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ABSTRACT: The different secretions of the mouth, the vestibular organs, and the vestibular pits of 
chaetognaths are shown on scanning electron micrographs of the head of Sagitta setosa. The 
secreting organs are described and the functions of the secretionsare discussed. In addition, the 
secretion under the praeputium, a pit between the two rows of anterior teeth, and the surface 
structure of the teeth are described. 

INTRODUCTION 

The head armature of chaetognaths has recently become the subject of research and 
discussion again, because scanning electron microscoi~y reveals the very fine Structures 
and organs that are difficult to observe unde r  the light microscope. 

In their paper  on the structures of the head  of Sagitta hexaptera, Thuesen  & Bieri 
(1987) presumed that the vestibular pits and  vest ibular  organs produce sufficient secre- 
[ton for food intake. We suppose, however, that the voluminous secretion we found 
covering the mouth on REM photos of S. setosa is secreted in the oesophagus.  This 
secretion seems to be the major part of the head  secretions. In addition, we enter  into 
further details revealed by our REM micrographs: the secretion under  the praeput ium,  a 
pit be tween  the two rows of anterior teeth, and  the surface structure of the teeth of S. 
setosa. 

MATERIAL AND METHODS 

The specimens of S. setosa, the heads  of which we used for REM photography, 
originated from the northern Adriatic Sea. The samples were collected in April 1986, from 
a depth of 5 -0m,  using a p lankton net  of 0 .8m in diameter, mesh size 280~m. The 
specimens with well developed, but  not mature,  gonads had a body length of 10-11 turn. 
They were fixed and preserved in Bouin's solution (Romeis, 1968), dehydrated in ethanol, 
transferred to acetone and finally critical-point dried. They were sputter-coated with gold 
and observed using a Leitz AMR 1000A scann ing  electron microscope. 
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RESULTS 

S e c r e t i o n s  of t h e  h e a d  a r m a t u r e  

The scanning  electron micrograph  of Figure  1 shows the ventral  s ide of the head  with 
all the  structures of the head  armature .  The most s t r iking feature  is the h g h t  mass, which  
is p rese rved  secretion, filling the  mouth  region.  This subs tance  is par t ly  torn away  in 
Figure  2 and allows a view of the mouth  open ing  below. Remains of p r e s e r v e d  secret ion 
are p resen t  in the  mouth sht in Figure  3. Not only the  mouth  region but  also the ves t ibular  

Fig. 1. Head of Sagitta setosa, ventral view, sm - secretion mass in the mouth region; sv - secretion 
covering the vestibular pits 

pits are  covered  with secret ion (Fig. 1) which  gives a rough  impress ion of  the relat ive 
quanti t ies  p roduced  by  the various organs.  

The ves t ibular  organs of S. setosa are  r idges  bea r ing  a series of p a p i l l a e  with apical  
pores  (Figs 2 and  3). They are s i tuated just  be low the poster ior  teeth. T h e  papi l lae  are  
most p ronounced  la teral ly  and  become  smal ler  med iad  until  the very last  pores  are no 
longer  e levated.  There  are rests  of secret ion on or b e s i d e  the ves t ibu la r  pores.  The 
papi l lae  of the ves t ibular  organs  of S. setosa are  mul t ipored  (Fig: 4) s imi lar  to those of 
S. hexaptera (Fig. 3, Thuesen  & Bieri, 1987). Evidently,  a number  of smal l  tubes,  i.e. 
excretory ducts, end  at the tips of the ves t ibular  papi l lae .  

The la rge  pores  be low the ves t ibular  organs are the vest ibular  pits (Figs  2 and 3), 
covered with  secret ion in F igure  1. Remains  of secre t ion  are  visible e i the r  in the  
ves t ibular  pits or par t ia l ly  over lapp ing  them (Figs 2 and 3). The  ves t ibular  p i t s  of S. setosa 
seem to cor respond to those of S. hexaptera (Thuesen & Bieri, 1987, Fig. 7). 
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Fig.  2. H e a d  of Sagitta setosa, a n t e r i o r  v i e w ,  a p  - a p i c a l  p i t ;  v p  - v e s t i b u l a r  p i t  

Fig.  3. A n t e r i o r  p a r t  of t h e  h e a d  of Sagitta setosa; a p  - a p i c a l  pi t ;  a t  - a n t e r i o r  t e e t h ;  p t  - p o s t e r i o r  
t e e t h ;  vo  - v e s t i b u l a r  o r g a n ;  v p  - v e s t i b u l a r  p i t  
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Fig. 4. Oblique section of the vestibular organ of Sagitta setosa; ed - excretory ducts 

S e c r e t i o n  u n d e r  t h e  p r a e p u t i u m  

Preserved  sec re t ions  are also visible unde r  the p raepu t ium or hood (Fig. 2) and  above  
the rows of t ee th  and  la tera l  plates  in F igure  3. 

