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Genetic similarity between Pagurus gracilipes (Stimpson,

1858) (Decapoda: Paguroidea) and another pagurid
and diogenid hermit crabs from Russian waters
of the Sea of Japan
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ABSTRACT: Biochemical genetic approach was applied to clarify the taxonomic status of
the hermit crab Pagurus gracilipes which was compared with five species of the family
Paguridae (P. brachiomastus, P. ochotensis, P. middendorffii, P. proximus, P. minutus) and
with two species of the family Diogenidae (Diogenes nitidimanus and Stratiotes nigroapi-
culus) using 18 allozymeloci. Genetic identity values between P. gracilipes and species of
the family Paguridae (from 0.611+0.117 for P. gracilipes vs P. proximus, to 0.249+0.102
for P. gracilipes vs P. middendorffii) suggest that this species should retain its position in
the genus Pagurus. This conclusionissupported by similar average identity val ue between
other species of the genus Pagurus (1=0.444+0.110) and low genetic similarity betweenthe
genera Diogenes and Stratiotes (1=0.167+0.084) and between the families Paguridae and
Diogenidae (1=0.102+0.005).

KEY WORDS: Decapoda; hermit crab; allozyme electrophoresis; genetic similarity; Sea
of Japan.
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PE3IOME: /1511 yTouYHEeHHS TAKCOHOMHUYIECKOTO cTaTyca Pagurus gracilipes MCTIONb30Ba-
HBI METOJIb OMOXMMHYECKON ICHETUKH. DTOT BUJI CPABHHJIM C IATBHIO BUJIAMH CeMeHcTBa
Paguridae (P. brachiomastus, P. ochotensis, P. middendorffii, P. proximus, P. minutus) u
nByms Bumamu cemetictBa Diogenidae (Diogenes nitidimanus u Stratiotes nigroapiculus)
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no 18 ayuto3MMHBIM JIOKycaM. 3Ha4yeHUs] TEHETHYECKOr0 CXOCTBA, IMOJYYEHHBIC IMpU
cpaBHeHun P. gracilipes ¢ npyrumu Bunamu cemeiictBa Paguridae (ot 0.6114+0.117 ¢ P.
proximus no 0.249+0.102 ¢ P. middendorffii), cBUICTEIbCTBYIOT O HPUHAIJICIKHOCTH
3TOTO BUJAA K poxy Pagurus. ITOT BBIBOJ IOATBEPKIAETCS OJM3KUMU 3HAYCHUSIMU
TeHETUYECKOr0 CXOJCTBA MEXAy APYyTUMHU BUIaMu poaa Pagurus (B cpennem [=0.444+
0.110) 1 HU3KUMU 3HAYEHUSIMH T€HETHUECKOTO CXOJACTBa MexAy poramu Diogenes u
Stratiotes (1=0.167+0.084), atarxke cemeiictBamu Paguridae u Diogenidae (/=0.102+0.005).

KJIFOYEBBIE CJIOBA: Decapoda; paku-oTHICIBHUKH, aJZIO3MMHBIN 3ieKTpodopes,

T€HETUYCCKOEC CXOJACTBO, SnoHckoe MoOpe€.

I ntroduction

The hermit crab Pagurus gracilipes (Stimp-
son, 1858) is known from the northern Japan,
including Hokkaido and northeastern Honshu,
and from the continental coast of the Russian
Far East, where it inhabits subtidal zones to 42
m depth (Komai, 1998).

The taxonomic position of this species is
subject to scientific discussion. A new genus
Parapagurodes has been established by
McLaughlin and Haig (1973). In 1998, four
Japanese species of Pagurus, including P. gra-
cilipes, havebeentransferredto Parapagurodes
on the basis of morphology of sexual tubesin
males(Komai, 1998). However, later P. gracili-
pes has been returned to Pagurus (McLaughlin,
Asakura, 2004).

Allozyme electrophoresis was successfully
used in resolving taxonomy of decapod crusta-
cean species (Hedgecock et al., 1982; Fuseya,
Watanabe, 1996; Stewart, Cook, 1998; Mia et
al., 1999; Gouws, Stewart, 2000; Austin, Ryan,
2002).

