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Evaluation of the pair-culture effect 

in Ophryotrocha puerilis (Polychaeta: Dorvil leidae).  

II. Conditions for the moult of the upper jaw 

B. Kegel* & H.-D. Pfannenst ie l  

Institut ffir Al lgemeine  Zoologie, Freie Universit8t Berlin; K6nigin-Luise-Str. 1-3, 
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ABSTRACT: The conditions for moult  of the  upper  jaw of Ophryotrocha puerilis were de termined  in 
isolated individuals  and  in groups of various sizes. The frequency of formation of the complicated 
upper  jaw in bo th  isolated individuals  and  in groups varies to a considerable  extent. Al though 
formation of the  upper  jaw and  sex reversal  normally are associated processes, the relat ionship of 
these two processes is not very well  understood.  Histological invest igat ions at the l ight  microscopic 
level  demonstra te  that  the  denta l  appara tus  is an  elaborat ion of the ectodermal  s tomodaeum which  
is considered to be  a h ighly  special ized par t  of the cuticle in  the pharyngea l  region of the gut. 

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

T h e  e x i s t e n c e  of j a w s  i n  t h e  p h a r y n g e a l  r e g i o n  of t h e  f o r e g u t  is a c h a r a c t e r i s t i c  

f e a t u r e  of e u n i c i d  p o l y c h a e t e s  i n c l u d i n g  t h e  f a m i l y  D o r v i l l e i d a e .  T h e s e  s t r u c t u r e s  a re  

m o d i f i e d  p a r t s  of t h e  c u t i c l e  w h i c h  a r e  t h i c k  a n d  sc l e rous .  T h e y  r e p r e s e n t  e l a b o r a t i o n s  of 

t h e  e c t o d e r m a l  s t o m o d a e u m .  T h e  d e n t a l  a p p a r a t u s  i n  t h e  d o r v i l l e i d  g e n u s  Ophryotrocha 
is  c o m p o s e d  of t w o  r o d s  ( m a n d i b l e )  a n d  t w o  f o r c e p s - l i k e  m a x i l l a e  w i t h  a n u m b e r  of 

m a x i l l a r y  p l a t e s  c o n n e c t e d  to t h e  m a x i l l a e  (Fig. 4a).  T h e  m a x i l l a e  a n d  t h e  p l a t e s  a r e  

m o u l t e d  f r o m  t i m e  to t ime .  In  a t  l e a s t  t w o  s p e c i e s  t h e  n e w l y  m o u l t e d  j a w  a l w a y s  is of t h e  

s a m e  a p p e a r a n c e  as  t h e  o l d  o n e  (O. gracilis; D o h l e ,  1967; O. natans; P f a n n e n s t i e l ,  1975). 

T h i s  t y p e  of j a w  is c a l l e d  p - j a w  ( p r i m i t i v e  jaw) .  In  a n u m b e r  of s p e c i e s  a s e c o n d  t y p e  of 

u p p e r  j a w  m a y  r e p l a c e  t h e  o l d  one .  T h i s  s o - c a l l e d  k - j a w  ( f rom t h e  G e r m a n  t e r m  

" k o m p l i z i e r t "  - c o m p l i c a t e d )  s h o w s  a p a i r  of b i g  c l a w s  i n s t e a d  of t h e  s m a l l  f o r c e p s - l i k e  

m a x i l l a e  of t h e  p - j a w .  T h e  m a x i l l a r y  p l a t e s  a r e  of t h e  s a m e  s h a p e  i n  b o t h  p - j a w  a n d  

k - j a w  (Fig. 4a).  T h e  a p p e a r a n c e  of t h e  k - j a w  d e p e n d s  u p o n  c e r t a i n  c o n d i t i o n s .  In  

