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Hsi-Te Shih, Yixiong Cai, Nobuaki Niwa, and Yasuhiko Nakahara (2017) A new species of land-locked
freshwater shrimp, Neocaridina ikiensis (Decapoda: Caridea: Atyidae), is described from Iki Island, Kyushu,
Japan, based on morphological and molecular evidence. This new species can be distinguished from its
congeners by a suite of characters, including rostrum structure, number of post-orbital rostral teeth, male first
and second pleopods and telson structure. The molecular evidence of mitochondrial cytochrome oxidase subunit
I (COI) shows this species has sufficient interspecific divergence, and its high intraspecific variation suggests
that it evolved on this island over a long period of time. Based on the molecular clock estimation, the speciation
of N. ikiensis n. sp. is supposed to be related with the quiescent periods of volcanoes on this island. This is the
second native species of Neocaridina known, after N. denticulata (De Haan, 1844), from the main islands of
Japan.
Key words: Neocaridina ikiensis, Mitochondrial cytochrome oxidase subunit I, New species, Morphology,
Molecular clock.

BACKGROUND

2007). With regard to the main islands of Japan, it
has long been believed that only one species, N.
denticulata (De Haan, 1844), is endemic, although
N. davidi is also recorded and considered to be
an introduced species (Nishino and Niwa 2004;
Niwa et al. 2005; Niwa 2010; Fujita et al. 2011;
Toyota and Seki 2014). In addition, individuals of
“N. heteropoda heteropoda” and “N. heteropoda
koreana” have been recorded in main islands of
Japan (Toyota and Seki 2014: 51-52).
Recent investigation of the Neocaridina
species across western Japan (from Nagasaki,
Kyushu to Gifu, central Honshu), showed that the
species richness is much higher than previous
thought, although some have been considered as
introduced (see above). While the study of these
alien species will be published elsewhere (Shih et

The genus Neocaridina Kubo, 1938 is a
group of freshwater shrimps with land-locked habit,
consisting of about 25 species, distributed in East
Asia, including eastern Russia, Korea, main islands
of Japan, Ryukyus, Taiwan, continental China and
Vietnam (Liang 2004). Species of this genus have
also been introduced to Hawaii (Englund and Cai
1999) and Germany (Klotz et al. 2013; Weber and
Traunspurger 2016). While N. davidi (Bouvier,
1904) (= N. sinensis (Kemp, 1918); see Shih and
Cai 2007; Klotz et al. 2013) is distributed both on
continents and islands, six species seem to be
endemic to the East Asia Arc, i.e. main islands of
Japan, Ryukyus and Taiwan (Fujino and Shokita
1975; Cai 1996; Naruse et al. 2006; Shih and Cai
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al. in prep.), the species discovered in Iki Island is
worth reporting separately.
Iki Island, is a volcanic island situated in the
center of Tsushima Strait (Sano 1995), with an
area of approximately 140 m2 and with 213 m in
elevation of its highest peak. The specimens of
Neocaridina collected from this island possess
several morphological characters differing from the
known species, with the support of its uniqueness
by the sequences of mitochondrial cytochrome
oxidase subunit I (COI). In addition, the high
diversity of genetic structure implies that this
species has differentiated in this island for a long
time. As a result, we describe it as a new species,

endemic to Iki Island and representing the second
native species in main islands of Japan.
MATERIALS AND METHODS
Specimens of the genus Neocaridina were
collected from several streams in Iki Island (Table
1; Fig. 1), as well as other areas of main islands
of Japan. Specimens were preserved in 70%95% ethanol after collection. Some specimens
from Iki Island were selected and illustrated with
the help of a drawing tube attached to a Nikon
stereo microscope (model SMZ 1000), and were

Table 1. The haplotypes of COI gene of Neocaridina corresponding to specimens collected from the Iki
Island (Fig. 1) and the adjacent areas of Japan, as well as other comparative species. R., River; NMNH,
Smithsonian Institution, National Museum of Natural History, Washington DC, USA
Species

Catalogue no. of NCHUZOOL Sample Haplotypes
(unless indicated)
size
of COI

Accession
no.

