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ABSTRACT: Larvae of Tubfluchus corallicola van der Land 1968 were investigated by scanning and 
transmission electron microscopy. The scahds are sensory organs, each has a bipolar receptor cell 
with a single apical cihum similar to the scalids in the adult. Muscle cells of the larva are more 
differentiated than previously reported for other Priapulida; the larval arrangement of circular and 
longitudinal musculature differs from that of the adult, and a diaphragm is reported for the first time 
in Priapuhda. The diaphragm may function in hydrostatic control of eversion and inversion of the 
introvert and mouth cone. The functional morphology of these two structures is discussed and 
contrasted with the Kinorhyncha. 

INTRODUCTION 

All known larvae of Priapulida are remarkably uniform when  compared with the 
morphological variation observed in adults (Hammarsten,  1915; van  der Land, 1970; 
Lang, 1948; Purasjoki, 1944). The body of the larval stages consists of a bdome n  (trunk), 
neck, and introvert. The Iatter two can be wi thdrawn into the abdomen,  which is 
surrounded by a lorica, i.e., a relatively rigid cuticle with longi tudinal  ridges. The 
terminal  mouth cone of the spherical introvert has several rings of teeth which are 
anteriorly directed when  both introvert and mouth cone are everted. The remain ing  part 
of the introvert bears several rings of scahds. The latter along with the teeth exhibit  httle 
differentiation among the genera. 

According to van der Land (1975), three types of larvae can be dis t inguished at 
present:  (1) In Tubfluchus the lorica is round in cross section and supplied with 20 equally 
spaced longitudinal  ridges of which 10 are more pronounced (primary ridges) and 
alternate with less distinct secondary ridges (Kirsteuer, 1976). Up to about  20 tubul i  are 
placed on the primary ridges; (2) in Priapulus, Priapulopsis, and Maccabeus the lorica is 
dorsoventrally flattened, provided with eight longi tudinal  ridges along its lateral  sides, 
and  4 or 8 (Maccabeus) tubuli; (3) in Halicryptus there are also 8 lateral ridges bu t  tubul i  
are lacking and the dorsal and ventral  fields are more h e a ~ l y  cuticularized and  provided 
with an areolate sculpture. The only transmission electron microscopic data avai lable on 
the larvae of Priapulida was given by Moritz (1972). According to this author, the 
introvert of the larva of Halicryptus spinulosus bears  a two-layered cuticle similar to that 
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of the adult.  The abdomen  has a comple te ly  different  cuticle consist ing of  three  layers,  
the innermost  of which bears  many  pore  canals  running  more  or less in para l le l .  In some 
areas  they  anastomose.  

MATERIAL AND METHODS 

Larvae of Tubfluchus corallicola van der  Land were  col lected in C a s t e  Harbor,  
Bermuda  in June  1987 and t ranspor ted  five to a labora tory  at the n e a r b y  Bermuda  
Biological  Station. For this invest igat ion we  used  la rvae  of 200 and 300 ~m in length  (in 
Araldite) ,  which  according to Kirsteuer (1976) means  that  larval  s tages  2 a n d  3 were  used. 
The spec imens  were  immersed  in ice-cold g lu t a ra ldehyde  (3.5 % in S6rensen  phospha te  
buffer  at  p H  7.5). After  postfixation in OsO4, the  spec imens  were  d e h y d r a t e d  in e thanol  
and  e m b e d d e d  in Araldite .  For l ight  microscopy,  serial  sect ions were  used. Th in  sections 
were  s ta ined  for 5 min with uranyl  ace ta te  {saturated solution 70 % methanol} and for 
another  5 min  in l ead  citrate. The sections were  examined  under  a Zeiss ENI 9S2 (TEM} 
and a Zeiss EM 10C (TEM) electron microscope.  For scanning  e lec t ron  microscopy 
(SEM), spec imens  were  cri t ical-point  dried,  coa ted  with gold and e x a m i n e d  with a 
Cambr idge  SEM S 4-10 microscope.  

