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Abstract: The small box jellyfish Copula sivickisi was collected from the Ryukyu Archipelago, southern Japan, in
June 2011, in order to observe its early life history, including polyp formation and metamorphosis. Fertilization oc-
curred internally. Fertilized eggs were packed in an embryo strand with nematocysts and released into the water from
the female’s manubrium. Blastulae developed into planulae bearing about 30 larval ocelli within two days, and then
settled and metamorphosed into primary polyps. Primary polyps developed into adult polyps within 40 days, and
both polyp stages could actively detach to change location by creeping on the central part of their body. Adult polyps
formed cysts at temperatures below 20°C, which when favorable conditions retuned (above 28°C), excysted from the
capsules within a week. Budding occurred in adult polyps, and buds were released two days after the commencement
of budding. Metamorphosis of a whole polyp into a single medusa occurred within 10 days. Juvenile medusae were
distinguished from those of other cubozoans by the pattern of nematocyst warts on the exumbrella and the adhesive
pads on the apex. The developmental features of C. sivickisi resemble most closely those of 7. cystophora among the

cubozoans. The similarities in all early life stages of both species support recent molecular results.
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Introduction

Copula sivickisi (Stiasny, 1926) is the smallest species in
the class Cubozoa, with a maximum bell height of 12 mm
and a maximum bell diameter of 14 mm (Stiasny 1926,
Uchida 1970). The species displays sexual dimorphism and
courtship behavior (Lewis and Long 2005, Lewis et al.
2008). Copula sivickisi has been studied under the name
Carybdea sivickisi (Stiasny 1926, Uchida 1970, Hoverd
1985, Hartwick 1991, Matsumoto et al. 2002, Gershwin
2003, Lewis and Long 2005, Crow et al. 2006, Lewis et al.
2008). However, recent molecular phylogenetic analyses
suggest that C. sivickisi is more closely related to Tripeda-
lia cystophora Conant, 1897 than any species of the genus
Carybdea (Collins 2002, Gershwin 2005, Collins et al.
2006, Bentlage et al. 2010). In addition, C. sivickisi and T.
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cystophora display sexual dimorphism of the gonads and
produce spermatophores, and, at least the males, possess
sub-gastric sacs/seminal vesicles (Bentlage et al. 2010). To
retain monophyly of Carybdea, Bentlage et al. (2010) des-
ignated the new genus Copula to accommodate Copula
sivickisi.

Copula sivickisi has been reported from a range of tropi-
cal, subtropical, and mild temperate localities in the Pacific
and Atlantic, as well as one locality in the Indian Ocean,
west of Sumatra (Lewis et al. 2008, Bennett et al. 2013).
This species appears from spring to summer in Japanese
waters (Uchida 1970, Lewis & Long 2005, Lewis et al.
2008). Only the embryological development of the life
cycle of C. sivickisi is known (Hartwick 1991, Lewis &
Long 2005, Lewis et al. 2008). The present paper describes
its life history from fertilized eggs over polyp formation to
metamorphosis into a medusa.
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Materials and Methods

Copula sivickisi medusae (Fig. 1) were collected using a
lamp (GENTOS SuperFire X* SF-755X?, Saint Gentleman,
Japan) at Motobu Port, Okinawa Prefecture, southern
Japan (Fig. 2), between 20 :30 and 22 :00 on June 30,
2011. Thirty individuals were taken by a ladle, 170 mm in
diameter. Male and female medusae were kept in a deep
petri-dish (diameter 149 mm, height 91 mm, water volume
1500 mL) with filtered seawater (1 «m) at about 26 to 28°C
in the laboratory at the Sesoko Tropical Biosphere Re-
search Center, University of the Ryukyus. The medusae
were fed with Artemia nauplii on a daily basis. Culture
water was replaced with fresh seawater about three hours
after feeding.

Embryo strands released by females in the laboratory
were incubated in petri-dishes (diameter 75 mm, height
45 mm) filled with filtered seawater (0.22 um) at 28°C
(temperature of the sampling site).

