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Pinnixa rathbunae (основной объект) и P. banzu из
залива Восток Японского моря. Несмотря на то,
что они живут в ассоциациях с разными хозяевами
(Urechis и Chaetopterus), оба вида довольно схожи
биологически: самки немного доминируют по чис-
ленности и немного крупнее самцов, имеют схо-
жую взаимосвязь между линочным и репродуктив-
ным циклами, сезонность размножения с возмож-
ностью производить более одной кладки яиц за се-
зон. Средние значения морфометрических парамет-
ров между двумя видами существенно не различа-
ются, что свидетельствует об их близком сходстве.
Различные измерения экзоскелета, представленные
в статье, а также их отношение к ширине панциря
(REP) для P. rathbunae и P. banzu, могут быть по-
лезны, к примеру, для трофологов, воссоздающих
размеры этих крабов из элементов их экзоскелета,
собранных в желудках различных гидробионтов
Японского моря. Все эти параметры сравниваются
с таковыми для других представителей семейства
Pinnotheridae.

Introduction

Pea crabs of the family Pinnotheridae usually live
in association with different marine invertebrates. Nu-
merous researches have been focused on their symbio-
sis with bivalve mollusks, while these crabs also live in
polychaetes tubes, burrows of sipunculid and echiuroid
worms, thalassinidean shrimps and hemichordates
[Stauber, 1945; Christensen, McDermott, 1958; Sast-
ry, Menzel, 1962; Houghton, 1963; Pearce, 1966a, b;
Beach, 1969; Kruczynski, 1973; Jones, 1977; Bier-
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baum, Ferson, 1986; review in Alves, Pezzuto, 1998;
McDermott, 2009].

The world fauna of pea crabs of the genus Pinnixa
sensu lato includes about 70 species, more than 50 of
which were found along the American coasts [Sakai,
1934; Manning, Felder, 1989; Coelho, 1997; Zmarzly,
1992; Komai et al., 2014; Marin, 2016]. The taxonomy
of subfamilies was recently modified and the genus
Pinnixa sensu lato was separated for several phyloge-
netically related genera [Palacios Theil et al., 2016;
Palacios Theil, Felder, 2020], but still not all species of
the genus Pinnixa sensu lato are revised, including our
main objects. Taking into account the latest revisions
[Palacios Theil et al., 2016; Palacios Theil, Felder,
2020], we believe that these crabs are more or less
similar from an ecological point of view and will use
the “old” taxonomy in order not to complicate the work
with excessive taxonomic details.

Russian fauna includes only 3 species of the genus
Pinnixa sensu lato, namely P. tumida Stimpson, 1858,
P. rathbunae Sakai, 1934 and P. banzu Komai, Nishi
et Taru, 2014 (still referring to Pinnixa sensu lato),
known from the cold-water (northern) part the Sea of
Japan and representing the northernmost area of the
genus distribution [Marin, Kornienko, 2014; Marin,
2016, 2018]. Only few data on the species composition
and some ecological features have been published
[Vassilenko, 1990; Marin, 2016, 2018; Burukovsky,
Marin, 2018]. At the same time, symbiotic relation-
ships, such data on reproductive biology and ecology
have been described from other Pinnixa species such
P. chaetopterana Stimpson, 1860 [McDermott, 2005],
P. tumida [Takeda et al., 1997], P. littoralis Holmes,
1895, P. faba (Dana, 1851) [Pearce, 1966a], P. cylin-
drica (Say, 1818) [McDermott, 1981]. P. tomentosa
Lockington, 1877 [Scanland, Hopkins, 1978], P. valerii
Rathbun, 1931 [Vargas, 1987], P. barnharti Rathbun,
1918, P. forficulimanus Zmarzly, 1992, P. longipes
(Lockington, 1876) [Zmarzly, 1992] and P. patago-
niensis Rathbun, 1918 [Alves, Pezzuto, 1998].

Thus, the aim of this work is to describe some
features of biology (morphometry, reproductive condi-
tion, fecundity, egg size and etc.) of Pinnixa rathbunae
and P. banzu from Russian waters (Vostok Bay) of the
Sea of Japan. The main object of our study is P. rath-
bunae, the common species in the Vostok Bay, but we
also used all sampled specimens of P. banzu in the
study because such data are also absent for the species.

Material and Methods

Symbiotic pea crabs were collected in Vostok Bay
(42°53′35.5″N 132°43′42.1″E) (northern part of Peter
the Great Bay) of the Sea of Japan in May and July
2017. Pea crabs Pinnixa rathbunae Sakai, 1934 (n=257)
(Crustacea: Decapoda: Pinnotheridae) were collected
using a hand pump (yabbi-pump) from burrows of ech-
iuroid (spoon-worm) Urechis unicinctus (von Drasche,
1881) (Echiura: Echiuroidea: Urechidae) at depths of
0.2–2.0 m at 14–15 July 2017, while rarer pea crabs P.

banzu (n=9) were collected with SCUBA diving from
tubes of polychaete Chaetopterus cf. cautus Maren-
zeller, 1879 (Polychaeta: Chaetopteridae) at depths of
3–5 m at 24 May 2017. Polychaete tubes were careful-
ly dug out of the substratum manually not to lose hosts
and their symbionts. All symbionts were fixed with
70% alcohol or 4% buffered solution of formaldehyde.

