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Abstract. By field sampling and laboratory rearing during 1976-2003, Turritopsis nuiricula has been col-
lected from almost the entire coast of Japan, from Okinawa Prefecture to Hokkaido, including offshore islands
such as the Nansei Is., Tsushima I., and the Ogasawara Is. Combining all previous records of this species in
Japanese waters since 1909 with recent records and observations, two morphotypes of medusae can be distin-
guished by umbrellar size and the number and arrangement of tentacles. The previously known type, here
termed the “large type”, has many tentacles, up to 196, in two or more rows. It is distributed in northern
Japan (Hokkaido and N Honshu) and in the Seto Inland Sea. The “small type”, a newly recognized morpho-
type in the present paper, has fewer than 82 tentacles in only one row and occurs in southern Japan (S
Honshu, Kyushu, and the Nansei Islands). Life history studies have demonstrated rejuvenation in both mor-
photypes, although not as complete as the process in Mediterranean specimens, which are morphologically
similar to the small type. In Japanese waters, the small type can revert to the hydroid more frequently than
the large type. Rejuvenation of the small type over two generations was observed for the first time, and

indefinite rejuvenation may be possible under optimal culture conditions.

Key words: Turritopsis nutricula, medusa, hydroid, life cycle, morphotypes, geographical distribution,

repeated rejuvenation, Japan.

Introduction

Medusae of the genus Turritopsis have been
known from Japan since Maas (1909) described
them for the first time. They are principally known
from northern and central Japan, and Uchida
(1927b) referred them to Turritopsis nutricula
McCrady, 1857. The hydroid of this species has
also been reported a few times in Japanese waters,
ranging from Kyushu to Hokkaido (Hirohito, 1969,
1988; Yamada and Nagao, 1971).

Recent systematic studies on this species con-
ducted by me, predominantly in southern Japan,
have revealed that mature or subadult medusae

belong to two morphotypes. In the present report,
the differences in the morphology and geographical
distribution (Kubota, 20054, b) of these two forms
are documented, including new observations and a
review of all previous reports on this genus in Japan.
In addition, the ability of each morphotype to revert
to the young hydroid stage was assessed. Life cycle
reversion, first reported by Bavestrello et al. (1992)
based on the Italian population, is a unique feature
of at least some Turritopsis populations, and the ani-
mal is therefore potentially immortal together with
another medusa, Laodicea undulata (Forbes and
Goodsir, 1851) which has recently noted as the sec-
ond species of immortal animal (Piraino et al., 2004;
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De Vito et al., in preparation; Kubota, unpublished
data).

Materials and Methods

From 1976 to 2003 many specimens of
Turritopsis nutricula were examined in the living
state soon after collection. Many medusae were col-
lected by towing a plankton net (30 cm in diameter,
55 cm long, 334 um in mesh size) in harbors, ports,
and bays from Hokkaido in the north to various
islands of Okinawa Prefecture in the south (Fig. 1;
Appendix).

Medusae from Ago Bay, Mie Prefecture, were
cultured in a 60 cc polystyrene container in the labo-
ratory in Sapporo, Hokkaido, and all other cultured
specimens, including cultured hydroids, were kept
at Shirahama, Wakayama Prefecture. Cultures were
kept in daily changes of filtered natural seawater at

about 22°C and fed with newly hatched Artemia
nauplii. Mature medusae were sometimes cultured
until they degenerated, and morphological changes
were observed under a binocular microscope.
Rejuvenated hydroids reverted from medusae were
also cultured similarly at Shirahama, but some were
kept in running seawater in the laboratory and fed
with Artemia nauplii and/or natural food arriving
with the seawater. Observations on rejuvenation

were repeated as many times as possible.
Results and Discussion

(1) Collection records of medusae and hydroids in
Japan

For medusae of Turritopsis nutricula, new locali-
ty records and additional collection records from
previously known localities are mapped in Fig. 1
and listed in the Appendix along with all relevant

Table 1. Records of mature or subadult medusae, as well as youngest-stage medusae, of Turritopis nutricula
in Japan, obtained in the sea or in the laboratory by culture.