14948, 14949, 14968

3

Ndt-1

LC324764

14944, 14942, 14958

3

Ndt-2

LC324765

13108, 13109

2

Ndv-1

N. spinosa
N. saccam

Japan: Akaiwa City, Okayama; Ihara City,
Okayama
Japan: Awaji Island, Hyogo; Higasihiroshima
City, Hiroshima; Mizunami City, Gifu
Taiwan: Sinshe, Taichung; Shihguei R.,
Dounan, Yunlin
Hawaii: Oahu
Hawaii: Oahu
Taiwan: Kinmen
Japan: Izumo City, Shimane
Japan: Hiroshima City, Hiroshima
South Korea: aquarium dealer
China: Meizhou, Guangdong; Jiangle, Fujian
China: Leye, Guangxi
China: Tong-an, Fujian
Taiwan: Longci, Tainan

13110
NMNH#258719
13111
14955
14961
14972
14974, 14973
14975
13112
13103, 13104

1
1
2
1
1
1
2
1
1
2

N. ketagalan

Taiwan: Houjha, Tainan
Taiwan: Beifeng R., Sijhih, New Taipei City

13105
13106, 13107, 13115

1
3

Japan: Iki Island
Japan: Iki Island

14935, 14935
14933 (paratype), 14932
(paratype)
14937, 14936, 14937, 14936
14933 (paratype)
14934, 14934, 14932
(paratype)
14947, 14946, 14947, ZRC
14964, 14965
14950, 14951
14957, 14962, 14963
13113
13114

2
2

AB300183,
AB300184
Ndv-2
AB300185
Ndv-3
AB300186
Ndv-4
AB300187
Ndv-5
LC324766
Ndv-6
LC324767
Nkr
LC324768
Npm-1
LC324769
Npm-2
LC324770
Nsp
AB300188
Nsc-1, Nsc-2 AB300177,
AB300178
Nsc-1
AB300179
Nkt-1, Nkt-2 AB300180,
AB300181,
AB300182
Nik-1
LC324771
Nik-2
LC324772

4
1
3

Nik-3
Nik-4
Nik-5

LC324773
LC324774
LC324775

5
2

Naf
Nak
Nun-1
Nun-2
Cfm
Cct

LC324776
LC324777
LC324778
LC324779
AB300189
AB300190

N. denticulata

N. davidi

N. koreana
N. palmata

N. ikiensis n. sp.

Localities

Japan: Iki Island
Japan: Iki Island
Japan: Iki Island
N. aff. fukiensis
N. aff. koreana
N. sp.

Japan: Hiroshima
Japan: Hiroshima
Japan: Okayama
Japan: Shimane; Nagasaki
Caridina formosae
Taiwan: Datun R., New Taipei City
Caridina cantonensis China: Zhapo, Guangdong
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deposited in the National Museum of Nature and
Science, Tokyo, Japan (NSMT); the Zoological
Collections of the Department of Life Science,
National Chung Hsing University, Taichung,
Taiwan (NCHUZOOL); Oxford University Museum
of Natural History, Oxford, UK (OUMNH); the
National Museum of Natural History, Leiden, The
Netherlands (formerly Rijksmuseum van Natuurlijke
Historie) (RMNH); and the Zoological Reference
Collection of the Lee Kong Chian Natural History
Museum, Singapore (formerly Raffles Museum
of Biodiversity Research) (ZRC). cl refers to the
carapace length, and the mode means the number
occurring most frequently. The rostral formula
was counted based on all specimens available.
The egg measurements were based on 10 eggs
each from 2 ovigerous females (see material
examined). In this study, we adopt the simple
binomial nomenclature to treat all subspecies to
specific level for convenience, because some taxa
have been inconsistently ranked as species or
N

subspecies, whilst some subspecies were ranked
under different species in Cai (1996) and Liang
(2004).
Genomic DNA was isolated from the muscle
tissue of the abdomen by using the GeneMark
tissue and cell genomic DNA purification kit
(Taichung, Taiwan). A portion of the COI gene was
amplified with PCR using the primers LCO1490,
HCO2198 and COL14 (Folmer et al. 1994; Roman
and Palumbi 2004). The PCR conditions for the
above primers were denaturation for 50 s at 94°C,
annealing for 70 s at 45-47°C, and extension for
60 s at 72°C (40 cycles), followed by extension
for 10 min at 72°C. Sequences were obtained by
automated sequencing (Applied Biosystems 3730),
after verification with the complementary strand.
With regard to other species of Neocaridina
collected from main islands of Japan, including
N. denticulata, N. davidi, N. aff. fukiensis, N. aff.
koreana, N. sp., etc. (Table 1), which were studied
and will be published elsewhere (Shih et al. in

