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ABSTRACT: Coronate polyps are unique among cnidarians in having a complete peridermal  tube, 
a ring canal, and four radial canals or pores at their oral region. Moreover, most of these species 
possess tooth whorls that narrow the gastric cavity considerably. Using f luorescence-labeled prey, 
it was demonstra ted that the ring canal is not involved in digestion or redistribution of nutrients 
but possibly serves as a hydrostatic flex point for the fast retraction of the tentacle crown into the 
exoskeleton. The tooth whorls considerably affect the localization of digestion activities by block- 
ing the passage of large prey fragments. Hence, endocytosis in a coronate species with tooth 
whorls occurred around the uppermost  tooth whorl whereas,  in a species lacking tooth whorls 
endocytosis occurred at the basal end. To meet  the high nutrient  demands  o{ the basal region, 
nutrients must be redistributed in the species with tooth whorls. The extra energy required for this 
redistribution could be an important d isadvantage  of tooth whorls. 

I N T R O D U C T I O N  

The  t axon  C o r o n a t a e  (Scyphozoa ,  Cn ida r i a )  i nc ludes  e n v i r o n m e n t a l l y  { M a u c h l i n e  & 

Harvey,  1983; Larson,  1990; Fossaa ,  1992; A l v a r e z - C a d e n a  & S e g u r a - P u e r t a s ,  1993) a n d  

med ica l ly  (Black et al., 1994; Wong  et al., 1994) i m p o r t a n t  spec ies .  Moreover ,  this  t axon  is 

of p h y l o g e n e t i c  in t e res t  s ince  the  close s imi lar i t ies  b e t w e e n  C o r o n a t a e  po lyps  a n d  the  

ex t inc t  Byron i ida  - ear ly  C a m b r i a n  to P e r m i a n  (Bischoff, 1989) - s u g g e s t  a n  ear ly  d iver -  

g e n c e  of C o r o n a t a e  d u r i n g  the  evo lu t ion  of the  S c y p h o z o a  (Werner,  1966, 1967, 1984; 

Bischoff, 1978, 1989; Van Iten, 1991, 1992a, 1992b; Van I ten & Cox, 1992; S c h u c h e r t ,  1993; 

Jer re ,  1994). Desp i t e  this  p r e s u m a b l y  ear ly  d i v e r g e n c e ,  c o r o n a t e  polyps  h a v e  a c o m p a r a -  

bly complex  gas t r i c  cavity. T h e  p r e s e n c e  of a r ing  cana l  in the  oral r eg ion  (Figs 1-4; 

C h a p m a n  & Werner ,  1972) is u n i q u e  a m o n g  c n i d a r i a n  polyps.  Moreover ,  in mos t  c o r o n a t e  

po lyps  the  gas t r i c  cavi ty  is n a r r o w e d  by one  or more  tooth  whor l s  ( cons i s t ing  of 1-16 

tee th)  of the  ch i t i nous  p e r i d e r m  tube  (Fig. 6; J a rms ,  1991). T h e s e  r ings  of i n t e r n a l  pro- 

cesses  se rve  for s t ab i l i sa t ion  of the  t ube  a n d  it has  b e e n  p o s t u l a t e d  tha t  t h e s e  too th  whor l s  

p ro tec t  the  h igh ly  r e g e n e r a t i v e  basa l  pa r t  of the  po lyp  a g a i n s t  p reda to r s  (Jarms,  1990). 
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Fig. 1. Nausithoe planulophora. SEM micrograph  showing  morpho logy  of the  ex te rna l  oral region 
after removal  of the pe r ide rm (Scale -- 20012m). C: capi tulum,  T: t en tac les  

Fig. 2. N. planulophora. Internal  morpho logy  of the  oral region (one q u a d r a n t  r emoved ,  
scale = 200 ~lm). F: gastric sep tum.  P: perradia l  pore  of the  ring canal,  R: r ing canal  
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Both unique  features of coronate polyps (apical canal system and tooth whorls) 

could affect prey digest ion and the distribution of nutrients. The ring canal might  facili- 

tate the nutrient  transport to the tentacle crown and the capi tulum where  glandular  

cells secrete the outer per idermal  layer (Chapman & Werner, 1972; Werner, 1984). The 

tooth whorls could impair the typical basal transport of prey and food fragments  nor- 

mally occurring in coronate and other scyphozoan polyps (Chapman, 1973). To investi- 

gate  these potential  impacts, we observed the digestion of f luorescence- labeled  prey in 
two coronate species, one with tooth whorls (Nausithoe planulophora (Werner, 1971)) 

and another  without  tooth whorls (Thecoscyphus zibrowii, Werner, 1984). 

