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Anthopleura stellula (Actiniaria, Actiniidae) and its reproduction by transverse fission 
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Abstract 

Anthopleura stellula EIIRENBEI~G :1834, a sea anemone from 
Eilat, Red Sea, is redescribed in detail and shown to be 
synonymous with Anthopleura elatensis ENGLAND 1969. 
Asexual reproduction by autonomous transverse fission has 
been observed over a period of 8 months in A. stellula main- 
tained in Mediterranean seawater (37.0 to 37.5O/oo S). Fission 
always occurs at the same level, below the pharynx, and is 
followed by an asynchronous regenerative process beginning 
at the initial point of cleavage. The distal portion of a bisected 
anemone regenerates a new pedal disc, while pharyngeal 
formation is induced by the mesenteries of the first-budding 
directive tentacle in the proximal half; the original oral disc 
pattern is restored. After regeneration has been completed, 
the newly formed anemone can similarly engage in transverse 
fission. The fission process spreads infectiously. I f  Bunodactis 
verrucosa, a Mediterranean anemone, is maintained in the 
same aquarium with A. stellula then the beginnings of fission 
followed by dedifferentiation are observed in the Mediter- 
ranean species, which does not ordinarily reproduce asexually. 
A. stellula still exhibits its induced ability to divide transversly 
if transferred into fresh Mediterranean seawater. When these 
specimens are exposed to low temperatures 02 ~ to 13 ~ for 
2 months, fission activity still remains, but for only one 
division; there is no further fission, and no regeneration of a 
pedal disc. Abrupt increases in salinity to the salinity level of 
the Red Sea (40.0 to 4t.0~ interrupt the fission activity and 
pedal disc regeneration. A. stellula incised at the level where 
fission usually occurs promptly undergo transverse fission if 
cultured with other dividing anemones. However, the other 
anemones merely exhibit wound healing if the salinity is high. 
I t  is thought that fission and regeneration are induced by 
stimulating substances produced by the anemones during low 
salinity conditions and that  the stimulating substances 
accumulate in the aquarium water. 

Materials and methods 

T w e n t y  two specimens of  Anthopleura stellula were 
m a i n t a i n e d  in  an  a q u a r i u m  filled wi th  40 1 Medi ter-  
r anean  water ,  and  exposed  to  no r th -wes te r ly  day l igh t .  
Sa l in i ty  was m a i n t a i n e d  be tween  37.0 and  37.50/00, 
t e m p e r a t u r e  be tween  22 ~ and  24 ~ The  wa te r  was 
f i l tered con t inuous ly  using an  " E h e i m "  f i l t ra t ion  
sys tem ; abou t  ha l f  the  wa te r  was rep laced  b i -month ly .  
The  sea anemones  were fed weekly  wi th  smal l  pieces 
of Mytilus galloprovincialis and  da i ly  wi th  fresh 
p l a n k t o n  or Artemia salina naupl i i .  

H ighe r  sal ini t ies  were ob ta ined  b y  a d d i t i o n  of  
" I n s t a n t  Ocean"  sal ts  (Aquar ium Sys tem,  Inc .  
Wickliffe,  Ohio, USA).  

Serial  sections were made  of 8 specimens f ixed a t  
E i l a t  (Red Sea) and  22 d iv id ing  or regenera t ing  
specimens.  The  specimens were na rco t i zed  wi th  7 .5% 
magnes ium chloride and  f ixed in  Bou in -Hol l ande  
solution.  The  sect ions were cut  a t  7 ~ and  s ta ined  b y  
a va r i e t y  of  techniques .  

Bes t  resul ts  were ob ta ined  b y  the  following 
s ta in ing procedure :  Sect ions were s t a ined  in Mayer ' s  
h a e m a l u m  solut ion for 5 to 6 min,  t hen  coun te r s t a ined  
in  an  eosin-orange G solut ion for 2 to  3 min  [25 ml  of  
a t %  orange G s tock  so lu t ion  mixed  wi th  30 ml  of  a 
0.i~ eosin (water  soluble) s tock  solut ion and  3 to  4 
drops  of  glacia l  acet ic  ac id  m a d e  up  to  250 ml b y  the  
add i t i on  of  dis t i l led water] .  The collagen was then  
m o r d a n t e d  in. 5~ phospho tungs t i e  ac id  solut ion for 
1 min  and  s ta ined  in  a 0.5~o anil ine blue solut ion 
mixed  wi th  0.25% glacial  acet ic  ac id  for 2.5 min.  The  
sect ions were r a p i d l y  r insed  in  90% alcohol and  
d e h y d r a t e d  in  abso lu te  alcohol. This  m e t h o d  was sup- 
p l emen ted  b y  the  use of Mayer ' s  h a e m a l u m  and  eosin 
and I-Ieidenhain 's  i ron  haema toxy l in .  

Taxonomy 

Introduction 

During  the  MAMBOl-course ,  in  the  win te r  of  
1965/1966, I observed  and  col lected specimens of  
Anthopleura 8tellula f rom the  beach a t  Ei la t ,  R e d  Sea. 
I t r a n s p o r t e d  bo th  f ixed and  l iving specimens of tiffs 
anemone  to Naples  ( I ta ly)  in  order  to  s t u d y  i ts  re- 
p roduc t ive  processes.  

This  species has been descr ibed  using specimens 
col lected f rom the  lged Sea (E ~E ~BE ~G ,  1834; 
KLTZ~ZI~G~R, 1877) and  f rom the  coast  of Zanz iba r  
(CARLG~Z, ]_900). The  first record  a t  E i l a t  was made  
by Ln,  Kix (SAFI~IEL and LIPKIN, 1964). 