Theaim of thisstudy wasto apply biochem-
ical geneticsto clarify thetaxonomic position of
P. gracilipesamong the Paguridae. To evaluate
the degree of genetic difference/similarity be-
tween species within a genus, genera within a
family and between families, five pagurid and
two diogenid speciesinhabiting Peter the Great
Bay (Sea of Japan) and having the stable taxo-
nomic position were also analyzed using en-
zyme electrophoresis.

Material and methods

Sample collection

Samples of Pagurus gracilipes (Stimpson,
1858) aswell as P. ochotensis Brandt, 1851, P.
brachiomastus (Thallwitz, 1892), P. proximus
Komai, 2000, P. minutus Hess, 1865, P. mid-
dendorffii Brandt, 1851 (Paguridae), Diogenes
nitidimanusTerao, 1913, and Stratiotesnigroap-
iculus Komai, 2009 (Diogenidae) were collec-
ted at depths from 0.5 to 5 m in Vostok Bay
(Peter the Great Bay, Sea of Japan) in June
2008. Sample sizes are given in Table 1.

Enzyme electrophoresis

Two tissues (liver and muscle) from each
animal were homogenized together in onevial,
and were further used for electrophoretic ana-
lysis. Horizontal electrophoresis was carried
out using 13%starchgelsasdescribedinZaslav-
skaya (1989). Three continuous buffer systems
were used toresolve 13 enzymes: (1) TEB (tris-
EDTA-boric acid, pH 8.5), (2) TC (tris-citric
acid, pH 7.0) and (3) TM (trissmaleic acid, pH
7.4). Electrophoretic buffer systems and en-
zyme systems used in the analysis are listed
below (enzyme abbreviations, enzyme classifi-
cation numbers, and isozyme locus standard
abbreviations are given in parentheses). TEB
was used to resolve via glucose phosphate
isomerase (GPI; EC 4.3.1.5, Gpi), glutamate
pyruvate transaminase (GPT; EC 2.6.1.2, Gpt),
glutation reductase (GR; EC 1.6.4.2, Gr), hexo-
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Table 1. Allele frequencies at 18 allozyme loci in eight hermit crabs (N is the sample size).
Tabmuua 1. Yacrotsr ameneit B 18 aqo3MMHBIX JIOKycax y 8§ BHIIOB paKOB-OTHICTBHUKOB (N — pazmep

