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ABSTRACT: The life cycle of the Japanese pygmy squid, Idiosepius paradoxus, was studied in the
Zostera beds of the temperate coast of central Honshu, Japan. Idiosepius paradoxus was collected
monthly from January 1998 to December 1999. This species was sexually dimorphic with females
considerably larger than males. The adult size of this species changed with seasons. The small sized
generation appeared in the warm season from late spring to early autumn. In the warm season, mature
males with spermatophores in the Needham’s sac began to appear from late spring, and mature females
with ripe eggs appeared from early summer. In the cool season from late autumn to early spring, the
individuals appeared to grow slower and larger, with sexual maturity by spring. Although the individuals
in the late autumn were larger than those of the warm season, they were not sexually mature. In the
present study area, the larger sized generation passed winter matured and spawned at next spring, and
moreover, the small sized generation in the warm season matured from late spring to early autumn. In
conclusion, it was suggested that Idiosepius paradoxus have at least two generations within one

year.

INTRODUCTION

The genus Idiosepius belongs to the family
Idiosepiidae, and consists of seven nominal species
occurring in the Indo-West Pacific (Lu and
Dunning, 1998). They are the smallest living
cephalopods, inhabiting beds of seagrass and algae
and posses the unique habit of adhering to
substrates with an adhesive organ on the dorsal
mantle (Moynihan, 1983; Nabhitabhata, 1998;
Sasaki, 1923). The taxonomic position of the genus
Idiosepius is somewhat problematic (Boletzky,
1995), although it is tentatively grouped in the order
Sepioidea (Nesis, 1987; Lu and Dunning, 1998).
Recently, it was suggested that the genus
Idiosepius may be more closely related to the order
Teuthoidea than to Sepioidea based on the
morphological observations (Hylleberg and
Nateewathana, 1991 a, b) and genetic analysis
(Bonnaud et al., 1997). Many ecological studies
have examined Idiosepius pygmaeus, which is
distributed in the tropics from Southeast Asia to
Australia (Moynihan, 1983; Jackson 1989, 1992,
1993; Lewis and Choat 1993).

The Japanese pygmy squid Idiosepius
paradoxus is the most northern species in the genus
Idiosepius, distributed in Japan, South Korea and
central China (Lu and Dunning, 1998; Nesis, 1987).
Previous reports on I. paradoxus relate to the
species’ adhering habit (Sasaki, 1923), a
morphological description with a brief note on
feeding and mating habits (Sasaki, 1929), the
appearance of pelagic juveniles (Okutani, 1968),
the egg-laying behaviour (Natsukari, 1970) and the
embryonic development (Natukari, 1970;
Yamamoto, 1988; Watanabe, 1999). Recently,
Shigeno (2002) suggested that I. paradoxus is a
very suitable model species for developmental
studies of cephalopods. We have previously
reported in detail the reproductive and feeding
behaviours of 1. paradoxus in an aquarium with
the eelgrass Zostera marina (Kasugai, 2000, 2001)
and a description of egg masses on eelgrass blades
(Kasugai and Tkeda, 2003). However, studies of
the life cycle of 1. paradoxus throughout the year
in a natural habitat have not been reported. In this
study, we collected 1. paradoxus specimens from
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Zostera beds off the temperate coast of central
Honshu, Japan over a period of two years from
1998 to 1999, and analyzed the life cycle of this
species particularly with respect to seasonal
patterns of body size and maturation.

MATERIALS AND METHODS

Idiosepius paradoxus specimens were
collected from small Zostera beds along the
southern coast of Chita peninsula in central Honshu,
Japan (34°43'N, 136°58E, Fig. 1). The Zostera
beds lie on the sandy bottom at a depth of between
0 and 2 m at low tide. The beds were mainly
composed of Zostera marina, with some Zostera
Japonica only in certain areas near-shore.

Idiosepius paradoxus specimens were
collected at low tide in a small drag net (1x2 m,
mesh size: 1.5 mm) once or twice a month from
January 1998 to December 1999 (Table 1). The
surface water temperature of the collecting sites
was recorded every time. Specimens were
preserved in buffered 10% seawater-formalin
immediately after collection, and mantle length
(ML) and wet body weight (BW) were measured
soon after transfer to the laboratory. Evidence of
copulation was noted based on the existence of
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Figure 1. Map of Japan, detailing the location of the
study site along the southern coast of Chita peninsula.

spermatangia attached. Sexual maturity was
determined after removal of the mantle by the
presence of spermatophores in Needham’s sac in
the males, and of mature oocytes in the females,
respectively.