This species was recen t ly  descr ibed incor rec t ly  
under  the  name  of  Anthopleura elatensis n. sp. b y  
E~GLAND (i969) on the  basis  of fo rmal in -prese rved  
specimens collected a t  Ei la t .  My observa t ions  on 
specimens f rom the  same local i ty ,  and  compar isons  
with the material of EI~5~BEI~G (1834) and CAI~LG~EN 
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(t900), confirm that the species from Eilat is Antho- 
pleura stellula EH~NBE~G 1834. Because this species 
is still poorly known, I have composed the following 
detailed description using living specimens. 

Description 
Genus Anthopleura DVC~ASSlNG and MICHELOTTI, t86t  

Actiniidae with well-developed base. Column with 
verrucae, arranged in more or less distinct vertical 
rows and with acrorhagi which may be situated on the 
parapet or in the fosse. Sphincter weak or strong, 
cireumseript or circumscript diffuse. Tentacles simple, 
hexamerously or irregularly arranged; their longitu- 
dinal muscles are principally ectodermal. Perfect 
mesenteries are numerous. Retractors are distinct, 
either diffuse, or sharply limited. Gonads appear on 
the older mesenteries. From the second cycle onward, 
the mesenteries grow from the proximal end toward 
the distal end, and may therefore sometimes exceed 
the tentacles in number (STEI~HENSON, 1935). 

Anthopleura stellula (EHI~ENBERG, 1834) 

S y n o n y m s :  Actinia Isacmaea stellula It. et E. 
EH~ENB~G, 1834. Actinia Isacma.ea-steltula E~- 
~ENBERG. Monostephanus (BRANDT, 1835). Isaemaea 
stellula EHm~NBERG (MmNE EDWAI~DS, i857). Bunodes 
steltula E~ENBERG (KLuNzlNG~a, 1877; AND~ES, 
~884). Anthopleura stelluIa EHR~B]~RG (CAI:'oLGI~EN, 
1900; CA~LG~EN, 1949). Anthopleura elatensis ENG- 
LAND, 1969. 

Description o/an individual (Fig. 2a) 
B a se :  pale dir ty yellow, larger than the column, 

limbus notched by the mesenterial insertions, moder- 
ately adherent, mesenterial insertions marked as pale 
brownish, radial stripes. 

C o l u m n :  pale yellow, becoming grayish-yellow 
towards the margin, skin smooth, slightly corrugated, 
mesenterial insertions marked as brown lines, 40 in 
number; endocoels bearing adhesive verrueae, variable 
in number, on the upper part  of the column; the 
exocoels are smaller than the endocoels and have no 
verrucae ; margin with 20 whitish endoeoelie acrorhagi; 
the fosse is indistinct during expansion. 

T e n t a c l e s :  40 (6 + 6 + 12 + 16), conical, the 
inner tentacles longer than the outer ones; largest arc 
as long as diameter of oral disc; hyalin, translucent, 
their surface slightly greenish-brown or gray, with 
irregular hyalin spots. 

Ora l  d isc :  5 radii belonging to t h e p r i m a r y  and 
second cycles (including the directive radius) arc as 
white as the bases of the corresponding tentacles; the 
outer halves of the radii of the tertiary and quarternary 
cycles arc greenish-brown except one tertiary radius, 
which is colored over its whole length. The base of the 
opposite directive tentacle and the corresponding 
radius are not as highly pigmented, and are clearer 

than the rest of the greenish-brown radii, which have 
some hyalin spots on their midlines. 

Variation. The 62 collected specimens differed 
widely as to size. Therefore, the number of longitudinal 
stripes, acrorhagi and tentacles are variable. The 
tentacles are arranged hexamerously; however, the 
fourth and sometimes the third cycles are incomplete. 
The largest individual with 45 tentacles was 7.5 em 
high when fully expanded (at night), with a scapus 
diameter of t.2 cm, a pedal disc diameter of 1.7 cm, 
and an oral disc diameter of 2.2 cm. Most specimens 
were smaller than this, having occasional acrorhagi 
only on the first and second cycle. The aerorhagi are 
conical and very prominent. The verrucae (warts) are 
sometimes very indistinct (Fig. 2 a). All specimens had 
2 siphonoglyphes and 2 directive tentacles. 

There are 3 true varieties of oral disc color patterns: 
(a) the one already described is limited to males and 
has been found most frequently; (b) females lack the 
white sector and have only 2 clear, less deeply colored, 
sometimes whitish, directive radii; (c) in a third 
variety, all radii of the third cycle are clear and less 
deeply colored (this vaTiety could not be sexed since 
collection was out of season). 