O. labronica, t h e  k - j a w  n o r m a l l y  a p p e a r s  a t  a s e x  spec i f i c  n u m b e r  of s e t i g e r o u s  s eg -  

m e n t s  (ss) ( P f a n n e n s t i e l ,  1976). In  t h e  p r o t a n d r i c  O. puerilis, t h e  k - j a w  is f o r m e d  w h e n  

f e m a l e s  s w i t c h  b a c k  to m a l e s  (Dfis ing,  1961; Mi i l l e r ,  1962; P f a n n e n s t i e l ,  1977; s e e  a l so  

K e g e l  & P f a n n e n s t i e l ,  1983 for  f u r t h e r  l i t e r a t u r e  c o n c e r n i n g  t h e  p a i r - c u l t u r e  effect) .  T h e  

k - j a w  r e p r e s e n t s  t h e  f i n a l  m a x i l l a r y  a p p a r a t u s  a n d  is n e v e r  m o u l t e d  a g a i n .  T h e  f u n c -  
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t ional  re levance of the different types of upper  jaws and  the s ignif icance of the sexual  
differentiat ion for the moul t  of the primit ive type jaw (p-jaw) to the k- jaw are not yet 
understood.  The present  study provides some quant i ta t ive  aspects of k- jaw formation in  
isolated individuals ,  in  pairs, and  in  larger groups of worms. Also, the deve lopment  of 
the k- jaw is descr ibed as inves t iga ted  at the l ight  microscope level. 

MATERIALS AND METHODS 

The origin of our laboratory cultures of Ophryotrocha puerilis puerilis has b e e n  
reported recent ly  (Kegel & Pfannenst ie l ,  1983). The cul ture methods  have b e e n  
descr ibed elsewhere (Pfannenstiel ,  1973). In the exper imenta l  animals ,  sex, n u m b e r  of 
set igerous segments  (ss), and  jaw formation were recorded at f requent  intervals  without  
anaes the t iz ing  the specimens.  For l ight  microscopy, the an imals  were  fixed in  sea water-  
Bouin, dehydra ted  in  a graded series of e thanol  a nd  then  e m b e d d e d  i n  Paraplast.  The 
5 ~m sections were s ta ined  in  Azan  and  examined  with a Zeiss photomicroscope HI. 

RESULTS 

F r e q u e n c y  of k - j a w  f o r m a t i o n  

The spontaneous  appearance  of k-jaws in  isolated specimens  and  the f requency of 
k- jaw formation in  pairs and  groups of formerly isolated indiv iduals  have b e e n  recorded. 
As reported in  a previous paper  (Kegel & Pfannenst iel ,  1983), 50 to 60 % of the newly  
formed males in various pair-cul ture  exper iments  have b e e n  found to show concomitant  
k- jaw formation. In groups of fifty animals  (L1-L3, Fig. 1), up to 60 % developed a k- jaw 
wi th in  ten  days. The percentage  of k- jaws increased to sl ightly more than  80 % (L 2 and  
L3, Pig. 1) wi th in  the observat ion period. Since k-jaws are the defini t ive upper  jaws 
which are never  moul ted  again,  fal l ing percentages  in  the graphs of Figure i are due to 
losses of animals  which  a l ready exhibi ted k-jaws. It is not clear whether  the r e ma i n i ng  
animals  without k- jaws performed sex reversals dur ing  the observat ion per iod or not. As 
a matter  of fact, there were some specimens found to be males  and  to have the p- jaw at 
the end  of the observat ion period. It is not possible to follow the fate of a s ingle  
ind iv idua l  in  larger groups. A certain percentage  of k- jaw formation in  these three 
exper imenta l  groups (Fig. 1) para l le led  the sex reversals to the male  phase. The degree 
and  na ture  of this i n t e rdependence  could not  be de te rmined  by  our exper imenta l  design. 
Essential ly the same results have b e e n  obta ined  in  groups consis t ing of 25 formerly 
isolated females. 

In isolated females up  to 50 % of the animals  replaced their p - jaw by  the defini t ive 
k- jaw without social interactions.  In  earlier exper iments  (Mfiller, 1962~ Pfarmenstiel,  
1977) k- jaw formation was l inked  with sex reversal  and  restricted to the sex rever t ing 
par tner  of a pair. The s tr iking difference to the present  results may  be  due to a different 
geographical  origin of the mater ia l  employed in  these older studies. 

