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ABSTRACT: Pairs and  larger  groups of female  Ophryotrocha puerilis puerilis were formed from 
formerly isolated specimens.  Nei ther  the  d iameter  of the  oocytes present  in  the  coelomic fluid nor 
the  n u m b e r  of set igerous segments  (ss) of the  par tners  of a newly formed pair  allow us to predic t  
which  one of the  two animals  will exhibi t  sex reversal.  Amputa t ion  of the  palps  showed that  these  
ventrolateral  appendages  of the pros tomium are not responsible  for the t ransmission of the mutual  
inf luence which  is exerted dur ing the pair-culture effect. Isolated females  do not produce egg 
masses but  keep thei r  oocytes in  the  body cavity unti l  they are eventual ly  resorbed. The shedding  of 
oocytes in  one of the females of a newly  formed pair  was formerly considered to be  the first step in 
the  pair-culture effect. The present  results demonstra te  tha t  egg  laying in these cases is unspecif ic  
and  due  rather  to the end  of isolation than  to specific interact ions with the partner.  In groups 
consist ing of up  to 50 animals  the  sex ratio oscillates a round 1 : 1. The presence  of pr imary males  
does not  inf luence the  sex ratio of adul t  specimens,  a l though these  males  are capable  of ferti l izing 
egg masses  produced  by adult  females. As a result, a h igh  percen tage  of bo th  young and  old males  
are found in  densely  popula ted  bowls. The signif icance of the  pair-culture effect in  na tura l  
populat ions is discussed in the  l ight  of these  findings. 

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

B o t h  Ophryotrocha puerilis siberti f r o m  t h e  A t l a n t i c  a n d  O. puerilis pueril isfrom t h e  

M e d i t e r r a n e a n  a r e  c o n s e c u t i v e  h e r m a p h r o d i t e s  (for r e v i e w  s e e  Bacci ,  1965; P f a n n e n -  

s t ie l ,  1978).  Y o u n g  w o r m s  b e c o m e  s e x u a l l y  m a t u r e  as  m a l e s .  A t  a l e n g t h  of a b o u t  16 

s e t i g e r o u s  s e g m e n t s  (ss), s e x  r e v e r s a l  o c c u r s  a n d  o o g e n e s i s  is  c o n t i n u e d  i n  i s o l a t e d  

i n d i v i d u a l s  to  t h e  e n d  of t h e i r  l i fe  s p a n .  W h e n  t w o  f o r m e r l y  i s o l a t e d  f e m a l e s  h a p p e n  to  

m e e t ,  o n e  of t h e m  w i l l  r e s o r b  or  s h e d  i ts  o o c y t e s  a n d  r e s t a r t  s p e r m a t o g e n e s i s .  D u r i n g  t h i s  

p a i r - c u l t u r e  effect ,  w h i c h  w a s  d e s c r i b e d  b y  H a r t m a n n  a n d  h i s  c o - w o r k e r s  (1936--1942),  

t h e  p r i m i t i v e  t y p e  u p p e r  j a w  is  r e p l a c e d  b y  t h e  c o m p l i c a t e d  u p p e r  j a w  i n  t h e  s e x  

r e v e r t i n g  p a r t n e r .  M f i l l e r  (1962) s h o w e d  t h a t  d i r e c t  c o n t a c t  of t h e  p a r t n e r s  is n e c e s s a r y  i n  

o r d e r  to e n s u r e  t h e  m u t u a l  i n f l u e n c e .  F u r t h e r  i n v e s t i g a t i o n s  ( P f a n n e n s t i e l ,  1973a,  1975, 

1977) l e d  to t h e  a s s u m p t i o n  t h a t  t h e  p a l p s  ac t  as  t r a n s m i t t e r s  of s o m e  sor t  of p h e r o m o n e .  

S i n c e  t h e  r e g u l a r  s w i t c h  f r o m  m a l e  to  f e m a l e  d i f f e r e n t i a t i o n  is h o r m o n a l t y  m e d i a t e d  b y  
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the prostomium (Pfarmenstiel, 1973a), the pheromone  was thought  to act via  the endo-  
crine system. The pai r -cul ture  effect has always b e e n  unders tood as a reproduct ive 
strategy which leads to fertile couples wheneve r  two ind iv idua l s  meet. Previously, 
experifiaents V4ere carried.tout unde r  condit ions which did not  resemble  na tura l  condi-  
t ions at all, a l though it is known  that very dense  popula t ions  of O. puerilis are found in  
the na tura l  habitat .  The  aim of the present  s tudy was to repeat  exper iments  of Pfannen-  
stiel (1975) and to des ign  experiments ,  the condit ions of which  were  more l ikely to 
represent  the natura l  situation. 