A p i c a l  p i t  

Not men t ioned  in the h tera ture  is a depress ion  in the apical  p r o m i n e n c e  bea r ing  the 
anterior  tee th  (Figs 2 and  3). This depress ion  separa tes  the two rows of an te r ior  teeth. In 
S. setosa it  is formed l ike a pit  into which  a pulvinate  t i s sue  projects  from t h e  dorsal  edge.  
It is na r rower  in F igure  3, and  the pulv ina te  tissue seems  to be  c o m p r e s s e d  into folds 
here.  

T e e t h  

Figure  3 d i sp lay ing  the microstructure  of the anter ior  and  poster ior  tee th ,  comple-  
ments  the pape r s  of Moreno  (1979) and  Furnest in  (I977, 1982) on the t e e t h  of many  
species,  w h e r e  an  i l lustrat ion of the tee th  of S. setosa was missing. Fu rnes t in  (1982) only 
l is ted the tee th  of S. setosa among the form group furnished with some car inae .  Indeed,  
the surfaces of the  anter ior  and  poster ior  tee th  are  s t ructured by  two or t h r e e  carinae.  The 
points of the tee th  seem t'o be  b roken  and  show sharp edges  and  spikes.  

DISCUSSION 

S e c r e t i o n s  of t h e  h e a d  a r m a t u r e  

After  ca tching their  p rey  with hooks  and  teeth  the  chae togna ths  coat  a n d  en tang le  it 
with a s t icky secret ion to prevent  i ts e scape  and  to avoid d a m a g e  of the i r  own buccal  
region and diges t ive  tract. This sticky mucus  functions not only as a p ro tec t ive  l aye r  bu t  
also has a pa ra lys ing  effect (Parry, 1944; Bieri et al., 1983; Thuesen  & Bier/, 1987). The  
two lat ter  authors  p r e s u m e d  that  this secre t ion  is p roduced  in the ves t ibu la r  pits and  that  
these  organs  are large  enough  to secret  a sufficient quant i ty  of mucus.  In  contrast, w e  
suppose  that  the  main  par t  of secret ion necessary  for food in take  is p r o d u c e d  in the  
mouth region.  

On the basis  of the descr ipt ions and  drawings  of Burfield (1927) and  Par ry  (1944) and  
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on our own observat ions,  the oesophagus  can be  descr ibed  as consist ing of long 
cylindrical  cells dis ta l ly  filled with granules  of secretion; but  the mouth  slit wh ich  is l ined 
by  a mono laye red  epidermis  lacks secre t ing  cells. Fur thermore ,  the epidermis  surround-  
ing the mouth does  not  contain glands.  It is mono laye red  and  covered with  a thick 
cuticula l ike the  whole  ventra l  surface of the head.  We agree  with Parry (1944) that  the 
secret ion of the  mouth  is p roduced  in the oesophagus .  

The  secret ions of vest ibular  pits and  organs must  also be  of impor tance  for the  food 
in take  of chaetognaths ,  as Thuesen  & Bieri (1987) po in ted  out. Based  on the  fact that  
cap tured  and re l inquished  copepods  are unab le  to move,  severa l  authors (e.g. Fe igen-  
b a u m  & Marris, 1984; Nagasawa ,  1985) supposed  toxic, para lys ing  subs tances  are 
involved in the secret ions of arrowworms.  Recently,  Thuesen  et al. (1989) de tec ted  
neurotoxin  in h e a d  extracts of several  species.  An analysis  of the secret ions of the 
separa te  organs has  not  been  carried out so far. (This will prove difficult since the 
ves t ibular  organs and  pits are tiny organs.) In the absence  of such information, some 
uncerta int ies  concerning the functions of the sepa ra te  secret ions still remain.  Most 
probably ,  all the different  secret ions are impor tant  and  p lay  their  own role in food intake.  
Presumably,  they contain different subs tances  inc luding  toxic ones. All these  secret ions 
opera te  together  to enable  a chae togna th  to e m b o d y  a p rey  organism, coa ted  and 
pa ra lysed  by  secretion. Presumably,  the secret ion of the mouth contains more  sticky 
mucus, and  the other  secret ions contain venoms.  