MATERIALS AND METHODS 

Specimens  of Nausithoe planulophora were collected in submarine  caves in the 

Medi te r ranean  Sea near  Marseille, France, in 1969. Since then they have  been  in con- 
tinuous culture {Werner, 1971). Thecoscyphus zibrowii was detected among  material  

from submar ine  caves in the Gulf of Sorrent in 1975 (Werner, 1984) and is also in cul- 
ture since then. 

Coronate  polyps were  cult ivated in glass dishes in filtered natural seawater  (salin- 

ity 30-35) at 21 ~ in the dark. They were  fed once a week  with harpacticoid copepods  
(Tisbe holothuriae). This prey was cult ivated in seawater  at ambient  t empera ture  and 

fed once a week  with cooked, dried, and minced mussels Nlytilus edulis (Jarms, 1988). 
To invest igate  digestiw. ~ activities, covalently f luorescence- labeled  prey was used. 

The fluorophore, Texas Red was used because  its spectroscopic characterist ics are 

rather insensit ive to environmenta l  inf luences (i.e. the pH) and its long-wave leng th  
emission max imum at 620 nm can be spectrally separa ted  from endogenous  fluores- 

cence  (around 500 nm) of the species used. To label the prey, a few crystals Texas Red 

sulfonyl chloride (Molecular Probes) dissolved in 10 tJl d imethyl formamide  were  added  
to some 50 juveni le  T. holothuriae suspended  in 1 ml seawater.  After incubation for 30 

min at ambient  t empera ture  in the dark, the labeled prey was washed  three times with 
seawater  and incubated for 30 min in fresh seawater  to remove any non-reac ted  or 

inact ivated dye. F luorescence- labeled  prey survived at least six days indicat ing supra- 
vital staining. For the feeding experiments ,  single freshly labeled prey was fed to a 

coronate polyp. Because of the more translucent  per iderm we used young spec imens  

from 1.8 mm up to 3.2 mm of both coronate  species. Prey capture, ingestion, digestion, 

Fig 3. N. planulophora. Enlargement of the rin 9 canal detailing the vacuolarized nature of the 
endodermis (scale -- I00 IJm). E: epidermis, L: lateral endodermis of the rin 9 canal, M: medial 

endodermis of the rin 9 canal 

Fi 9. 4. N. pIanulophora. Enlargement of the perradial pore which connects the ring canal with the 
rest of the gastric cavity [scale = 30 l~m) 

Fig. 5. N. planulophora. Enlargement of the gastric septum illustrating its dense ciliation 
(scale = I0 IJm) 

Fi 9. 6. N. planulophora. View into the periderm tube detailin 9 the uppermost tooth whorl 
(scale = 20~) ~Jm). O: outer periderm layer, I: inner periderm layer 
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Fig. 7. N. plunulophora. Digest ion of Texas Red- l abe led  copepod ,  Tisbe holothuriae. Bright field 
micrograph,  1 h after feeding  (a) and f luorescence  mic rographs  1 h (b), 4 h (c), 1 w e e k  (d), and 

3 w e e k s  (e) after f eed ing  (scale -- 500 pro). B: basal  disk, P: prey, T: tentacles,  W: tooth whorl  
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and egestion were observed for ten replicates of each species using a fluorescence 
microscope (Zeiss Universal with MC 63 camera). 

For scanning  electron microscopy, polyps were anaesthet ized with 330 mM MgCl~, 
fixed with 2.5",:, g lu tara ldehyde in 80~ sea water, and critical point dried. 

RESULTS 

The thickened oral end of the coronate polyp is called a capitulum and contains the 
ring canal (Figs l, 2, 3; Chapman  & Werner, 1972; Werner, 1984) that opens to the rest 
of the gastric cavity through 4 perradial pores (Figs 2, 4). ] 'he lateral endodermis  of the 
ring canal consists of highly vacuolarized cells (Fig. 3i. The endodermis of the ring 
canal and the pores bear only a few cilia, while other endodermal  regions (especially 
the gastral septa) are densely ciliated (Fig. 5) as reported earlier for the Coronatae 
(Chapman, 1973) and other Scyphozoa (Blanquet & Wetzel, 1975; Hentschel & Htind- 
gen, 1980). 