Anatomy. The number of mesenteries (average 43) 
usually exceeds the number of tentacles (average 32); 
mesenteries are always paired, and hexamerously 
arranged in 3 cycles in large specimens containing 48 
in number. The first, second, and part  of the third 
cycles have perfect mesenteries; some pairs of the 
third cycle only part ly reach the edge of the sphincter, 
since the mesenteries grow from the proximal end 
upward. Oral and marginal stoma are present. Mesen- 
teries of the first 2 cycles and, rarely, of the third 
cycle, are provided with filaments; these are situated 
more proximally on the first cycle than on the other 
2 cycles. The septal filaments occur in an extreme 
proximal position on the directives. Gonads only 
appear proximal to the ciliated tracts. They are 
present on the first cycle (usually also on the directives) 
and on some mesenteries of the second cycle. In large 
specimens, some mesenteries of the third cycle have 
filaments in their distalmost regions; however, 
because these filaments are provided with ciliated 
tracts, they permanently lack gonads. Most individuals 
have no filaments on the third cycle. The pharynx 
contains longitudinal ridges and 2 distinct siphono- 
glyphes. The retractors are diffuse circumscript 
(ENGLAND, t969, Fig. 2 c) or diffuse; the parietobasilar 
muscles form distinct folds, and the basilar muscles 
are weak. The sphincter is highly variable not only 
between specimens (E~GLANn, 1969), but also within 
the same specimen. The sphincter is diffuse or cireum- 
script-diffuse. The warts can become calyx-like, and 
may take up gravel or other foreign bodies. 

Cnidom. (Fig. 1) Spirocysts, isorhizic and anisorhi- 
zie haplonemes, b-rhabdoidcs (2 variations), p- 
rhabdoides A (Sc~IDT, 1969). 
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Fig. 1. Nematoeysts of Anthopleura stellula. (~) Anisorhizic haploneme (thread 6 x capsule) of the column; (b) isorhizic 
haploneme (thread 16 x capsule) of the acrorhagi; (c) b-rhabdoide (thread 4 to 6 x shaft) of the filaments; (d) b- 
rhabdeide (thread more than 10 x shaft) of the pharynx, also representative of the tentacles and filaments; they are more 

club-like in the latter; (e) p-rhabdoide A of the filaments, also representative of the pharynx 

Size and distribution o/nematocysts 
C o l u m n :  

b-rhabdoides i6 .5 (9 .8 - -19 .5 )  x 2 . 5 (2 .0 - -3 .2 )~ ,  
anisorhizic h~plonemes i8.8(14.3--24.7) x 4.0(2.6-- 
4.6)~. 

Acrorhagi: 
isorhiziehaplonem~s38.0(32.2--42.2) x 4.4(2.6--5.2)[L. 

Tentacles: 
spirocysts i9.1(13.0--2i.4) • 3.4(2.6--3.9)~. 

b-rhabdoides 18.2(16.2--20.8)  x 2 . 6 ( 2 . i - - 3 . 3 ) ~ .  

P h a r y n x :  

b-rh~bdoides 24 .8 (22 . i - -27 .3  x 3 A ( 2 . 5 - - 3 . 9 ) ~ -  
p-rh~bdoides A 20 .7 ( i8 .0 - -22 .0 )  x 4 . 3 (3 .5 - -5 .5 )~ .  

F i l a m e n t s  : 

b-rhabdoides ~2.4(9 .8--15.6)  x 2 . 2 ( L 6 - - 2 . 6 ) ~ .  
b-rhubdoides 27 .0(24 .7- -28 .6)  x 4 . 3 (3 .2 - -5 .9 )~ .  
p-rhabdoides A 20 .2 (~7 .6 - -22A)  x 4 .9(3 .3- -6 .5)  ~t. 



Fig. 2. (a) Anthopleura ste~lula, males collected at  Eilat, Red Sea, 1.8 •  (b) Staurosoma par~siticum, dissected from its 
capsule, entwined by  egg tubes;  dwarf male (arrow), 8 x ;  (c) Bunodactis verrucosa, exposed43  days to seawater con- 
ta ining dividing Anthopleura 8tellula specimens. This anemone performed half  a transverse fission and regenerated half an- 
other tentacle crown~ 1.3 x ; (d) Bunodactis verrucosa, exposed 56 days to seawater containing dividing Anthopleura stellula 
specimens; warts and  tentacles have been absorbed, t .8  x ; (e) Bunodactis verrucosa, same individual as in D, 43 days after 
removal from the  medium containing dividing Anthopleura stellula specimens: tentacle stumps begin to grow, note the open 
pharynx,  2 x ; (f) Anthopleura stellula, 49 days after  interrupt ion of t ransverse fission by  raising the  salinity; new tentacles, 
acrorhagi and warts  develop on about  one hMf of the  proximal part ,  ~[.8 • ; (g) Anthopleura stellula, 29 days after  inter- 
rupt ion of fission by  raising the  salinity; half  an oral disc with  half  a pharynx  have formed. Note undifferentiated tissue be- 

tween new oral diso and  distal part ,  2 • 



Fig. 3. Anthopleura stellula. (a) beginning transverse fission, ectodermal processes are split off by  gastrodermal constriction, 
2 x ; (b) just  after  transverse fission, proximal par t  creeping away, 2 x ; (c) just  after transverse fission, photo taken from 
below. The septal filaments are still connected; note adhesion by  warts  of the distal part ,  6 x ; (d) proximal par t  of specimen 
shown in B, 7 days after fission; note pharynx  formation on one side only and  directive radius (marked by  arrow) pointing 
a t  the  new oral border, 5.5 x ; (e) proximal par t  of the  specimen shown in B, 10 days after transverse fission; tentacle 
crown not  yet completed and  ectodermal stumps still present,  5 x ; (f) proximal par t  of the  specimen shown in B, 16 days 
after t ransverse fission; note restoration of original oral disc pa t t e rn  (compare with B). Irregular dark lines are remaining 

