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Summary. A microcanalicular network is demonstrated 
within the ossicle stroma and the dermal tissue of two aster- 
oid species. Microcanaliculi are presumed to be mesodermal 
structures. They consist of convoluted tubular ducts lined 
by epithelial cells associated with scattered basiepithelial 
nervous processes. Such a microcanalicular system has not 
been reported previously from any echinoderm species. Its 
discovery in asteroids entails some conceptual changes, 
especially considering the physiology of the body wall. 
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The body wall of most echinoderms consists mainly of a 
collagen-rich dermal tissue containing rather thick calcar- 
eous ossicles. Echinoderm ossicles (viz. plates, spines and 
pedicellarial valves) have a unique structure being made 
of a tridimensional network of magnesian calcite, the ster- 
eom, the pores of which are filled with a connective-like 
tissue, the stroma (Cu~not 1948; Nichols 1962). There is 
no published description of the fine structure of the stroma 
of asteroid echinoderms. 

In the course of an ongoing study of the fine structure 
of the asteroid body wall, unexpected microcanaliculi were 
discovered within the ossicle stroma and the uncalcified 
dermal tissue. The significance of this finding for functional 
considerations, regarding especially the physiology of the 
body wall, prompted us to present this short contribution. 

Materials and methods 

Asterias rubens L. and Marthaster ias  glacialis (L.) were col- 
lected at Scharendijk (Zeeland, Netherlands) and Morgat 
(Brittany, France), respectively. Calcified appendages 
(adambulacral spines and pedicellarial valves) and pieces 
of body wall were fixed with 3% glutaraldehyde in cacody- 
late buffer (0.1 M, pH 7.3), and postfixed with 1% OsO4 
in the same buffer. For light microscopy and TEM study, 
decalcifications were performed using the ascorbic acid 
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method (Dietrich and Fontaine 1975). Pieces were dehy- 
drated in ethanol and embedded in Spurr's medium. Semi- 
thin sections were stained using the method of Humphrey 
and Pittman (1974). Ultra-thin sections were stained with 
uranyl acetate and lead citrate, and observed with a Philips 
EM 300 transmission electron microscope. For SEM study, 
pieces were dehydrated with ethanol and dried by the criti- 
cal-point method, using COz as transition fluid. SEM cryo- 
fractures were done by adapting the method of Humphreys 
et al. (1974). Pieces were mounted on aluminium stubs, 
coated with gold in a sputter coater and observed with 
a ISI DS-130 scanning electron microscope. 

Results 

As in other echinoderm groups the ossicles of asteroids 
are typically made of a tridimensional skeletal network the 
pores of which are filled with a connective-like tissue or 
stroma (Figs. 1, 2). The asteroid stroma basically consists 
of a fibrillar extracellular matrix including both single cells 
and epithelium-lined microcavities (Fig. 3). Most single cells 
have elongated cytoplasmic extensions that sometimes are 
close to the stereomic trabeculae. Some of them could repre- 
sent sclerocytes on which investigations on their nature are 
in progress. 

Occurrence of epithelialized microcavities is by far the 
most striking feature of the asteroid stroma. These microca- 
vities are circular to ovoid in shape, measuring from 2.5 
to 6.5 gm in diameter (Figs. 3-6). On most TEM sections 
they are lined only by two to three cells resting upon a 
basal lamina. Epithelial cells are flat, being thickest at about 
level of the nucleus. The flattened shape of the cells suggests 
that they spread over a rather large surface. Most cells 
bear a well-developed cilium and numerous microvilli that 
fill the microcavity (Figs. 4, 5). They are attached together 
by short desmosomes, presumably spot desmosomes 
(Fig. 5). The cytoplasm of these cells contains numerous 
small, sometimes distinctly coated, clear vesicles. A well- 
developed Golgi apparatus generally occurs as well as some 
mitochondria. A few cells, moreover, appear to have bun- 
dles of myofibrillae in their most basal part (Fig. 6). It is 
noteworthy also that scattered nerve-like structures are seen 
occasionally in the space between the epithelial cells and 
their basal lamina. Microcavities occur in many stereomic 
pores of all ossicles that we observed. Reconstruction of 
stroma from semi-thin sections suggests that microcavities 
correspond to either cross or oblique-sections through a 
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Figs. 7, 8. Dermal microcanaliculi of the stem of straight pedicellariae (Marthasterias glaeialis) 

Fig. 7. General aspect of a dermal microcanaliculus showing the irregular outline of the epithelial cells and the occurrence of basiepithelial 
nervous processes (n); ca lumen of the microcanaliculus, m myofibrillae (the insert illustrates the occurrence of cilia) 

Fig. 8. Dermal microcanaliculus with well-developed myoepithelial cells (m); ca lumen of the microcanaliculus 

highly convoluted microcanal icular  system extending 
throughout  the ossicle stroma. 