Primary polyps were transferred to petri-dishes (diame-
ter 78 mm, height 24 mm) filled with filtered seawater
(I um) and kept at 23 to 26°C. Chopped Artemia nauplii
were fed directly to primary and secondary polyps using a
fine needle, twice or thrice a week. Rearing water was
completely replaced with filtered seawater (1 um) about
three hours after feeding.

Fig. 1. Copula sivickisi (Stiasny, 1926), live, lateral view, in
laboratory. a, mature female; b, mature male.
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Metamorphosis was induced by raising the temperature
to 28°C. During metamorphosis, the cultures were not fed
nor was the water changed. Newly detached medusae were
kept in a separate petri-dish (diameter 75 mm, height
45 mm) with filtered seawater (1 pum) at 28°C. Artemia nau-
plii were fed to the medusae on a daily basis. Culture water
was replaced with fresh seawater about three hours after
feeding.

For nematocyst identification in polyps and medusae,
squash samples were prepared from fresh tissues and ex-
amined under an optical microscope (CX 21, Olympus,
Japan). Nematocysts were identified according to Gersh-
win (2006) and Collins et al. (2011). For determination of
the respective abundance of nematocyst types in polyps
and medusae, at least 200 nematocysts were counted.

Results

Approximately 24 hours after medusae were collected,
courtship behavior was observed in the laboratory. The fol-
lowing morning, gelatinous embryo strands (Fig. 3a) were
observed in the petri-dish. The embryo strands were whit-
ish to whitish-yellow, 1.5 mm in diameter and about
30 mm in length. Thousands of fertilized eggs (Fig. 3b)
and nematocysts (sub-spherical euryteles) were packed in-
side the strand (Fig. 4a). The nematocysts were about
0.01 mm in diameter. Fertilized eggs and embryos were
about 0.10 mm in diameter. Most of the eggs were at the
blastula stage, and half of the blastulae were developing
into planulae. Free-swimming planulae were seen within
two days of egg strand release. Planulae (Fig. 3c, d) were
about 0.10 mm in diameter and about 0.15 mm in length
and had about 30 larval ocelli which are characteristic of
most cubozoan planulae.

Two to three days after planulae formation, planulae set-
tled on the bottom of petri-dishes. Within five days, planu-
lae developed into primary polyps. The primary polyps
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Fig. 2. Map of the sampling site, Motobu Port, Japan.
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were either settled (Fig. 5a) or actively detached to start a
creeping phase (Fig. 5b). The shape of the settled primary
polyps resembled a pouch with a very short stalk, with one
to four tentacles protruding from the ovoid calyx around
the mouth cone. At a body length of about 0.10 mm the
mouth disc diameter of the polyps was about 0.04 mm. The
primary polyps in creeping phase had a long, worm-
shaped body, and two to three outstretched tentacles. They
glided with their oral pole leading and with the centre of
their body and one tentacle in contact with the surface.
They used this tentacle like a scanning antenna for assess-
ing direction. At a body length of about 0.20 mm, the
mouth disc diameter of the polyps was about 0.05 mm.
Both settled and creeping primary polyps bore one to three
nematocysts (American football-shaped p-rhopaloids) in
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Fig. 3. Early embryogenesis of Copula sivickisi. a, embryo
strand; b, fertilized eggs; c, planula, lateral view, note eye spots;
d, planula, vertical view, note eye spots.

the tip of their tentacles (Fig. 4b).

The primary polyps developed into adult polyps within
40 days. The settled adult polyps (Fig. 6a—c) were polyps
able to actively detach, and creep (Fig. 6¢) in order to
change locations. When the polyps began to creep, a peris-

Fig. 5. Primary polyps of Copula sivickisi. a, settled, lateral
view; b, creeping, lateral view.

Fig. 6. Adult polyp of Copula sivickisi. a, settled, vertical
view; b, settled, lateral view; c, creeping, lateral view; d, cyst.