RESULTS

Condition of the Zostera bed and data collection

In spring, the eelgrass Zostera marina
generally grew thick with flowering shoots, making
the canopy high. However, from early summer,
the flowering shoots drifted and started to be
blighted probably because of the effect of high
water temperature. In winter, plants grew again
and seedlings appeared (Aioi, 1980; Arasaki,
1950ab). The canopy of Z. marina was very high
from winter to spring in 1998. However, the
Zostera bed was badly damaged by a typhoon that
struck in September 1998. After that, the Zostera
bed gradually recovered and in 1999, the canopy
was still low and the study area was dotted only
with small patches of Z. marina. The water
temperature generally followed a regular seasonal
pattern, with the lowest temperature (6.0°C) on 3
February 1999 and the highest (30.0°C) on 22
August 1998 (Table 1). A total number of 739 L.
paradoxus specimens were caught in the two year
period. All specimens could be sexed and the sexual
maturity determined (Table 1). Collection dates
were classified into cool- and warm- season
according to the body size and maturity of
specimens (Table 1; see Fig. 3). The cool- and
warm- seasons were from November to middle
May and from late May to October, respectively.

Relationship between ML-BW and sexual
dimorphism

The relationships between ML and BW of
females and males collected in this study are shown
in Fig. 2. This species exhibits sexual dimorphism
with females considerably larger than males. The
size for all female specimens collected ranged from
4.2 mm to 18.8 mm in ML and 15 mg to 796 mg
in BW, while males ranged from 4.2 mm to 13.8
mm ML and weighed between 10 mg and 280 mg
BW.
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Table 1. Details of samples collected during this study.

Collectin Date Water Season Number of sampling specimens
temperature (°C) Total Female Male
28 Jan 1998 9.7 cool 59 35 24
26 Feb 1998 10.3 cool 74 34 40
29 Mar 1998 13.0 cool 107 36 71
29 Apr 1998 18.8 cool 37 12 25
28 May 1998 25.3 warm 10 4 6
25 Jun 1998 24.0 warm 29 10 19
10 Jul 1998 28.0 warm 114 36 78
24 Jul 1998 25.5 warm 16 13 3
22 Aug 1998 30.0 warm 8 1 7
4 Sep 1998 27.2 warm 0 0 0
7 Oct 1998 239 warm 0 0 0
20 Nov 1998 16.5 cool 7 6 1
2 Dec 1998 13.5 cool 0 0 0
16 Jan 1999 9.5 cool 1 1 0
3 Feb 1999 6.0 cool 5 3 2
4 Mar 1999 9.8 cool 17 6 11
18 Mar 1999 13.5 cool 25 4 21
15 Apr 1999 16.1 cool 30 9 21
17 May 1999 214 cool 15 6 9
15 Jul 1999 23.8 warm 41 15 26
29 Jul 1999 29.4 warm 47 13 34
27 Aug 1999 29.6 warm 15 4 11
27 Sep 1999 25.3 warm 7 4 3
16 Oct 1999 21.0 warm 0 0 0
25 Nov 1999 16.6 cool 49 33 16
24 Dec 1999 10.7 cool 26 16 10
Total 739 301 438
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Figure 2. The relationship between ML and BW of Idiosepius paradoxus.
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Seasonal change in ML

The seasonal change in size (ML) structure is
shown in Fig. 3 and the monthly change in the
mean ML is also plotted for the 2yr period (Fig.4A).
Mean ML of I. paradoxus showed similar seasonal
variation for both males and females. In the late
cool-season (late March to middle May), mean ML
reached a maximum for both sexes. In the
beginning of the warm-season (28 May 1998 and
15 Jun 1999), a minimum size of specimens was
evident on the Zostera beds, and mean ML gradually
increased until the late cool-season. However, in
between the late warm-season and the early cool-
season, especially in October, almost no specimens
were collected.

28 Jan 1998 10Jul

Female

N=36

N=35 o

Male 40
N=24

26 Feb

N=34
4 40
o N
40

“ N=40
80

29 Mar N=36

“ 80
04

40

“ N=T1 0

29 Apr N=12 8

80
o ] 4Sep N=0
40
N=25 L3

2 g
s
&

Frequency (%)
&

Maturation

In the cool-season, mature male specimens
appeared from late December and mature females
from late February. In the warm-season, mature males
and females appeared from late May and middle June
respectively. There was a great difference in mean
ML of mature specimens between the cool and
warm-seasons for both sexes (Fig. 4B). In the
cool-season, the minimum size of mature females
was 11.1 mm ML (collected on 29 April 1998) and
the minimum size of a mature male was 7.7 mm
ML (collected on 24 December). On the other hand,
the maximum size of females from the warm-season
was 6.9 mm ML (collected on 24 July 1998) and
males 4.2 mm ML (collected on 25 Jun 1998).
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Figure 3. The seasonal change in size (ML) structure of Idiosepius paradoxus.
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Copulation