CHINA

KOREA
129E40

129E45

Honshu
33N50

hu
Kyus

Iki Island

u
kok
Shi

33N45

2 km
Fig. 1. Collection sites (marked in red circles) for Neocaridina ikiensis n. sp. in Iki Island.
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prep.), only several specimens from each species
were included for construction of a phylogenetic
tree. Sequences of the different haplotypes have
been deposited in the DNA Data Bank of Japan
(DDBJ), along with other sequences published in
Shih and Cai (2007) (Table 1).
The best-fitting model for sequence evolution
was determined by MrModeltest (vers. 2.2,
Nylander 2005), selected by the Akaike information
criterion (AIC). The obtained best model was
HKY + G + I, and was subsequently used for the
Bayesian inference (BI) analysis. The BI analysis
was performed with MrBayes (vers. 3.2.3, Ronquist
et al. 2012). The search was run with 4 chains for
10 million generations and 4 independent runs,
with trees sampled every 1000 generations. The
convergence of chains was determined by the
average standard deviation of split frequency
values below the recommended 0.01 (Ronquist et
al. 2005) and the first 1100 trees were discarded as
the burnin accordingly, and the adequate mixing of
chains was assessed by the effective sample size
(ESS) (> 200 as recommended) in Tracer (vers. 1.5,
Rambaut and Drummond 2009). The maximum
likelihood (ML) analysis was conducted in RAxML
(vers. 7.2.6, Stamatakis 2006). The model GTR
+ G (i.e. GTRGAMMA) was used with 100 runs,
and found the best ML tree by comparing the
likelihood scores. The robustness of the ML tree
was evaluated by 1000 bootstrap pseudoreplicates
under the model GTRGAMMA.
Other analyses, including the nucleotide
composition, variable and parsimony informative
positions, and Kimura 2-parameter (K2P) distance
(Kimura 1980) and p-distance between haplotypes
were calculated using MEGA (vers. 5.2.2, Tamura
et al. 2011).
RESULTS
Taxonomy
Family Atyidae De Haan, 1849
Neocaridina Kubo, 1938
Neocaridina ikiensis n. sp.
(Figs. 2-5)

urn:lsid:zoobank.org:act:128F614E-5F75-4C74-ADEBF4BB7719C875

Material examined: Holotype: male, cl 4.7 mm,
NSMT-Cr 25616; small stream at Kugiyama-hure,
Gonoura Town, Iki City, Nagasaki Prefecture
(= Pref.), N33°43'51.5" E129°43'52.2", 23
© 2017 Academia Sinica, Taiwan

page 4 of 14

November 2015, coll. Yasuhiko Nakahara.
Paratypes: 2 males, both cl 3.8 mm, 2 females,
cl 4.1-4.6 mm, NSMT-Cr 25617, same collection
data as for holotype; 1 male, cl 4.7 mm, 2 females,
cl 3.9-4.8 mm, RMNH.CRUS.D.57249, same
collection data as for holotype; 1 male, cl 3.9 mm,
2 females, cl 3.3-4.4 mm, OUMNH.ZC.201701-069, same collection data as for holotype; 1
male, cl 4.6 mm, ZRC 2017.0960, 1 female, cl
5.1 mm, ZRC 2017.0961, 8 males, cl 3.0-5.4 mm,
8 females, cl 2.9-5.1 mm, ZRC 2017.0962, same
collection data as for holotype; 15 males, cl 2.96.0 mm, NCHUZOOL 14932, 16 females, cl
3.0-5.5 mm, NCHUZOOL 14933, same collection
data as for holotype.
Others: 14 males, cl 3.0-4.9 mm, 15 females,
cl 3.3-5.3 mm, ZRC 2017.0963, small stream at
Ashibe Town, Iki City, Iki island, Nagasaki Pref.,
N33°50'36.0" E129°45'08.7", 22 November 2015,
coll. Y. Nakahara; 9 males, cl 3.6-5.5 mm, 7
females, cl 3.8-5.8 mm, ZRC 2017.0964, small
stream at Katsumoto Town, Iki City, Nagasaki
Pref., N33°50'18.0" E129°41'40.2", 23 November
2015, coll. Y. Nakahara; 17 males, cl 3.1-5.2 mm,
NCHUZOOL 14934, 15 females, cl 3.0-5.8 mm,
NCHUZOOL 14935, small stream at Ashibe
Town, Iki City, Nagasaki Pref., N33°50'36.0"
E129°45'08.7", 22 November 2015, coll. Y.
Nakahara; 9 males, cl 3.9-6.2 mm, NCHUZOOL
14936, 8 females, cl 3.4-6.0 mm, NCHUZOOL
14937, small stream at Katsumoto Town, Iki City,
Nagasaki Pref., N33°50'18.0" E129°41'40.2",
23 November 2015, coll. Y. Nakahara. 2 ovig.
females, both cl 5.3 mm, NCHUZOOL 1493814939, Kugiyama-hure, Gonoura Town, Iki City,
Nagasaki Pref., 14 July 2017, coll. Y. Nakahara.
Comparative material: Neocaridina
denticulata: 1 male, cl 5.0 mm, 1 female, cl 5.5 mm,
ZRC, Yoshii-gawa River, basin, Okayama Pref.,
western Honshu, Japan, 12 November 1971; 1
female, cl 7.0 mm, no data; 3 males, cl 4.5-4.6 mm,
22 females, cl 3.4-5.3 mm, ZRC, Sendai River,
Kagoshima, Japan, coll. H. Suzuki, 22 October
1990.
Description: Rostrum moderately short,
straight, slightly sloping down from a crest above
postorbital margin, reaching slightly short of,
to distinctly beyond end of second segment of
antennular peduncle, rarely reaching to end of
antennular peduncle; armed dorsally with 1117 teeth, including 2-4 (mode 3-4) on carapace,
ventrally with 2-6 teeth (mode 2-4). Antennal spine
fused with inferior orbital angle. Pterygostomial
margin sub-rectangular, armed with a small spine.
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(A)