Lo_ca}ity s Collected month  Developmental Umbrellz?r dia- No. of tentacles Rifirdricon

(Site no. in Fig. 1) and year stage meter/height (mm) and rows

Akkeshi (1) 1X-1962 mature* 6.5-7.5/6.5-7.5% 125-187 (—)* Yamada & Nagao, 1971

Akkeshi (1) VII-1970 youngestt# 1.1-1.2/1.2-1.3#% 12 () Yamada & Nagao, 1971

Akkeshi (1) VII-1976 youngest## - 11-12 (1) Present study

Oshoro (2) VIII adult* 3.5/4% 80< (2)* Uchida, 1925

Oshoro (2) 1923-1927 adult* —/8-9* 120 (2)* Uchida, 1927b

Iwaki (6) VII-2002 subadult* 7.0/6.87%%* 196 (2)*** Kubota & Mizutani, 2003

Misaki (9) X-1904 mature® —/5-9% 120-150 (several)* Maas, 1909

Hayama (near 8/9) - youngest*# 0.6/0.7## 10-12 (1)* Hirohito, 1988

Ago Bay (13) 1X-1984 female*#17 2.9/-# 41 (1)* Present study

Tanabe Bay (14) 1X-2001,VII-2003 female* 2.5-2.9/-* 28-37 (1)* Present study

Kuka, Ooshima I. (16) VII-2002 female* —/4%* 99 (2)* Kubota et al., 2003

Kagoshima (23) 1906 female* —/4%* 89-91 (2)* Bigelow, 1913

Kagoshima (22) X1-2002 subadult* 4.4/4.]%** 82 (1)*x** Chikuchishin & Kubota,

2003b

Nishinoomote, VIII-2002 youngest** 0.50-0.68/—** 812 (1)** Present study
Tanegashima I. (25)

Tomari Port, 1I1-2003 male#20 2.0/-# 23 (H* Present study

Okinawa I. (30)

—: not described/no data.
*: specimens collected in the sea.

#: specimens matured in culture, and their ages in days after collection.
##: specimens released in the laboratory from hydroids collected in the sea.
*#: specimens released in the laboratory from the rejuvenated hydroids derived from medusae collected in the sea.

*+%: maximum values.
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Fig. 1. Geographical distribution of the medusae of Turritopsis nutricula in Japan, combining
recent records with all previous records reported (for details of numbered sites, see the

Appendix). Large and small morphotypes of the medusa are discriminated.

references. For details concerning the specimens
from each site, see Tables 1-3. For hydroids, new
collection records, previous records, and records of
rejuvenated hydroids [in brackets] are mapped in
Fig. 4 and listed in the Appendix together with all
relevant references.

Medusae of this species have been collected from

waters almost all around Japan, but very rarely in

offshore waters of the Nansei Islands despite fre-
quently surveys there during research cruises of the
“Toyoshio-maru” from Hiroshima University
(Kubota, 20055, unpublished data). Most of the
specimens collected by me during in the entire study
were immature small medusae (Fig. 1, Table 1,

Appendix).
In 2002 well-grown (=subadult) or spent medusae
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Fig. 2. Examples of morphological constancy in labora-
tory-reared medusae of the small morphotype of
Turritopsis nutricula after maturation (F/M:
female/male; for localities 13 and 30, see Fig. 1).

were collected from the coast of Fukushima Pref.,
northern Japan (Kubota and Mizutani, 2003) and
from some stations in the Seto Inland Sea (Kubota et
al., 2003). These finds all correspond to the previ-
ous known “large morphotype” (Uchida, 1925;
Yamada and Nagao, 1971).

About 200 large, subadult individuals collected in
one sample (a kind of a swarm) in Kagoshima Bay
in 2002 (Chikuchishin and Kubota, 2003b) belonged
to a different morphotype as described below. They
included the largest specimens of this “small mor-
photype”. Besides recent collections of mature
medusae from the sea in southern Japan, cultivation
of newly released medusae originating from various
localities has provided other adult medusae that can
be assigned to the new morphotype (Table 1, Figs 1-
3). The morphology of this type remains constant
after gonad maturation, as has been observed in
specimens of both sexes from Ago Bay in Mie
Prefecture and Tomari Port in Okinawa Island,
Okinawa Prefecture. Their life span is maximally
2.5 months (Fig. 2).