Canal icular  microstructures are seen also outside the 
ossicle stroma, namely in the dermal  connective tissue sur- 
rounding and /o r  separat ing the ossicles (Fig. 7, 8). The der- 
mal microcanaliculi  have a narrower  central  lumen being 
lined by enlarged cells with rather  i rregular  outlines. These 
microcanaliculi  are larger (ca. 12 gm in diameter),  less nu- 
merous  and seemingly less convoluted than those in the 

ossicles. That  shape might be l inked to the nature  of  the 
tissue in which microcanaliculi  occur, namely intraossicular  
microcanaliculi  should be necessarily convoluted giving the 
kind of  t r idimensional  ar rangement  of  the stereomic 
meshes. I t  should be emphasized that  the epithelium of  der- 
mal microcanaliculi  ra ther  often harbours  cells with well- 
developed bundles of  myofibri l lae (Fig. 8). These myoepi th-  
elial cells are always associated with a well developed basi- 
epithelial nerve plexus (Fig. 7). Such features occur 

Figs. 1-6. Ossicle microcanaliculi of the adambulacral spine (Asterias rubens) 

Fig. 1. Longitudinal semi-thin section through a decalcified spine; e epidermis, d peripheral dermal tissue, st stroma (white areas correspond 
to the decalcified stereom) 

Fig. 2. SEM-view of a cleaned spine showing the tridimensional arrangement of the stereom 

Fig. 3. Enlarged view of a stereomic pore (semi-thin section) with two adjoining microcanaliculi; ca (lumen) and e (epithelium) of 
the microcanaliculi, g extracellular matrix of the stroma, s decalcified stereom 

Fig. 4. SEM-cryofracture of a microcanaliculus showing two cilia (c) and numerous microvilli (my) filling the lumen; e epithelial cell 

Figs. 5, 6. TEM-views of spine microcanaliculi (compare Fig. 5 and Fig. 3); b basal lamina, c cilium, e epithelial cell, g extracellular 
matrix of the stroma, rn myofibrillae, s decalcified stereom (the insert illustrates the usual aspect of the intercellular junctions) 
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especially in places where appendage and tegumentary mus- 
cles develop. 

The microcanal icular  system has neither openings into 
the outer  medium nor  contacts  with the epidermal layer. 
While  pre l iminary observat ions allowed us to see that  en- 
larged canaliculi  occur between the inner surface of  plate 
c~ssicles and the coelomic side ~f  the body walI, direct com- 
municat ions  between the canalicnli  and the general coe- 
lomic cavity were not observed. 

Discussion 

The microcanaliculi  observed within the dermis of  both As- 
terias rubens and Marthasterias glacialis form a well devel- 
oped system entering each ossicle and extending throughout  
the uncalcified dermal  tissue. Microcanaliculi  do not  occur 
within the s t roma of  spines or ossicles of  the previously 
investigated species o f  echinoids and crinoids (Heatfield and 
Travis 1975a, b; M/irkel and P,6ser 1983; and Gr immer  
et al. 1984; respectively). They have never been reported 
from the dermis of  any other  echinoderm species. Compara -  
tive ul t ras t ructural  studies are needed to determine whether 
or  not  microcanal icular  systems occur in all asteroid groups 
as well as in non-as teroid  asterozoans,  namely in ophiur-  
oids. 

The microcanal icular  system is made of  convoluted tu- 
bular  ducts lined by epithelial ceils, which show some resem- 
blance to the mesothelial  celts of  the coelomic system (see, 
e.g., Nor revang  and Wings t rand 1970; Walker  1979). Mi- 
crocanal icular  cells are undifferettciated flattened monoci-  
l iated ceils. They bear  more o r  less spaced microvilli and 
are at tached together  by rudimentary  desmosomes.  More-  
over, typical myoepithelial  cells occur in places within the 
microcanal icular  system. So far this cell type has been re- 
cognized only in the mesolhelium (e.g., Walker  1979; W o o d  
and Cavey 1981; Jangoux 1982), being absent from both 
ectodermal  and endodermal  epithelia, namely the epiderm 
and the digestive epithelium. The occurence of  myoepithe-  
lial cells in the microcanal icular  system is intriguing. Could 
these cells be those from which the appendage and tegumen- 
tary muscles develop? If  this can be demonstrated,  it would 
mean that  the asteroid muscle system is structurally unique, 
namely that  its muscles are always made of  myoepithelial  
cells. 

The microcanal icular  system never contacts  the epider- 
mal layer. It develops in the very dermal  tissue of  the aster- 
oids. This, together  with the structure of  its lining epitheli- 
um, strongly suggests that  system should be of  mesodermal  
origin. Whether  it would result from secondary epitheliali- 
zation o f  mesenchyme or corresponds to par t icular  tegu- 
mentary  ingrowths of  the otherwise well-known coelomic 
system is not  known. Whichever,  if one accepts the micro- 
canal icular  system to be of  mesodermal  origin, then it 
should be proper ly  recognized as a coelomic structure. Unti l  
now we have not  been able to determine whether or not  

that  presumed intrategumentary coelom connects to one 
or another  coelomic part i t ions of  asteroids. 

The discovery of  such an intrategumentary network of  
microcanaliculi  natural ly leads to some general considera- 
tions. It seems obvious that  both dermal  and ossicle micro- 
canaliculi should have a prominent  role in the general turn- 
over of  the body wail and thus should be invoIved in its 
growth and regression. One may suggest also that  ossicle 
microcanaliculi  could be involved in the processes of  calcifi- 
cation and resorption of skeletal ossicles, Detai led ultra- 
structural  studies are needed 1o clarify the overall course 
of  the microcanalicular  system wilhin the asteroid tegument 
and to determine whether or not connections occur with 
the coelomic system, and from that  w~th the internal organ 
systems. 
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