(B)

(F)
(G)

(C)
(I)

(H)
(J)

(D)

(K)

(E)
Fig. 2. Neocaridina ikiensis n. sp. (A) Cephalothorax and cephalic appendages, lateral view; (B) telson; (C) distal portion of telson; (D)
preanal carina; (E) scaphocerite; (F) mandible; (G) maxillula; (H) maxilla; (I) 1st maxilliped; (J) 2nd maxilliped; (K) 3rd maxilliped. Scale
bars: A-C = 2 mm; F-K = 0.3 mm; D = 1.5 mm; E = 4 mm (male, cl 4.6 mm, paratype, ZRC 2017.0960).
© 2017 Academia Sinica, Taiwan
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(A)
(B)

(K)

(F)

(C)

(E)
(D)

(G)

(H)

(I)

(J)

Fig. 3. Neocaridina ikiensis n. sp. (A) 1st pereiopod; (B) 2nd pereiopod; (C) 3rd pereiopod; (D) the same, dactylus; (E) 5th pereiopod; (F)
the same, dactylus; (G, H) male 1st pleopod; (I, J) male 2nd pleopod; (K) uropodal diaeresis. Scale bars: A, B, C, E, G, I = 0.3 mm; D, F,
H, J, K = 0.15 mm (male, cl 4.6 mm, paratype, ZRC 2017.0960).
© 2017 Academia Sinica, Taiwan
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Sixth abdominal somite in male 0.43 times
of carapace, 1.7 times as long as fifth somite,
slightly shorter than telson; sixth abdominal somite
in female 0.55 times of carapace, 1.42 time as
long as fifth somite, slightly shorter than telson.
Telson 2.8 times as long as wide, with 4 pairs

of dorsal spinules and one pair of dorsolateral
spinules; posterior margin rounded, lined with 5-6
pairs of spines, lateral pair distinctly longer than
intermediates of spines. Pre-anal carina high,
lacking spine.
Eyes well developed, anterior end reaching

(F)

(A)

(G)

(D)

(H)

(C)

(B)

Fig. 4. Neocaridina ikiensis n. sp. (A) Cephalothorax and cephalic appendages, lateral view; (B) 1st pereiopod; (C) 2nd pereiopod;
(D) 3rd pereiopod; (E) the same, dactylus; (F) 5th pereiopod; (G) the same, dactylus. Scale bars: A = 2 mm; B-D, F = 0.3 mm; E, G =
0.15 mm (female, cl 5.1 mm, paratype, ZRC 2017.0961).
© 2017 Academia Sinica, Taiwan