The gastric cavity of Nuusithoe plunulophora is narrowed by several tooth whorls 
which contain up to 16 teeth (Figs 6, 7). These tooth whorls mechanical ly block the 
passage of particles larger than about  50 lain which could impair the transport of large 
food fragments in the gastric cavity. To investigate this, we compared the digestion of 
[ luorescence-labeled food ~.n N. plunulophora (Fig. 7) with the digestion in Thecoscy- 
phus zibrowii which lacks tooth whorls (Fig. 8). 

Cl 

Fig. 8. Thecoscyphus zibrowii. Digestion of Texas Red-labeled copepod, Tisbe holothuriae. Bright 
field micrograph, 1 h after feeding (a) and fluorescence micrographs 1 h (b) and 4 h (c) after feed- 

ing (scale = 500 ~m). B: basal disk, P: prey, T: tentacles 
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After capture by N. planulophora copepod prey survived inside the gastric cavity 
for up to 30 min. After death the prey was transported within 15 rain down to the upper-  
most tooth whorl which mechanically blocked further basal transport (Fig. 7a, b). This 
transport was active, since it occurred also in upside down-orientated polyps. The prey 
was extracellularly digested over the next several hours as indicated by the appearance  
of small (diameter ~40 pro) fluorescent food fragments some of which were transported 
along the gastral septa through the tooth whorls to the basal region with a velocity in 
the range of 30 pm min -I. However, most fragments were unable  to pass beyond the 
first tooth whorl that was clogged by the slowly digesting prey exoskeleton. During 
digestion, small traces of solubilised food fragments were uniformly distr ibuted within 
the gastric cavity except the ring canal where no fluorescence was detected. Parallel to 
the extracellular digestion, single cells of the polyp became highly fluorescent indicat- 
ing the endocytosis of food fragments. Most endocytosis took place in the region close 
to the uppermost  tooth whorl. After the completion of extracellular digestion, indi- 
gestible material (mainly chitinous parts of the copepod exoskeleton) was egested and 
the p redominant  endocytosis near the uppermost  tooth whorl became especially evi- 
dent  (Fig. 7c). During the following days, some redistribution of the fluorescence 
occurred towards the basal region while the total fluorescence yield steadily decreased 
(Fig. 7d). After three weeks, the weak fluorescence was mostly restricted to the basal 
disk (Fig. 7e). No fluorescence could be detected within the ring canal at any stage. 

In contrast, T. zibrowii polyps killed copepod prey immediately upon contact. After 
ingestion, the prey was transported within 15-30 rain to the aboral end of the polyp 
(Fig. 8a, b). Extracellularly digested food fragments  were mostly absorbed in the basal 
region while only small traces of solubilized food fragments were uniformly distributed 
within the gastric cavity except in the ring canal  where no fluorescence was detected. 
During the subsequen t  days, almost all of the fluorescent label remained in the basal 
region, but a small fraction was redistr ibuted towards the oral end. However, no fluo- 
rescence was detected in the ring canal  at any stage. 

DISCUSSION AND CONCLUSIONS 

Nearly nothing is known about the natural  diet of the mainly deep-sea  or cave 
dwelling coronate polyps. But since we sometimes have found copepods in the gastric 
cavity of preserved specimens we think copepods are at least partly within the normal 
prey spectrum. In culture Tisbe serves as a good and sufficient food. Protozoans always 
present  in the culture glass dishes cause no reaction if touching tentacles and  never  
become ingested.  So the results by using Tisbe can be called representat ive.  

In this study, the localization of digestive activities in two coronate polyps was 
invest igated with covalently f luorescence-labeled prey. In both polyps, the fluorophore 
remained  largely confined to a small fraction of the gastric cavity throughout  extracel- 
lular digest ion and endocytosis which indicates that both processes were highly local- 
ized. This is consistent with results recently obtained for another  scyphozoan polyp 
(Aurelia aurita) where enzyme secretion, extracellular digestion, and endocytosis are 
all confined to a small region of contact be tween  the prey and the polyp's gastrodermis 
(Bumann et al. in preparation). 
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In the two coronate species investigated, this localized digestion led to an entirely 
different localization of digestive activities depend ing  on the absence or presence of 
tooth whorls. In Thecoscyphus zibrowii the prey was transported to the basal (aboral) 
region immediately after ingestion and digested there. In Nausithoe planulophora, 
however, tooth whorls mechanically block the passage of particles larger than about  
50 btm. Larger prey could thus be transported only down to the uppermost  tooth whorl 
where most digestion and endocytosis took place. To identify possible consequences  of 
these differently localized digestive activities, one needs  to consider where nutr ients  
are used. Coronate polyps regenerate  a whole new polyp after proliferation by terminal  
strobilation from the remaining small basal residue (Werner, 1984; Jarms, 1988). Since 
this regenerat ion is the main synthesis effort in coronate polyps, the basal region prob- 
ably has the highest  nutr ient  demand,  al though some nutr ients  are used by the capitu- 
lum to synthesize the outer layer of the chitinous periderm (Chapman & Werner, 1972). 
In contrast, the middle region of the polyps is not likely to have elevated metabolic 
activities. 