Fig. 4. Nematocysts of Copula sivickisi. Arrow indicates nematocyst. a, nematocysts of embryo strand; b, nematocysts of
tentacle tip of primary polyp; ¢, nematocysts of tentacle tip of adult polyp; d, nematocysts of exumbrella warts, ovoid isorhizas;
e, nematocysts of exumbrella warts, ovoid heterotrichous microbasic euryteles.
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Fig. 7. Asexual reproduction of polyp. Arrow indicates bud. a, budding polyp, vertical view; b, settled polyp, vertical view;

¢, settled polyp, lateral view.

Fig. 8. The process of polyp metamorphosis. a, just after start of metamorphosis; b, 3 days later; ¢, 5 days later; d, 7 days
later; e, 8 days later; f, 9 days later; g, 10 days later. MT=medusa tentacle; PC=peristomal cup; PT=polyp tentacle;

TBB=tentacle base bulb; Rh=rhopalium.

tomal cup was left behind. The shape of the adult polyps
was almost identical to the primary polyp stage, but they
were larger (settled polyps: mean body length 0.50 mm,
mean mouth disc diameter 0.17 mm; polyps in creeping
phase: mean body length 0.61 mm, mean mouth disc diam-
eter 0.11 mm). Both settled and creeping polyps had two to
nine tentacles and each tentacle bore five to nine American
football-shaped p-rhopaloids (Fig. 4c). Further develop-
mental stages, i.e. budding and metamorphosis only took
place in settled polyps.

Below temperatures of 20°C, adult polyps formed rest-
ing stages (Fig. 6d). The polyps contracted into a ball and
were encapsulated by a soft layer, forming cysts. The cysts
were yellowish, about 0.36 mm in diameter and fixed to the
substrate. After the temperature was raised above 28°C,
polyps regenerated within a week, excysting from the cap-
sules.

Asexual reproduction was observed when the 2-tenta-
cled stage was reached. Bud formation occurred on the
middle part of the calyx (Fig. 7a). Two days after the start
of bud formation, a secondary polyp (bud) was released
from the parent polyp. The shape of newly released buds
resembled the parent polyps. The buds were 0.24 mm in
diameter and had three or four tentacles (Fig. 7b, c). Buds
that settled at first detached later on and assumed a creep-
ing phase like that observed in the adult polyp. The creep-
ing phase lasted for two to three days until the creeping
bud settled on the bottom of the petri dish and developed
into an adult polyp.

One week after raising the temperature, metamorphosis
from a single polyp into a medusa was observed. The first
evidence of medusa development was the formation of four
temporary vertical furrows in the hypostome of the polyp.
The bases of different numbers (one to three) of the polyp
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Fig. 9. Newly detached medusae of Copula sivickisi. a, lateral view; b, apical view; c, oral view; d, apical view, arrow indi-
cates adhesive pad, gastric filaments located under adhesive pads; e, tentacle.

tentacles coalesced randomly on the four corners of the
peristomal edge (Fig. 8a). One medusa tentacle formed
between each rhopalium, for a total of four tentacles (Fig.
8a). Three days after the initiation of metamorphosis, the
bases of the tentacles fused and thickened to bulbs and the
free distal parts were absorbed (Fig. 8b). Pigmentation
marks appeared on the hypostome-facing side of these ten-
tacle base bulbs (Fig. 8b). Five days after the initiation of
metamorphosis, the pigmented marks transformed into two
lens eyes and four ocelli (Fig. 8c), while statocysts
emerged on the opposite side of the bulbs. Seven days after
the initiation of metamorphosis, transformation of the
polyp tentacles into four rhopalia and the hypostome into a
manubrium was complete (Fig. 8c, d). Eight days after the
initiation of metamorphosis, the medusa opened its lips
within the subumbrella and began to pulsate (Fig. 8e¢). Nine
days after the initiation of metamorphosis, the medusa bell
enlarged considerably and nematocyst clusters appeared on
the exumbrella. The following day it detached (Fig. 8f)
from the substrate, and transformed into a single medusa
without leaving any regenerative remnants (Fig. 8g, h).
Newly detached medusae had a tetrameric, pyramid-like
bell with a rounded top and were yellowish-brown to yel-
lowish in color (Fig. 9a, b, c). They were about 1.2 mm in
umbrella height, about 0.9 mm in umbrella width, and all
had four tentacles. The exumbrella was sprinkled with
very small (0.03—0.06 mm) round nematocyst clusters,
consisting mainly of ovoid isorhizas (Fig. 4d) and ovoid
heterotrichous microbasic euryteles (Fig. 4¢)—two rows
lined the edges of the radial furrows and two conspicuous
nematocyst warts were located above the sense organs
(rhopalia). The medusae bore adhesive pads on the apex
(Fig. 9d). The manubrium had four lips and was about 40%
of umbrella height. One to two gastric filaments per corner
were visible through the apex of the umbrella (Fig. 9d).
The sensory niches were shallow and still roofless. Tenta-
cles appeared as a “string of pearls” (Fig. 9¢) with about