The ratio of copulated: uncopulated female
specimens changed seasonally (Fig. 4C). Although
the ratio of copulated females was low at the
beginning of both cool- and warm-seasons,
immature specimens were already copulated over
the same period. The ratio increased from the
middle to late period of both seasons. Spermatangia
present on copulated females were attached to the
arms, head, neck, buccal membrane and mantle.
A total of 46 copulated male specimens were
recorded in two years, which was 5.6-33.3 % of
the males. The seasonal change in the ratio of
copulated males was similar with that of females.

DISCUSSION

The present study suggested that I. paradoxus
have at least two generations a year in the Zostera
beds of central Honshu, Japan; namely, the cool-
season generation which had a large sized body,
and the warm-season generation which had a small
body (Fig. 5). I. paradoxus collected in the present
study showed sexual dimorphism with females
considerably larger than males in both the cool and
warm seasons, just like other Idiosepius (Nesis,
1987). The spawning season, as determined by
the appearance of mature females with mature
oocytes, is from late February to mid May in the
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Figure 4. A. Seasonal change in ML of I. paradoxus (Mean+SD). B. Seasonal change in ML of mature
specimens (Mean+SD) of I. paradoxus. C. Seasonal change in the copulated ratio of 1. paradoxus.
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Figure 5. Schematic presentation of the life cycle of Idiosepius paradoxus in the Zostera beds.

cool-season and from mid June to late September
in the warm-season, respectively. The small
specimens that occurred in late May might be the
offspring of the large sized generation of the cool-
season. Natsukari (1970) reported the observation
of egg-laying behaviour of captive I. paradoxus
collected in late July from Kyushu, west Japan.
These females were of a small size (6.2—8.4 mm
ML), and might be the small size generation as
they are of a similar size to the warm-season’s
mature females in the present study. Specimens
from the warm-season probably have a short life
span compared with that of the cool-season and
thus, multiple generations are thought to exist in
the warm-season from March to September. The
specimens hatched late in the warm-season are
possibly the cool-season generation which will be
restrained in sexual maturity during winter. All the
specimens of both sexes that appeared in late
November were immature, while their body size
was larger than the mature specimens from the
warm-season.

Jackson (1988) reported that the life span of
the tropical 1. pygmaeus from the central Great
Barrier Reef of North Queensland Australia is quite

short, with the oldest specimens aged being 67
days and 79 days for males and females
respectively, based on statolith age analysis. I.
pygmaeus also exhibited slower growth during the
cooler seasons of the year (Jackson and Choat,
1992). However, slower growing cool-season
individuals lived longer and had comparatively
larger gonads than their warm-season counter
parts, despite no difference in body size between
the two seasons (Jackson, 1993). It was suggested
that 1. pygmaeus appeared to be employing a
“trade-off” in its reproductive strategy by
partitioning a greater amount of energy into gonad
tissue over a longer lifespan during the cooler period
of the year (Jackson, 1993). On the other hand, 1.
paradoxus in the present study exhibits a large
difference in mature individual’s body size between
cool-seasons (large) and warm-seasons (small).
1. pygmaeus is a tropical species, and the surface
water temperatures just offshore from the central
Great Barrier Reef (Jackson, 1998, 1993; Jackson
and Choat, 1992) fluctuates between 19.3 and 30.9 °C
(Walker, 1981 see Jackson, 1992). In these water
temperatures, it may be possible for 1. pygmaeus
to spawn and develop eggs through the year. .
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paradoxus is a temperate species, with the water
temperature in the present study fluctuating
between 6.0 and 30.0°C (Fig. 2). The hatching
rate of I. paradoxus eggs is 40d or less in
temperature of 15.0°C (Shigeno personal
communication), and so reproduction may be
impossible in the winter with under 10.0°C water
temperature. For this reason, I. paradoxus must
survive over the coldest season without
reproducing. Although, it is supposed that the
warm-season generation of 1. paradoxus reach
sexual maturity quickly at a small body size. The
existence of a small size generation (s) in warm-
seasons and a large sized generation in cool-seasons
had been reported in some small shrimp species
inhabiting Japanese water (Yasuda, 1956; Kikuchi,
1962, 1966; Yamashita and Shiota, 1970) and also
in mysids inhabiting coastal water from 20°to
50°latitude (Mauchline, 1980). In the present
research, sexual maturity was determined only by
the presence of spermatophores in the Needham’s
sac of the males and mature oocytes in the females.
Further study could observe the seasonal
development of gonads by detailed histological
investigation. Moreover, the comparative
observations of age analysis, morphological
characteristics, spawning output and so on
between warm and cool-season generations are
necessary to understand the reproductive strategies
of I paradoxus.