MATERIALS AND METHODS 

The specimens used  for this study were t aken  from laboratory cultures. The cultures 
or iginated from spec imens  of Ophryotrocha puerilis puerilis which were collected at 
Livorno (Italy) in  1974. The culture methods have b e e n  descr ibed e lsewhere  (Pfannen- 
stiel, 1973b). The animals  used  for the exper iments  were raised in  isolation. They  were 
fed spinach dur ing  growth. Specimens  employed in  amputa t ion  exper iments  were not 
fed. Sex and  n u m b e r  of ss were recorded at regular  intervals  without  anaes the t iz ing  the 
exper imenta l  animals .  Amputa t ion  of the palps was carried out on anaes the t ized  speci- 
mens  (6 % m a g n e s i u m  chloride in  dist i l led water). Controls and  intact  par tners  of 
operated worms were anaes thet ized for the same length  of time. Dur ing  the 14-day 
observat ion period the palps regenera ted  in  many  cases and  had  to be removed for a 
second or even third time. 

RESULTS 

I s o l a t e d  i n d i v i d u a l s  

Sexual  differentiat ion was recorded in  35 isolated specimens.  At a length  of 7,9 ss 
(5-11), spermatozoa were  found in  the coelomic cavity. All 35 an imals  changed  sex at 
15.2 ss (12-18) and  became  females. The m e a n  n u m b e r  of segments  at which  worms 
switch from the male  to the female phase  as wel l  as the n u m b e r  of segments  at which  
sexual  matur i ty  is reached  varies to a; considerable  extent  in  popula t ions  of different 
geographica l  origin (for review see ~kesson,  1983). 

P a i r - c u l t u r e  

W h e n  isolated females  (n = 62) were taken  for pair-cultures,  74 % of the pairs  
(n = 23) showed the normal  sequence  of events  characteristic for the pair-cul ture  effect. 
Wi th in  the 3-week observat ion period, 53 % of the male  partners  changed  their  upper  
jaw. In  earlier exper iments  (Pfannenstiel ,  1975), almost all  pairs showed the pair -cul ture  
effect and  almost all the males  in  these pairs  replaced their  pr imit ive upper  jaw by the 
defini t ive upper  jaw. We th ink  that  the differences observed are due to the fact that 
an imals  of different geographical  or igin were taken  for the earlier experiments .  

In another  series of experiments ,  females with different number s  of ss or at different 
stages of oogenesis formed couples. Out of 50 pairs with pair-cul ture  effect an  almost 
equa l  n u m b e r  of smaller  partners  (n-----27) and  b igger  partners  (n = 23) showed sex 
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reversa l  to the  ma le  state. Out  of 26 pairs, the  par tners  of wh ich  showed  different  s tages 

o f  oocyte d e v e l o p m e n t  at the b e g i n n i n g  of the exper iment ,  16 spec imens  with  almost  

fully g rown oocytes (100-130 ~tm in diameter)  and 10 females  wi th  small  oocytes 

(30-60 ~tm in diameter)  swi tched back  to the male  state. T h e  resu l t sof  these  exper iments  
indicate  that  ne i ther  the l eng th  nor the stage of oocyte deve lopmen t  of a female  

de te rmine  w he t he r  or not  sex reversa l  wi l l  occur. 

Pfannenst ie l  (1977) qua l i f ied  the palps  as transmitters  of a s t imulus responsible  for 

the pai r -cul ture  effect. In order  to ob ta in  further ev idence  for this assumption,  two 

different  types of amputa t ion  expe r imen t s  were  per formed (Fig. 1). In newly  formed 

pairs  (pcn) the  palps  of one  f emale  w e r e  amputated,  whi le  the  other  female  r e m a i n e d  

intact. In 23 pairs (68 %) out of 34 pairs  a normal  pai r -cul ture  effect was  observed.  In 

pcn(n°34) pco(n=17) 
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Fig. 1. Ophryotrocha puerilis; pcn = newly formed pairs; Amp = palps of one female were 
amputated; in 32 % of the pairs the partners did not change sex; in 64 % of the pairs sex reversals 
occurred (2g % of the palpless specimens switched to males while 3g % of the palpless specimens 
remained females); pco = pairs of formerly isolated females; Amp ~ palps of females were 
removed in couples exhibiting the pair-culture effect; in 77 % of the experimental couples no sex 