Fig. 10. Thirteen day-old medusa of Copula sivickisi, lateral
view.

forty spherical nematocyst batteries in alternating colours
of white and light brown, consisting of ovoid isorhizas and
ovoid heterotrichous microbasic euryteles. When com-
pletely extended, the tentacles were up to 6 mm in length.
Thirteen-day-old medusae were about 3.4 mm in height
and about 2.7 mm in width (Fig. 10). Developmental events
in C. sivickisi are summarized as Table 1.

Discussion

Polyps of Copula sivickisi can be distinguished from
hitherto described polyps of other cubozoan polyps by
their shape and size (Table 2). Polyps of other cubozoan
species are flask-shaped in Carybdea marsupialis (Lin-
naeus, 1758) (Studebaker 1972, Strachler-Pohl & Jarms
2011) and Alatina alata (Reynaud, 1830) (Arneson &
Cutress 1976 as Carybdea alata, Strachler-Pohl & Jarms
2011 as Alatina mordens), amphora-shaped in Carybdea
morandinii Strachler-Pohl & Jarms, 2011 (Strachler-Pohl &
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Table 1. Chronology of developmental events in Carybdea sivickisi.
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Stage/Event Cumulative interval Length or height Diameter No. of tentacles
(day) (mm) (mm)

Fertilization 0 — — —
Embryo strand released 1 30 1.5 —
Fertilized eggs — 0.10 —
Planulae released 3 0.20 0.12 —
Planulae settled 6 — 0.12 —
Primary polyps 11 0.10 0.04 2-4
Bud formation 51 0.50 0.17 2-7
Adult polyps 53 0.50 0.17 2-7
Metamorphosis 85 0.50 0.17 67
Newly released medusae 95 1.2 0.9 4

13-day-old medusae 108 34 2.7 4

Jarms 2011), and tulip-shaped in Morbakka virulenta
(Kishinouye, 1910) (Toshino et al. 2013). Polyps of C. siv-
ickisi were pouch-shaped, as in its close relative Tripedalia
cystophora (Werner 1975, 1983). Compared with 7. cys-
tophora, the numbers of tentacles and nematocysts at the
tip of the tentacles were less (Werner 1975, Chapman
1978). The adult polyp of C. sivickisi is the smallest among
known cubozoan polyps (Table 2).

The polyp of C. sivickisi had the ability for the polyps to
alternately settle or creep. This flexibility has also been de-
scribed for primary polyps of Carybdea brevipedalia
Kishinouye, 1891 (Okada 1927 as Carybdea rastonii) and
Chironex yamaguchii Lewis & Bentlage, 2009 (Iwanaga et
al. 2005 as Chiropsalmus quadrigatus). The ability of adult
polyps to creep has been referred to in the literature only
once, by Werner (1975), which might suggest that this is a
rare behavior in other cubozoans but was noted in this
study as a usual behavior in C. sivickisi.