The laboratory biological analysis (after Rodin et
al. [1979]; Sudnik, Poddueva [1999]) was used for a
comprehensive study of biology of pea crabs. The anal-
ysis was carried out for 257 specimens of P. rathbunae
(117 ##, 140 $$) and 9 specimens of P. banzu (4 ##,
5 $$) and included: morphometry, sex identification,
body weighting, the assessment of phase of the moult
cycle (on the condition of cuticle: moulting/intermoult-
ing), in $$ — assigning ovaries maturity stage (OMS)
and the development stage of embryos (EDS), count-
ing fecundity of eggs (= embryos) and measurement of
their size and of size of mature oocytes. The length of
carapace (CL) was measured from the posterior edge
of eye orbits to the posterior margin of carapace; width
of carapace (CW) — the middle (maximum) width of
carapace from one lateral margin to the other; the length
of abdomen (AL) — the central length from abdomen
proximal margin to distal margin of the telson; the total
body length (TBL) was determined summing CL and
AL. The length and width of merus of ambulatory
pereopods 3 (forth pair of thoracic appendages) (P3),
the length and width of palm of chela and the length of
chela as well as the ratios between different exoskele-
ton parts and the width of carapace (REP) were mea-
sured according to Rodin et al. [1979] and Poddueva
[2017, 2018]. We are sure that these ratios are useful,
for example, for trophologists in reconstruction of siz-
es of these crabs from fragments found in the stomachs
of aquatic organisms (i.e., fishes) of the Sea of Japan.
The measurements were carried out with the help of
micrometer on light binocular microscope MBS-10 with
an accuracy of 0.1 mm.

The body weight was determined after short-time
drying of the specimen on a filter paper with the help of
Adventurer ™ Pro analytical scales with the accuracy
about 0.01g. The mass of slightly moist ovaries was
determined using the torsion weighing-machine Tech-
niprot (0–500 mg) with the accuracy about 0.001g.

The sex determination was accomplished based on
the shape of abdomen and the structure of abdominal
appendages. The sex determination using secondary
sexual characteristics was supported by determining
the type of their gonads (testes or ovaries). In a case of
identifying gonads as ovaries, their maturity was as-
sessed using a 6-point scale for determination the ova-
ry maturity stage [Sudnik, Poddueva, 2019] based on
macroscopic features characterizing the condition of
gonads, such as color, shape, structure, relative size, to
determine the degree of their maturity: OMS I — the
ovaries of immature $$; OMS II — sexually mature;
OMS III–V — maturing (OMS III, IV) and mature
(OMS V) ovaries; OMS VI–II — gonads in the post-
spawning $$.
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Table 1. Morphometry of pea crab Pinnixa rathbunae (117 ##, 140 $$) in Vostok Bay.
Таблица 1. Морфометрия самцов крабов-горошин Pinnixa rathbunae (117 ##, 140 $$) в заливе Восток.

ff — females; mm — males.

Min, mm Max, mm Mean±SD, mm Ratio of PaEx to 
CW (REP) Measured part of exoskeleton 

(PaEx) 
mm ff mm ff mm ff mm ff 

Carapace Width (CW) 4.6 4.2 12.8 12.3 8.31±1.91 8.61±1.79 – – 
Carapace Length (CL) 2.7 2.1 6.2 5.7 4.48±0.88 4.35±0.89 1.85 1.99 
Abdomen Length (AL) 2.0 2.2 5.5 8.3 3.74±0.82 4.89±1.45 2.22 1.83 
Abdomen Width (AW) 1.4 1.2 3.4 10.8 2.45±0.52 5.87±2.43 3.38 1.70 

Total Body Length (TBL) 4.7 4.9 11.4 14.5 8.22±1.68 9.24±2.18 – – 
Length of Palm (left chela)  1.6 1.6 5.0 12.9 2.95±0.75 3.17±1.07 2.90 2.99 

Length of Palm (right chela) 0.9 1.0 3.5 3.2 1.98±0.57 2.15±0.47 4.38 9.39 
Width of Palm (right chela) 0.5 0.6 2.3 2.1 1.43±0.40 1.27±0.30 6.04 2.84 

Length of merus of P3 1.6 1.5 4.7 4.5 2.90±0.66 2.93±0.57 2.89 4.01 
Width of merus of P3 0.4 0.3 1.6 1.8 0.93±0.26 0.96±0.87 9.17 7.01 

Table 2. Morphometry of pea crab Pinnixa banzu (4 ##, 5 $$) in Vostok Bay.
Таблица 2. Морфометрия крабов-горошин Pinnixa banzu (4 ##, 5 $$) в заливе Восток.

ff — females; mm — males.

Min, mm Max, mm Mean±SD, mm Ratio of PaEx to 
CW (REP) Measured part of exoskeleton 

(PaEx) 
mm ff mm ff mm ff mm ff 

Carapace Width (CW) 14.4 11.8 16.3 14.3 14.9±0.79 13.02±1.02 – – 
Carapace Length (CL) 6.7 5.6 8.0 6.8 7.2±0.49 6.22±0.49 2.07 2.09 
Abdomen Length (AL) 5.8 5.2 7.4 5.5 6.3±0.66 5.38±0.13 2.38 2.42 
Length of Right Chela  3.9 4.7 5.9 5.4 5.1±0.72 5.08±0.30 3.00 2.56 

Length of Palm (right chela)  3.2 3.6 4.3 4.1 3.4±0.68 3.9±0.22 4.59 3.34 
Width of Palm (right chela) 1.9 2.4 2.7 2.7 2.3±0.30 2.52±0.13 6.45 5.18 

Length of merus of P3  4.0 4.0 4.9 4.5 4.2±0.13 4.3±0.24 3.54 3.01 
Width of merus of P3  1.8 1.5 2.1 1.7 1.9±0.13 1.65±0.10 7.93 7.89 

10 oocytes/eggs were measured, and the mean values
were calculated. The volume of egg with ellipsoid form
was quantified by the formula: V = 4/3×π×r1×(r2)2,
where r1 — half the length of the egg, and r2 — half
the width of the egg [Oh, Hartnoll, 2004; Bülgü, Sam-
sun, 2006].