BBIOOPKH).
Species
;’:\ ) <] § ] g © S
2 2 “ =
Locus | Alele | 55 | 55| 5| £S5 | £8| £8| 35| 8¢
YIS PR RS B | Y| kY| Fs | 5
TSI | SRS | ST S5 SF| 85| a5
g B = B
1 2 3 4 5 6 7 8 9 10
Gpi
™) 17 17 18 15 29 18 20 9
1 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.056 | 0.000 | 0.000
2 0.118 | 0.088 | 0.000 | 0.000 | 0.000 | 0.944 | 0.000 | 0.000
3 0.000 | 0.059 | 0.306 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
4 0.323 | 0.853 | 0.000 | 0.067 | 0.897 | 0.000 | 0.000 | 0.000
5 0.059 | 0.000 | 0.694 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
6 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
7 0.500 | 0.000 | 0.000 | 0.900 | 0.103 | 0.000 | 0.000 | 0.000
8 0.000 | 0.000 | 0.000 | 0.033 | 0.000 [ 0.000 | 0.000 1.000
9 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000
Mpi
N) 18 17 19 18 29 18 20 8
1 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.025 | 0.000
2 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000 | 0.000 | 0.000
3 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.050 | 0.000
4 0.000 | 0.000 1.000 | 0.000 | 0.000 | 0.944 | 0.000 | 0.000
5 0.972 | 0.941 | 0.000 | 0.611 | 0.000 | 0.056 | 0.150 | 0.000
6 0.028 | 0.059 | 0.000 | 0.389 | 0.000 | 0.000 | 0.275 | 0.000
7 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.200 | 0.000
8 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.150 | 0.000
9 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.150 1.000
Gpt
N) 18 17 19 18 29 18 20
1 0.000 | 0.059 | 0.000 | 0.139 | 0.000 | 0.000 | 0.000 | 0.000
2 0.000 | 0.941 0.000 | 0.778 | 0.983 1.000 | 0.000 | 0.000
3 0.194 | 0.000 | 0.000 | 0.083 | 0.017 | 0.000 | 0.025 | 0.125
4 0.112 | 0.000 | 0.579 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
5 0.000 | 0.000 | 0.026 | 0.000 | 0.000 | 0.000 | 0.775 | 0.000
6 0.694 | 0.000 | 0.395 | 0.000 | 0.000 | 0.000 | 0.125 | 0.750
7 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.075 | 0.125
Ipp
N) 16 17 19 18 26 16 20 8
1 0.031 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000
2 0.031 0.618 1.000 | 1.000 | 1.000 | 1.000 | 0.000 1.000
3 0.750 | 0.147 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
4 0.157 | 0.206 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
5 0.031 0.029 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
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Table 1 (contituing)
Tabnuma 1 (mpomoinkeHue)
1 2 3 4 5 6 7 8 9 10
Mdh-1
N) 18 17 19 18 26 18 20 8
1 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000
2 1.000 1.000 1.000 1.000 0.000 1.000 0.175 0.000
3 0.000 0.000 0.000 0.000 0.000 0.000 0.775 0.000
4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.050 0.000
Mdh-2
N) 10 9 11 10 19 10 8 8
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 1.000 1.000 0.000 0.000 0.000
3 1.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
4 0.000 1.000 0.000 0.000 0.000 1.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000
6 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000
Got-1
N) 18 17 19 18 29 18 20 8
1 0.000 0.000 0.000 0.167 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000 0.000 0.950 0.000
3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.938
4 0.194 0.000 0.026 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000
6 0.806 0.971 0.974 0.000 1.000 0.000 0.050 0.000
7 0.000 0.029 0.000 0.000 0.000 0.000 0.000 0.062
8 0.000 0.000 0.000 0.833 0.000 0.000 0.000 0.000
Got-2
N) 18 17 19 18 29 18 20 8
1 1.000 0.971 1.000 0.000 0.000 0.000 0.000 1.000
2 0.000 0.029 0.000 1.000 1.000 1.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000
Gr
N) 18 17 19 18 29 18 20 8
1 0.000 0.000 0.000 0.000 0.000 1.000 1.000 0.938
2 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.062
3 0.000 0.000 0.000 0.972 0.000 0.000 0.000 0.000
4 0.000 1.000 1.000 0.028 1.000 0.000 0.000 0.000
Pgm
N) 18 17 19 18 29 18 20 8
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000
2 0.000 0.000 0.000 0.027 0.586 0.000 0.000 0.000
3 0.000 0.000 0.027 0.000 0.000 0.056 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000 0.944 0.100 0.000
5 0.000 0.000 0.000 0.056 0.414 0.000 0.000 0.000
6 1.000 0.971 0.947 | 0.0917 | 0.000 0.000 0.000 0.000
7 0.000 0.029 0.026 0.000 0.000 0.000 0.900 0.000
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Table 1 (contituing)
Tabnuma 1 (mpomoinkeHue)