The asexual buds of C. sivickisi polyps were pouch-
shaped with three or four tentacles. In contrast, other cubo-
zoans have the form of worm-like creeping polyps (Werner
1975, 1983, Strachler-Pohl 2001, Straehler-Pohl & Jarms
2011) or ovoid-shaped swimming polyps from asexual
buds (Toshino et al. 2013) (Table 2). Polyps in those studies
moved on the substrate or swam in the water column until
attaching to the substrate. The adult creeping polyps of C.
sivickisi may play a role in assuring successful recruitment
on adequate solid substrates in a manner similar to that ob-
served in creeping or swimming buds of other cubozoans.

The polyps of C. sivickisi formed cysts in unfavourable
conditions. Encystment of polyps has been observed in 7.
cystophora (Werner 1975, Straehler-Pohl 2001, 2009), Chi-
ronex fleckeri Southcott, 1956 (Hartwick 1991), C. marsu-
pialis (Strachler-Pohl 2001, 2009), 4. alata (Strachler-Pohl
2001, 2009 as Alatina mordens) and Carybdea morandinii
(Straehler-Pohl & Jarms 2011). Conditions causing encyst-
ment were drastic salinity changes in 7. cystophora and C.
fleckeri, and water temperature changes above 27°C or
below 15°C in C. morandinii. Under laboratory conditions
in this study, polyps of C. sivickisi formed cysts at low

temperature (20°C) and cysts excysted at a higher tempera-
ture (28°C). Therefore, the cyst stage of C. sivickisi may
play an important role to enable survival at lower tempera-
tures. The temperature range between encystment and ex-
cystment conditions in C. sivickisi is in agreement with
that of the habitats in which they were collected for this
study; for environmental data on Okinawan waters, see
Japan Meteorological Agency (2013).

Metamorphosis in C. sivickisi was complete and without
any residuum as in the majority of known cubozoan life
cycles, with C. marsupialis and M. virulenta as exceptions
(Strachler-Pohl & Jarms 2005, Toshino et al. in prep).
Metamorphosis was induced by a return to warmer tem-
peratures (23°C to 28°C). Around the coast of Okinawa,
medusae of C. sivickisi are present between April and
early August (Lewis & Long 2005), when temperatures
rise from approximately 23 to over 30°C.

Newly detached medusae of C. sivickisi can be distin-
guished from hitherto-described medusae of other cubozo-
ans by the pattern of nematocyst warts on the exumbrella
and the adhesive pads on the top of the umbrella (Table 3).
The shape of the medusae resemble more closely that of 7.
cystophora than C. marsupialis or A. alata (Strachler-Pohl
& Jarms 2005, Strachler-Pohl & Jarms 2011). Copula siv-
ickisi has a spherical umbrella with four long tentacles and
nematocysts warts lining the radial furrows—very closely
resembling the characters of 7. cystophora, while C. mar-
supialis has only two tentacles and is pyramidal and A.
alata has a pyramidal umbrella with four extremely short
tentacles (Strachler-Pohl & Jarms 2011). Nematocyst types
in C. sivickisi differ from those of 7. cystophora and C.
marsupialis; nematocyst clusters on the exumbrella of the
latter two species are mainly comprised of atrichous and
holotrichous isorhizas (Werner 1975, Stangl 1997). On the
exumbrella of A. alata, clusters of microbasic euryteles
and spherical holotrichous isorhizas are found (Straechler-
Pohl & Jarms 2011). In nematocyst warts on the exum-
brella of C. morandinii, ovoid heterotrichous microbasic
euryteles are predominant and isorhizas are rare
(Strachler-Pohl & Jarms 2011). Young medusae of C. siv-