In T. zibrowii, food is transported to the nutr ient  de ma nd i ng  basal region by ciliary 
currents prior to digestion and endocytosis. N. planulophora has similar ciliary currents 
but they mostly fail to transport food fragments beyond the uppermost  tooth whorl. 

Accordingly, endocytosis takes place principally in the middle of the polyp where 
nutr ient  demands  are low. Both the capi tulum and the basal disk are several mm away 
from this region, t tence, considerable redistribution of nutr ients  must occur after endo- 
cytosis. The observed redistribution of the fluorescent label could reflect this, although 
it is unclear  how long after endocytosis the fluorophore remains covalently bound to 
nutrients. The redistribution of nutr ients  in N. planulophora could be mediated by 
amoebozytes as has been shown for other cnidarians (Van Praet, 1980; Werner, 1984). 

In both species, the gastral septa produce ciliary currents with probably similar 
energy requirements .  I.towever, N. planulophora addit ionally needs a considerable 
redistribution of nutr ients  after endocytosis. The extra energy for this redistribution is 
an inevitable consequence  of the presence of tooth whorls and could partially compen-  
sate the benefits of tooth whorls from protection against  predation. This a rgument  is 
supported by the fact that some Coronatae with low predat ion risk like colonial species 
or with a strong short tube as T. zibrowii do not posses tooth whorls (Jarms, 1.988; Uriz 
et al., 1992). 

In both coronate polyps neither soluble molecules nor particles entered the ring 
canal during digestion. This indicates that at least dur ing the several hours of digestion 
the fluid of the ring canal was physically separated from the gastric cavity. Redistribu- 
tion of nutr ients  after endocytosis also did not involve the ring canal. Little fluid trans- 
port into the ring canal is expected from the scarce ciliation. Moreover, vacuolarized 
cells, as found in the lateral endodermis  of the ring canal, are usually not involved in 
food processing in cnidarians fLesh-Laurie & Suchy, 1991). Thus both physiological and 
cytological ev idence  do not support the proposed function of the ring canal to facilitate 
distribution of nutr ients  to and within the capi tulum (Werner, 1984). 

The vacuolarized highly turgescent cells of the ring canal could mechanically stabi- 
lize the extended tentacle crown (Chapman & Werner, 1972; Werner, 1984) similar to 
their role in tentacle reextension fLesh-Laurie & Suchy, 1991). Possibly the ring canal 
assists in this stabilization by acting as a hydrostatic device. The distinct separation of 
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fluids in the  ring canal  from the rest  of the  gastr ic  cavity obse rved  he re  s u p p o r t s  this 

hypo thes i s .  More  importantly,  t oge the r  wi th  the  marg in  of the  pe r ide rm tube  this s epa ra -  

tion of fluids sugges t s  that  the ring canal  could provide  a hydros ta t ic  flex po in t  for the  very 

fast re t rac t ion of the en t i re  ten tac le  c rown  into the  gast r ic  cavity as a d e f e n s e  m e c h a n i s m  

or af ter  p rey  contac t  that  is only o b s e r v e d  in coronates .  The  musc les  used  for  this retrac-  

tion run t h rough  the  media l  wall  of the  n n g  cana l  ( C h a p m a n  & Werner,  1972), in ag r ee -  

m e n t  with this pu ta t ive  m e c h a n i s m .  Indeed ,  s o m e  hydros ta t ic  dev ice  is n e e d e d ,  s ince  hard  

par ts  apar t  from the u p p e r m o s t  rim of the  e x o s k e l e t o n  are  not involved a n d  the  thin 

ep i the l ia  of corona te  polyps  are  unl ikely to p rov ide  the neces sa ry  counte r  fo rces  for such  a 

fast  b e n d i n g .  Fur ther  e x p e r i m e n t s  to test  this hypo thes i s  are current ly  u n d e r  way.  