Results

Sex ratio. Two studied species of Pinnixa clearly
differ in population structure: P. rathbunae was usual-
ly found in groups of adult (mature) and juvenile indi-
viduals in burrows of Urechis unicinctus, while P.
banzu was found usually in strictly heterosexual (#$)
pairs or solitary inside tubes of Chaetopterus cf. cau-
tus. At the same time, using whole available data, the
sex ratio (##/$$) was 0.84 (n=257) in P. rathbunae,
and was 0.8 (n=9) in P. banzu.

Morphometry. The results of morphometric anal-
ysis and the ratios of exoskeleton parts to the width of
carapace (REP) are shown in Tabs 1, 2. The sizes were
4.2–12.8 mm (CW), 2.1–6.7 mm (CL), and 4.7–

The gonadosomatic index (GSI) was calculated for
mature ovaries as the ratio of their weight to the weight
of $$ body in %% (without the total weight of the
gonad, stomach and it content, and the mass of eggs
from pleopods in a case of ovigerous $$). GSI was
evaluated only in females P. banzu; we were not able
to weigh the mature ovaries of P. rathbuni and estimate
GSI, since the gonads were extremely loose and we
would not be able to weigh them without a significant
error.

The stages of embryo development were determined
based on a 5-point scale created to determine the stage
of embryo development in caridean shrimp [Buru-
kovsky, 1992; Sudnik, Falkenhaug, 2014]. For fecun-
dity estimation, all eggs from pleopods were counted
directly under the binocular light microscope but only
females with embryos in EDS 1 were used for analysis,
in order to avoid bias caused by egg loss during the
incubation period.

Mature oocytes and eggs were measured using an
ocular microscope with an accuracy of 0.001 mm; larg-
er and smaller diameters (length and width) of at least
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Fig. 1. Size of pea crab Pinnixa rathbunae in Vostok Bay.
Рис. 1. Размер крабов-горошин Pinnixa rathbunae в заливе Восток.

uals were found among all studied specimens of P.
banzu, both ## and $$ were in the intermoulting
period with hard exoskeleton.

The studied $$ of P. rathbunae can be divided into
4 groups, based on following criteria – the ovaries
maturity stages (OMS), the presence or absence of
eggs on pleopods and the development stages of em-
bryos (ESD), and body sizes: non-ovigerous $$ with
immature gonads (OMS I–II); non-ovigerous $$ with
maturing or mature gonads (OMS III–V); recently
spawned $$, i.e. ovigerous with embryos in EDS 1 and
immature gonads (OMS VI–II) and ovigerous $$ with
embryos in EDS 1–3 and maturing ovaries (OMS III–
V) (Tab. 3; Fig. 2). Non-ovigerous $$ greatly pre-
vailed over $$ with eggs (the ratio was 86.4% / 13.6%,
respectively). Among 19 ovigerous $$ of P. rathbu-
nae, 16 $$ had embryos in EDS 1–2 (i.e., the begin-

14.5 mm (TBL) in P. rathbunae, the mean (CW, CL,
TBL) and the modal sizes (CW) not differ significantly
in $$ and ## (Tabs 1, 2; Fig. 1). The sizes were
11.8–16.3 mm (CW), 5.6–8.0 mm (CL), 10.8–15.4 mm
(TBL) in P. banzu, while carapace of $$ was smaller
than in ## (11.8–14.3 mm and 14.4–16.3 mm, re-
spectively). However, by the mean values these differ-
ences are not significant.

Female reproductive traits, the relationship of
moulting and reproduction in $$$$$$$$$$. Among 257 stud-
ied specimens of P. rathbunae, 58 individuals were
found moulting: 26 ## (22.2% of all examined ##,
CW 4.6–9.9 mm, with the mean 6.86±1.74 mm) and
32 $$ (22.9%, CW 5.1–11.8 mm (7.72±1.79 mm)).
The proportion of moulting ##/$$ were similar; no
significant differences in the sizes of the moulting indi-
viduals in both sexes were found. No moulting individ-

Non-ovigerous/ 
ovigerous 

Number of 
females OMS State of embryos, EDS CW (range / mode), mm 

Pinnixa rathbunae 
40 I, II – 4.2–9.8 / 7–8 non-ovigerous 
81 III–V – 5.8–12.3 / 9–11 
3 VI–II 1 10.0–10.8 / 10–11 

10 1 
3 2 ovigerous 

3 
III–V 

3 
7.5–10.7 / 8–11 

Pinnixa banzu 
non-ovigerous – – – – 

3 IV 1 14.4–16.3 ovigerous 2 V 2 14.5; 14.6 

Table 3. Reproductive state of $$ of pea-crabs Pinnixa rathbunae and P. banzu in Vostok Bay.
Таблица 3. Репродуктивное состояние $$ крабов-горошин Pinnixa rathbunae и P. banzu в заливе Восток.
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Fig. 2. Size composition of ovigerous (EDS, development stages of embryos 1–3) and non-ovigerous $$ of Pinnixa rathbunae with
ovaries in different maturity stages in Vostok Bay (%% of all studied $$).

Рис. 2. Размерный состав яйценосных (EDS, стадии развития эмбрионов 1–3) и неяйценосных $$ Pinnixa rathbunae с
яичниками в различных стадиях зрелости в заливе Восток (в %% от всех исследованных $$).

Table 4. Stages of ovaries maturity in $$ of pea crabs Pinnixa rathbunae (intermoulting (with hard exoskeleton)
and moulting) in Vostok Bay.

Таблица 4. Стадии зрелости яичников $$ крабов-горошин Pinnixa rathbunae (в межлиночном состоянии
(с твердым панцирем) и линяющих) в заливе Восток.