S. TosHINO et al.

38

0861 Jormirey  sisoydiowejou 8P I
29 ongewex gordwoo  dAjod Surdearo — — — — Sy—0¥ SL0 — 14222} Xau0.414)
%9C %09 %1
1107 swrer 29 sisoydiowejow 9+ I Op0:uedwW  [g( ‘uBdW 12°0 ‘ueaw 9] ‘uBAW  ¢f°() UBSW 7G| ‘UBAW
[yod-e[yoens ojordwod  dAjod Jurdoaro d[oj0U)s ‘I#°0-9€°0 ¥6'0-L8°0 ‘TTO-61°0 ‘61-11 OF0-1F0 ‘€9 T-EV'1 Liasowt vunvyy
(-doid ur) 0€ uey 210w
‘Te Jo oulyso], 4 projedoyi-d %1y %ty %P1
‘€102 dAjod [eoweyds [ews  7g'] cuoW gy [UBOW {4°(0 ‘uBoW €] UBAW  GQ'( [UBAW  ()G'C :UBAWI
‘Te 3o ourysog, uone[iqons Suruwims ‘proredoriin ‘IL'T-09°0 ‘68'1-60'1 ‘T9'0-LT0 L1-8 80'T—6V'0  ‘99'%STT ppua[ndla vDGLON
0t—0¢C %8 %0L %¢T
1107 swer 29 sisoydiowejow T J[@AmMa /00 :UBAW  §G'( ‘UBSW 81°0 :ueaW 6:uBdW Q7' UBdW  €R]°() ‘UBOW
[4yod-Ie[yaens ojordwod  dAjod Jurdoaro  snoyoLoIdey ‘80°0—%0°0 ‘0L°0-9€°0 ‘TTO0-CI0 ‘CT1-L I€0-LT'0  TO'T-TS'0 pioydoisdd vippadii]
uone[iqons %67 %S %91
G0 swuef 29 sisoydiowejow 9 I 09°0:uedw  g[°[ ‘ueow €¢°0 ‘ueoWw P uBdW  7Y'() UBAW  g()'T ‘UBAW
[yod-Io[ysens spe[dwos  dKjod Surdearo 9[230UR)s ‘I18°0-LE0 ‘0S° 1-CL0 Y¥'0-0T0 ‘9761 16'0-07°0  ‘8LT-SE'1  syvidnsiou vapqdin)
%I1¢ %8% %I1¢C
1107 swaer 29 sisoydiowe)ow 9 [ 6£0:uBdW  [9°() ‘UBOW 97°0 ueow €[ uedW G UBSW Q7' ‘UBOW
[yod-1o[yaens apordwoo  d&jod Surdearo oRIoUAS  ‘pS'0-CTO  ‘98°0-€F 0 9¢°0-91°0 816 ‘bLOFE0 08 1-€8°0  Huipuviout apqlin)
6=
sproredoyi-d
padeys %I %%9 %S¢
sisoydiowrejow < -[[BQqIO0)  $0°0 (UBSW  GE'( UBOW 21°0 ‘ueow pugdw  L]°QUBSW  ()G°() ‘UBAW
Aprs yuosad aordwos  dAjod panas uedLIdWY  ‘60°0-C0°0  ‘6L°0-CT0 “‘Y1°0-600 ‘L= 0T0-SI'0  ‘L6'0-8T0 1spyo1a1s vyndo)
adKy SOPEILR) siskoorewau Jo uonodoxd uonzodoxd uontodoxd S9[oBIUD) IojoweIp q3u9|
soouRIRpY sisoydiowe)s Jo doqunN 1oquiny sad4y ero ©)S Hmmo XA[eD wauRy 0 JoquIinN ST ﬁz.v Apoq 1810
1soy W adf) png 1sK00jRWAN Y Rl Y [ XA[ owoysodApy Jo 12q ASIp YO Poq [e10L

Apoq [€10} UBdW JY) 0} dINJONNS Jey} Jo YIJus| ueaw oy Jo onel oy st uonaodoid oy “sorpnis juoesaid oy pue snorasid ur sdAjod ueozoqno jo ASojoydiow pue (ww) oz1g