S e c r e t i o n  u n d e r  t h e  p r a e p u t i u m  

Fe igenbaum & Marris  (1984, Fig. 5) have  a l r eady  publ i shed  a REM micrograph  of S. 
fridefici showing the secret ions under  the p raepu t ium,  but  they  did not ment ion  these. 
These  secret ions are p roduced  by  the inner  ep idermis  of the  hood, which shows a well  
deve loped  g landula r  epi thel ium (Ritter-Z~hony, 1909; Kuhl, 1938), and  p robab ly  by  the 
broad  secret ing line that  is p resen t  on the surface of t he ' head  a long the a t t achment  of the 
hood (Ritter-Z~hony, 1911). The function of these  secret ions is connec ted  with the 
ext remely  rapid  react ions of chae togna ths  when  captur ing  prey.  The secret ions produce  
a h igh  slidabili ty of the p raeput ium on the surface of the  head,  which  is necessa ry  as the 
g rasp ing  spines are sp read  out as fast as l ightning and the hood must  be  re t rac ted  at the 
same high speed.  

A p i c a l  p i t  

Extreme movements  and form changes  of the heads  of chae togna ths  are not  unusual .  
The apical  pit  is cons idered  as one feature enab l ing  such ex t reme changes  in form. Due 
to the different states of contraction of the head  muscles  (musculus expansus  superior,  
m. e. inferior, m. obl iquus capit is  brevis), the apical  depress ion  varies  in form appea r ing  
as a pi t  (Fig. 2) or as a slit (Fig. 3; Fig. 14 in Bone et  al., 1983). Different species  show 
slightly different forms of apical  pits (S. hispida: Cosper  & Reeve, 1970, Fig. 1; Bieri et al., 
1983, Fig. 1; S. friderici: Pe igenbaum & Marris,  1984, Fig. 5). 
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T e e t h  

O n  R E M  m i c r o g r a p h s  m a n y  t ips  of t e e t h  a p p e a r  w i t h  cusps ;  s o m e  c u s p s  s e e m  to b e  

sohd ,  b u t  o t h e r s  s e e m  to b e  t h e  r e s u l t  of b r o k e n  po in t s .  It is no t  su r e  w h e t h e r  t h e s e  b r o k e n  

p o i n t s  a re  c a u s e d  b y  p r e p a r a t i o n  t e c h n i q u e s  or  b y  n a t u r a l  p r o c e s s e s ,  B o n e  e t  al. (1983) 

f o u n d  ou t  " t h a t  t h e  t ips  of t e e t h  a n d  s p i n e s  c o n t a i n  l a r g e  a m o u n t s  of s i l i c o n . . ,  T h e i r  

s i l i con  c o n t e n t  r e n d e r s  t h e m  v e r y  h a r d . . . "  P r o b a b l y  t h e i r  v e r y  h a r d n e s s  d o e s  n o t  a l w a y s  

p r o t e c t  t h e  t ips  f rom b r e a k i n g .  Bier i  e t  al. {1983) a n d  T h u e s e n  & Bier i  (1987) p r e s e n t e d  

t h e  t h e o r y  t h a t  t h e  t e e t h  p i e r c e  t h e  e x o s k e l e t o n  of c o p e p o d s  in  o r d e r  to i n t r o d u c e  t h e  

toxic  s e c r e t i o n s  f rom t h e  v e s t i b u l a r  o r g a n s  a n d  v e s t i b u l a r  pi ts .  Th i s  c o u l d  b e  a c h i e v e d  b y  

t h e  s o h d  c u s p s  a t  t h e  t ips  of t h e  t e e t h  as  w e l l  as  b y  t he  s h a r p  e d g e s  a n d  s p i k e s  of t h e  

b r o k e n  po in t s .  N e v e r t h e l e s s ,  a n  a t t e m p t  s h o u l d  b e  m a d e  to f ind  ou t  t h e  r e a s o n s  for  all  t h e  

b r o k e n  t ips  of t e e t h  o n  R E M  m i c r o g r a p h s .  
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