1 2 3 4 5 6 7 8 9 10
Aldh
N) 12 12 14 13 24 12 15 8
1 0.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000
3 0.000 0.000 0.071 0.000 0.062 0.000 0.000 0.000
4 0.917 1.000 0.929 0.000 0.938 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 0.083 0.000 0.000 0.000 0.000 0.042 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000 0.958 0.000 0.000
Hk
N) 8 8 8 8 10 8 10 8
1 0.000 0.000 0.000 0.000 0.050 0.875 0.850 1.000
2 1.000 1.000 1.000 1.000 0.950 0.125 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000 0.000 0.150 0.000
Ac-1
N) 8 8 8 8 10 8 10 8
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000
2 0.000 1.000 1.000 1.000 1.000 1.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000 0.000 0.300 0.000
4 0.000 0.000 0.000 0.000 0.000 0.000 0.700 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ac-2
(N) 8 8 8 8 10 8 10 8
1 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000
2 0.000 0.062 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 0.938 1.000 1.000 1.000 1.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Lap
(N) 14 17 18 17 28 18 10 8
1 0.000 0.000 0.056 0.000 0.018 0.000 1.000 0.000
2 0.000 0.000 0.111 0.000 0.803 0.000 0.000 0.000
3 0.000 0.000 0.694 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.179 0.000 0.000 0.000
5 0.000 0.676 0.139 0.118 0.000 0.611 0.000 0.000
6 0.036 0.324 0.000 0.000 0.000 0.361 0.000 0.000
7 0.357 0.000 0.000 0.000 0.000 0.028 0.000 0.812
8 0.607 0.000 0.000 0.676 0.000 0.000 0.000 0.188
9 0.000 0.000 0.000 0.206 0.000 0.000 0.000 0.000
Est-1
N) 8 8 8 9 14 8 10 8
1 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 1.000 0.833 0.000 0.063 0.000 0.000




152 N.L Zaslavskaya, E.S. Kornienko, O.M. Korn

Table 1 (contituing)
Tabnuma 1 (mpomoinkeHue)

1 2 3 4 5 6 7 8 9 10
3 0.000 0.000 0.000 0.167 1.000 0.063 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000 0.874 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.063
6 0.000 0.000 0.000 0.000 0.000 0.000 0.600 0.874
7 0.000 0.000 0.000 0.000 0.000 0.000 0.400 0.063
Est-2
(N) 8 8 8 9 14 8 10 8
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 0.812 1.000 1.000 1.000 1.000 0.000 0.000
4 0.000 0.188 0.000 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.600 0.000
6 0.000 0.000 0.000 0.000 0.000 0.000 0.400 0.000
7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000
Est-3
N) 10 9 11 10 19 10 10 8
1 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000
2 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000
3 1.000 1.000 1.000 0.000 1.000 0.000 0.000 1.000
4 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000

kinase (Hk; EC 2.7.1.1, HK), inorganic pyro-
phosphatase (IPP; EC 3.6.1.1, Ipp), nonspecific
esterases (EST; EC 3.1.1..., Est-1, Est-2, Est-
3). TC was used to resolve acid phosphatase
(Ap; EC3.1.3.2,Ac-1, Ac-2), leucineaminopep-
tidase (LAP; EC 3.4.11.1, Lap), malate dehy-
drogenase (MDH; EC 1.1.1.37, Mdh-1, Mdh-
2), glutamate oxal oacetate transaminase (GOT;
EC 2.6.1.1, Got-1, Got-2). TM was used to
resolve al anopine dehydrogenase (ALPDH; EC
1.5.1.17, Aldh), mannose phosphate isomerase
(MPI; EC 5.3.1.8, Mpi), phosphoglucomutase
(PGM; EC 2.7.5.1, Pgm). Genetic interpreta-
tion of electrophoretic datawas based on specif-
ic patterns of enzyme bands on zymograms
(Harris, Hopkinson, 1976; Manchenko, 1994).

Data analysis

Allelefrequencieswerecal culated using the
program BIOSY S (Swofford, Selander, 1981).
Nei’s (1978) unbiased genetic identity (1) and
genetic distance (D) coefficients, estimation of
their standard error were calculated using the
program DBOOT (Pudovkin et al., 1996). Phe-

nogram was constructed by the unweighted pair
group method from estimates of Nei's (1978)
geneticsimilarity using softwarepackageNTSY S
(Rohlf, 1988).

Results and discussion

Allele frequencies at 18 allozyme loci cod-
ing for 13 enzyme systems calculated for all
species are given in Table 1. When it was
possibleto test fitsto Hardy-Weinberg equilib-
rig, no significant deviations from expectations
werefound. Nei’s(1978) genetic similarity and
distance are shown in Table 2.