In conc lus ion ,  the  resul ts  i nd i ca t e  a h igh ly  h e t e r o g e n e o u s  func t ion  of d i f f e r en t  

r e g i o n s  of the  gas t r ic  cavi ty  of c o r o n a t e  po lyps .  This  is r e m a r k a b l e  g i v e n  the  s i mp l e  

h o m o g e n e o u s  h i s to logy  of the  g a s t r o d e r m i s  ( C h a p m a n  & Werner ,  1972) a n d  the  p re -  

s u m a b l y  ear ly  d i v e r g e n c e  du r ing  the  evo lu t i on  of the  Cn ida r i a .  

Acknowledgements. Financial support by the Deutsche Forschungsgemeinschaft  in form of a post- 
doctoral scholarship to D.B. (Bu 971/-11 is kindly acknowledged.  We would like to thank 
M. Gewecke, R. Gossrau, A. Kuzirian, D. Oesterhelt, and R. Walter for their generous  technical 
support and helpful discussions. 

LITERATURE CITED 

Alvarez-Cadena, J. N. & Segura-Puertas, L., 1993. Experimental observations on the feeding of 
Linuche unguiculata (Cnidaria: Scyphozoa). - An. Inst. Cienc. Mar. Limnol. Univ. Nctc. Auton. 
.'Vlexico 20, 125-127. 

Bischoff, G. C. O., 1978. Internal structures of conulariid tests and their functional significance, 
with special reference to Circoconularia n. suborder (Cnidaria, Scyphozoa). - Senckenberg.  
leth 59, 275-313. 

Bischoff, G. C. O., I989. Byroniida new order from early Palaeozoic strata of eastern Australia 
(Cnidaria, thecate scyphopolyps). - Senckenberg.  leth 69, 467-521. 

Black, N. A., Szmant, A. M. & Tomchik, R. S., 1994. Planulae of the scyphomedusa Linuche 
unguiculata as d possible cause of sedbather 's eruption. - Bull. mar. Sci. 54,955-960. 

Blanquet, R. S. & Wetzel, B., 1975. Surface ultrastructure of the scyphopolyp Chrysuora quinque- 
cirrha. - Biol. Bull. mar. biol. Lab., Woods Hole 148, 181-192. 

Chapman, D. M., 1973. Behavior and flagellar currents in coronate polyps (Scyphozoa) and com- 
parison with semaestome polyps. - Helgol~.nder wiss. Meeresunters.  25, 214-227. 

Chapman, D. M. & Werner, B., 1972. Structure of a solitary and a colonial species of Stephenoscy- 
phus (Scyphozoa, Coronatae) with observations on periderm repair. - Helgol~inder wiss. 
Meeresunters.  23, 393-421. 

Fossaa, J. H., 1992. Mass occurrence of Periphyllo periphylla [Scyphozoa, Coronatae) in a Norwe- 
gian fjord. - Sarsia 77, 237-251. 

Hentschel, J. & Hgmdgen, M., 1980. Morphologie und Ultrastruktur des Scyphistoma Aurelia 
aurila (Scyphozoa, Semaeostomae). - Zool. Jb. (Abt. Anat. Ontog. Tiere) 104, 295-316. 

Jarms, G., 1988. Zur Morphologie, Biologie und Systematik der Nausithoidae [Coronatae, Scypho- 
zoa). - Diss., Univ. Hamburg, 124 pp. 

Jarms, G., 1990. Neubeschreibung dreier Arten der Gattung Nausithoe [Coronatae, Scyphozoa) 
sowie Wiederbeschreibung der Art Nausilhoe mnrginata KOlliker 1853. - Mitt. hamb. zool. 
Mus. Inst. 87, 7-39. 

Jarms, G., 1991. Taxonomic characters from the polyp tubes of coronate medusae (Scyphozoa, 
Coronatae). - Hydrobiologia 216/217, 463-470. 

Jerre, E., 1994. Anatomy and phylogenetic significance of Eocanularia loculata, a conulariid from 
the Silurian of Gotland. - Lethaia 27, 97-109. 



L o c a l i z a t i o n  of d i g e s t i o n  a c t i v i t i e s  in p o l y p s  485  

Larson,  R. J., 1990. S c y p h o m e d u s a e  and  c u b o m e d u s a e  from the ea s t e rn  Paciiic. - Bull. mar.  Sci. 
47, 546-556.  

