
[15. I. 1951] Kurzc Mitleihmgen- Brief Reports 31 

O n  t w o  S e x u a l  R a c e s  of  Asterina gibbosa ( P e n n . )  

True  he rmaphrod i t i sm,  as well as in tersexual i ty ,  
which closely resembles it, mus t  be s tudied in large 
samples  of a popula t i ,m aud not  in a few isolated indi- 
viduals .  This  w,xs made  par t icu la r ly  c lear  by researches 
on hc rmaphrod i t e  Molluscs, where s tudies were init ial ly 
made  on Ostrea from ex tens ive  beds (SP.:~RK l, ORTON a, 
Cm,:*) and were la ter  carr ied on, using the  same prin- 
ciples, in o ther  Iwrmal)hrodi te  M,)lluscs such as, Teredo 
(Cm=.', Gi~avF.*), l'emts (LoOSANOVV6), Patella (Oln'ON', 
I3ACClS), Crepidula (G()ULD D, OnToNl°, CoFIt)  etc, Two 
main series of observat i (ms resulted from such researches, 
which could no t  have  beeu disch~sed by the  examina t ion  
of  a few specimens  o n l y : - - ( l )  in stone hermaphrod i te  
popula t ions  there  are a few indiv iduals  which show one 
type  only  of sexual  cells and remain  a lways males or  
females ; - -  (2) s, mle lwrmaphrod i t e  aninlals, which 
normal ly  have  comple te ly  male or female gonads, 
undergo sex reversal  in a ve ry  short  period of their  
exis tence and s imula te  therefore  t rue gonochoris t ic  
animals .  A l though  t i le first  fact  hms been emphasized 
especial ly  by CoF., the  exis tence of true males and 
lemalcs (CoE~2), or of primary gonochorists (BACCl t.~) in all 
o therwise  he rmaphrod i t e  popula t ion ,  has been almost  
universa l ly  over looked.  The  second series of observat ions  
po in ts  to  the  possible exis tence  e l  m a n y  unknown ]alse 
gonochorists, and  more  in format ion  regarding these may  
u l t ima te ly  lead to  a comple te  revision of our  know- 
ledge of the  sexual  condi t ions  in cer ta in  inver tebra te  
groups (BAccIB).  

The  wr i te r  has widely  appl ied s ta t i s t ica l  lnethods to 
the s tudy  e l  these problems,  basing his rescarches on tile 
fact  t ha t  in mos t  he rmaphrod i t e s  the f imct ional ly  inale 
a n d  funct ional ly  female pha.scs are sharp ly  dist inguish-  
able dur ing  tile breeding  season. I t  is possible therefore 
to e s t ima te  the  di f ferent  propor t ions  of individuals  in 
t i le male  and in t i le female phase of di f ferent  ages and 
lengths,  and  consequen t ly  the  per iods  when changes of 
sex phase t ake  place in ti le d i f ferent  individuals .  This 
m e t h o d  cannot ,  of course, be used alone, and the  
wr i te r ' s  resul ts  arc clear  on ly  iu var i ing degrees ac- 
cording to the  animals  studied,  i t  has, in any case, an 
or ien ta t ion  va lue  which permi ts  us to place the prol)lem 
of he rmaphrod i t i sm  on a gcnctical  foundat ion,  

The  case of Asterina gibbosa, a small Asteroid l iving in 
shal low waters,  is s tr iking.  CV~.;NOT 14, s tudying  it in 
Roscoff,  demons t r a t ed  t h a t  Asterina is a pro tamlr ic  
he rmaphrod i t e ,  bu t  LUDWIG 15 remarked  tha t  some old 
indiv iduals  in Naples  are  males  aml some young  ones 
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are females.  I n a  la ter  paper  Cut~.N(,I t showed tha t  ill 
Naples  and  in Banjuls  apparen t ly  gonochoris t ic  and 
l l e rmaphrod i te  animals  are present  together .  This  
obse rva t ion  was long forgot ten unti l  t i le wr i ter  not iced 
the close resemblat lce of ti le sexual  condi t ions  of ti le 
Medi te r rauean  Asterina with those observed  ill sonic 
Molluscs, especial ly  Patella (BAGC1 ~'). 

If we p lo t  t i le n u m b e r  of indiv iduals  in the male 
phase aga ins t  the  n u m b e r  of individuals  ill each size 
class, we obta in  curves  such  as those shown ill Fig. 2, 
where the atlscissa represents  the  arm length and the 
o rd ina te  the  percen tage  of i , ldividuals  ill the  male 
phase.  In  a p rev ious  work  on all Aslcriua popula tkm in 
P l y n m u t h L  tile fol lowing main  resul ts  were thus  
ob ta ined  : 

(a) all t he  ind iv idua ls  of  the  pnpuht t iml  are p ro taml r i c  
h e r m a p h r o d i t e s ;  

(b) sex reversa l  t akes  place in ind iv iduals  hav ing  an 
arm length  be tween  9 and 16 ram. 