ISu9|
T dlqelL



39

Development of Copula sivickisi

B[[QIQUINXD O]OYM

oy 19A0 uroped rendor ‘osudp %0T
1107 suuef IHS B Ul pardpeds ‘padeys Ienomd oy1[-Surns [read LT0:uBdW 7] jUBdW  GE'] iUBOW
% 14od-1s[yaeng dN ‘oJqerownuUl  “(Ww 90°) [[ews CIARE 14 ‘0€'0—+T°0 SI-T'1 91-C1 Masou puyvly
SMOIINJ [eIper %0S
110 swef Suofe poure ‘punor  ‘(ww [°() (sosse[o 9zis om})  II[-Surns [1ead 09°0 ‘UBdW G’ UBdW  7'[ :UBOW
% [4od-Ie[yseng IHO 10800 ‘90°0) 9Sre[ wnipaw JINYO 14 0L°0—05°0 9 1-¢'1 v 1-0'1  pioydorsdd vippadiy
MO1INJ %0¢€
S00C suurer Ivos [eIPRLIIUL  dY} JO [BIOJR[IQUIB  (SASSE[O 0ZIS 0M})  oYI[-Sulns [read ¢’ :uBdW 7] :UBdW '] ‘UBOW
% 14od-19[yaengs IHO ‘PIOAO ‘(WL 9()°() X WL [°()) dFIe] JINYO 4 0¥7°0—0€°0 160 Y101 syvidns.iou papqiin)
B[[0IqUINXS [OYM IOAO 15t %0¢
1107 Swef 42 paroneos Aren3dadn ‘padeys Ieno v WIOJI[Y [0 UedW G UBAW /() ‘UBQW
% [4od-Ie[yseng HINHO -1 (W ()0—-€0"0) [[ews A1 (o18uts) gNYo 14 LTO0-810 90—+0 ‘6°0-9°0  Huipun.iout apqiin)
SUBRSIO ISUDS JOAO S)SA00)RUIdU
10 snonordsuod  om}  pue Moy %0%
s [eipel Juo[e SMOI OMm} paulfe [0 oyi-Suys jread €F°0 (UBdW (6" :UBdW  G[°[ :uBdW
Apmys juesord CIALE ‘punor ‘(Wi 9('0—¢0°0) [[ews Awoa CIARE % 8V'0—LE0 0'1-L0 ‘€101 1s1yo1a1s pindo)
(e[re1qunx) (soroB1U9)) 9dK) adeys oporju0) uornodoxd IojoweIp 3oy

S0UIRJOY (B[[oIqUINXD) S1IBM ISAO0JBWAN

sad£y 3sKo0reMIN 1SA201BWAN S9[0BIUQ} JO "ON  ISUQ[ WnNLIqNUe]N  B[[RIqUI)  B[[RIqUI)

*SBZIIOSI PIOAO =]O {S9[21AINJ JISBQOIJIW SNOYDLI0IJAY PIOAO =HJNHO SO[IAIND OISO =HA S9[0IAINJ [Bd1IAYdS-qns =4S {SeZIYIOSI SNOYoL10[0Y [eILIdyds =]HS
{SBZIYIOSI SNOYJLIJO[OY PUNOI=[HI ‘SBZIYIOSI SNOYILIJO[OY PIOAO=]HO :SBZIYIOSI SNOYILIO[OY=]H :SBZIYIOSI SNOYOLIIE PIOAO [[BWUS=]VOS {SBZIYIOSI SNOYOLIIR=]Y ISy B[[IquUIn
ueBoW JY) 0} WNLIqNUEW JY) JO YIFUI[ ULdwW oy} Jo onjer ay st uonjodoxd ayy “sarpnys juasard oY) pue snoradid ur desnpawr ueozoqnd jo ASojoydiow pue (ww) ozI§ °€ I[qeL



40 S. TosHINO et al.

ickisi have four pearl string-like tentacles similar to those
of T. cystophora and A. moseri. Two categories of nemato-
cysts (ovoid isorhizas and ovoid heterotrichous microbasic
euryteles) are apparent on the tentacles of C. sivickisi.
Only euryteles are common to all young medusae of the
cubozoans. The adhesive pads are characteristic of C. siv-
ickisi. The obvious similarities in all early life stages of 7.
cystophora and C. sivickisi support the published molecu-
lar results (Collins 2002, Gershwin 2005, Bentlage et al.
2010).
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