L e s h - L a u n e ,  G. E. & Suchy,  P. E., 1991. Cnidar ia :  Scyphozoa  and  Cuhozoa .  In: Microscopic  
a n a t o m y  of inve r t eb ra te s .  Ed. by F. W. Har r i son  & J. A. Westfall .  Wiley, New York, 2, 185-266. 

M a u c h l i n e ,  J. & Harvey,  P. F, 1983. T h e  s c y p h o m e d u s a e  of the  Rockall Trough,  n o r t h e a s t e r n  
At lant ic  Ocean .  - J .  Plankt .  Res. 5, 881-890.  

Schucher t ,  P, 1993. P hy l ogene t i c  ana lys i s  of the  Cnidar ia .  - Z. zool. Syst. Evol. 31, 161-173.  
Uriz, NI.-J., Rosell, D. & M a l donado ,  M., 1992. Parasi t ism,  c o m m e n s a l i s m  or m u t u a l i s m ?  The  case  

of Scyphozoa  (Corona tae)  and  horny  s p o n g e s .  - Mar. Ecol. Prog. Ser. 81,247-255. 
Van Iten, H., 1991. Evo lu t ionary  affinit ies of conular i ids .  In: The  ear ly evolut ion  of M e t a z o a  and  

the  s ign i f i cance  of p rob lema t i c  taxa.  Ed. by A. M. S imone t t a  & S. Conway-Mor r i s .  C a m b r i d g e  
Univ. Press,  London,  145-156. 

Van Iten, H., 1992a. M o r p h o l o g y  and  p h y l o g e n e t i c  s ign i f icance  of the  corners  and  mid l ines  of the  
conular i id  test.  - Pa leon to logy  35 ,335-358 .  

Van Iten, H., 1992b. Mic ros t ruc tu re  and  g r o w t h  of the  conular i id  test: impl ica t ions  for conular i id  
affinities.  - Pa leon to logy  35 ,359-372 .  

Van [ten, H. & Cox, R. S., 1992. Ev idence  of clonal  b u d d i n g  in a radial  c luster  oi Paraconularia 
crustula (White) (Pennsy lvan ian :  ?Cnidaria) .  - Lethaia  25, 421-426.  

Van Praet,  NI., 1980. Absorp t ion  of s u b s t a n c e s  d i sso lved  in the  s e a - e n v i r o n m e n t ,  par t ic les  and  
ex t race l lu la r  d iges t ion  p roduc t s  in Actiniu equma (Cnidaria ,  Act in iana) .  - Reprod.  Nutr. Dev. 
20, 1393-1399.  

Werner ,  B., 1966 Stephano.scyphus (Scyphozoa,  Corona tae )  und  se ine  d i rekte  A b s t a m m u n g  yon 
den  fossi len Conu la t a .  - He lgo l~nder  wiss.  M e e r e s u n t e r s .  13 ,317-347.  

Werner ,  B., 1967. Morpho log ie ,  S ys t ema t i k  u n d  L e b e n s g e s c h i c h t e  von  Stephunoscyphus (Scypho-  
zoa, Corona tae )  sowie  se ine  B e d e u t u n g  for die Evolut ion der  Scyphozoa .  - Zc~ol. Anz.  {Suppl.) 
30, 297-319.  

Werner ,  B.. 1971. Stephuno.scyphus plurlulophorus n. spec. ,  e in  n e u e r  S c y p h o p o l y p  mit e i n e m  
n e u e n  E n t w i c k l u n g s m o d u s .  - Helgol~inder wiss. M e e r e s u n t e r s .  22, 12~)-140. 

Werner ,  B., 1984. Cnidar io .  In: L eh rbuch  der  Spez ie l len  Zoo[ogie,  Band  I: Wirbel lose  Tiere, 2. Tell: 
Cnidar ia ,  C t e n o p h o r a ,  Mesozoa ,  P l a t hehn i n t he s ,  Nemer t in i ,  Entoprocta,  N e m a l t h e l m i n t h e s ,  
Pr iapul ida.  Ed. by H - E .  Gruner .  Fischer, l end ,  11-305. 

Wong,  D. E., M e i n k i n g ,  T. L., Rosen, L. B., Taplin.  D., Hogan ,  l). ,l. & Burnet t ,  J. W., 1994. 
S e a b a t h e r ' s  e rup t ion .  Clinical,  histologic,  and  i m m u n o l o g i c  t e a t u r e s . -  .l. Am.  Acad.  Derm.  30, 
399-406.  