In order to de te rmine  whether  env i ronmenta l  condit ions p lay  a role dur ing  spon- 
taneous ly  occurring k- jaw formation, three groups of isolated females (n = 20) were kept  
unde r  different conditions.  The first group was a control group. These  20 females  were 
fed spinach and  their  sea water  was changed  frequently.  The second group was starved 
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Fig. 1. Ophryotrocha puerilis~ percentages of k-jaw formation in three groups of fifty formerly 
isolated females (L 1, L 2, L3) during an observation period of ninety days 

but  the sea wate r  was  changed  normally.  The third group was fed spinach wi thout  any 
changes  of sea water  and wi thout  c lean ing  the c u l ~ r e  bowls. This results in very bad 

water  qual i ty  and heavy  microbia l  contaminat ion  after a few weeks.  After six weeks  

50 % of the animals,  both in the control group and in the s tarving group, had  deve loped  a 

k-jaw. In the group which  suffered from bad water  qual i ty  only 30 % k- jaw formation 

was found. 

M o u l t  c y c l e  of t h e  u p p e r  j a w  

Figure  2 depicts  the moul t  cycles of an indiv idual  isolated at a l eng th  of 3 ss. The 

g rowing  number  of ss and the age  of an  indiv idual  are posi t ively re la ted  to the length  of 
the moul t  cycle. The  corresponding  data  of a n u m b e r  of isolated indiv iduals  (Fig. 3, full 

circles) confirm this finding, a l though  the length  of the moul t  cycle is subject  to great  

var iat ions in older  and longer  animals  wi th  more  ss. The spec imen  in Figure  2 was 

combined  wi th  another  female  four days after its fifth moult.  Ten  days later this 
ind iv idual  per formed the final moul t  and a k - jaw was formed. The l eng th  of the final 
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Fig. 2. Ophryotrocha puerilis/moult cycle of the upper jaw in an isolated individual; the length of 
each moult cycle and the number of setigerous segments at which the moult occurred are given; the 
individual switched from male to female after the 4 th moult; another female was added four days 

after the 5 th moult (PC); ten days later the final moult and sex reversal took place 

moul t  cycle of this ind iv idua l  gave  the impress ion that  the formation of the k - j aw was 

somewha t  de layed  wi th  respect  to the formation of another  p - j aw which  wou ld  have  
t aken  p lace  in isolation. The  open  circles in Figure 3 g ive  the m e a n  lengths  of f inal  moult  

cycles in relat ion to the n u m b e r  of ss at which  the last moul t  to the p - j aw has b e e n  

recorde& These  data  also sugges t  that  the formation of the k - jaw is de l ayed  with  respect  
to the formation of another  p- jaw which  p resumably  would  have  t aken  p lace  in speci-  

mens  w h e n  still b e i n g  isolated. The  full circles in Figure  3 do not only comprise  final 

moult  cycles of isolated indiv iduals  but  also those of indiv iduals  wh ich  were  combined  
with  another  female.  The  t ime at which  the partners  were  combined  is not  shown in 

Figure  3. 

H i s t o l o g y  of k - j a w  d e v e l o p m e n t  

The rep lacement  of one p - jaw by another  p- jaw has b e e n  found to take 36 hours at 
least  (19 __- 1 °C). The deve lopmen t  of a k- jaw took even  longer  (40 hours). Mii l ler  (1962) 
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Fig. 3. Ophryotrocha puerilis~ moult cycles of the upper jaw~ full circles: lengths of moult cycles 
from p-jaw to another p-jaw in relation to number of setigerous segments (ss) at which the 
preceding moult took place; open circles: lengths of final moult cycles in relation to number of ss at 
which the last normal moult took place; data comprise only partner-induced k-jaw formations; 

n = 25; means including standard deviations are given 

repor ted  much  shorter t imes (22-32 hours; 20-23 °C). The n e w  dental  apparatus  

deve lops  whi le  the old one is still in use. Once  the n e w  jaw is fully differentiated,  the old 

one is e i ther  swa l lowed  or shed via  the mouth. Animals  wi th  two rows of dental  plates  on 

ei ther  side of the pharynx  and spec imens  with  one dental  apparatus  in the gut  are 

f requent ly  found in the cultures. 