The  al)ove facts are  shown by the  d i ag ram in Fig. 2, 
left. 

l l i s to logical  s tudy  of tim gonads  showed  t h a t  in the 
P l y n m u t h  po lmla t ion  : 

(c) t i le gonads  appea r  mnbisexua l  from a ve ry  ear ly  
s tage ;  

(d) the  m a t u r a t i o n  of ti le male  a lways  precedes  t h a t  
of t i le  fenlale elenlents ,  which con t inue  the i r  g rowth  
dur ing  t i le m a | e  phase.  

Thus  the prev ious  obse rva t ions  I)y CU~NOT on the  
At l an t i c  race were couf i rmed.  

IAH)WI(;'S and CVI:;NOT'S ohserwt t ions  {)IS tile Naples  
Aslerina were made  on i ,Rlividuals t aken  frotn a popul-  
at ion l iv ing near  S. Lucia,  which is now a lmos t  ex t inc t .  
The  i)resent obse rva t ions  have  been m a d e  the re fo re  on 
a popu la t ion  in Lake  Fusaro  near  Naples,  where  indi-  
v idua ls  do no t  l)econle so big as in S. l .ucia,  b u t  a re  
mi lch  tilt)re ntltllerOllS. Obse rva t ions  m a d e  on a s ample  
of 567 indiv iduals  col lected in Apri l  showed t h a t  t h e  
po lmla t ion  is composed  of  th ree  d i f ferent  age g roups ;  
the first is fornlcd by indiv iduals  born  dur ing  the  
previous  breeding season, wi th  a mean  a rm length  of  
11-1 2 mm ; tile second Ily ind iv idua ls  of t i le secoud yea r  
(M be tween  17 and 18 ram);  the  th i rd  by th ree -yea r -o ld  
indiv iduals  of mean size 24 nun (Fig. 1, left). I f  we now 
divide  the  popula t ion  into male-t)h,'L'~e and fenmle-l)hase 
individuals ,  we see t h a t  males  are u luch  nlore n u m e r o n s  
{about 81)%) ill t i le f irst  y e a r  group,  less nun le rous  
(about  30%) ill t i le  second year  group,  and  v e r y  scarce  
among  indiv iduals  of ti le th i rd  year  (Fig. I ,  r ight) .  I f  
we now plo t  the  n u m b e r  of nlale l ,hase i nd iv idua l s  
agains t  the  to ta ls  of each  size clmss, we t)btaill  it c n r v e  
(Fig. 2, r ight) which differs wide ly  from t h a t  o b t a i n e d  
in the  ] ' l y m o n t h / l s t e r i n a .  I t  is ve ry  i r regular  because  sex  
cha l lges  take  place at diHerent ages and no t  at one 
definite age, ,as ill the  l ) l ymou th  Asterina, A d d i t i o n a l  
samples of large size ind iv iduals  were e x a m i n e d  and  
showed a lmut  15% (if male-phase  indiv iduals .  These  
d a t a  were no t  added to t he  i l lus t ra ted  sample  in o rde r  to  
awfid an  a l t e ra t ion  in t i le t in)por t ion of t he  d i f fe ren t  
age groups,  as t hey  resul t  f rom a r a n d o m  col lec t ion .  

The  morphologica l  a.spect of t he  gonads  of  t h e  Nap les  
ind iv iduals  is basical ly  the  same  ms in the  P l y m o u t h  
ones, bu t  seenlingly r ipe  oocytes  are  more  f r equml t  in 
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Fig. 1. - Frequencies of 
individuals of various arm 
lengths from a collection 

from L. Fusaro near 
Naples. 

Left: total frequencies. 

Right: frequencies of male- 
phase (continuous line) and 
female-phase individuals 

(broken line). 

p r e d o m i n a n t l y  ma le  g o n a d s  a t  N a p l e s  t h a n  t h e y  a re  a t  
P l y m o u t h ,  e spec ia l ly  in t h e  i n d i v i d u a l s  of t h e  o lder  age 
g roups .  Th i s  f ac t  m a y  h a v e  c o n s i d e r a b l e  phys io log ica l  
c o n s e q u e n c e s  for  t h e  success ion  of s e x u a l  phases .  
F e m a l e s  o f  t h e  s m a l l e s t  size c lasses  h a v e  g o n a d s  w i t h  
f ema le  a n d  i n d i f f e r e n t  g e r m  cells only .  On  t h e  o t h e r  
h a n d ,  l a rge  ma le s  w i t h  v e r y  few sma l l  oocy t e s  c an  be  
o b s e r v e d .  T h e  wide  d i f fe rences  in  t h e  g o n a d a l  c o n d i t i o n s  
in  t h e  N a p l e s  A sterina seem t h u s  to  p r o v i d e  t h e  m o r p h o -  
logica l  bas i s  for  t h e  d i f fe rences  in  t h e  success ion  of s e x u a l  
p h a s e s  in  t h e  v a r i o u s  i n d i v i d u a l s  of t h e  p o p u l a t i o n .  