Figure 1 shows the dendrogram of genetic
relationships between all studied species. All
six species of the genus Pagurus (including P.
gracilipes) form a cluster with an average |-
value of 0.444+0.110. Two genera, Diogenes
and Stratiotes, and two families, Paguridae and
Diogenidae, exhibited much lower values of
genetic identity (1=0.167+0.084 and 1=0.102+
0.005, respectively). Among the pagurids, P.
gracilipesis rather closely related to P. proxi-
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Table 2. Nei’s (1978) genetic similarity (above diagonal) and distance (below diagonal) among eight

hermit crabs inhabiting Peter the Great Bay.

Tabnuma 2. 3Ha4eHUS] TEHETHYECKOTO CXO/CTBA (BBIIIE TUATOHAIN) M PACCTOSIHUS (HIMKE THATOHAIN)
(Nei, 1978) g 8 BUIOB pakoB-OTIIEIFHIKOB, oOUTatomux B 3anuBe [lerpa Bemmkoro.

Species 1 2

4 5 6 7 8

1. Pagurus middendorffii ookl 0.577 | 0.506 | 0.287 | 0.249 | 0.084 | 0.033 | 0.190

2. Pagurus proximus

0.549 ook 0.700 | 0.495 | 0.611 0.439 [ 0.027 | 0.159

3. Pagurus ochotensis 0.682 0.356 kol 0.486 | 0.539 | 0.379 | 0.024 | 0.200
4.Pagurus brachiomastus 1.249 | 0.704 | 0.722 HoAdx 0.501 0.439 | 0.092 | 0.072
5. Pagurus gracilipes 1.392 | 0.493 | 0.618 | 0.692 HrAE 0.372 | 0.007 | 0.123
6. Pagurus minutus 2473 | 0.823 | 0.972 | 0.824 | 0.988 HEEE 0.131 0.170

7. Diogenes nitidimanus 3410 | 3.613 | 3.715 | 2.390 | 4.942 | 2.035 Hokkk 0.167

8. Stratiotes nigroapiculus | 1.663 1.839 1.611 2.627 | 2.099 1.772 1.790 HokAK

Pagurus middendorffii
l Pagurus proximus
Pagurus ochotensis

— Pagurus gracilipes

Pagurus brachiomastus

Pagurus minutus

Diogenes nitidimanus

Stratiotes nigroapiculus

| | T L L] L 1 L L] L L 1] L]
0.10 0.25 0.40

L T T T 7 v
0.55 0.70

Fig. 1. UPGMA tree constructed on the base of genetic similarity (Nei, 1978) showing genetic relationships

among eight hermit crab species.

Puc. 1. UPGMA-nepeBo, IOCTpOCHHOE Ha OCHOBE HHJIEKCOB reHeTmueckoro cxoncrea (Nei, 1978),
JIEMOHCTPHPYIOIEe TEHETHUECKNE CBSI3H MEXTy 8 BHAMH PaKOB-OTIICITEHUKOB.

mus (1=0.611+0.117), P. ochotensis (1= 0.539+
0.121) and P. brachiomastus (1=0.501+ 0.117).

It was shown that the average genetic simi-
larity between the pagurid species inhabiting
Peter the Great Bay is lower than the average
genetical identity obtained by Hedgecock et al.
(1982) for 26 pairs of congeneric decapod spe-
cies (1=0.66+0.15) and values obtained by
Mulley and Latter (1980) for the genera Meta-
penaeus (1=0.69+0.08) and Penaeus (1=0.65+
0.08) and within the genus Scylla (Gao, War
tanabe, 1998). Earlier, we have found that two
spider crabs (Pisoides bidentatus and Pugettia

quadridens) and two intertidal crabs (Hemi-
grapsus sanguineus and H. penicillatus) were
alsovery similar genetically (Zaslavskayaetal.,
2007). Genetic identity values between these
pairs of species were high (1=0.758+0.092 and
1=0.821+0.078, respectively). Fairly low gene-
tic identity among the pagurid speciesisinline
with the observed variability in morphology
among adults and among larvae within the ge-
nus Pagurus. This genus contains more than a
100 species (Ingle, 1985). Because of their
recognized heterogeneity, species of the genus
Pagurus were repeatedly divided into informal
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groups based on either adult or larval morphol-
ogy. For example, four groups (A-D) were
distinguished based on the similarities of larval
characters (see Roberts, 1970; McLaughlin,
Gore, 1988).