Zoological Studies 56: 30 (2017)

to 0.6 times length of basal segment of antennular
peduncle. Antennular peduncle 0.7 times as
long as carapace; basal segment of antennular
peduncle longer than sum of second and third
segment length, anterolateral angle reaching 0.3
length of the second segment, second segment
distinctly longer than third segment. Stylocerite
reaching 0.7-0.8 length of basal segment of
antennular peduncle. Scaphocerite 3.2 times as
long as wide.
Incisor process of mandible ending in irregular
teeth, molar process truncated. Lower lacinia of
maxillule broadly rounded, upper lacinia elongate,
with a number of distinct teeth on inner margin,
palp short. Upper endites of maxilla subdivided,
palp short, scaphognathite tapering posteriorly with
some long, curved setae at posterior end. Palp
of first maxilliped stout. Second maxilliped typical
of genus. Third maxilliped reaching to end of
antennular peduncle, with ultimate segment slightly
longer than penultimate segment.
Epipods on first four pereiopods. First
pereiopod reaching to distal end of basal segment
of antennular peduncle; merus 2.5-2.7 times
as long as broad, as long as carpus; carpus
excavated anteriorly, shorter than chela, 1.5-1.6
times as long as high; chela 2.0-2.1 time as long
as broad; fingers slightly longer than palm. Second
pereiopod reaching to end of second segment of
antennular peduncle; merus shorter than carpus,
4.2-5.0 times as long as broad; carpus 1.2-1.3
times as long as chela, 4.2-4.6 times as long as
high; chela 2.3-2.5 times as long as broad; fingers
1.3-1.5 times as long as palm. Third pereiopod
reaching end of antennular peduncle, propodus 6-8
times as long as broad, 3.0-3.2 times as long as
dactylus; dactylus stout, 2.2 times as long as wide
(spines included) in males; dactylus slender, 3.2
times as long as wide (spines included) in females,
terminating in one claw, with 6-7 accessory spines
on its flexor margin. Fifth pereiopod reaching to
end of second segment of antennular peduncle,
propodus 8-10 times as long as broad, 2.7-2.8
times as long as dactylus, dactylus 3.0-3.8 times
as long as wide (spinules included), terminating in
one claw, with 46-72 spinules on its flexor margin.
Endopod of male first pleopod extending to
0.6 times of exopod length, inflated at distal 3/4
into pear-shaped structure, 1.7 times as long as
wide, with tiny spinules on distal margin of dorsal
surface, appendix interna at base of inflated
part, short; outer margin lined with about 10
short setae. Appendix masculina of male second
pleopod cylindrical, reaching to about half length
© 2017 Academia Sinica, Taiwan
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of endopod, inner and distal surface densely lined
with long, stout spines, appendix interna reaching
to 0.8 length of appendix masculina.
Uropodal diaeresis with 13-17 movable
spinules.
Eggs 1.13-1.14 x 0.73-0.68 mm in diameter.
Color: Body color varied from translucent,
light blue, brown, to black. Some large individuals
with a pale longitudinal stripe on mid-dorsal
surface (Fig. 5A).
Etymology: The species is named after the
type locality, Iki Island, Nagasaki Pref., western
Japan.
Ecological notes: Habitat (Fig. 5B) of the
species is small streams, about 2 m wide, with
slow flowing water. Stream banks were heavily
vegetated. Collection sites were about 100 m to
1 km away from the coast. In one of the streams,
a rice paddy is found adjacent to its upper reach,
where substrate was muddy and with various sized
rocks submerged in the water. The freshwater
crab Geothelphusa dehaani (White, 1847) and the
catadromous atyid shrimp Caridina typus H. Milne
Edwards, 1837 were found sympatric with the new
species.
Distribution: Presently known only from
several streams in Iki Island, western Japan.
Remarks: Taking into account the form
of endopod of the male first pleopod, the male
appendix masculine in the second pleopod,
as well as the propodus and dactylus of the
third pereiopods, of which, no obvious sexual
dimorphisms were observed, the new species
could be assigned to N. denticulata species group
(cf. Cai 1996; Liang 2004; Shih and Cai 2007).
Neocaridina ikiensis n. sp. differs from
Japanese populations of N. denticulata by the
relatively short rostrum, which mostly reaches
to or slightly beyond end of second segment
of antennular peduncle (vs. mostly reaches to
or beyond end of antennular peduncle in N.
denticulata); number of post-orbital rostral teeth
2-4 (mode 3-4) in N. ikiensis vs. 1-3 (mode 2)
in N. denticulata; male first pleopod slender,
1.7 times as long as broad (vs. 1.2 to 1.4 times
in N. denticulata); appendix interna of male
second pleopod relatively long, reaching to 0.8
length of appendix masculine (vs. 0.7 times in
N. denticulata); and telson ending in a rounded
margin (vs. ends with a posterior projection in N.
denticulata).
Liang (2004) described N. denticulata in
details based on specimens from China, of which,
some of the characters are slightly different
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(A)