ectodermal s tumps which are being absorbed, 3 x 

32 bIarine ]Biology, Vol. 5 
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Ecology. Anthopleura stellula were found on the 
stony beach at  Eilat in shallow water (20 to 50 cm) 
under fiat stones. The anemones always occurred in 
small groups of 3 or 5, but  sometimes more individuals 
adhered to a small stone (Fig. 2a). A cavity in an old 
concrete-filled barrel standing in shallow water was 
crowded with specimens. The colors of the anemones 
are not very pronounced, as a result of their shady 
habitats.  However, after exposure to full daylight 
for several weeks in the aquarium, the anemones 
develop bright colors (compare Fig. 2a, f, g; Fig. 
3a, b). The specimens were arranged in small 
groups in Boveri-bowls in the aquarium. After a short 
period, all anemones crept over the edges of the bowls 
and settled underneath the bowls, demonstrating 
their typical cryptophilie habits. They were still 
continuously exposed to daylight, despite this posi- 
tion. Under these conditions, the hyalin radii on the 
oral disc and the hyalin spots on the tentacles became 
whitish, the warts and the acrorhagi became very 
white and the longitudinal striations turned a deep 
greenish-brown. Simultaneously, the distal par t  of the 
scapus became reddish. The species is able to survive 
at  12 ~ to 13 ~ 

Reproduction. Anthopleura stellula reproduces both 
asexually and sexually while maintained in the aquar- 
ium. The species is oviparous ; eggs are 200 ~ in diam- 
eter and have 18.6 ~ long spines; sperms are about 
60 ~ long with a rounded head (6.5 ~). Anthopleura 
stellula is seasonally fertile. The specimens fixed 
at Eilat in J anua ry  contained only 2 females with 
eggs. The other specimens were without gonads at  
this time. All anemones in the aquarium developed 
fully ripened gonads (Fig. 3b) during the summer, 
when the temperature  of the surface water rises in 
the gulf of Acquaba (O~EN, 1962). 

Parasites. Five specimens formed capsules of about 
0.5 cm diameter in a single mesentery (in 2 mesenteries 
in one case); the capsules were inhabitated by  the 
parasitic copepod Staurosoma parasiticum WILL (1844). 
One anemone lodged 3 copepods, each within a 
separate capsule. The parasites were entwined by 
long tubes filled with eggs (Fig. 2b). Further  details 
are described by LAUBIE~ and SCHMIDT (In press). 

Distribution. Living Anthopleura stellula were col- 
lected by  EHRENBERG (i834) at  Massaua and by 
KLUNZINGEIr (1877) at  Koseir. STUHLMANN found this 
species outside the Red Sea on the coast of Zanzibar 
(CA/~LGREN, ~900). The present known range of this 
species extends as far as Eilat, in the north of the Red 
Sea. 

Discussion o / t axonomy  

The specimens of Anthopleura stellula collected at 
Eilat have been compared with the description of 
EHRENBE~G (1834), KLUNZYNGER (t877) and CA~L- 
G~EN (1900), and with the type specimens of EHREN- 

Bn~G 1 and CARLGt~EN 2. The observations presented in 
this report are substantiated by  the above material, 
except for CA~LG~EN'S statements on the sphincter 
and the enldom (compare ENGLAND, 1969). Contrary 
tO CAI~LGI~EN'S report, the sphincter of the specimen 
he examined is not strong eireumseript but  diffuse 
circumscript. Moreover, CAnLG~EN has overlooked the 
p-rhabdoides A which occur also in the pharynx of his 
specimen. 

ENGLAND (i969) stated tha t  a single ovary  exists 
on one third cycle mesentery. However, there are no 
gonads on the third cycle at  all (compare p. 246). 
ENGLAND has probably overlooked the possibility tha t  
egg-bearing parasitic eopepods may  inhabit a single 
mesentery, thus giving the appearance of gonadal 
development. The sphincters drawn by  ENGLAND 
(i969, Fig. 2a, b) are typical for this species. How- 
ever, they are not "diffuse with a tendency to be 
restricted", but  diffuse or diffuse eircumseript, as 
compared with the figures and the terminology given 
by STE1JHENSON (1928) and CA]~LGI~EN (1949). 

ENGLAND'S (t969) s tatement  o n  the cnidom, 
demonstrates tha t  it is not possible to make a useful 
species' description solely on the basis of fixed material. 
His drawings (ENGLAND, 1969, Fig. 3) and measure- 
ments of the nematoeysts,  clearly show tha t  he has 
confused unripe and ripe nematocysts;  only the latter 
are of taxonomic value. The unripe nematoeysts of sea 
anemones are larger than the ripe ones (Sc~MIDT, 
1969). 

Anthopleura thallia, a sea anemone very similar to 
A. stellula, inhabits certain regions of the British coast; 
it has not been taken into consideration by ENGLAND 
(1969). A. thallia has an irregular arrangement of 
tentacles and mesenteries and reproduces by longitu- 
dinal fission. I t  is found under stones in shallow water 
(STEPnENSON, 1935) like Anthopleura stellula at 
Eilat and Koseir (KLuNZING~R, t877). In  regard to 
AnthopIeura thallia, STEP~nNSON (1935) reports "I 
have seen anemones in the Cape Peninsula and also on 
the Great Barrier Reef, which must  be very closely 
related to A. thallia; and I suspect tha t  some at least 
of them are identical with it, and that  its range may, 
in reality, be very wide". The observations of STE- 
PHENSON suggest tha t  A. stellula is probably spread 
throughout the Indo-Pacific Ocean and occurs even in 
the Atlantic Ocean. 