RESULTS 

The scanning  micrographs  p resen ted  in F igure  1 give a genera l  impres s ion  of the 
externa l  morphology  of a larva of Tubiluchus corallicola when  neck a n d  introvert,  
inc luding  its mouth  cone, are everted.  Figure  2 shows, in a schemat ic  hne  drawing,  an 
i d e a h z e d  longi tud ina l  section through a larva with its neck  and  introvert  w i t h d r a w n  into 
the abdomen.  

In the abdomen ,  the ul trastructure of the cuticle consists of an e l ec t ron -dense  distal  
layer  and  a fine fibrillar e lec t ron- lucent  p roximal  zone {Fig. 3a). The cut ic le  is under la in  
by  flat ep ide rma l  cells the la teral  p lasma  m e m b r a n e s  o~ which  are heavi ly  in te rd ig i ta ted .  
In their  cytoplasm, large  e lec t ron-dense  inclusions are  the most p r o m i n e n t  structures. 
The nuclei,  too, are  f lat tened.  

There  are  ten very  prominent  cut icular  r idges  (the pr imary  r idges) ,  which  are 
composed  of cuticular mater ia l  only. Gland  cells can be  found near  the tubuh. They 
r e semble  the correspondif ig structures in adul ts  (Storch & Alberti ,  1985). The ventral  
nerve  cord, consist ing of about  100 fibres, is loca ted  in the epidermis;  add i t iona l ly  smaller  
bundles  of in t raep idermal  nerve cell p rocesses  were  found. 

The ep idermis  is sub tended  by  a layer  of circularly a r r anged  muscle  cel ls  with single 
long mi tochondr ia  and another  layer  of long i tud ina l  muscle  cells (Fig. 3a). The la t ter  is 
not continuous,  its cells may  be deep ly  e m b e d d e d  in the  circular m u s c l e  cells, or 
longi tudinal  cells may  accommoda te  circular  muscle  cells in invagina t ions  of their  cell 
membrane .  The  muscula ture  hes ad jacen t  to the  genera l  body  cavity w h i c h  is only a 
small  cleft in these  animals.  

The t ransi tory open ing  into the anter ior  reg ion  of the inver ted  and w i t h d r a w n  mouth 
cone is sur rounded  by  a hood of the body  wall, the centre  of which consis ts  of an 
ex t remely  thin body  cavity (Fig. 3b). 

The mouth  cone a rmature  consists of r ings  of tee th  (Fig. l b - d )  which w e r e  investi-  
ga t ed  by  SEM (Kirsteuer, 1976). The cuticle of these  tee th  has  a th ickened  e l ec t ron -dense  
layer  at their  anter ior  face (Fig. 4a). The under ly ing  cells possess  only a few rni tochondria ,  
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Fig. 1. S c a n n i n g  e lec t ron  m i c r o g r a p h s  of a la rva  of Tubfluchus corallicola, a: Larva  w i th  e v e r t e d  n e c k  
(N) a n d  int rover t  (I); A = a b d o m e n  (170 : 1); b: M o u t h  cone  wi th  t ee th  (750 : 1); c, d: d i f fe rent  t ee th  of 

t he  m o u t h  cone  (2000 : 1) 
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Fig. 2. Schematic drawing of larva with neck and introvert withdrawn into abdomen; 1-5: different 
kinds of muscle cells. 1: longitudinal muscle cell with circular muscle ceils embedded in  it; 2: muscle 
cell with one or two fibrils (cf. Fig. 6a, b); 3: muscle cells within pharynx bulb (cf. Fig. 4c); 4: pharynx 

bulb (cf. Fig.4d); 5: retractor muscle cell {cf. Fig. 6c, d) 

c i s te rnae  of r o u g h  e n d o p l a s m i c  r e t i c u l u m  a n d  e l e c t r o n - d e n s e  bod ies  of u n k n o w n  nature .  