reversals occurred; in 23 % the palpless partner became male 
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29 % of these pairs the operated par tner  without  palps became male.  In 39 % of the 
couples the females without  palps r ema ined  in  the female state. 56 % of the secondary 
males  replaced their  pr imit ive jaw by the complicated one. The complicated jaw was 
developed at the same rate in  both intact  and  operated specimens.  In a control experi-  
men t  both partners  of a couple r ema ined  intact. Out  of 22 of these controls, 17 couples 
(77 %).showed the pair -cul ture  effect. 65 % of the secondary males  in  control couples 
developed the complicated jaw. In a second type of exper iment  (pco, Fig. 1) couples 
were  formed out of formerly isolated females. The palps  of the females were  removed in 
such couples which exhibi ted  the pair-cul ture  effect (n -- 17). In control pairs both males  
and  females r ema ined  intact. Dur ing  the observat ion period of 14 days, 23 % of the 
exper imental  pairs (n = 4) and  15 % of the control pairs (n = 2) showed s imul taneous  sex 
reversals in both partners  of a pair. The results of exper imenta l  and  control pairs are 
essent ial ly the same and  indicate  that the palps are not responsible  for the t ransmiss ion 
of the mutua l  inf luence  dur ing  pair-culture.  Also, removal  of the palps in  isolated 
females did not interfere with sexual  differentiation. 
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Pig. 2. Ophryotrocha puerilis; L 1 - development of sex ratio in a group of 50 formerly isolated 
females; for further explanations see text and Fig. 4b 

G r o u p s  of 25 or 50 s p e c i m e n s  

In the exper iments  described,  groups of 25 (XXVrXXV3) or 50 (L1-L3) formerly 
isolated females were formed in  order to follow the male / female  ratio in  a more na tura l  
situation. The oocytes shed by  females in  the course of these exper iments  were removed 
from the bowls at f requent  intervals.  Due to the fact that  an imals  are very aggressive 
after a period of isolation, mortal i ty in  some of the exper imenta l  groups was  very high. 
Figure 2 represents  the data  of group L t. The high n u m b e r  of spec imens  ,containing both 
oocytes and  sperm indica te  that sex reversals occurred in  both directions throughout  the 
observat ion period of 3 months.  In all  the groups secondary males  were  found 5 to 7 days 
after the groups had b e e n  es tabl ished (Figs 2, 4). Figure 3 represents  sex ratio changes  in  
the XXV and  in  the L groups. Between day 10 and  day 30 the n u m b e r  of secondary males  
reached its maximum. Thereafter,  the n u m b e r  of females was found to increase aga in  at 
the expense  of males. From now on sex ratio in  the different groups was found to oscillate 
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Pig. 3. Ophryotrocha puerilis; a = d e v e l o p m e n t  of s e x  rat io  in  3 i n d e p e n d e n t  g r o u p s  of fo rmer ly  
i s o l a t e d  f e m a l e s  e a c h  g r o u p  c o n s i s t i n g  of 25 s p e c i m e n s ;  b = d e v e l o p m e n t  of s e x  rat io in  3 i nde -  

p e n d e n t  g r o u p s  of fo rmer ly  i s o l a t e d  f e m a l e s  e a c h  g r o u p  cons i s t i ng  of 50 s p e c i m e n s  
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Fig. 4. Ophryotrocha puerilis; i n f l u e n c e  of p r i m a r y  m a l e s  on  s e x u a l  d i f f e ren t i a t ion  in  a d u l t  spec i -  
m e n s ;  a = I i - I  4 - 1 i so l a t ed  f e m a l e  w a s  c o m b i n e d  w i th  15 p n m a r y  m a l e s  in  e a c h  of t h e  4 ex-  
p e r i m e n t s ;  IIl-II 4 - 2 i so l a t ed  f e m a l e s  w e r e  c o m b i n e d  w i t h  15 p r i m a r y  m a l e s  in  e a c h  of t h e  4 e x p e -  
r i m e n t s ;  r e a d  Ill, V, VIII a n d  XV, respec t ive ly ;  b = g r o u p s  of 15 fo rmer ly  i so la t ed  f e m a l e s  w e r e  
c o m b i n e d  w i t h  15 p r i m a r y  m a l e s  (6 e x p e r i m e n t a l  groups},  w i th  40 p m m a r y  m a l e s  (3 e x p e r i m e n t a l  

groups} or w i t h  100 p r i m a r y  m a l e s  (3 e x p e r i m e n t a l  g roups) ,  r e s p e c t i v e l y  
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around 1 : 1 in a ve ry  s imilar  way. The  ampl i tudes  of these  oscil lat ions have  b e e n  found 
to be  posi t ively  re la ted  to the ini t ia l  n u m b e r  of secondary  males.  

In another  series of exper iments ,  different numbers  of formerly isolated females  
were  combined  wi th  different numbers  of pr imary males.  The oocytes shed by females  

were  r emoved  from the cul ture vessels  at f requent  intervals.  The  results of these 
exper iments  are compi led  in F igure  4. Regardless  of the n u m b e r  of pr imary  males,  the 

adul t  females  showed  sex reversa ls  (after 5--7 days) the n u m b e r  of wh ich  ensure  a 

statist ically 1 : 1 sex ratio in adults. The  expe r imen t  shown in F igure  5 y ie lded  an even  

more str iking result. In this case the oocytes re leased  by females  were  not removed.  The  

newly  forming secondary males  fer t i l ized the eggs.  As a result  hundreds  of young  were  

g rowing  up toge ther  wi th  their  parents  becoming  pr imary  males  wi th in  the observat ion 
period.  However ,  the adults  did not  change  their  1 : 1 sex ratio ini t ia l ly  deve loped .  