(B)
Fig. 5. Live coloration of Neocaridina ikiensis n. sp. (A) and its habitat in Iki Island (B).
© 2017 Academia Sinica, Taiwan
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from specimens that we have examined from
Japan. Neocaridina ikiensis can be separated
from Chinese population of N. denticulata (cf.
Liang 2004) by the relatively short rostrum,
which mostly reaches to or slightly beyond end
of second segment of antennular peduncle vs.
mostly reaches beyond antennular peduncle in N.
denticulata; larger number of poster orbital rostral
teeth 2-4 (mode 3-4) vs. 1-2 in N. denticulata;
male first pleopod slender, 1.7 times as long
as broad vs. 1.2 to 1.5 times in N. denticulata;
male first pleopod 0.6 times length of endopod
(vs. only slightly shorter in N. denticulata (Liang
2004: 78, fig. 40t); male second pleopod appendix
masculina half-length of endopod vs. ca. 0.7
times in N. denticulata (Liang 2004: 78, fig. 40u);
Telson ending in a rounded margin (vs. ending in
a posterior projection in N. denticulata); dactylus
of third pereiopod with 6-7 accessory spines on its
flexor margin (vs. 8-10 in N. denticulata).
With the slender endopod of the male first
pleopod, the new species is similar to N. koreana
Kubo, 1938. It can be separated by the relatively
shorter rostrum, which mostly reaches to or slightly
beyond end of second segment of antennular
peduncle vs. almost reaches to or slightly beyond
antennular peduncle in N. koreana (cf. Kubo 1938);
and the lower number of ventral rostral teeth (2-6
teeth, mode 2-4 vs. 4-6, average 5.6 in N. koreana
(cf. Kubo 1938)).
Neocaridina ikiensis is morphologically similar
to another Korean species N. keunbaei (Kim, 1976)
described from Jeju island. It can be differentiated
from N. keunbaei by the rostrum, which is relatively
long, mostly reaches to or slightly beyond end
of second segment of antennular peduncle vs.
reaches to end of basal segment or near to end
of second segment of antennular peduncle in N.
keunbaei (cf. Kim 1976); and the endopod of male
first pleopod, which of N. keunbaei is “much larger
than in the case of Caridina denticulata koreana”
(Kim 1976: 160). As mentioned earlier, the new
species shares similar slender male first pleopod
endopod with N. koreana.
With a relatively short rostrum, Neocaridina
ikiensis n. sp. morphologically resembles two
Taiwanese species N. saccam Shih & Cai, 2007
and N. ketagalan Shih & Cai, 2007. It however
can be easily separated from N. saccam (cf. Shih
and Cai 2007) by having more postorbital rostral
teeth, with 2-4 (mode 3-4) vs. 1- 3 (mode 2) in N.
saccam; carpus of first pereiopod slender (1.51.6 times as long as high vs. 1.3-1.4 times in N.
saccam); male first pleopod slender, (1.7 times as
© 2017 Academia Sinica, Taiwan
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long as broad vs. 1.4 times in N. saccam); male
first pleopod 0.6 times length of endopod (vs.
0.9 times in N. saccam); male second pleopod
appendix masculina half-length of endopod (vs.
ca. 0.7 times in N. saccam); and appendix interna
of male second pleopod relatively longer (reaches
to 0.8 length of appendix masculina vs. 0.6 times
in N. saccam). It differs from N. ketagalan (cf.
Shih and Cai 2007) by male first pleopod slender,
1.7 times as long as broad (vs. 1.4 times in N.
ketagalan); male second pleopod appendix
masculina half-length of endopod (vs. ca. 0.7 times
in N. ketagalan); and the appendix interna of male
second pleopod relatively longer, reaching to 0.8
times length of appendix masculine (vs. 0.6 times
in N. ketagalan).
DNA analyses and discussion
A total of 12 specimens from three localities in
Iki Islands were used in the molecular phylogenetic
analysis. A 658-bp segment of COI was amplified,
resulting in 5 different haplotypes (Table 1). The
studied segment of the COI sequences was ATrich (59.3%) (T, 32.3%; A, 27.0%; G, 20.0%; C,
20.7%). In this gene fragment, 18 positions were
variable and 17 were parsimoniously informative.
The pairwise nucleotide divergences with the
K2P distance and bp differences of haplotypes
are shown in table 2. With regard to N. ikiensis,
the nucleotide divergence is (5.91%, between
different species, which is closes to the minimum
K2P interspecific divergences of N. saccam and
N. ketagalan (both 5.91%, recalculated from Shih
and Cai 2007). The mean K2P distance within N.
ikiensis is 1.22 (0-2.49%), which is higher than
the maximum K2P intraspecific divergence of N.
saccam and N. ketagalan (0.46% and 0.15%,
respectively, recalculated from Shih and Cai
2007), although lower than the divergence of N.
denticulata (7.7%-12.2%; in Fujita et al. 2011).
Based on the COI haplotypes, the
phylogenetic tree was reconstructed from BI
analysis, with the support values from the BI
and ML analyses (Fig. 5). The tree supports
the monophyly of Neocaridina, and all species
included are highly supported. Most of the
relationship between species are however not
highly supported, but N. davidi and N. denticulata
are sister species with small interspecific distance
(Table 2), which form a clade, with N. koreana and
N. palmata. Although N. ikiensis is sister to N. aff.
fukiensis, the support values are not high.
After an extensive survey on the western
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Table 2. Matrix of percentage pairwise nucleotide divergences (lower left) and mean number of differences
(upper right) based on COI within and between clades of Neocaridina. Values of range are shown in
parentheses
Intraspecific