Often,  cen t r io les  w e r e  found  in  an  ap ica l  or  s u b a p i c a l  posi t ion.  T h e  n u c l e i  a re  round.  
S o m e  ep i theha l  cells  a re  d i f f e ren t i a t ed  into t e n d o n  cells, e,g. t hey  are  d o m i n a t e d  by  

b u n d l e s  of tonof i laments .  
S u r r o u n d i n g  the  t e e th  of t he  w i t h d r a w n  m o u t h  cone  and  the  fo regu t  is a v e r y  s t rong  

and  weI l  c i r cumsc r ibed  m u s c l e  l aye r  c o m p o s e d  of r egu la r ly  a r r a n g e d  cel ls  t h e  f i l aments  
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Fig. 3a. Integument of the trunk (13200: 1). C: cuticle, E: epidermis, M: muscle cell; b: hood, with 
extremely narrow body cavity (arrow), surrounding the mouth cone (7100 : 1) 

of which run preferent ia l ly  in a circular  manne r  (Figs 2, 4d). However ,  within one cell  the 
orientat ion of the f i laments  varies  considerably.  Insid~ and outs ide of this pha rynx  bulb 
longi tudinal  muscle  s t rands occur (Fig. 2), 

Following the pha rynx  bulb is an i r regular ly  shaped  sect ion of the foregut  with an 
ex t remely  thin and e lec t ron-hicent  cuticle (Figs 2, 4b). 

Scalids have  been  s tudied  with SEM by a number  of authors  (Kirsteuer & Riitzler, 
1973; Call0way, 1975; Kirsteuer, 1976). The  cuticle covering the scalids possesses  many  
spines anteriorly (Fig. 5a), but  presents  an ul t ras t ructure  similar to that  of the neck  
posteriorly.  In some areas,  the e lec t ron- lucent  layer  of the cuticle bears  an addi t ional  da rk  
layer. The scalids are sensory organs  as in adults.  They  consist  of b ipolar  recep tor  cells 
each with a single apical  cilium (Fig. 5a) which  pene t ra t e s  deep ly  into the cuticle (Fig. 5b, 
inset) where  it eventua l ly  ends  nea r  a distal  opening.  

The cuticle of the neck  forms many  r idges  (Fig. 2). When  the introvert  and  neck  are 
withdrawn,  this cuticle is thicker  than  the cuticle of the lorica. The under ly ing  epi thel ia l  
cells are i r regular  in shape,  they  may  be  cyl indrical  to flat, their  nuclei  are often round, 
and  e lec t ron-dense  bodies  often occur. The ep idermis  is s u b t e n d e d  by  s t rands of circular 
muscle  cells, which  do not form a cont inuous layer.  Often they are e m b e d d e d  deep ly  in 
the  epidermis.  The ad jacen t  l ayer  of longi tud ina l  muscle  cells is composed  of two cell- 
types:  cross-str iated muscle  ceils with domina t ing  fibrillar mater ia l  and  s ingle  "empty"  
cells with only a small  amount  of contract i le  mate r ia l  (Fig. 6a, b) and  which  insert  
immedia te ly  beh ind  the scalids. They  may  have  one or, more often, two myofibrils.  
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Fig. 4. Mouth cone and  anterior part  of al imentary canal, a: Longitudinal section of m o u t h  cone with 
teeth and retractor muscle cells (2800:1); b: Foregut  with very irregular cuticle (7100: l); c: 

Diaphragm (D) and foregut with pharyngeal  bulb (2700 : 1); d: Pharyngeal  muscle b u l b  (7100 : I) 



7 Ultrastructural observations of the larva of Tubiluchus corallicola (Priapulida) 

Fig.5. Scahds. a: Section through proximal portion with dendrite and cilium at its distal tip 
(13 250 : 1); b: Section through apical portion (13 250 : 1). Inset: Cross section with cilia (13 250 : 1) 

The ring nerve is located near  the circular musculature  of the pharynx and  in the 
epidermis of the anterior portion of the introvert as in adults. The epidermis cells of this 
area contain centrioles which are ar ranged in couple~. The cuticle forms an apodeme 
which suspends the nerve ring. The perikarya of the neurons  are mainly in an anterior 
position. Single muscle cells he immediate ly  on the circumenteric nerve ring; however,  in 
some parts the nervous tissue is located immediate ly  at the body cavity. Additionally, 
there are a ventral  nerve cord and a caudal  or anal  ganghon in the vicinity of the rectum 
(Fig. 2). 