According to larval characters, most of the
pagurids inhabiting Russian waters of the Sea
of Japan (P. brachiomastus, P. ochotensis, P.
middendorffii, P. proximus and P. minutus)
are members of Group A (typical representa-
tiveisPagurusbernhardus) (Kornienko, Korn,
2006). Larval characters of P. gracilipes con-
siderably differ from larval characters of these
pagurids (Kornienko, Korn, 2007). Detailed
description indicated that this species should
rather be placed in Group C (typical represen-
tativeis Pagurusanachoretus). Therefore, lar-
val morphology confirms that P. gracilipes
differs from the other paguridsliving in Peter
the Great Bay.

However, accordingtogeneticrelationships,
P. gracilipes undoubtedly belongsto the genus
Pagurus. This conclusion is supported by sim-
ilar identity values between other speciesof the
genus Pagurusand much lower genetic similar-
ities between the genera Diogenes and Stra-
tiotes and between the families Paguridae and
Diogenidae. Genetic identity values among the
pagurid species in our study are close to inter-
specific valuesobtained in el ectrophoretic stud-
iesof other invertebrates. These studies suggest
that 85% of I-values between congeneric spe-
cies exceed 0.35, while between genera fall
below 0.35 (Thorpe, 1982; Thorpe, Solé-Cava,
1994).

Acknowledgements

The project was supported by the Russian
Foundation for Fundamental Research (grant
no. 08-04-929). We are greatly indebted to Dr
Tomoyuki Komai (Natural History Museum
and Institute, Chiba, Japan) for the identifica-
tion of Diogenes nitidimanus and Stratiotes
nigroapiculus and Dr Akira Asakura (Natural
History Museum and Institute, Chiba, Japan)
for offering helpful comments.

References

Austin C.M., Ryan S.R. 2002. Allozyme evidence for a
new species of freshwater crayfish of the genus Cher-
ax Erichson (Decapoda: Parastacidae) from the south-
west of Western Australia// Invertebrate Systematics.
Vol.16. P.357-367.

Fuseya R., Watanabe S. 1996. Genetic variability in the
mud crab genus Scylla (Brachyura: Portunidae) //
Fisheries Science. Vol.62. P.705-709.

Gouws G., Stewart B.A. 2001. Potamonautid river crabs
(Decapoda, Brachyura, Potamonautidae) of KwaZu-
lu-Natal, South Africa // Water SA. Vol.27. No.l.
P.85-98.

Harris H., Hopkinson D.A. 1976. Handbook of enzyme
electrophoresis in human genetics. North-Holland,
Amsterdam.

Hedgecock D., Tracey M., Nelson K. 1982. Genetics //
D.E. Bliss (ed.). The biology of Crustacea. Vol.2.
Embryology, morphology, and genetics. New Y ork:
Academic Press. P.283-403.

Ingle R.W. 1985. Northeastern Atlantic and Mediterranien
hermit crabs (Crustacea: Anomura: Paguroidea: Pagu-
ridae). |. The genus Pagurus Fabricius, 1775 // Jour-
nal of Natural History. Vol.19. P.745-769.

Komai T. 1998. The taxonomic position of Pagurus gra-
cilipes (Stimpson, (1858) and Pagurus nipponensis
(Yokoya, 1933), and description of a new species of
Pagurus (Decapoda, Anomura, Paguridae) from Ja-
pan /| Zoosystema. Vol.20. P.265-288.

Kornienko E.S., Korn O.M. 2006. The larval development
of Pagurus proximus (Decapoda: Anomura: Pagu-
ridae) reared in the laboratory // Journal of the Marine
Biological Associationof theUnited Kingdom. Vol .86.
P.369-381.

Kornienko E.S., Korn O.M. 2007. Larval development of
the hermit crab Pagurus gracilipes (Stimpson, 1858)
(Decapoda: Anomura: Paguridae) reared in the labo-
ratory // Invertebrate Reproduction and Devel opment.
Vol.50. P.31-46.