In both morphotypes, tentacle number is correlat-
ed with umbrella size, but the morphological distinc-
tion between the two types is only clear in mature or
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Fig. 3. Distinction of two morphotypes of Turritopsis
nutricula in mature (M/F: male/female) and
subadult medusae based on samples from Japan
recently collected in the sea, including specimens
reared in laboratory after collection (for site num-
bers, see Fig. 1). Larger specimens from two
localities (Fig. 1: 6 and 16) had tentacles in two
rows, whereas smaller ones from the remaining
localities (Fig. 1: 13, 14, 22, and 30) had just one
row of tentacles.

subadult medusae (Figs 1-3, Tables 1-2). The large
morphotype has the tentacles in two rows (or more),
while the small morphotype has one row only.
Local variation was noticed in the small morpho-
type. The two forms are well separated geographi-
cally: the large morphotype occurs in cooler, north-
ern waters and the Seto Inland Sea, whereas the
small morphotype is found in warmer, southern
waters (Fig. 1).
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Table 2. Records of hydroids of Turritopsis nutricula in Japan. Hydroids collected in the sea are listed in the
upper part, and rejuvenated ones derived from medusae are listed in the lower part.

Loc?zlity (Site no. Collection month Depth Colony height Condition of No. of tenta- Medusa Reforonens

in Fig. 4) and year (m) (max. mm) hydrocaulus cles (max.) buds

Ushibuka (6) VII-1966 no data 20 polysiphonic no data present  Hirohito, 1969

Izu Oshima I. (4) VII-1977 30-75 no data no data no data absent Hirohito, 1983

Akkeshi (1) VII-1970 3 22 monosiphonic 19 present  Yamada & Nagao, 1971

off Hayama (3) V-1930-1X-1936 45 20 polysiphonic 20 present  Hirohito, 1988

Nishinoomote, 2002 Lab. 2.1 monosiphonic 15 present  Present study
Tanegashima 1. (8)

Tomari Port, 2003 Lab. no data monosiphonic no data absent Present study

Okinawa I. (9)

Table 3. Reversability to the hydroid stage from the medusae in the two morphotypes of Turritopsis nutricula

in Japan.

No. and state of

g;lolc:?él‘tz)(&te no- Type of medusae g:(z;[;riirt% (;)f medusae rl\ég)ﬁ\? gnrgtee%usae %}i\)fer&blhty References
Iwaki (2) Large 19 subadult 2 10.5 Kubota & Mizutani, 2003
Tanabe Bay (5) Small 8 young 5 62.5 Present study
Tanabe Bay (5) Small 1 female 0 0.0 Present study
Kagoshima (7) ?Small 4 young 1 25.0 Chikuchishin & Kubota, 20034
Kagoshima (7) Small 11 subadult 1 9.1 Chikuchishin & Kubota, 20035
Nishinoomote, Small 1 young 1 100.0 Present study
Tanegashima I. (8)
Tomari Port, Small 9 young 8 88.9 Present study
Okinawa L. (9)
All data combined: Large morphotype 19 subadult 2 10.5 Kubota & Mizutani, 2003
2
S(rr?all morphotype 22 young 16 47.1 Chikuchishin & Kubota,

+ 11 subadult
+ 1 female

5,79

2003a, b; Present study

No distinct difference could be found between the
youngest (1-day-old) medusae released in the labo-
ratory from hydroids collected from any locality
except for medusae from Akkeshi, Hokkaido, which
are sometimes slightly larger than the small morpho-
type in southern Japan (Table 1: ##; Kubota, 2005a).
Knowledge of the growth process in both morpho-
types should be clarified in the future in order to be
able to distinguish them earlier.

Although records of the hydroid from nature are
scarce, the known finds cover most of the Japanese
Islands (Fig. 4, Table 2), which indicates a wide
geographical distribution of this developmental
stage, comparable to that of the medusa stage.
Hirohito (1969) recorded colonies with polysiphonic

stems, but all other material from both the field and
the laboratory had only monosiphonic stems. The
taxonomic importance of this character needs to be
evaluated in the future.

(2) Reversability of the medusae to the hydroid

As Table 3 and Fig. 4 show, medusae of the two
morphotypes can revert to the hydroid after degener-
ation of the medusan body. Usually one medusa
transforms into one hydroid colony. The small
form, which closely resembles the medusa from the
Mediterranean Sea (Piraino et al., 1996), does not
rejuvenate in all cases, unlike the Italian population.
The small Japanese morphotype can revert more
easily back to the polyp stage than the large type,
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Fig. 4. Geographical distribution of hydroids of Turritopsis nutricula in Japan, combining new and
previous records and localities of laboratory-obtained hydroids rejuvenated from medusae

(for details of localities see the Appendix). Rejuvenation took place twice successively in a

culture from site 8.

but several pieces of one large-form medusa can
revert to the hydroid stage, thus generating colonies
of clonal origin (Kubota and Mizutani, 2003).