Number of females CW of females, mm 
intermoulting moulting 

Stage of 
ovary 

maturity total intermoulting  moulting range mean±SD range mean±SD 
I 13 4 9 5.0–9.8 6.5±1.79 5.1–7.2 6.08±1.16 
II 28 19 9 4.2–10.0 4.2±1.23 5.1–8.7 6.83±1.17 
III 26 24 2 5.8–10.7 8.07±1.18 9.0–9.3 9.15±1.62 
IV 47 40 7 9.65–11.8 9.65±1.18 7.0–11.8 9.33±1.7 
V 24 19 5 8.1–12.3 8.1±1.03 8.3–10.3 9.48±0.85 

VI–II 2 2 – 10.0–10.8 10.4±1.71 – – 

in individuals with OMS I (immature) and III–IV (ma-
turing); differences were also observed in the sizes of
moulting individuals with OMS I–II and completely
mature ovaries at OMS V.

Pre-mature and mature oviparous $$ (OMS IV, V)
were found with embryos in the initial development
stages (EDS 1, 2) in both P. rathbunae and P. banzu
(Tab. 5) that shows the absence of synchronous devel-
opment of the ovaries and embryos in these species.

Gonadosomatic index of pre-spawning $$$$$$$$$$. Go-
nadosomatic index (GSI) of one spawning was calcu-
lated in 2 pre-spawning (OMS V) $$ of P. banzu as 9.2
and 11.8%, respectively.

Sizes of mature oocytes. The sizes of mature
oocytes in P. rathbunae and P. banzu not differ sig-
nificantly, despite the smaller sizes of P. rathbunae
(Tab. 6).

ning of embryogenesis) and 3 $$ carried embryos in
EDS 3 (the middle of embryogenesis) (Tab. 3). All 5
studied $$ of P. banzu were ovigerous (Tab. 3), 3 $$
were pre-mature (OMS IV) and have just laid eggs
(EDS 1), and 2 $$ have recently spawned (EDS 2)
and were again in the pre-spawning state (OMS V)
(Tab. 3).

Moulting individuals of P. rathbunae were domi-
nating among immature $$ (OMS I), intermoulting $$
with hard exoskeleton prevail among $$ with OMS II,
although the proportion of moulting individuals is large
(Tab. 4). Moulting individuals were extremely rare
among mature $$ with OMS III and the relative num-
ber of $$ with soft exoskeleton was increasing among
pre-mature and mature $$ (OMS IV–V). Post-spawn-
ing $$ (OMS VI–II) possess hard exoskeleton (Tab.
4). The mean sizes of moulting $$ differs significantly
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Table 5. The correlation of ovary maturity stage (OMS) / development stage of embryos (EDS) in ovigerous $$
of pea crabs Pinnixa rathbunae and P. banzu in Vostok Bay.

Таблица 5. Соотношение между стадиями развития яичников (OMS) / стадиями развития эмбрионов (EDS)
у яйценосных $$ крабов-горошин Pinnixa rathbunae and P. banzu в заливе Восток.

Number of ovigerous females 
Pinnixa rathbunae / Pinnixa banzu OMS 

EDS 1 EDS 2 EDS 3 
VI–II 3 – – – – – 

III 5 – 1 – 1 – 
IV 3 2 2 – 2 – 
V 2 1 – 2 – – 

Table 6. Sizes of mature oocytes (OMS V) in pea crabs Pinnixa rathbunae and P. banzu in Vostok Bay.
Таблица 6. Размеры зрелых ооцитов (OMS V) крабов-горошин Pinnixa rathbunae и P. banzu в заливе Восток.

CW, mm Mature oocytes 
length, mm 

Mature oocytes 
width, mm Species Number 

range mean± 
SD range mean± 

SD range mean±  
SD 

P. rathbunae 24 8.1–
12.3 

10.4± 
1.62 

0.280–
0.357 

0.312± 
0.008 

0.238–
0.350 

0.287 ± 
0.008 

P. banzu 3 14.5–
16.3 

15.1± 
0.85 

0.302–
0.312 

0.308± 
0.058 

0.282–
0.289 

0.285 ± 
0.053 

mm, EDS 1, 2) was 2974±89 eggs, ranging from 2876
(CW 14.4 mm) to 3108 eggs (CW 16.3 mm) (Tab. 6).

Egg size in P. rathbunae ranged from 0.255×0.240
mm (length×width) in $ with CW 9.6 mm and embryos
development stage (EDS 1) to 0.335×0.320 mm (CW
9.1 mm, EDS 2) and to 0.333×0.290 mm (CW 10.5 mm,
EDS 3) (Tab. 6). Egg volume in P. rathbunae varied
from 0.008 mm3 (CW 8.7–9.6 mm, EDS 1) to
0.018 mm3 (CW 9.1 mm, EDS 2). Eggs sizes (volume,
diameters) in P. rathbunae did not change significantly

Fecundity, egg size. The egg mass was completely
laying under the abdomen in $$ of P. rathbunae and P.
banzu. The fecundity was counted for P. rathbunae
(n=19) and P. banzu (n=5) (see Tab. 7). The mean
fecundity in P. rathbunae (CW 7.5–10.8 mm, EDS 1–
3) was 664±448 eggs, ranging from 24 (CW 8.7 mm)
to 1624 eggs (CW 10.5 mm), without significant loss
of embryos at the stages of EDS 1–3 (from the begin-
ning to the middle of embryogenesis, inclusive) (Tab.
6). The mean fecundity in P. banzu (CW 14.4–16.3

Table 7. Egg sizes, egg volume, fecundity (F) and sizes of ovigerous $$ of pea crabs Pinnixa rathbunae and P. banzu
with embryos at different stages of development in Vostok Bay of the Sea of Japan.

Таблица 7. Размер яиц, объем яиц, плодовитость (F) и размеры яйценосных $$ крабов-горошин
Pinnixa rathbunae и P. banzu с эмбрионами на разных стадиях развития в заливе Восток Японского моря.