Reproduction by transverse fission 

Introduction 

Asexual reproduction is common in several 
actinians and other coelenterates, but spontaneous 

1A. ([sacmaea) stellula H. & E., Mass~u~ ~66 H. & E.: 
Inst. Spez. Zool. u. Zool. Mus. Humboldt-Universit/~t, Berlin, 
GDR. 

2 Bunodes 8tellula Stuhlmann Sansibar C 2635: Zool. 
Staatsinst. u. Zool. Mus. Hamburg, FRG. 



Vol. 5, No. 3, 1970 H. SCttMIDT: Anthopleura stellula 25t 

transverse fission has seldom been observed in these 
animals. 

One actinian species which does reproduce by this 
method is Gonactinia prolifera SA~s (1835), BLOCK- 
MAN~ and HILCEg (1888), P gouno  (i89t), KE~B (i9i3) 
and CA~LG~EN (1929). The transverse fission of 
G. proli/era is considered as a normal but  unique mode 
of asexual reproduction of a "primit ive" anemone. 
Very little is known about transverse fission among 
other species of sea anemones. The only authentic 
report  is more than 100 years old; BtCODEI~ICK (i860) 
observed spontaneous transverse fission in 3 specimens 
of Aiptasia couchii. HOLDWORTH (1860) and ANDRES 
(1882) hypothesized tha t  transverse fission was the 
mechanism responsible for the doubling of regenerating 
specimens of Aiptasia couchii and Aiptasia lacerata. 
Later,  STErHENSON (1935) mentioned tha t  transverse 
fission exists in Aiptasia couchii (recorded by  EVANS; 
STEPHENSO~, 1935). 

Ir~ summary,  detailed studies of transverse fission 
have only been conducted for Gonactinia prolifera, and 
it would therefore be instructive to s tudy this process 
in other actinians and to compare the results with 
those of the classical studies. A further purpose of the 
experiments presented in this report  is to determine 
the morphological events which accompany transverse 
fission and regeneration in Anthopleura stellula. In  
addition, ~he conditions necessary for the occurrence 
of transverse fission and regeneration in this species 
will be ascertained, and the circumstances responsible 
for the induction of fission in other non-dividing 
species will also be determined. 

Observations 
Fission 

After maintaining Anthopleura stellula in the 
aquarium for 5 months under Mediterranean salinity 
conditions, the first fission was observed in a con- 
stricted anemone. Tentacle-like processes projected 
from the fissure giving the impression tha t  this 
anemone divides by  para tomy (Fig. 3a). These 
processes are of ectodermal and mesogloeal origin and 
are divided into longitudinal ridges by  the marked 
contraction of the entodermal circular muscle layer. 
Fission begins on one side of the column and pro- 
gresses to the opposite side just below the pharynx 
until the anemone divides. The larger distal par t  is 
highly colored, and provided with warts which are 
absent on the column of the smaller proximal part  
(Fig. 2a;  Fig. 3f). At the end of the fission process, 
the distal par t  rotates about  the last connection to the 
proximal segment of the column and settles close to it 
(Fig. 3b): The mesenteries separate more passively. 
The remaining connections between the distal and 
proximal parts  are the filaments because they are much 
longer than the mesenteries (Fig. 3c). The fission 
process is completed within i h, but the filaments may  
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still, in some cases, connect the segments up to 48 h 
later. The proximal part  glides away from the distal 
par t  just after columnar separation is completed, thus 
tearing the connecting filaments (Fig. 3b, c). The 
distal part  attaches to the substrate by means of its 
warts and the infolded column, and is therefore 
unable to creep away. 

Regeneration 

After 4 days, white tentacle buds arise from the 
margin of a new oral disc formed by  the upper colum- 
nar region of the proximal segment. The ectodermal 
processes formed during fission are situated centrally 
to the budding tentacles (Fig. 3d, e). These stumps 
are slowly absorbed into, or detach from, the new oral 
disc during subsequent regenerative process (Fig. 3f). 

The first tentacle appears at  the initial point of 
fissure, and the new warts also form on this side of the 
upper column. The wound on the distal segment is, 
at  this time, covered with a mueuous film. Tentacle 
buds occupy about  half the oral disc 6 to 8 days after 
fission, and it is now tha t  the new pharynx forms. At 
first, the directive mesenteries fuse with the edge of the 
wound. The pharynx growth begins in the upper 
region of one of the directive mesenteries (corresponding 
to the first budding directive tentacle) originating from 
the endodermal layers. The 2 mesenteries are thus con- 
nected by the presumptive siphonoglyph tissue in their 
distalmost regions. The pharynx then grows obliquely 
towards the pedal end, and towards the opposite side 
(Fig. 3 d). Each perfect mesentery pair takes par t  in 
pharyngeal formation when the corresponding tentacle 
bud appears. The smaller mesenteries fuse with the 
pharynx via their newly formed septal filaments 
provided with ciliated tracts. The uncolored pharyn- 
geal tissue forms a distinct edge, fusing with the margin 
of the wound (Fig. 3 d). At this time, the distal part  
of the divided anemone has completely healed and has 
regenerated a new, delicate, pedal disc which is 
scarcely able to adhere to the substratum. On the 
seventh day one can observe several cycles of tentacle 
buds on one side of the new oral disc. The radii of the 
first cycle become colored on the oral disc surface, 
while on the endocoels of the first cycle aerorhagi buds 
appear (Fig. 3d). 

