics showing individ-
ual variations (primarily countable traits; Table 
4) between four individuals (two males and 
two females) from each genetically isolated lo-
cal population identified throughout the study: 
Iriomote Island (Urauchi River), Okinawa Is-
land, Katsuura River and Tama River, and 
Tanabe Bay (Samusaura and Uchinoura). We 
counted the number of the following features: 
tubercles on the dorsal surface of the sixth pe-
reonal somite and pleotelson; flagellar seg-
ments of antennule and antenna; setae on the 
second and third segments of the mandible 
palp; setae on the mesial, middle, and lateral 
lobes of the maxilla; and setae on the inner 
margin of mesial and lateral lobes of pleopods 
1–3. The length-to-width ratio was calculated 
to measure the elongation of the seventh pereo-
pod propodus.

■ Results

Population differentiation and isolation
Unambiguously aligned 485 bp sequences 

from 323 individuals revealed 15 different 16S 
haplotypes defined by 57 variable sites. Haplo-
type and nucleotide diversity were very low, 
except in populations from Tama River, Katsu-
ura River, Shimanto River, Okukubi River, and 
Urauchi River, which showed slightly higher 
haplotype diversities. Among the 15 haplo-
types, only 3 haplotypes (H1, H2, and H8) 
were shared among the localities. One is the 
most common haplotype (H2) shared by 241 
individuals collected from all sampled locali-
ties from mainland Japan and was dominant at 
all sampled localities except Katsuura River. 
The other two haplotypes were shared by two 
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populations in Shikoku and Iriomote Island, re-
spectively. A summary of the distribution of 
haplotypes according to locality is presented in 
Table 5. For samples from the Japanese main-
land, the haplotype network showed a star-like 
shape, with rare haplotypes radiating from the 
central most common haplotype (H2) by one 
or two mutation steps (Fig. 1). The haplotypes 
identified from Iriomote Island (H8 and H11) 
were separated by many steps from those of all 
other sampled localities, and those identified 
from Okinawa Island were separated by several 
steps from those identified from the Japanese 
mainland.

Pairwise FST values for populations from 
Iriomote Island, Okinawa Island, and Katsuura 

River and Tama River were significantly differ-
ent from zero (except Tama River versus Kamo 
River), among which populations from Irio-
mote Island and Okinawa Island showed high 
FST values (Table 6).

Phylogenetic analysis
The resulting tree showed S. wadai to be 

closely related to S. terebrans and its allied 
species (Fig. 2). Sphaeroma wadai from Irio-
mote Island clustered with Sphaeroma sp. from 
Seychelles, forming a sister taxon relationship 
with S. wadai from other sampled localities. 
Sphaeroma sieboldii was found to diverge 
early within the phylogeny, along with S. 
serratum, S. quadridentatum, S. quoianum, S. 

Table 5. Haplotype distribution and estimates of genetic diverstiy of Sphaeroma wadai from 13 sampling localities.

No. Locality　
Haplotype

n
Haplotype 
diversity

Nucleotide 
diversityH1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12 H13 H14 H15

1 Isumi Riv., Chiba Pref. 29 29 0.000 0.0000
2 Tama Riv., Kanagawa Pref. 22 1 7 30 0.421 0.0010
3 Harai Riv., Mie Pref. 30 30 0.000 0.0000
4 Tanabe Bay, Wakayama Pref. 28 28 0.000 0.0000
5 Arida Riv., Wakayama Pref. 28 1 29 0.069 0.0001
6 Katsuura Riv., Tokushima Pref. 4 7 19 30 0.545 0.0015
7 Kamo Riv., Ehime Pref. 15 15 0.000 0.0000
8 Shimanto Riv., Kochi Pref. 1 25 2 2 30 0.306 0.0007
9 Kita Riv., Miyazaki Pref. 28 2 30 0.129 0.0003

10 Manose Riv., Kagoshima Pref. 29 29 0.000 0.0000
11 Okukubi Riv., Okinawa Is., Okinawa Pref. 1 2 1 26 30 0.251 0.0014
12 Urauchi Riv., Iriomote Is., Okinawa Pref. 5 1 6 0.333 0.0007
13 Nakama Riv., Iriomote Is., Okinawa Pref. 7 7 0.000 0.0000

Table 6. Pairwise FST value between populations of 13 localities of Sphaeroma wadai.