M — mean±SD; R — range.

CW,  
mm Fecundity Egg length, 

mm 
Egg width, 

mm 
Egg volume, 

mm3 EDS Number 
R M R M R M R M R M 

Pinnixa rathbunae 

1 13 8.0–
10.8 

9.44± 
1.69 

24–
1209 

563± 
478 

0.255–
0.310 

0.292± 
0.022 

0.240–
0.298 

0.275± 
0.022 

0.008–
0.014 

0.012± 
0.003 

2 3 7.5–
9.1 

8.43± 
1.73 

551–
1048 

819± 
448 

0.283–
0.335 

0.310± 
0.021 

0.283–
0.320 

0.295± 
0.021 

0.012–
0.018 

0.014± 
0.002 

3 3 8.2–
10.5 

9.33± 
1.69 

412–
1624 

945± 
520 

0.283–
0.333 

0.300± 
0.021 

0.250–
0.290 

0.270± 
0.020 

0.009–
0.015 

0.012± 
0.002 

Pinnixa banzu 

1 3 14.4–
16.3 

15.1± 
0.79 

2876–
3108 

3036
±89 

0.325–
0.350 

0.342± 
0.01 

0.300–
0.325 

0.308± 
0.02 

0.015–
0.019 

0.017± 
0.003 

2 2 14.5;
14.6 – 2917; 

3006 – 0.350; 
0.350 – 0.325; 

0.350 – 0.019; 
0.022 – 
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during the studied part of embryogenesis (EDS 1–3).
Eggs of P. banzu ranged in size from 0.325×0.300 mm
and 0.015 mm3 (CW 16.3 mm, EDS 1) to
0.350×0.350 mm and 0.022 mm3 (CW 14.6 mm, EDS
2) (Tab. 6). The size of eggs with embryos on EDS 1–2
in P. banzu (CW 14.4–16.3 mm) was slightly larger
than in P. rathbunae (CW 7.5–10.8 mm) (Tab. 6).

Ectosymbionts of crabs. Ectosymbiotic bryozoans
were observed on dorsal surface carapace and on pereio-
pods in all 4 ## and 2 of 5 $$ of P. banzu, while the
remaining 3 $$ had bryozoans in smaller numbers only
on pereiopods. No ectosymbionts were observed on
carapace and pereiopods in P. rathbunae.

Discussion

Recently, for most known pea crabs of the genus
Pinnixa and other representatives of the family Pin-
notheridae, only taxonomic descriptions are known,
while data on their biology and ecology are quite rare
and fragmentary. However, below we will try to give
some general conclusions related to the data presented
above.

The sex ratio within the family Pinnotheridae varies
greatly. In the studied populations of pea crabs Pinnixa
rathbunae and P. banzu, females somewhat dominated
with ##/$$ ratio about 0.8–0.84. The ratio is close to
equal in P. patagoniensis [Alves, Pezzuto, 1998] and it
ranged from 0.86 to 1.01 in P. chaetopterana, often
with males slightly less than females [McDermott,
2005]. Females stronger prevail than males in the stud-
ied populations of P. tumida [Takeda et al., 1997], P.

cylindrica [McDermott, 1981], P. tomentosa [Scan-
land, Hopkins, 1978] and related Pinnaxodes floriden-
sis H.W. Wells et M.J. Wells, 1961 [Wells, Wells,
1961], while males prevailed over females in P. lit-
toralis, P. faba [Pearce, 1966a], Pinnotheres pisum
(Linnaeus, 1767) [Ambariyanto, Seed, 1991] and Tu-
midotheres (Pinnotheres) maculatus (Say, 1818) [Kru-
czynsky, 1973]. The absence of juveniles living to-
gether with adult crabs was noted earlier for P. banzu
from tubes of polychaete C. cautus [Marin, 2016],
while 3.5% of juveniles of P. chaetopterana were found
together with mature individuals inside tubes of poly-
chaete Amphitrite ornata (Leidy, 1855) (Terebellidae)
[McDermott, 2005)].

The maximum sizes of P. rathbunae were some-
what different: they were slightly smaller in Vostok
Bay of the Sea of Japan [present data], compared with
Tokyo Bay [Komai et al., 2014]. On the contrary,
individuals of P. banzu from Vostok Bay were some-
what larger [Komai et al., 2014] (Tab. 8). The size of
P. banzu from both localities is larger than that of P.
rathbunae from Vostok Bay and are closer to the sizes
of P. chaetopterana from the Atlantic coast of the USA
[McDermott, 2005] (Tab. 8). The sizes of P. rathbu-
nae are closer to those of P. banzu species from Tokyo
Bay [Komai et al., 2014], P. tumida from Mutsu Bay
[Takeda et al., 1997] and P. patagoniensis from the
coast of southern Brazil [Alves, Pezzuto, 1998].

The ##/$$ size ratio is also different in pinnotherid
crabs. Similar sizes are characteristic of males and
females of P. rathbunae [present data], P. patagonien-
sis [Alves, Pezzuto, 1998), P. barnharti, P. forficuli-

Table 8. Sizes of different pea crab species of the genus Pinnixa sensu lato.
Таблица 8. Размеры различных крабов-горошин рода Pinnixa sensu lato.

ff — females; mm — males.