The first observation of a repeated rejuvenation
was made on a small, immature medusa collected
from southern Japan (Tanegashima I., Kagoshima
Pref.) at the end of May, 2002 (Fig. 4: site 8). It is
conceivable that this rejuvenation could continue

indefinitely, leading to the immortal life of that ani-
mal. That young medusa first reverted to the
hydroid stage two days after collection, aboard the
research ship (“Toyoshio-maru”, Hiroshima Univ.).
Then, within two months, the hydroid grew up into a
well-developed colony consisting of several tens of
zooids and began to release many young medusae.
These young medusae could again revert to polyps.
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All the secondarily rejuvenated colonies, 10 in num-
ber, were accidentally lost at the end of June, 2003.
In both morphotypes of the medusae, the
manubrium sometimes remained after the disintegra-
tion of the rest of the medusa, but this part never
reverted to the hydroid, as has been observed by me
in a leptomedusa, Eutima japonica Uchida, 1925
(Kubota, 1983). Nonetheless, the manubria were
able to feed on Artemia nauplii for several months
(Kubota and Mizutani, 2003; Kubota, present study
on a male medusa from Okinawa 1.), and the life-
span of the medusa was thus prolonged to twice the
usual duration. I have observed such partial survival
in other hydromedusae (Kubota, unpublished data).
Piraino er al. (1996) demonstrated that a manubrium
isolated from an intact medusa of T. nutricula did
not rejuvenate, which suggests that a combination of
several kinds of tissues of the medusa is required for
rejuvenation. A manubrium alone of any hydrome-
dusae evidently cannot transform into the young
hydroid stage, even if kept under optimal conditions.

(3) Taxonomic remarks

Acccording to Yamada and Nagao (1971), who
observed the life cycle of the large form of Japanese
Turritopsis, and Hirohito (1988), who adopted the
opinion of Uchida (1927a, b, 1930, 1938a, b, 1940),
there 1s only one species Turritopsis, namely
Turritopsis nutricula MaCrady, 1857. Kramp
(1961) and Bouillon and Boero (2000) also adopted
this view. Until recently, only the large form of
Turritopsis was known from Japan; juvenile
medusae from southern Japan (e. g. Fig. 1: sites 14,
19) were also attributed to it.

Of all the earlier records, only the medusae from
Misaki described by Maas (1909) as Turritopsis
nutricula var. pacifica had several rows of tentacles,
whereas all others had the tentacles in two rows.
This difference can be explained by intraspecific
variation.

The small morphotype also shows some varia-
tions as the present study demonstrates. Through
my recent field collections and laboratory rearing of

many specimens from various localities, particularly

from southern Japan, the small form can be distin-
guished clearly from the large form found in north-
ern Japan. The small form was first found in 1984, a
laboratory-reared individual collected from Ago
Bay, Mie Pref. (Fig. 2), paralleling with the interme-
diate type of bivalve-inhabiting hydrozoan, a so-
called a missing-link in evolution (Kubota, 1984).
Later similar finds of the small form of Turritopsis
were made at other localities in southern Japan, e. g.
Okinawa Island in Okinawa Prefecture and Tanabe
Bay in Wakayama Prefecture (Table 1; Figs 2, 3;
Kubota, unpublished data).

The characteristics of this small form agree well
with those of laboratory-reared Turritopsis medusae
found in Italy. Some recently collected individuals
from Kagoshima Bay, Kyushu (Chikuchishin and
Kubota, 20035h), were exceptionally large for this
morphotype, however, thus being somewhat inter-
mediate with respect to the large morphotype. The
causes of this cline-like variation in the small form
should be clarified in the future by examining more
populations from intervening regions.

Whether these two or more morphotypes reflect
mere intraspecific variation or the presence of two or
more biological species must be confirmed by exper-
imental methods, such as DNA sequence compari-
son. Also, confirmation of the occurrence of the
large morphotype in Kagoshima Bay is required,
there being no record since the first report by
Bigelow (1913).

Laboratory-reared Italian medusae can revert
completely to the hydroid; all 4001 individuals
examined rejuvenated regardless of developmental
stage (Piraino et al., 1996, 2004; Kubota, 2000). In
contrast to this complete reversion observed in
Mediterranean animals, reversion is not perfect or
occurs at low frequency in Japanese populations,
although both morphotypes are able to rejuvenate
(Table 3). This reduced ability is possibly due to
Japanese populations being genetically more het-
erogenous.