No. Locality 1 2 3 4 5 6 7 8 9 10 11 12

1 Isumi Riv., Chiba Pref. 　 　 　 　 　 　 　 　 　 　 　
2 Tama Riv., Kanagawa Pref. 0.158** 　 　 　 　 　 　 　 　 　 　
3 Harai Riv., Mie Pref. 0.000 0.161** 　 　 　 　 　 　 　 　 　
4 Tanabe Bay, Wakayama Pref. 0.000 0.155** 0.000 　 　 　 　 　 　 　 　
5 Arida Riv., Wakayama Pref. 0.000 0.142** 0.001 －0.001 　 　 　 　 　 　 　
6 Katsuura Riv., Tokushima Pref. 0.526** 0.427** 0.531** 0.521** 0.504** 　 　 　 　 　 　
7 Kamo Riv., Ehime Pref. 0.000 0.105 0.000 0.000 －0.025 0.448** 　 　 　 　 　
8 Shimanto Riv., Kochi Pref. 0.026 0.113** 0.028 0.024 0.022 0.436**－0.004 　 　 　 　
9 Kita Riv., Miyazaki Pref. 0.033 0.138** 0.034 0.031 0.022 0.491** 0.001 0.030 　 　 　

10 Manose Riv., Kagoshima Pref. 0.000 0.158* 0.000 0.000 0.000 0.526** 0.000 0.026 0.033 　 　
11 Okukubi Riv., Okinawa Is., Okinawa Pref. 0.939** 0.900** 0.940** 0.938** 0.934** 0.892** 0.921** 0.914** 0.930** 0.939** 　
12 Urauchi Riv., Iriomote Is., Okinawa Pref. 0.999** 0.990** 0.999** 0.999** 0.998** 0.986** 0.998** 0.993** 0.997** 0.999** 0.986**
13 Nakama Riv., Iriomote Is., Okinawa Pref. 1.000** 0.991** 1.000** 1.000** 0.999** 0.988** 1.000** 0.994** 0.998** 1.000** 0.988** 0.028

*P＜0.05, **P＜0.01



GENETIC POPULATION STRUCTURE OF SPHAEROMA WADAI

119Crustacean Research 47

walkeri, and Sphaeroma sp. (KU248329). 
Sphaeroma shimantoesnsis and S. retrolaevis 
diverged subsequently, and Sphaeroma sp.1 
and Sphaeroma sp. 2, diverged further late.

Morphological variation
Most of the characteristics examined did not 

show clear differences among the localities 
sampled (Table 4), but when comparing only 
male specimens there were some characteris-
tics showing differences between the Iriomote 
Island and the other sampled localities. The 
number of setae on the inner margin of the lat-
eral lobes of pleopods 1, 2, and 3 appeared 
slightly larger in males from Iriomote Island 
than those from other localities (pleopod 1: 46 
and 51 in Iriomote, 38–44 in other localities; 
pleopod 2: 47 and 51 in Iriomote, 38–41 in 
other localities; pleopod 3: 43 and 44 in Irio-
mote, 35–40 in other localities). Also, the sev-
enth pereopod propodus in male individuals 
from Iriomote Island was more elongated than 
that in individuals from the other sampled 

localities (length-to-width ratio: 4.06–4.61 in 
Iriomote and 7.21–7.26 in the other localities; 
Fig. 3).