CW, mm CL, mm 
Species Sex 

min–max mean±SD min–max mean±SD 
Reference 

mm 4.6–12.8 8.31±1.91 2.7–6.2 4.48±0.88 P. rathbunae  
(Vostok Bay) ff 4.2–12.3 8.61±1.79 2.1–5.7 4.35±0.89 

present data 

mm 6.5–14.7 – 3.5–7.2 – P. rathbunae  
(Tokyo Bay) ff 4.3–10.5 – 3.7–7.0 – 

Komai et al., 
2014 

mm 11.8–14.3 13.02±1.02 5.6–6.8 6.22±0.49 
P. banzu (Vostok Bay) 

ff 14.4–16.3 14.9±0.79 6.7–8.0 7.20±0.49 
present data 

P. banzu (Tokyo Bay) – 7.1–13.1 – 4.1–6.6 – Komai et al., 
2014 

mm 1.7–15.5 – 1.0–6.5 – 
P. chaetopterana 

ff 1.7–18.3 – 1.1–8.3 – 
McDermott, 

2005 
mm 9.8–10.5 – – – 

P. tumida 
ff 9.9–12.1 – – – 

Takeda et al., 
1997 

P. patagoniensis mm ≤ 11.5 – – – Alves, Pezzuto, 
1998 
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manus and P. longipes [Zmarzly, 1992]. Contrary, fe-
males are larger than males in P. banzu from Vostok
Bay [present data] as well as most of other species of
the genus Pinnixa and the family Pinnotheridae [Scan-
landt, Hopkins, 1978; McDermott, 1981, 2005; Bell,
Stancyk, 1983; Takeda et al., 1997; Alves, Pezzuto,
1998].

Relationship between moulting and reproduction in
P. rathbunae resemble it in caridean shrimps [Sudnik,
2013]. That allowed us to suppose that young females
of these pea crabs, similar to other decapods, pass
through moulting of maturation, stimulating develop-
ment of their ovaries (in Tab. 4, moulting individuals
with OMS I–III) [Bhatia, Nath, 1931; Rao et al., 1981;
Sudnik, 2013]. Pre-mature and mature females (OMS
IV–V) of P. rathbunae can molt repeatedly — a com-
plex of moulting hormones, perhaps, stimulates ovary
maturation (vitellogenesis in oocytes of the next gener-
ation begins), similar to caridean shrimps [Sudnik,
2013].

The size of first female maturity in decapod crusta-
ceans, in our opinion, is characterized by the size of
small individuals with immature ovaries (OMS II) with-
out any signs of previous maturation; histological stud-
ies of the ovaries in this period of maturation, for
example, in a number of malacostracan crustaceans,
showed that they were at the end of pre-vitellogenesis,
ready for exogenous vitellogenesis [Charniaux-Cotton,
1985; Sudnik, 2013]. Females of some true crabs
(Brachyura) in this reproductive state are usually moult-
ing, being ready to mate for the first time. Females of
some tropical crabs, for example, Liocarcinus depura-
tor (Linnaeus, 1758) from the Mediterranean Sea, Neo-
helice granulata (Dana, 1851) from the waters of Ar-
gentina, and Charybdis variegata (Fabricius, 1798)
near India, molt and mate immediately, with non-de-
veloped ovaries (OMS II and VI–II) [Abello, 1989;
Ituarte et al., 2004]. Females of New Zealand crab
Ovalipes catharus (White et Doubleday, 1843) also
mates having soft exoskeleton [Ituarte et al., 2004],
while the state of their ovaries during copulation is not
indicated. Moulting and mating serve as an impetus for
the development and maturation of the ovaries in fe-
males of brachyuran crabs [Doi et al., 2008; Abello,
1989; Ituarte et al., 2004].

Among the studied females of P. rathbunae, about
20% (CW 4.2–10.0 mm, mean±SD 7.08±1.20 mm) had
ovaries in OMS II (Tab. 4), and more than 50% of
these females had CW 4.2–7.1 mm, which can be inter-
preted as the size of first maturity in P. rathbunae. At
the same time, it is difficult to discuss the size of first
maturity for other species of the Pinnixa, as usually it
is not specified. Discussing the size of first maturity,
the size of pre-mature and mature individuals is often
presented. For example, it is defined as CW 8.0 mm for
females of P. patagoniensis [Alves, Pezzuto, 1998],
while females with CW = 13.4 mm are indicated as
sexually mature in P. faba and P. littoralis [Pearce,
1966a]. The minimum sizes of mature females without

eggs (CW 7.2–7.8 mm) and egg-bearing (CW 7.5–
10.8 mm) in P. rathbunae from Vostok Bay and 2 $$
from Tokyo Bay (CW 8.1 and 7.8 mm) [Komai et al.,
2014] are were quite similar that is, probably, the size
of the first maturation and spawning in P. rathbunae.
For example, the majority of oviparous females pos-
sess CW = 6–10 mm in P. chaetopterana [McDermott,
1981] that probably correspond to the first spawning.

The size of a pre-mature female was CW 7.1 mm in
P. banzu from Tokyo Bay [Komai et al., 2014] that can
be assumed as the size of the first maturing. This size is
much smaller than the sizes of re-maturing, already
egg-bearing females from Vostok Bay (CW 14.4–
14.7 mm) [present data], but it is possible that P. banzu
from our sampled did not spawn for the first time.

Among our samples, 7 $$ of P. rathbunae (36.8%
of ovigerous $$) and 5 $$ of P. banzu (100%) were
recently spawned (EDS 1, 2), but were in a premature
or pre-spawning condition again. The possibility of re-
spawning a few days after the previous one was de-
scribed for other species, for example, female of P.
chaetopterana laid the second clutch with 7269 eggs
just 2 days after the first clutch with 10 621 eggs [Mc-
Dermott, 1981].

Some brachyuran crabs are known to fertilize sev-
eral clutches from the sperm reserves of a single mat-
ing, stored by the female in seminal vesicles, even
during the moulting [Warner, 1977; Morgan et al.,
1983, 1988; McDermott, 2005]. At the same time, for
example, in P. chaetopterana under laboratory condi-
tions, females molted several times during the year, but
did not mate and produced several clutches of unfertil-
ized eggs, and after copulation they laid fertilized eggs
again; another female laid 7 unfertilized clutches dur-
ing the year, molting only twice during this period; or
other female laid 2 clutches, molted, and then laid 3
new clutches without mating, then molted again; there
were individuals laid 1–6 clutches in the intermoulting
period [McDermott, 2005]. Consequently, copulation
is not necessary to run them each gonadal cycle for
females of some species of crabs. The relationships
between moulting and repeated cycles of gonad matu-
ration in pea crabs of the genus Pinnixa are not as
obvious as in many caridean shrimps [Sudnik, 2013].