In Japanese waters, the hydroids and the medusae
of Turritopsis are widely distributed. Two forms of
medusae can be distinguished, and they have a dis-
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junct distribution. Both the medusa forms can reju-
venate to the hydroid and two rounds of rejuvenation
have been observed in the laboratory for the first
time. However, rejuvenation success was not 100%
as in the Mediterranean medusae, which are mor-
phologically similar to the small morphotype of
Japan.

Revision of the taxonomic status of these two (or
more?) morphotypes is postponed until more biolog-
ical studies have been carried out. Schuchert (2004)
and Bouillon er al. (2004) recognize two distinct
Turritopsis species in the Mediterranean Sea, 7.
nutricula McCrady, 1857 and T. dohrii (Weismann,
1883), and it cannot be excluded that the Japanese

form is similarly polytypic.
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Appendix. List of collection sites of medusae and hydroids of Turritopsis nutricula in Japan, with site num-

bers corresponding to Figs 1 and 4, respectively (see Table 1).

Medusae (Fig. 1): new records and new collections from previously known localities. Abbrevations: F/M, mature

female/male medusae; m, immature medusae.

1: Akkeshi, Hokkaido (Uchida, 1940; Uchida ef al., 1963; Yamada and Nagao, 1971). 2: Oshoro, Hokkaido, 8 m, 3
m,2m, 2 m, 6 m (16, 19, 22-VII-1977; 3, 8, 10-VII-1978; 18-VII-1979; 5, 18, 24-VI1I-1980; Uchida, 1925, 19275).
3: Asamushi, Aomori Pref. (Uchida, 1927a, 1938b). 4: Onagawa, Miyagi Pref. (Uchida, 1938b). 5: Matsushima,
Miyagi Pref. (Uchida, 1927b). 6: Iwaki, Fukushima Pref. (Kubota and Mizutani, 2003). 7: Yunohama, Yamagata
Pref. (Uchida, 1925). 8: Enoshima, Kanagawa Pref. (Adachi et al., 2003). 9: Misaki, Kanagawa Pref. (Maas, 1909).
10: Shimoda, Shizuoka Pref., 1 m (1-IX-1983). 11: Kouzu I, Izu Is., Tokyo, 1 m (15-I1I-1995). 12: Hahajima I,
Ogasawara Is., Tokyo, 1 m (2-VI-1997). 13: off Zagashima I. in Ago Bay, Mie Pref., 2m, 2 m, 1 m (11, 12, and 17-
IX-1984 [cultured in the laboratory for 17 days until maturation as F: see Fig. 2 and Table 2]). 14: Tanabe Bay,
Wakayama Pref., 2m, 3 m, 1 m, 6 m, 1 m, 1 F, 1F+ 6 m (10, 26-VI-1997; 22, 31-VII-1997; 20, 27-VIII-1997; 30-
IX-1997; 13-IX-2001; 18-VII-2003 [2 m became F in culture a couple of days after collection]; Uchida, 1927b). 15-
17: Thota, Kuga, and off the southern coast of Qoshima I., Yamaguchi Pref. (VI-2000; 11-VII-2002; 31-V-2003:
Kubota er al., 2003). 18: Takeshiki, Tsushima I., Nagasaki Pref., 1 F (21-VIII-1992: Kubota, 2004). 19: Hakata,
Fukuoka Pref. (Uchida, 1927b). 20: Tamanoura, Fukuejima I., Nagasaki Pref., 1 m (30-IX-1994). 21: Ushibuka,
Kumamoto Pref. (Uchida, 19275). 22-23: Kagoshima, Kagoshima Pref. (Bigelow, 1913; Chikuchishin and Kubota,
2003a, b). 24: Aburazu, Miyazaki Pref., 1 m (8-XI-1995). 25: Nishinoomote, Tanegashima I., Kagoshima Pref., 1
m (23-V-2002). 26: Motomura, Kuchinoerabu I., Kagoshima Pref., 1 m (28-V-1999). 27: Naze, Amami-oshima L.,
Kagoshima Pref., 6 m (9, 10, 12-X-1993). 28: Funakura, Amami-oshima I., Kagoshima Pref., 2 m (10-X-1993). 29:
Nago, Okinawa 1., Okinawa Pref., 1 m (6-XI-1992). 30: Tomari Port, Naha, Okinawa I., Okinawa Pref., 8 m, 15 m
(20, 21-X1-1993, 8-111-1994; 1, 2, 3, 4, 5-111-2003; one of them became M in culture, see Fig. 2). 31: Hirara, Miyako
I., Okinawa Pref., 5m, 2 m, 1 m, 3 m (5, 13-V-1993; 22-X1-1995; 22, 23, 24-VI-1997). 32: Kuroshima I., Yacyama
Is., Okinawa Pref., 1 m (11-V-1993). 33: Ohara, Iriomote I., Yaeyama Is., Okinawa Pref., 1 m (13-XI-1992). 34:
Amitori, Iriomote I., Yaeyama Is., Okinawa Pref., 1 m (8-V-1993)