N. denticulata
N. davidi
N. koreana
N. palmata
N. spinosa
N. saccam
N. ketagalan
N. ikiensis
N. aff. fukiensis
N. aff. koreana
N. sp.

Interspecific

Nucleotide divergence

Mean nucleotide
difference

0.46
(0-0.77)
0.67
(0-1.54)
0
(0-0)
0.41
(0-0.61)
0
(0-0)
0.31
(0-0.46)
0.1
(0-0.15)
1.22
(0-2.49)
0
(0-0)
0
(0-0)
0.97
(0-1.7)

3
(0-5)
4.39
(0-10)
0
(0-0)
2.67
(0-4)
0
(0-0)
2
(0-3)
0.67
(0-1)
7.86
(0-16)
0
(0-0)
0
(0-0)
6.29
(0-11)

N. denticulata

2.77
(2.17-3.46)
5
(4.75-5.25)
5.26
(4.9-5.73)
14.9
(14.51-15.3)
7.94
(7.62-8.32)
7.94
(7.44-8.5)
7.46
(6.58-8.31)
9.13
(8.86-9.4)
8.58
(8.14-9.03)
9.8
(9.34-10.27)

N. davidi

N. koreana

N. palmata

17.75
(14-22)

31.5
(30-33)
29.88
(28-32)

33.17
(31-36)
30.63
(28-34)
35.67
(35-37)

4.73
(4.42-5.07)
4.83
(4.4-5.39)
14.41
(13.94-14.7)
7.39
(6.75-8.14)
7.17
(6.58-7.78)
7.36
(6.58-8.13)
8.52
(8.15-8.85)
7.59
(7.26-7.95)
9.39
(8.98-9.71)

5.67
(5.56-5.89)
15.28
(15.28-15.28)
8.51
(8.45-8.63)
7.49
(7.44-7.61)
8.6
(8.12-8.99)
9.72
(9.72-9.72)
9.15
(9.15-9.15)
10.59
(10.19-11.13)

15.76
(0-15.9)
8.62
(13.95-8.62)
7.82
(14.54-7.93)
8.46
(14.73-8.95)
9.49
(16.27-9.49)
9.02
(15.68-9.14)
10.58
(16.69-10.93)

Interspecific

N. denticulata
N. davidi
N. koreana
N. palmata

N. spinosa

N. saccam

N. ketagalan

N. ikiensis

87
(85-89)
84.5
(82-86)
89
(89-89)
91.33
(90-92)

48.83
(47-51)
45.67
(42-50)
52.33
(52-53)
53
(53-53)
83
(82-85)

48.83
(46-52)
44.46
(41-48)
46.33
(46-47)
48.33
(48-49)
85.67
(85-86)
38
(37-39)

46.08
(41-51)
45.54
(41-50)
52.75
(50-55)
52.25
(49-55)
90.17
(86-93)
48.25
(44-51)
40.92
(38-44)

N. spinosa
N. saccam
N. ketagalan
N. ikiensis
N. aff. fukiensis
N. aff. koreana
N. sp.

14.15
(0-14.54)
14.67
(5.91-14.73)
15.56
(7.11-16.12)
16.27
(8.52-16.27)
15.68
(6.42-15.68)
17.28
(7.61-17.72)