The body size of I. paradoxus was clearly
separated at late May in 1998 and early June in
1999 (Fig. 3, 4A). However, on the same Zostera
beds as in this study, a small number of large
specimens, which might have passed the winter,
and small mature specimens simultaneously
appeared in early June in 2000 and 2001 (Kasugai
personal observation). Thus, there may not be
complete isolation between the cool and warm-
season generations. Cross-mating between two
generations (one and two year classes) has also
been reported in the European cuttlefish Sepia
officinalis (Gauvrit et al., 1997, 1998).

The numbers of specimens appeared to
decrease from August with no specimens present
in October with regression of the Zostera beds. A
similar finding was reported in the Zostera beds
located on the coast of the Seto Inland Sea of Japan

(Yamamoto, 1988). An interesting question is
where do I. paradoxus live before their recruitment
onto the Zostera beds in late December.

The egg masses of I. paradoxus are spawned
on the surface of eelgrass blades on the Zostera
beds (Kasugai and Ikeda, 2003). The eggs spawned
by the cool-seasons generation will hatch on the
Zostera beds because the eelgrass is intact on the
beds in this season. However, egg masses spawned
by warm-season generations may leave the Zostera
beds with the drifting leaves before hatching. These
drifting plants may result in dispersion of the
hatchlings and juveniles of I. paradoxus. We
suggest that 1. paradoxus restrict their life to the
drifting plants when the Zostera beds are declining,
and recruit to the Zostera beds with the restoration
of eelgrass. It was reported that a lot of floating
eelgrass appeared from July to December in the
Seto Inland Sea, Japan (Yamamoto et al, 2002).
We have knowledge that the hipolyichid shrimp
Latreutes acicularis, which is the typical
crustacean species that inhabits beds of algae and
seagrasses in Japan, have a small size generation
with a short life span in the warm seasons and a
large size generation with a longer life staying over
the coldest season (Yasuda, 1956; Kikuchi, 1962,
1966; Yamashita and Shiota, 1970). On the
Sargassum beds of the Seto Inland Sea of Japan,
L. acicularis move from near the Zostera beds only
from summer to autumn. The juveniles born in
the Sargassum bed migrate to the Zostera bed with
adecrease of the water temperature (Mukai, 1970).
The prey organisms of I. paradoxus are mainly
small crustaceans living in the Zostera beds
(Kasugai, 2001). A high abundance of L. acicularis
live in the Zostera beds at this study area, and have
been observed to be preyed upon by I. paradoxus
on the spot (Kasugai, 2001). I. paradoxus may
migrate to other areas such as the Sargassum beds
while looking for these crustaceans during periods
of eelgrass decline. It needs further study to
understand the migration of . paradoxus, in relation
to the appearance of the crustaceans as food
organisms.

In many species of cephalopod, males
copulate with immature females (Mangold, 1987).
In I. paradoxus, males mature earlier than females
in both warm and cool-seasons, and immature
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females were implanted with spermatangia by early
matured males. Males copulate with not only
females but also males. A total number of 46
copulated males out of 438 males were found in
the two years of sampling. Under captive
conditions, male-male copulation has been
observed in I. paradoxus (Kasugai, personal
observation) and I. thailandicus (Nabhitabhata,
1998). Copulations between males in captivity had
been reported in the Japanese cuttlefish Sepia
esculeata (Arakawa, 1960), and male-male
copulation in natural conditions has been reported
in the oceanic squid lllex coindetii (Lordan and
Casey, 1997). In this report, only one copulated
male was found among 179 caught males, thus it
was suggested to be ‘accidental’ copulation
between males. Observations of male-female
mating behaviour of 1. paradoxus show the males

to dart ostensibly looking for a female in an
unguarded moment without pair formation and
complete copulation within a short time (Kasugai,
2000). Moreover, male 1. paradoxus also copulates
with females while they are laying eggs (Kasugai,
2000). Male I. paradoxus may choose the strategy
not to form courtship but copulate with females
whenever the occasion may arise during their short
life, and sometimes the male may misjudge males as
females and thus implant his spermatangia to males.
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