The dominat ing features of the body cavity are very thick retractor muscle cells. They 
connect  the posterior portion of the abdomen  with the introvert (Fig. 2) and contain many  
muscle fibrils (Fig. 6c, d). These muscle cells have to undergo considerable length 
changes. They resemble  the retractor muscle cells described by Candia  Carnevalh  & 
Ferraguti  (1979) for Halicryptus spinulosus. The body cavity contains amebocytes,  irregu- 
lar in shape, with globular cell nuclei, and  numerous  electron-dense inclusions. Some- 
times, Golgi fields and centrioles could be seen in these cells. Mature erythrocytes were 
never  found; developmental  stages, however, are not rare. They are characterized by 
centrioles. The body cavity is divided into an anterior and a posterior chamber.  Both 
compartments are separated by a strong muscular  diaphragm. Anterior to the latter is the 
foregut and posterior the spacious midgut,  the hindgut ,  and the protonephridia (the latter 
are not shown in Fig. 2 which represents a midsagit tal  section). 

The protonephridia are composed of terminal  cells with two cilia each. They resem- 
ble the protonephridia of adults (Alberti & Storch, 1986). 
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Fig. 6. Muscle cells, a, b: Muscle cells with few muscle fibrils, a: Longitudinal section (7000: 1); b: 
Cross section (13000:1); c, d: Muscle cells full of contractile material; c: Longitudinal section 

(7000: i); d: Cross section (i3 000: 1) 

The midgut  may lie in the direct ne ighbourhood of the body wall musculature .  Its 
epithelium is composed of only one cell type with apical microvilti. The  lateral  cell 
membranes  of these cells are heavily interdigi tated and characterized by m a n y  junctions. 
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Their cytoplasm contains many electron-dense bodies and glycogen particles. Some- 
times, hpid droplets were observed. The musculature  is composed of an inner  r ing layer 
and  longi tudinal  muscle cells. These two layers are not continuous. The h indgu t  has a 
very irregular cuticle with many  ridges. The under ly ing  epi thehum contains many  
electron-dense granules. The epithel ium is sub tended  by a one- layered r ing muscula ture  
and  a layer of longi tudinal  muscle cells. 

DISCUSSION 

Much attention has been  given to the musculature  of the Priapulida bu t  most authors 
have described this system in gross anatomical  terms only (see van  der Land, 1970 and 
Hammond,  1970 for references). Electron microscopy has been  applied by Mattisson et al. 
(1974), Candia Carnevalh & Ferraguti  (1979) and Storch et al. (in press). All bu t  the most 
recent  studies have concentrated on the adult  musculature  of the larger priapuhds, 
namely  Pfiapulus and Halicryptus. Our current study has revealed muscle cells of the 
larva of the meiofaunal  priapulid Tubfluchus corallicola as far more differentiated than 
that reported for other Priapulida, In Halicryptus spinulosus the introvert retractors are 
similar to the retractor muscles in Tubfluchus larvae, but  the latter has more muscle cell 
types. For example, some muscle cells of this larva have only a few myofibrils. Tubiluchus 
larvae also have obhquely and cross-striated muscle cells and their pharyngea l  muscula-  
ture is similar to that of other invertebrates  having a pharyngeal  bulb. Another  larval 
feature is the inclusion of one muscle cell within another. The presence of a d iaphragm 
muscle in the larvae is un ique  within the Priapulida. And finally, a mass of muscle cells is 
present  inside and outside the pharynx bulb. Although its precise role is not clear, it is 
safe to assume that it functions in the operation and  support of the mouth  cone and  its 
series of teeth. However, we also would point out that this complex of muscle cells 
(including the pharynx bulb) lies in the same position as the recently described coelomic 
chambers  in Meiopriapulus fijiensis adults (Storch et al., in press). In the case of the latter 
these coelomic chambers  appear  to provide a hydroskeleton which produces radial force 
necessary for the pectinate teeth of Meiopriapulus to scrape off bacteria from the 
surrounding coarse sand particles and  convey this food into the al imentary canal. In the 
case of the larva of Tubfluchus, its strongly cuspidate teeth suggest  a mode of feeding 
wherein  an anteriorly directed thrust is hkely to be  necessary. 