Manchenko G.P. 1994. Handbook of detection of enzymes
on electrophoretic gels. Sydney: CRC Press, Inc. 341 p.

McLaughlin P.A., Asakura A. 2004. Reevaluation of the
hermit crab genus Parapagurodes McLaughlin &
Haig, 1973 (Decapoda: Anomura: Paguroidea: Pagu-
ridae) and a new genus for Parapagurodes doeder-
leini (Doflein, 1902) // Proceedings of the Biological
Society of Washington. Vol.117. P.42-56.

McLaughlin P.A., Haig J. 1973. On the status of Pagurus
mertensii Brandt, with descriptions of a new genus
and two new species from California (Crustacea:
Decapoda: Paguridae) // Bulletin of the Southern
California Academy of Sciences. Vol.72. P.113-136.

McLaughlin P.A., Gore R.H. 1988. Studies on the proven-
zanoi and other pagurid groups: |. The larval stages of
Pagurus maclaughlinae Garcia-Gémez, 1982 (Deca-
poda: Anomura: Paguridae), reared under |aboratory
conditions // Journal of Crustacean Biology. Vol.8.
P.262-282.



Genetic similarity between pagurids 155

McLaughlin P.A., Jensen G.C. 1996. A new species of
hermit crab of the genus Parapagurodes (Decapoda:
Anomura: Paguridae) from the Eastern Pacific, with a
description of itsfirst zoeal stage// Journal of Natural
History. Vol.30. P.841-854.

MiaMd.Y ., Fuseya R., Watanabe S. 1999. Genetic varia-
tions among the three species of grapsid crabs, Helice
tridens latimera, H. tridens tridens and H. leachi //
Crustacean Research. No.28. P.52-61.

Mulley J.C., Latter B.D.H. 1980. Genetic variation and
evolutionary relationships within agroup of thirteen spe-
cies of penaeid prawns// Evolution. VVol.34. P.904-916.

Nei M. 1978. Estimation of average heterozygosity and
genetic distance from a small number of individuals
/I Genetics. Vol.89. P.583-590.

Pudovkin A.l., Zaikin D.V., Tatarenkov A.N. 1996.
DBOOT computer software for calculation of Nei's
genetic distance and genetic identity and their boot-
strapped confidence intervals // Genetica. Vol.32.
P.1017-1020.

Roberts M.H.J. 1970. Larval development of Pagurus
longicarpus Say reared in the laboratory, |. Descrip-
tion of larval instars // Biological Bulletin. Vol.139.
P.188-202.

Rohlf F.J. 1988. NTSY S-pc: Numerica taxonomy and mul-
tivariate analysis system. New Y ork: Exter Publishing.

Stewart B.A., Cook P.A. 1998. Identification of a new
species of river crab (Decapoda: Brachyura: Potamo-
nautidae) from South Africa using morphological and
genetic data// Journal of Crustacean Biology. Vol.18.
P.556-571.

Swofford D.L, Selander R.B. 1981. BIOSY S: A computer
program for analysis of allelic variation in genetics.
Urbana: Univ. of Illinois.

Thorpe J.P. 1982. The molecular clock hypothesis: bio-
chemical evolution, genetic differentiation and sys-
tematics // Annual Review of Ecology and Systemat-
ics. Vol.13. P.139-168.

Thorpe J.P., Solé-Cava A.M. 1994. The use of allozyme
electrophoresis in invertebrate systematics // Zoolo-
gica Scripta. Vol.23. P.3-18.

ZaslavskayaN.l. 1989. [Genetic variability in four Pacific
species of periwinkles (Mollusca: Gastropoda)] //
Genetika. Vol.25. P.1636-1644 [in Russian, with
English summary].

ZaslavskayaN.l. Kornienko E.S., Korn O.M. 2007. Genet-
ic differences between two spider crabs Pisoides bi-
dentatus (A. Milne-Edwards, 1873) and Pugettia
quadridens (de Haan, 1839) (Decapoda: Brachyura:
Majoidea) from the Sea of Japan // Biochemical
Systematics and Ecology. Vol.35. P.750-756.