Hydroids (Fig. 4): new and previous records, and records of rejuvenated hydroids [in brackets].

1: Akkeshi, Hokkaido, 1+1+1 colonies (10-VII-1976, 10-VII-1990, 9-IX-1998); Yamada and Nagao, 1971). 2: [4
<3: a clone> colonies: Iwaki, Fukushima Pref.: after Kubota and Mizutani, 2003, see Table 3)]. 3: off Hayama,
Kanagawa Pref. (Hirohito, 1988). 4: Izu Oshima I., Shizuoka Pref. (Hirohito, 1983). 5: [5 colonies: Shirahama,
Wakayama Pref., see Table 3]. 6: Ushibuka, Kumamoto Pref. (Hirohito, 1969). 7: [1 colony: Kagoshima,
Kagoshima Pref. (Chikuchishin and Kubota, 2003a)]. 8: [11 colonies <a clone>: Nishinoomote, Tanegashima I.,
Kagoshima Pref., see Table 3]. 9: Tomari Port, Naha, Okinawa I., Okinawa Pref., 1 colony without medusa bud (3-
I11-2003); [8 colonies: Table 3]




Shin Kubota

References

Adachi, A., Sakiyama, T., Kitada, M. and Kubota,
S., 2003. Medusae collected in Enoshima-
Shonan Port and its adjacent waters III. Nat.
Hist. Rep. Kanagawa, (24): 21-24 (in Japanese
with English summary).

Bavestrello, G., Sommer, C. and Sara, M., 1992. Bi-
directional conversion in Turritopsis nutricula
(Hydrozoa). Scientia mar., 56: 137-140.

Bigelow, H. B., 1913. Medusae and siphonophorae
collected by the U. S. Fisheries Steamer
Albatross in the northern Pacific, 1906. Proc. U.
S. nat. Mus. 44: 119 pp., pls 1-6.

Bouillon, J. and Boero, F., 2000. Synopsis of the
families and genera of the hydromedusae of the
world, with a list of the worldwide species.
Thalassia Salentina, 24: 47-296.

Bouillon, J., Medel, M. D., Pages, F., Gili, J. M.,
Boero, F. and Gravili, C., 2004. Fauna of the
Mediterranean Hydrozoa. Scientia Marina, 68
(Suppl. 2). 449 pp.

Chikuchishin, M. and Kubota, S., 2003a. The first
observation of rejuvenation and subsequent polyp
colony growth in the medusa Turritopsis nutricu-
la (Cnidaria, Hydrozoa, Anthomedusae) in Japan.
Nanki Seibutu, 45: 13-14 (in Japanese with
English summary).

———, 2003h. Occurrence of many medusae of
Turritopsis nutricula (Cnidaria, Hydrozoa,
Anthomedusae) in Kagoshima Bay, Japan, with
some observations on rejuvenation. Bull. bio-
geogr. Soc. Japan, 58: 35-38 (in Japanese with
English abstract).

Hirohito, His Majesty the Emperor Showa, 1969.
Some hydroids of the Amakusa Islands. 32, 19
pp- Biological Laboratory, Imperial Household,
Tokyo, Japan. (In Japanese in part).

— . 1983. Hydroids from Izu Oshima and Niijima.
83, 47 pp. Biological Laboratory, Imperial
Houshold, Tokyo, Japan. (In Japanese in part).

——, 1988. The hydroids of Sagami Bay. 179, 110
pp-, 4 pls, 2 maps.
Imperial Household, Tokyo, Japan. (In Japanese

Biological Laboratory,

in part).

Kramp, P. L., 1961. Synopsis of the medusae of the
world. J. mar. biol. Ass. U. K., 40: 7-469.