With the completion of the tentacle crown be- 
tween the eleventh and the thir teenth day after 
fission, the pharynx surrounds the opening in the oral 
disc, which now becomes a functional mouth enabling 
the anemone to feed upon small pieces of Mytilus 
galloprovincialis. From the twelfth day onward, 
mesenteries grow on the new pedal disc. The warts 
disappear from the proximal area of the former distal 
part ,  while the anemone originating from the proximal 
part  develops the same oral disc pat tern exhibited by 
the distal par t  (compare Fig. 3b and f). 
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I t  is also noteworthy tha t  the fission process 
begins quite sporadically, but soon spreads infectiously 
to all individuals in the aquarium. The rate of fission 
increases so rapidly with t ime tha t  fully regenerated 
anemones, derived from the distal and proximal 
portions of a single sea anemone, can likewise be 
observed in the process of division. 

The original stock of 22 sea anemones acquired at 
Eilat gave rise to 147 individuals upon completion of 
this investigation. Although new fissures were some- 
times observed before the entire disappearance of the 
warts on the lower column of the distal part,  there 
was usually no fission before regeneration was com- 
pleted. All anemones underwent transverse fission 
without exception, so tha t  the size of the individuals 
in the aquarium progressively diminished. These 
smaller anemones exhibited fission much more 
frequently than  larger specimens. 

This summary  of transverse fission and regenera- 
tion has been compiled from many  detailed observa- 
tions made within an 8 month period. Other details of 
this s tudy will be published later. 

Experiments  

E x p e r i m e n t i. i2 non-dividing specimens which 
were incised below the pharynx prompt ly  performed 
transverse fission and regeneration when maintained 
in an aquarium containing dividing anemones. 

E x p e r i m e n t  2. l0 non-dividing specimens were 
transferred to another aquarium filled with fresh 
Mediterranean seawater. The first fission was observed 
after hA days; the division frequency increased with 
the passage of time. 

E x p e r i m e n t  3 .3  specimens which were about to 
divide were placed in Mediterranean seawater at  
12 ~ to 13 ~ for 2 months. This prevented fission; 
i anemone died. The 2 remaining anemones were then 
transferred to Mediterranean seawater of their 
original habi ta t  temperature  (22 ~ to 24 ~ and both 
divided 3 weeks later. However, the resulting frag- 
ments exhibited no further fission; the proximal parts 
regenerated and the distal parts died 23 to 28 days 
after this terminal fission. 

E x p e r i m e n t  4. 3 specimens of each of the 
following Mediterranean species were placed into an 
aquarium containing dividing Anthopleura stellula: 
Aiptasia couchii (a sea anemone in which transverse 
fission has been reported), Anthopleura rubripunctata 
(whose juvenile stages, Bunodactis sabelloides, are 
able to reproduce by  longitudinal fission), and Buno- 
dactis verrueosa (which never reproduces asexually). 
Aiptasia couchii and Anthopleura rubripunetata did not 
exhibit fission, but significant structural alterations 
occurred in Bunodactis verrucosa. After 27 to 31 days, 
2 specimens of B. verrueosa formed a transverse slit in 
the upper parts  of their columns. However, fissure did 
not completely transect these animals, and 2 weeks 

later new tentacles grew from the proximal border 
of the opening on only one side of the column (Fig. 2 c). 
An unusual type of dedifferentiation then took place ; 
the anemones lost all their warts and their tentacles 
became considerably shortened. The third animal 
soon developed in this way. After 56 days, all 3 
anemones were in very poor condition: the filaments 
had been shed and a part  of the column, including a 
portion of the oral disc and a par t  of the pharynx,  were 
open (Fig. 24, e). Eventually,  I specimen of Bunodac- 
tis verrucosa died; the specimens of the other species 
were, however, still in good condition. The surviving 
individuals of B. verrucosa recovered after being placed 
in another aquarium. I t  took nearly 3 months for these 
anemones to acquire normal tentacles and warts. 

E x p e r i m  e n t 5. Finally, the salinity was increased 
to about tha t  of the Red Sea (between 40.0 and 4i.0~ 
by addition of sea salts. This t rea tment  immediately 
interrupted the process of transverse fission in Antho- 
pleura stellula. Dividing anemones lost their constric- 
tion and regenerated tentacles on the proximal border 
of the wound at a slightly retarded rate (Fig. 2f). 
Other dividing specimens lost the constriction without 
forming tentacles. No transverse fission was exhibited 
in any of these cases. Furthermore,  9 out of 10 anem- 
ones, which were slightly incised transversely at the 
level where fission usually occurs, healed within a few 
days instead of forming tentacles; only I anemone 
reacted like a dividing specimen. In  cases where 
tentacle growth did occur, half an oral disc and par t  
of a pharynx formed after 4 weeks. The opposite haft  
of the column consisted of undifferentiated tissue, being 
neither oral disc nor pedal disc (Fig. 2g). The distal 
parts of such individuals detached from the proximal 
parts  and died. In  one case this happened after 80 days ; 
the proximal par t  then regenerated normally. 

Discussion and conclusions 

Transverse fission in Anthopleura stellula is quite 
different from the division process in Gonactinia 
proli/era. In  contrast to A. stellula, G. proli/era grows 
new tentacles before fission occurs (paratomy). 
Furthermore,  additional fissures have been observed 
in the distal segment before it has separated from 
the proximal part  (PRovHo, 1891; KEI~B, i913). 
Fission in A. stellula is always followed by regeneration 
(architomy), and repeated fission has never been ob- 
served before regeneration is complete. 