The upper  jaws are formed in epi the l ia l  sac- l ike structures which  are si tuated 
vent ro la tera l  to the upper  j aw present  at that moment  (Fig. 4c, d). In the reg ion  where  the 

b ig  claws of the k - jaw are formed, the sacs show a very regular  a r r angemen t  of the nucle i  

of the ep i the l ia l  ceils (Fig. 4c, d). Dur ing the in termoul t  phase  (Fig. 4b) the "sacs" do not 
show a lumen.  Prior to the secret ion of the new jaw the epi the l ia l  cells move  apart  thus 

creat ing the l umen  of the sac. At the  momen t  of j aw formation this cavity is f i l led wi th  a 

noncel lu la r  b lue  s ta ining secret ion product  which  is be l i eved  to represent  mater ia l  of the 

cuticle wh ich  has not  yet  u n d e r g o n e  hardening.  At the sites of secret ion of the small  
maxi l lary  plates  in front of the b ig  claws (Fig. 4e) and at the reg ion  where  the basal  stalk 

jo in ing  the two c laws is secre ted  (Fig. 4f) the a r r angemen t  of the foregut  ep i the l ium and 

the local iza t ion of nuc le i  wi th in  the cells  is m u c h  more  irregular .  This a r r angemen t  

possibly reflects the complex  structure of the denta l  p la tes  secre ted  there.  At the 
la teralmost  parts of the sacs much  less nucle i  can be  found. Perhaps there  is only one 

nuc leus  loca ted  he re  (Fig. 4d). The  deve lopmen t  of the b ig  forceps starts at that  r eg ion  of 
the foregut  ep i the l ium.  The secre t ion  and ha rden ing  of all  the structures of the k - jaw 

start on e i ther  s ide of the  m e d i a n  l ine  and then  gradual ly  p roceed  to more  la teral  parts 
(Fig. 4a). In the  anteroposter ior  axis the tips of the small  maxi l la ry  plates  and the tips of 

the b ig  claws appear  first (Fig. 4a). These  structures s eem to appear  i ndependen t ly  on 

e i ther  side. The  connec t ing  e l emen t s  b e t w e e n  the various parts of the upper  j aw are 

formed la ter  on. 
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Fig. 4. Ophrfotrocha puerilis; his to logy  of k - j aw formation;  (a) n e w l y  fo rming  maxi l l ae  (Mx wi th  
a r rowhead)  and  maxi l la ry  pla tes ;  Mx, o ld  maxil la ,  M1, mand ib l e ,  × 210; (b) den ta l  appa ra tu s  in 
cross sect ion,  no te  a b s e n c e  of l u m e n  (~) in  ep i the l ia l  sac, × 700; (c) old maxi l l ae  (arrow) wi th  n e w l y  
fo rming  maxi l lae  (ar rowhead)  in  ep i the l i a l  sac, x 240; (d) n e w l y  fo rming  max i l l ae  (arro~rhead) in 
ep i the l ia l  sac  sec t ioned  pos te r io r  to c, a r row ind ica te s  old maxi l lae ;  no t e  r egu la r  a r r a n g e m e n t  of 
nuc le i  in ep i the l ia l  sac; no t e  a lso  that  only  f ew  nuc le i  are  p r e s e n t  at t he  la tera l  m a r g i n s  of t he  sacs, 
× 290; (e) n e w l y  fo rming  maxi l la ry  p la tes  (MxP), m a n d i b l e  (Nil) vis ible ,  note  comp l ex  s t ructure  of 
this par t  of the  ep i the l ia l  sac, x 320; (f) r eg ion  of the  stalk of t he  old maxi l lae ;  note  tha t  fo rmat ion  of 

a n e w  stalk has  not  ye t  b e e n  star ted,  × 380 
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DISCUSSION 