Kubota, S., 1983. Studies on life history and system-
atics of the Japanese commensal hydroids living
in bivalves, with some reference to their evolu-
tion. J. Fac. Sci. Hokkaido Univ. (6): 23: 296—
402, pl. 10.

——, 1984. A new bivalve-inhabiting hydroid from
central Japan, with reference to the evolution of
the bivalve-inhabiting hydroids. J. Fac. Sci.
Hokkaido Uniy. (6), 23: 454-467.

——, 2000. Studies on Hydrozoa and 6 month’s
stay at Stazione Zoologica di Napoli and other
laboratories. Boll. Soc. biol. italo-giap., 19:
9-16.

——, 2004. Medusozoa and Ctenophora recorded
in Asou Bay, Tsushima Island, Nagasaki
Prefecture, Japan. Trans. Nagasaki biol. Soc.,
57: 13-15 (in Japanese).

——, 2005a. Miracle Die-Hard Jellyfish, Scarlet
Medusa & Songs of Miracle Organisms—Sing

114 pp., 1 CD.

Society for the Study of Immortality, Shirahama,

about “Dream of Immortality”.

Wakayama, Japan (in Japanese with English
Abstract).

——, 2005b. Hydromedusan fauna of the Nansei
Islands. Proc. 10th ICRS. In press.

Kubota, S. and Mizutani, S., 2003. Strange fates of
degenerated medusae of Turritopsis nutricula
(Hydrozoa, Anthomedusae, Clavidae) from
northern Japan. Nanki Seibutu, 45: 107-109 (in
Japanese with English summary).

Kubota, S., Kobayashi, A., Kawahara, M. and Ueno,
S., 2003. The morphology of the mature medusa
of Turritopsis nutricula (Anthomedusae, Clavi-
dae) collected for the first time from the Inland
Sea of Japan. Nanki Seibutu, 45: 148-149 (in
Japanese with English summary).

Maas, O., 1909. Japanische Medusen. Abh. bayer.
Akad. Wiss. (Suppl.), 8: 1-52, pls 1-3.

Piraino, S., Boero, F., Aeschbach, F. and Schmid,
V., 1996. Reversing the life cycle: medusae
transforming into polyps and cell transdifferenti-



Shin Kubota

ation in Turritopsis nutricula (Cnidaria, Hydro-
zoa). Biol. Bull., 190: 302-312.

Piraino, S., Vito, D. De, Schmich, J., Bouillon, J.
and Boero, F., 2004. Reverse development in
Cnidaria. Can. J. Zool., 82: 1748-1754.

Schuchert, P., 2004. Revision of the European athe-
cate hydroids and their medusae (Hydrozoa,
Cnidaria): families Oceanidae and Pachycordyli-
dae. Rev. suisse Zool., 11: 315-369.

Uchida, T., 1925. Some hydromedusae from north-
ern Japan. Jpn. J. Zool., 1: 77-100.

——, 1927a. Report of the biological survey of
Mutsu Bay. 2. Medusae of Mutsu Bay. Sci. Rep.
Tohoku Univ. (4), 2: 215-238.

——, 1927b. Studies on Japanese hydromedusae. 1.
Anthomedusae. J. Fac. Sci. Tokyo Univ. (4), 1:
145-241, pls 10-11.

——, 1930. Beitrage zur Kenntnis der japanischen
Hydromedusen. Zool. Anz., 88 : 329-335.

——, 1938a. Report of the biological survey of
Mutsu Bay. 32. Medusae from Mutsu Bay
(revised report). Sci. Rep. Téhoku Univ. (4), 13:
37-46.

——, 1938b. Medusae in Onagawa Bay and its
vicinity. Sci. Rep. Téhoku Univ. (4), 13: 47-58.
——, 1940. The fauna of Akkeshi Bay. XI.
Medusae. J. Fac. Sci. Hokkaido Univ. (6), 7:

277-297.

Uchida, T., Yamada, M., Iwata, F., Oguro, C. and
Nagao, Z., 1963. The zoological environs of the
Akkeshi Marine Biological Station. Publs
Akkeshi mar. biol. Stn, 13: 1-36, pls 1-4.

Yamada, M. and Nagao, Z., 1971. On the life-cycle
of Turritopsis nutricula MaCrady (Hydroida,
Anthomedusae). Proc. Jpn. Soc. syst. Zool., T: 1-
4.

(Accepted May 26, 2005)