Several authors working on transversely cut 
actinians or cerianthids, found an oral-aboral gradient 
in tentacle regeneration; the new tentacles grew more 
quickly ff the amputat ion level was closer to the oral 
disc than  the pedal disc (CHIli), 1903 b ; Hnz~zr i903 ; 
COTROZCEI, 1924). This gradient is distinctly demon- 
strated in obliquely amputa ted  anemones (Mosz- 
~:owsKI, 1907; ABELOOS, 1955; SIZVGE~ and PALMER, 
1969). 
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In Anthopleura stellula, fission always occurs at 
about the same transverse level on the body column. 
However, there is a delay of about 8 days between the 
appearance of the first budding tentacle and the 
initiation of tentacular growth on the opposite side 
where the column ruptures last. This observation 
suggests tha t  there is a horizontal gradient in trans- 
verse fission and regeneration, instead of the above- 
mentioned gradients. 

The level at which transverse fission is performed 
is always the same, just below the pharynx (indicated 
by the ends of the longitudinal rows of warts). This 
zone of fission may be functionally similar to the 
"budding region" of Hydra species whose form is 
regulated by growth stimulating and inhibiting 
substances as demonstrated by BU~ETT (I966) and 
substantiated by MACKLIN (1968). Considering the 
antagonism between fission and regeneration as well 
as the infectious spreading of transverse fission, it 
seems that  similar form-regulating substances may be 
operative in A. stellula. One substance produced by 
dividing specimens may stimulate other individuals 
to undergo fission; another substance produced by 
regenerating anemones could render them incapable 
of division whilst regenerating. The aquarium condi- 
tions were such that  both materials could accumulate, 
thus increasing the rate of transverse fission among 
non-dividing anemones and permitting them to 
regenerate distal structures. BRODERICK (t860) has 
likewise observed fission within a period of a few days 
in all 3 anemones maintained in his aquarium. 

The results of experiment i also suggest that  
small amounts of materials which stimulate fission 
and regeneration are present in non-dividing Antho- 
pleura stellula, and that  small transverse incisions made 
below the pharynx enhance the activity of these 
substances, resulting in immediate fission and regen- 
eration. MOSZKOWSKI (1907) and CmLD (1909) con- 
sistently obtained wound healing as normal reaction 
to incising anemones below the pharynx;  this reaction 
has been observed in A. steIlula only after raising the 
salinity. 

The species' specifity of these inducer materials 
may explain the indifference of the 2 asexually repro- 
ducing species to their presence (experiment 4). How- 
ever, there were some typical reactions in Bunodaetis 
verrucosa: the slit-like opening, the regeneration of 
tentacles, and the dedifferentiation which proceeded 
horizontally. The warts of this species disappeared 
like those in the proximal region of the regenerating 
distal part of Authopleura stelluIa. I t  is possible that  
the regulatory substances present in the medium 
containing dividing and regenerating A. stellula do 
not have the same effect upon B. verrucosa because 
this latter species lacks a "budding region". This 
result clearly demonstrates that  any stimulatory 
materials which exist in the culture medium are 
rather specific for Anthopleura stellula. 

Considering the extended period of regeneration 
in Bunodactis verrueosa and the results of experiments 
2 and 3, the s t imulatory materials probably exert a 
lasting effect upon anemones. However, individuals 
which were placed in cold seawater for 2 months 
failed to undergo fission and regeneration unless they 
were transferred to warmer water. The cold treatment 
must have inhibited the long term activity of the reg- 
ulatory substances, since these anemones could not 
initiate more than one fission in the warmer water 
(experiment 3). One would normally expect warm 
seawater to facilitate further division, since higher 
temperatures have fostered an increased rate of longi- 
tudinal fission in Auemonia sulcata (Lovls, 1960) and 
Diadumene luciae (MIYAWA~:I, 1952). 

The influence of salinity on fission and regenera- 
tion is clearly demonstrated in experiment 5. These 
results are supported by the experiments of several 
authors. CoTnoN~I (t924) has shown that  oral disc 
regeneration in transversely cut eerianthids is com- 
pleted more quickly in diluted seawater than in 
higher salinities. MIYAWAKI (i951) likewise obtained 
the highest rate of longitudinal fission in Diadumene 
luciae when the salinity was slightly lowered. How- 
ever, LocIs  (1960) found no salinity influence on the 
longitudinal fission of Anemonia sulcata. 

Abrupt increases in salinity seem to either destroy 
the fission-inducing substances, or to interfere with 
their stimulatory effects on transverse fission; thus, 
the fission process is interrupted even in dividing 
anemones. ~Regeneration. only takes place in those 
portions of the proximal part  which have separated 
from the distal column (Fig. 2f ,  g). However, it 
should be noted that  the Mediterranean species 
Bunodactis verrueosa reacted to the medium con- 
raining dividing and regenerating specimens of Antho- 
pleura stellula kept at normal levels of Mediterranean 
salinity. This indicates that  the stimulatory sub- 
stances have a direct influence upon sea anemones not 
exposed to a lower salinity. Decreases in salinity, 
therefore, only have an indirect supportive effect on 
the fission process. 

Pedal disc regeneration in sea anemones has been 
the object of much discussion. MOSZKOWSKI (1907) 
thought that  an inhibitory factor controls its forma- 
tion, while CARLG~E~ (t909, 1926, t929) and AB~LOOS 
(1955) maintained that  the anemone's distal part 
completely lacks the capacity to regenerate a pedal 
disc. On the other hand, H A z ~  (1903), LANDAUEt~ 
(1925, 1926) and J~OTODZIE;ISKI (t932) observed that  
pedal discs could form in the distal region following 
artificial amputation. 