A number of phenomena of sexual development in OphiTotrocha puerilis vary to a 
considerable extent according to the geographical origin or the genetic state of the strain 
used. The number of ss at which the Mediterranean subspecies O. p, puerilis switch from 
the male to the female phase was determined by Bacci & Voria (1970). Also, the number 
of ss at which the first gametes appear in the coelomic fluid is subject to great variations 
(~kkesson, 1983). Kegel & Pfannenstiel (1983) showed that not all pairs formed out of 
formerly isolated females of O. p. puerilis performed the pair-culture effect. The present 
results demonstrate that the frequency and the time of k-jaw development also vary to a 
sea t  extent. Ben-uti (1980) found a lower rate of k-jaw formation in starved pair- 
cultures. According to her interpretation this was due to a general injuring influence of 
starvation. In an earlier work (Berruti, 1976), she described a genetic component 
influencing the k-jaw percentages in pair-cultures, with percentages ranging from 23 % 
to 60 % in genetically different strains. Berruti (1980) also described the spontaneous 
formation of k-jaws in isolated females. Both findings are confirmed by the present 
results. Although the present authors did ffot can T out genetic experiments, they also 
attribute the different percentages found for k-jaw formation to genetic influences rather 
than to modifying environmental conditions. 

Postembryonic development in arthropods normally includes a series of larval 
moults and one imaginal moult in insects, at least. Miiller (1962) pointed out that the 
successive moults of the upper jaw in O. puenlis resemble the postembryonic moults in 
insects. The larval moults are represented by the replacement of one p-jaw by another; 
the moult to the k-jaw would resemble an imaginal moult. One implication of this idea 
w o u l d  b e  tha t  the  l a ck  of a k - j a w  (as in  O. gracilis, for example} m a y  express  a h igh  
d e g r e e  of neoteny.  It is in te res t ing  to note  that  the  in ters t i t ia l  spec ies  O. gracilis which,  
on o ther  grounds,  is b e l i e v e d  to show h igh ly  neo ten ic  characters  does  not  deve lop  the 
compl i ca t ed  j aw  dur ing  its l ife cycle  (Dohle, 1967; Wes the ide ,  1983). 

The  h is to logica l  f ind ings  at  the  l igh t  microscopic  l eve l  do not  a l low a compar i son  of 
k - j a w  format ion  wi th  the  format ion of se tae  in Nereis vexillosa desc r ibed  by  O 'C la i r  & 
C loney  (1974} at  the  e lec t ronmicroscopic  level .  However ,  it  is a we l l  k n o w n  fact of 
po lychae t e  reproduc t ion  that  ce r ta in  spec ies  deve lop  a n e w  br is t le  pa t t e rn  du r ing  sexua l  
matura t ion;  for example ,  in  nere ids ,  sw imming  se tae  r e p l a c e  no rma l  se tae  du r ing  
ep i tokous  metamorphos i s .  The  h i s to log ica l  f ind ings  w o u l d  dese rve  re inves t iga t ion  at  
the  u l t ras t ruc tura l  level .  

The  den ta l  appa ra tus  is a h i g h l y  spec ia l i zed  par t  of the  cut icle  of the  foregut.  The 
sys tem control l ing  the  moul t  of this  s tructure mus t  opera te  in a different  w a y  than  it 
opera tes  in insects  s ince only  a cer ta in  par t  of the  whole  structure ( the u p p e r  jaw} is 
r e n e w e d  from t ime  to t ime.  Also,  ecdys te ro ids  a d d e d  to the  cul ture  m e d i u m  do not  
in f luence  the  moul t  cycle  (Pfannenst ie l ,  u n p u b l i s h e d  data}. 
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