The sizes of mature oocytes in P. rathbunae and P.
banzu (CW 8.1–12.3 and 14.5–16.3 mm, respective-
ly), despite the smaller sizes of P. rathbunae, not sig-
nificantly differ being 0.312±0.008×0.287±0.008 and
0.308±0.058×0.285±0.053 mm, respectively. For com-
parison, in pre-spawning females of larger leucosiid
crab Lyphira perplexa Galil, 2009 (Leucosiidae) (CW
17.9–19.0 mm) the size of mature oocytes (0.259±
0.02×0.230±0.01 mm) [Sudnik, Poddueva, 2019] were
slightly smaller than in P. banzu and P. rathbunae.

A comparison of the fecundity between the species
of the genus Pinnixa showed its strong variability and
dependence on the body size of females, which was
noted for other species of pinnotherids [McDermott,
1981]. In general, the fecundity reaches 8000 and even
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more than 10 000 eggs in genera Pinnixa and Pin-
notheres [Pearce, 1966a; McDermott, 2005]. The fe-
cundity of smaller females of P. rathbunae was lower
than in large-sized P. banzu (Tab. 9).

The significant losses of embryos were not ob-
served both in P. rathbunae (EDS 1–3) and P. banzu
(EDS 1, 2). The maximum fecundity values in P. pat-
agoniensis is comparable to it in similar-sized P. banzu
females (Tab. 8). In smaller species P. tumida fecundi-
ty was lower [Takeda et al., 1997; Alves, Pezzuto,
1998] (Tab. 9). Species of the genus Dissodactylus
Smith, 1870, the smallest representatives of the family
Pinnotheridae, produce less than 400 eggs [Telford,
1978; Bell, Stancyk, 1983; George, Boone, 2003]. On
the contrary, the fecundity in large-sized P. chaetopter-
ana reached 10 621 eggs [McDermott, 2005], which
significantly exceeds both similar-sized P. banzu and
smaller-sized P. tumida. The fecundity in P. faba and
P. littoralis with larger body sizes was up to 8000 eggs
[Pearce, 1966a]. At the same time, females of P. cha-
etopterana can produce 4–5 clutches per spawning
season [McDermott, 2005], that explain the wide range
in their fecundity due to differences in eggs volume in
different clutches. Usually egg clutches decreases with
each subsequent clutch in brachyuran crabs, especially,
in the absence of repeated copulation [McDermott,
1981; Zalota, 2017; Sudnik, Poddueva, 2019]. For ex-
ample, in P. chaetopterana, fecundity decreased from
10 621 to 7269 eggs in the following egg clutch [Mc-
Dermott, 1981].

The egg mass was completely lying under the abdo-
men in females of P. banzu and P. rathbunae [present
study], which has also been described for P. tumida
[Takeda et al., 1997] and Dissodactylus mellitae (Rath-
bun, 1900) [Bell, Stancyk, 1983]. In other pinnotherids,
for example, living in the mantle cavity of bivalve
mollusks, egg mass usually goes beyond the abdomen
[Silas, Alagarswami, 1967; Jones, 1977].

The size (larger diameter) of eggs in P. banzu was
slightly larger than in P. rathbunae (Tab. 9). At the

same time, eggs sizes (diameters, volume) not change
significantly during studied beginning part of embryo-
genesis both in P. rathbunae and P. banzu. The egg
size (large diameter) in P. tumida [Takeda et al., 1997]
slightly exceeds the egg size of larger-sized P. banzu
and smaller-sized P. rathbunae (Tab. 8). The egg vol-
ume is compensated by lesser fecundity and smaller
body sizes in P. tumida [Takeda et al., 1997], com-
pared with the fecundity large-sized P. banzu. Com-
paring to these species, P. rathbunae has the lowest
initial fecundity with smallest body size and smallest
egg size (Tab. 9). In females of the slightly larger L.
perplexa (CW 16.2–20.8 mm), the egg size at the be-
ginning of embryogenesis shows even smaller vol-
ume — 0.27±0.02 mm which is offset by greater than
their fecundity of up to 3282 eggs [Sudnik, Poddueva,
2019].

The reproductive season (spawning and egg-bear-
ing) and its duration are not only species-specific in the
pinnotherid crabs, but also geographically variable.
Based on all data on reproductive state of P. rathbunae
and P. banzu, it can be assumed that the time of sam-
pling (May for P. banzu and mid-July for P. rathbu-
nae) was active spawning of females these species in
Vostok Bay of the Sea of Japan. Probably, the spawn-
ing was not the first for largest egg-bearing females. In
addition, the ovaries state (mature or in the middle of
maturation) of the recently spawned 36.8% of P. rath-
bunae females and 100% of P. banzu females showed
that females were soon expected to re-spawn eggs again.
Thus, the spawning season in these species includes
spring-summer periods. It is possible to assume the
existence of portioned spawning in P. banzu and P.
rathbunae, occurring concurrently with embryogene-
sis, or their ovaries can mature and remain in a mature
state until the larvae hatch from the eggs, and then eggs
are spawned again. But we need more careful research-
es for more accurate conclusions. For example, in P.
chaetopterana, the reproductive season in one of stud-
ied localities lasts from May to September, or April–

Table 9. Fecundity of different pea crab species of the family Pinnotheridae.
Таблица 9. Плодовитость различных крабов-горошин семейства Pinnotheridae.