The complexity of the larval musculature  is as difficult to unders tand  as is the 
combined action of muscle contraction and hydroskeletai  procedure to operate the mouth 
cone of the larva. The latter is a poorly understood structure. Unlike the mouth cone of the 
Kinorhyncha which is protruded from the anterior region of the everted spherical head, 
the mouth cone of Tubfluchus adults and larvae merges from the same region by an 
eversion of the mouth cone as a cont inuous unfolding of a double layer of the mouth cone 
wall. The process allows the teeth which are posteriorly directed within the transitory 
mouth cone chamber  (Fig. 2) to travel anteriorly unti l  each ring of teeth passes over the 
anteriormost circumference of the mouth cone and  becomes anteriorly directed (Fig. 1). 
Successive rings of teeth emerge from the mouth cone until  the posteriormost (closest to 
the midgut) ring of teeth is ex tended  and the anteriormost relevant  to the fully everted 
mouth cone. What constitutes the mouth? If food enters the ahmentary  canal  only when  
the mouth cone is inverted back into the introvert, one could assume that the mouth is 
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that level of the foregut l umen  adjacent  to the posteriormost (nearest the midgut)  row of 
the teeth. The mouth cone of the Priapuhda nei ther  functions as or is structurally similar 
to the mouth cone of the Kinorhyncha] In this latter phylum, the mouth cone is merely 
wi thdrawn into the introvert. In Kinorhyncha, the mouth  is sur rounded by a series of nine 
extremely positioned oral styles (the ventral  style is absent) and  occasionally secondary 
mouth cone styles are located posterior to the oral styles. Within the k inorhynch  pharynx 
are three rings of pharyngeal  styles. These may move shghfly anteriorly, possibly by  an 
eversion process during the kinorhynch 's  feeding activity, which is even less understood 
than  that of the priapuhd. The anteriormost ring of ten (2 al ternat ing rows of 5 each) 
anteriorly directed pharyngeal  styles tend to oppose the oral styles. The pharyngeaI  
styles may be tooth-hke in Paracentrophyes (Higgins, 1983) or more spinose as in 
Pycnophyes. The more weakly developed rings of five pharyngeal  styles also are 
anteriorly directed within the pharyngeal  lumen.  This brings us to the role of another 
newly described muscle of the Tubiluchus larva, the diaphragm. We can only  postulate 
that it functions to control the transfer of body cavity fluid as the introvert a nd  mouth  cone 
are moved in and  out of the loricate t runk and neck  region, and  to ma in t a in  proper 
hydrostatic pressure in the everted head and  mouth cone. Changes  of hydrostatic 
pressure during eversion and inversion of the mouth cone can be accommodated  by the 
elasticity and greater volume of the introvert itself, but  when  the latter, a long  with the 
mouth cone, is inverted and  wi thdrawn into the lorica, the body fluid must  be  transferred 
posteriorly and  probably is controlled, at least in part, by  the diaphragm. In the  adult, the 
musculature  of the well developed body wall obviates the necessity of a diaphragm, since 
the former is capable of controlling the hydrostatic pressure support ing the everted 
introvert and mouth cone. 

The nervous system of the Tubiluchus larva is similar to that of the adult  (Rehk~mper 
et al., in press); a circumenteric nerve ring with a ventral  nerve cord l ead ing  to a caudal  
ganglion. The entire system is closely associated with the epidermal  tissue. Bipolar 
sensory cells are present  in the scalids as in sca lds  of Meiopriapulus, the  sensory/ 
locomotory scalids o f  Kinorhyncha, bu t  not the spines on the proboscis of Acan- 
thocephala. The condition of the sensory (and locomotory?) scalids of the Loricifera has 
not yet been  determined.  Protonephridia, midgut,  and  h indgut  are, in principle,  similar to 
those of the adult  (Alberti '& Storch, 1986; Storch & Alberti, 1985). 
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