■ Discussion

Thus far, S. wadai has been reported from 
limited areas in Japan, such as Wakayama Pre-
fecture (Nunomura, 1994, 2011; Murata and 
Wada, 2000), Kagoshima Prefecture (Nunomu-
ra, 2011), and Tokushima Prefecture (Nunomu-
ra, 2011, 2015; Wada, 2013). In the present 
study, we collected specimens from 10 locali-
ties along the Pacific coast of the Japanese 
mainland (from Chiba to Kagoshima Prefec-
tures) and 3 from the Ryukyu Islands (Table 1, 
Fig. 1). The phylogenetic analysis revealed that 
the populations from Okinawa Island clustered 
in the same clade as populations from the Japa-
nese mainland, but populations from Iriomote 
Island were closely related to the lineage that 
included Sphaeroma sp. from the Seychelles 
(Fig. 2). According to Baratti et al. (2011), 

Fig. 2. Bayesian 50% majority-rule consensus tree based on DNA sequences from the 16S rRNA gene (393 bp). Two sphaeromatid 
taxa, Oxinasphaera tetrodon and Exosphaeroma truncatitelson, were used as outgroups. Clade support expressed as posterior 
probabilities is shown around branches. New data for this study are bolded.
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Fig. 3. Dorsal view and seventh pereopod of male Sphaeroma wadai from five populations that showed genetic differentiation. 
A, Samusaura, Tanabe Bay, Wakayama Pref., Male, 8.0 mm; B, Tama River, Kanagawa Pref., Male, 7.8 mm; C, Katsuura River, 
Tokushima Pref., Male, 8.0 mm; D, Okinawa Island, Okinawa Pref., Male, 8.3 mm; E, Iriomote Island, Okinawa Pref., Male, 9.4 mm.
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Sphaeroma sp. from the Seychelles (accession 
number: EF460860) formed a clade with speci-
mens from Africa (Kenya, Zanzibar, and the 
Comoros Islands), which may represent a cryp-
tic new species generated by past isolation of 
the S. terebrans population. The present phylo-
genetic tree suggests that Sphaeroma sp. from 
the Seychelles are more closely related to S. 
wadai than to S. terebrans and its allied spe-
cies, particularly the population from Iriomote 
Island. The two lineages found in S. wadai 
were genetically highly diverged (9.1%–10.3%, 
uncorrected p-distance), probably representing 
a separate species, but they were not character-
ized by morphological variations in terms of 
diagnostic characters commonly used to dis-
criminate Sphaeroma taxa. However, among 
male individuals, differences in some charac-
ters, such as propodus length of the seventh pe-
reopod and the number of setae on the inner 
margin of lateral lobe of pleopods 1, 2, and 3 
were observed.

The haplotype network and pairwise FST val-
ue showed that the population from Okinawa 
Island is genetically differentiated from the 
mainland populations. For samples from the 
Japanese mainland, the haplotype network 
showed a star-like shape (Fig. 1). The network 
structure and low genetic diversity of the main-
land populations compared to that on Okinawa 
Island likely suggest a past bottleneck or 
founder event in the Japanese mainland popu-
lation. Populations from Tama River (Kanaga-
wa Prefecture) and Katsuura River (Tokushima 
Prefecture) shared the central most common 
haplotype (H2), but the estimate of pairwise 
FST showed a significant difference compared 
with other populations, and these populations 
appeared to be genetically differentiated from 
the mainland populations.

The life form of S. wadai suggests limited 
gene flow in this species. Our result revealed 
that geographical differentiation is evident only 
among some studied localities. These results 
suggest that S. wadai is likely dispersed by 

rafting on floating substrates transported 
through the ocean currents, whereas genetic 
differentiation possibly occurs in places where 
physical barriers to dispersal sites are present. 
Our study investigated only one mitochondrial 
marker (16S rRNA), which is a slow-evolving 
genomic region and is frequently used to re-
solve phylogenetic relationships among spe-
cies. Genetic differentiation among S. wadai 
populations from some localities in Japan was 
revealed in this study, which is likely to occur 
in more localities. Further studies using more 
highly variable markers for examining genetic 
variation across the entire distribution of S. 
wadai will allow us to obtain additional insight 
into their genetic and geographic population 
structure.
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