In groups of formerly i so la ted  females ,  spontaneous ly  r e l eased  oocytes are usual ly  

found only a few minutes  after formation of a group. In the absence  of males  these  

animals Y 3 8 ss 

Y 4 9 SS 

Y 4 9 SS 

Y 5 10 ss 

0 6 11 14 18 22 27 34days 

Fig. 5. Ophryotrocha puerilis; in four experimental groups (1-4) 15 formerly isolated females were 
grouped and kept together with their growing offspring; Y - first observation of newly hatched 

young; number of ss (setigerous segments) give average sizes of growing young 
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oocytes are not ferti l ized bu t  degenerate .  If pr imary males  are present  the oocytes 
re leased by  adul t  females are fertilized by  these young  males.  

These results indica te  that {a) pr imary males  are fertile a l though they do not  
in f luence  the sex ratio found in  adul t  specimens,  (b) in  na tura l  popula t ions  with an imals  
of all  deve lopmenta l  stages and  randomly  dis t r ibuted ages males  must  be  present  in  
much greater numbers  than  females, and  (c) the ini t ia l  release of oocytes in  pairs or 
groups is not related in  a specific way to the pair-cul ture effect bu t  rather represents  a 
react ion to the cessation of isolation. 

DISCUSSION 

The pair-cul ture effect in  Ophryotrocha puerilis has always b e e n  unders tood as a 
strategy of reproduct ion which leads  to a fertile pair  wheneve r  two ind iv idua ls  meet.  
Three components  have  b e e n  thought  to constitute the pair -cul ture  effect (Pfannenstiel ,  
1975): shedding  of oocytes, rep lacement  of the p- jaw by  the k- jaw and  f inal ly sex 
reversal in  one of the partners.  The present  results make  it necessary to reevaluate  the 
p h e n o m e n o n  as such and  its s ignif icance for the reproductive success of the species. The 
release of oocytes in  formerly isolated females represents  an  unspecif ic  react ion to the 
end  of isolation rather  than  be ing  a signif icant  part of the pair-cul ture  effect. On the 
other hand,  the formation of the defini t ive upper  jaw (k-jaw) has b e e n  observed in  both 
pairs and  isolated ind iv idua ls  (Kegel & Pfannenstiel ,  1983). Consequent ly ,  the specific 
and  signif icant  event  of the pair-cul ture  effect is the change  of sex in  one individual .  In  
the unna tu ra l  s i tuat ion of a pair, sex reversal  in one par tner  is not  observed at all  in  
100 % of the cases. Therefore, the present  authors th ink  that  the pair -cul ture  effect 
performed by only  two ind iv idua ls  is an  unphysiological  expression of a much more 
complex p h e n o m e n o n  normal ly  act ing on the popula t ion  level  and  regula t ing  the ma le /  
female ratio in  na tura l  popula t ions  in  order to maximize  the reproductive success. 

Life cycle theorists have asked the quest ion why labi le  sex de te rmina t ion  was not 
replaced by simple chromosomal mechanisms  dur ing  evolution. According to Charnov & 
Bull (1977), select ion favours envi ronmenta l ly  in f luenced  sex de te rmina t ion  w h e n  the 
progeny  enters an  env i ronmen t  which  has a large effect on its overall  fitness and  where  
nei ther  parents  nor offspring have control over the type of env i ronment  the young  wil l  
enter. In the case of a consecut ive hermaphrodi te  l ike O. puerilis the possibi l i ty of 
chang ing  sex as an  adul t  implies  the chance for a whole  popula t ion  to man ipu l a t e  the 
overall  sex ratio according to the env i ronmenta l  condit ions the popula t ion  faces at the 
very moment .  If condi t ions  are favourable for oogenesis,  more females are found and  
only a few males. W h e n  female expendi ture  dur ing  oogenesis  becomes too expensive  
due to harsh condit ions (starving conditions) it pays off to be  a male.  The pair-cul ture  
effect in  Ophryotrocha puerilis most l ikely represents  the physiological  basis  for the 
ad jus tment  of the sex ratio in  na tura l  populations.  The palps have b e e n  e l imina ted  as 
candidates  for t ransmi t t ing  the mutua l  stimulus. It still remains  u n k n o w n  how the 
mutua l  inf luence is exerted dur ing  the pair-cul ture effect. 
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