Species CW, 
mm Fecundity Egg length, mm Reference 

Pinnixa rathbunae (Vostok Bay) 7.5–10.8 24–1624 0.292±0.022  
(EDS 1) present data 

Pinnixa banzu (Vostok Bay) 14.4–
16.3 2876–3108 0.342±0.01 

(EDS 1) present data 

Pinnixa tumida 10–12.1 93–1846 0.371±0.012  
(EDS 1) Takeda et al., 1997 

Pinnixa patagoniensis 8–15.5 830–3000 – Alves, Pezzuto, 1998 
Pinnixa chaetopterana ≥18.3 4000–10621 – McDermott, 2005 
Pinnixa faba, P. littoralis about 26 7000–8000 – Pearce, 1966a 

Dissodactylus spp. 4.6–10.0 <400 0.180–0.450 
Telford, 1978; Bell, 

Stancyk, 1983; 
George, Boone, 2003 
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October in the other, and November–April in the third
studied locality; spawning activity in these crabs can
be year-round in Florida [McDermott, 2005]. Seasonal
spawning activity has been described in a number of
other Pinnotheridae species: from February to mid-
May in P. tumida [Takeda et al., 1997], from May to
September in P. cylindrica [McDermott, 1981], and
from October to March with two spawning peaks in P.
patagoniensis along the coast of southern Brazil [Alves,
Pezzuto, 1998]. Seasonal spawning activity has also
been described for Zaops ostreus (Say, 1817) [Sandoz,
Hopkins, 1947; Beach, 1969], Tumidotheres (Pin-
notheres) maculatus [Sastry, Menzel, 1962], Pin-
notheres novaezelandiae Filhol, 1886 [Jones, 1977],
Pinnixa faba and P. littoralis [Pearce, 1966a], P. cy-
lindrica [McDermott, 1981], P. valerii [Vargas, 1987],
Fabia subquadrata Dana, 1851 [Pearce, 1966b] and
Dissodactylus mellitae [Bell, 1988].

The highest spawning activity in P. chaetopterana
was observed from the beginning of the spawning sea-
son to its middle, after which no more than 36% of
females were re-spawned [McDermott, 2005]. More-
over, many species of the family Pinnotheridae pro-
duce, as a rule, more than 1 clutch during the spawning
season. For example, P. cylindrica — at least 2 clutch-
es, P. chaetopterana — from 1 to 6 clutches [McDer-
mott, 2005], whereas, according to our data, P. banzu
and P. rathbunae are able to produce at least 2 clutches
during the spawning season in Vostok Bay. The por-
tioning of spawning in brachyuran crabs can be en-
sured by fertilizing of eggs with a reserve of sperm
stored by female for some time after copulation, even
for a long period. This was noted for P. chaetopterana,
in which sperm was active for about 10 months in the
seminal vesicles of females and they were possible to
produce up to 5 egg clutches without repeated copula-
tion [McDermott, 2005]. Females of Rhithropanopeus
harrisii (Gould, 1841) (Panopeidae) can spawn up to 4
times during 5–9 months following after the copulation
[Morgan et al., 1983, 1988].

According to our data, the duration of spawning in
P. banzu and P. rathbunae cannot be directly estimat-
ed. Some assumptions about the duration of spawning
in P. banzu can be made by discussing a single gonado-
somatic index (GSI) of one spawning, which was 9.2
and 11.8% in 2 pre-spawning females of P. banzu.
Comparison with other brachyuran crabs showed that
such GSI values are rather high or medium. For exam-
ple, GSI in mature females of L. perplexa with a long,
possibly, year-round spawning was 2.96–6.03% with
the mean 4.28% [Sudnik, Poddueva, 2018]. In con-
trast, the mean GSI was about 8.5–9.6%, with maxi-
mum reaching 15.5%, in pre-spawning females of Eri-
ocheir japonica (De Haan, 1835) (Varunidae) with
strict breeding seasonality [Kalinina, Kolpakov, 2008].
There is also evidence of the contribution of females of
brachyuran crabs to egg production, accounting for 3–
21% in dry weight, with the mean about 11% [Hartnoll,
2006]. Smaller GSI (single spawning) of pre-spawning

females in tropical species brachyuran crab can be
associated with a long spawning season (possibly year-
round), when each individual can spawn several times;
they produce more clutches than species of temperate
latitudes, and with small one-time reproductive out-
lays, their total annual reproduction outlays can reach
250% [Hartnoll, 2006]. Based on these discussion, we
tentatively suggest the presence of seasonal spawning
activity in P. banzu.

Conclusion

The studied symbiotic species of pea crab Pinnixa
rathbunae and P. banzu, despite living in association
with different hosts (Urechis and Chaetopterus), show
a number of similar biological features. Among other
representatives of the family Pinnotheridae, P. rathbu-
nae and P. banzu have comparable reproductive fea-
tures: having relatively tiny body sizes (CW 7.5–
26 mm), among brachyuran crabs, pea crabs possess
fecundity 1600–10 600 eggs with the small size (0.3–
0.45 mm at the beginning of embryogenesis). Howev-
er, taking into account the body size of pea crabs, the
relative size of their eggs is not so small and they
produce sufficiently developed planktonic zoea.

In both species, females are slightly dominant in
number and slightly larger than males; they have com-
mon relationships between moulting and reproductive
cycles, the seasonality of reproduction with the possi-
bility of producing more than one clutch of eggs per a
season. At the same time, P. banzu is distinguished by
slightly larger body size, and as a consequence, rela-
tive slightly larger size of first maturity, larger fecundi-
ty, and larger egg size. The average values of morpho-
metric parameters between the two species do not dif-
fer significantly, which indicates their close similarity.
We suppose to revise the taxonomic status of both
species using other methods, for example, molecular
genetic analysis.
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