All distal parts regenerated a pedal disc, without 
exception, in the medium containing dividing anem- 
ones, while this capacity was lost after exposure to 
low temperature or higher salinity. There seems to be no 
inhibitory factor, but  rather a deficiency of a substance 
which stimulates pedal disc regenerationin this case. 
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There are several different views about  pharyngeal  
regeneration in amputa ted  sea anemones. MoszKows- 
KI (1907) and CA~LG~En (1929) found tha t  the pharynx 
is restored by  invaginating ectoderm. Similarly, 
CHILD (1903a) stated tha t  pharyngeal formation in 
Cerianthus solitarius proceeds from the directive 
radius of the oral disc (ectoderm). However, A]~ELOOS 
(1958) found tha t  endodermal pharyngeal restitution 
occurs without participation of the filaments and 
independent of the "sym6trisat ion" of the mesenteries. 
Using amputa ted  pieces of Diadumene luviae "in 
which a mesentery was left in one particular region" 
HAZEn (1902) observed pharyngeal formation by the 
endodermal layers near the oral end. Presumably, this 
mesentery was a directive, and HAZEN observed the 
same events in pharyngeal  formation as described in 
this report. The regeneration of the pharynx is 
induced by  the directives because the farthest proximal 
extension of the pharynx and the directive filaments 
occurs at  this mesentery pair (compare p. 251). Apar t  
from this, pharyngeal formation extends horizontally 
only as far as the area of growing mesenteries and 
budding tentacles (Fig. 3d). I t  is rather difficult, if  
not impossible, to decide whether or not filaments are 
transformed into pharyngeal tissue during this 
process. In  normal non-regenerating anemones a 
gradual transition occurs between both types of 
tissues (STEFHEnSOn, t928). These relationships are 
supported by  m y  observations, which demonstrate 
the occurrence of the p-rhabdoides A in only the 
filaments and the pharynx of Anthopleura stellula 
and several other actinians (ScHMIDT, 1969). 

There is also some question about the possibility 
tha t  Anthopleura stellula habitually reproduces by 
transverse fission in nature. Since Mediterranean 
levels of salinity have never been recorded in the Gulf 
of Aequaba, one would not expect tha t  transverse 
fission in this anemone occurs natural ly as a result 
of low levels of salinity. However, it has been shown 
tha t  transverse fission is species specific and may  
occur in normal salt concentrations : it should be noted 
tha t  the inducing substances, once produced, may  be 
operative in sea anemones not t reated with reduced 
salinities (as demonstrated in this paper on specimens 
of Bunodactis verrueosa). The most important  factor 
in the induction of the fission process seems to be the 
accumulation of the st imulatory substances in the 
surrounding water. Without  such an accumulation, 
transverse fission could only occur sporadically in the 
sea as does longitudinM fission. 

Since viviparously Or asexually reproducing sea 
anemones live clumped together (ScHMIDT, 1967), it 
is possible for sufficient st imulatory substances to 
accumulate and promote the fission process. Sex and 
oral disc pat tern  are not changed by transverse 
fission. These statements support  the hypothesis tha t  
transverse fission occurs in Anthopleura stellula in 
nature : males and females collected at  Eilat had rather 

different oral disc patterns ; however, in individuals of 
the same sex they were identical. I t  should also be 
mentioned tha t  asexual reproduction via longitudinal 
fission is quite common within the genus Anthopleura 
(STEFHENSON, i935; HAND, t955; DAVIS, 1962). 

Summary 
I. Anthopleura stellula EHI~ENBERG, 1834, a sea 

anemone from Eilat, Red Sea, has been redeseribed 
in detail and is found to be synonymous with Antho- 
pleura elatensis ENGLAND t969. 

2. Autonomous transverse fission (by architomy) 
is observed when A. stellula is maintained at Mediter- 
ranean salinities (37.0 to 37.5~ for about  5 months. 

3. Fission is always performed at  the same level 
of the body column; it spreads infectiously amongst 
other sea anemones and is repeated by divided anem- 
one parts  after they have regenerated. 

4. Maintenance of the Mediterranean species 
Bunodactis verrucosa, a sea anemone which does not 
reproduce asexually, in the medium containing 
dividing Anthopleura steUula, induces half a transverse 
fission and regeneration, followed by dedifferentiation. 

5. When non-dividing Anthopleura stellula are 
transferred from an aquarium containing specimens 
actively engaging in transverse fission to fresh Mediter- 
ranean water, they begin to undergo fission after 
I t  days. 

6. Full pedal disc regeneration has been obtained 
in an aquarium containing dividing and regenerating 
specimens. Pharynx formation is induced by  the 
directive mesenteries of the first budding tentacle. The 
oral disc pat tern  is restored in detail by the pro~cimal 
part.  

7. When specimens, about to divide, are exposed 
to low temperatures (12 ~ to 13 ~ for 2 months, their 
capacity for pedal disc regeneration and repeated 
fission is lost. 

8. Abrupt  increase in salinity from 37.0 to 37.50/00 
to the level of the Red Sea (40.0 to 4t.0~ interrupts 
fission of dividing anemones and also prevents pedal 
disc regeneration. 

9. Anemones incised transversely at the usual level 
of fission prompt ly  perform transverse fission and 
regeneration in the medium containing dividing 
specimens. After increasing the salinity, such treat- 
ment results in wound healing rather than fission, and 
regeneration (of the proximal part) in 9 out of l0 
CaSeS. 
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