6.08
(0-6.25)
7.85
(0-8.33)
8.88
(5.59-9.06)
6.53
(6.59-6.59)
8.16
(6.39-8.49)

6.58
(0-7.11)
7.7
(0-7.81)
6.32
(7.63-6.43)
7.98
(8.12-8.51)

5.91
(0-6.43)
6.74
(0-6.92)
6.84
(3.78-7.43)

N. aff. fukiensis N. aff. koreana
55.5
(54-57)
52.13
(50-54)
59
(59-59)
58
(58-58)
94
(94-94)
54
(52-55)
47.33
(47-48)
36.92
(35-40)

7.63
(0-7.63)
8.35
(0-8.67)

52.5
(50-55)
46.88
(45-49)
56
(56-56)
55.33
(54-56)
91
(91-91)
40.67
(40-41)
39.33
(39-40)
41.92
(41-43)
47
(47-47)

N. sp.
59.5
(57-62)
57.23
(55-59)
64.14
(62-67)
64
(63-66)
98.86
(96-101)
50.14
(47-52)
49.05
(47-52)
42.63
(40-46)
51.29
(50-53)
24.57
(24-25)

3.86
(0-3.93)
© 2017 Academia Sinica, Taiwan
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Japan, several species of Neocaridina have been
found new to Japan (Table 1; Shih et al. in prep.).
While most species are probably introduced by
aquarium dealers or as fish bait (Nishino and
Niwa 2004; Niwa et al. 2005; Niwa 2010; Fujita
et al. 2011; Toyota and Seki 2014), the species
of Neocaridina from Iki Island displays distinct
morphological characters, distinguishing it from
other known species (see Remarks; Fujino and
Shokita 1975; Liang 2004; Naruse et al. 2006; Shih
and Cai 2007).
Iki Island is a volcanic island, situated
between Tsushima Island and Kyushu, with
a nearest distance about 20 km to the northnortheast of the Kyushu coast. Several terrestrial
or freshwater species have been described from
this island, including a Apotomopterus beetle
(Nakane 1968), a Coelotes spider (Nishikawa
2009), a Eulota (Acusta) land snail (Pilsbry and
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Hirase 1904), two Jesogammarus (Jesogammarus)
f r e s h w a t e r a m p h i p o d s ( To m i k a w a 2 0 1 5 ;
Tomikawa et al. 2017), and a Pseudobagrus fossil
freshwater catfish (Watanabe and Uyeno 1999).
The volcanoes of this island formed between 150.6 million years ago (= mya), but the volcanic
activity was intermittent after 3.5 mya, with several
quiescent periods (Sano 1995). The quiescent
periods are supposed to allow terrestrial or
freshwater organisms to colonize this island, or
even speciated as endemic taxa in this island.
In our study, the land-locked freshwater
shrimp, Neocaridina ikiensis n. sp., is described
from Iki Island. The molecular study supports the
recognition of a distinct species with sufficient
interspecific divergence, and its high intraspecific
variation also implies that it has been evolved in
this island for a long period of time (Table 2; Fig.
6). If the substitution rate of 2.33% per millions of

Fig. 6. Bayesian inference (BI) tree of Neocaridina spp. from East Asia and outgroups based COI gene. Probability values at the nodes
represent bootstrap values for BI and maximum likelihood (ML). For abbreviations of haplotypes see table 1.
© 2017 Academia Sinica, Taiwan
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years for COI for terrestrial Sesarma (see Schubart
et al. 1998) could be applied to freshwater shrimps,
the speciation of N. ikiensis probably taking place
at about 2.4 ± 0.4 mya (with an uncorrected
p-distance divergence of 5.62% ± 0.87%) and the
diversification within this species at about 0.9 ± 0.2
mya (with an uncorrected p-distance divergence
of 2.20% ± 0.56%). The speciation is assumed to
be related to the quiescent periods of volcanoes
(e.g. 2.8-2.5 mya and 2.2-1.7 mya; Sano 1995),
which allowed the speciation of the ancestor of N.
ikiensis in this island, and differentiation among
populations could be explained by the isolation
period during the weak eruption of volcanoes of
this island (1.0-0.6 mya; Sano 1995). Studies with
more samples from Iki Island and adjacent regions,
and with more molecular markers, are necessary
for a better understanding of the phylogenetic
relationship of the Neocaridina species in the
region.
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