As a l r e a d y  a n n o u n c e d ,  t h e  s t u d y  of t h e  d i f f e r e n t  
c o n d i t i o n s  in  t h e  M e d i t e r r a n e a n  a n d  A t l a n t i c  Asterina 
was  s t a r t e d  in  o rde r  to  p r o v i d e  a bas i s  for  e x p e r i m e n t a l  
r e sea r ch  on  sex  d e t e r m i n a t i o n  (MONTALENTI ~, BACCI2). 
F i r s t ,  we w i s h e d  to  k n o w  w h e t h e r  y o u n g  f ema le  p h a s e  
i n d i v i d u a l s  a n d  old  m a l e  p h a s e  i n d i v i d u a l s  are,  in  
Naples ,  g e n e t i c a l l y  d e t e r m i n e d .  Secondly ,  we w i s h e d  to  
d i s cove r  w e t h e r  s u c h  d e t e r m i n a t i o n  m i g h t  be  due  to  a 
m u l t i p l e - g e n e  m e c h a n i s m .  I t  was  f o u n d  l a t e r  t h a t  a n  
a n s w e r  t o  t h e s e  gene ra l  q u e s t i o n s  c o u l d  b e t t e r  be  p r o v i d -  
ed b y  t h e  P o l y c h m t e  w o r m  Ophryotrocha puerilis, w h i c h  
ha s  a m u c h  speed i e r  r a t e  of r e p r o d u c t i o n  and ,  m o r e o v e r ,  
h a s  b e e n  so well  i n v e s t i g a t e d  u n d e r  c e r t a i n  a s pec t s  b y  
HARTMANN a n d  his  c o l l a b o r a t o r s  3. T h e  f i r s t  r e su l t s  on 
r e s e a r c h e s  on  Ophryotrocha will  be  p u b l i s h e d  s h o r t l y .  
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In  t h i s  p r e l i m i n a r y  n o t e  t h e  w r i t e r  wishes  to  p o i n t  
o u t  p a r t i c u l a r l y  t h e  wide  d i s t r i b u t i o n  of s e x u a l l y  
unbalanced hermaphrodites (BACCI1), w h i c h  a re  exempl i -  
f ied b y  Ophryotrocha, Grubea a n d  Exogone a m o n g  
P o l y c h m t e s  2, b y  some  O y s t e r s  a n d  Teredo a m o n g  
L a m e l l i b r a n c h s ,  b y  Patella a n d  Crepidula a m o n g  
G a s t r o p o d s ,  a n d  b y  N a p l e s  Asterina a m o n g  E c h i n o -  
de rms .  I t  is i n t e r e s t i n g  to  r e m a r k  t h a t  m a n y  of t h e s e  
fo rms  are  false  g o n o c h o r i s t s  or  c r y p t o h e r m a p h r o d i t e  
an ima l s .  T h e s e  u n b a l a n c e d  h e r m a p h r o d i t e s  m a y  be 
t a x o n o m i c a l l y  a l l ied  to  balanced hermaphrodites, t h a t  is 
to  h e r m a p h r o d i t e s  t h a t  c h a n g e  sex  a t  a d e f i n i t e  age 
( P l y m o u t h  Asterina t ype ) .  T h i s  is t h e  s i t u a t i o n  o u t l i n e d  
a b o v e .  

T h e  wide  v a r i e t y  of t i le  e x p r e s s i o n  of s e x u a l i t y  in 
d i f f e r en t  h e r m a p h r o d i t e  i n d i v i d u a l s  a n d  d i f f e r e n t  p o p u l -  
a t ions ,  shows  t h a t  h e r m a p h r o d i t i s m  c a n n o t  p r o p e r l y  
be  r e g a r d e d  as a u n i f o r m  a n d  n e u t r a l  c o n d i t i o n  whe re  
e x t e r n a l  f a c to r s  e x e r t  u n c h e c k e d  t h e i r  d i f f e r e n t  in-  
f luences .  On  t h e  c o n t r a r y ,  v a r i o u s  spec i f i ca l ly  r e a c t i n g  
s y s t e m s ,  ill w h i c h  r ac i a l  a n d  g e n e t i c a l  f ac to r s  m u s t  be 
t a k e n  i n t o  a c c o u n t ,  s eem to  p l a y  a f u n d a m e n t a l  role. 

GUIDO BACCI 

Zoologica l  S t a t i o n  of Naples .  M a y  25, 1950. 

Zusamme n[assung 
Mit  s t a t i s t i s c h e n  M e t h o d e n  w i rd  fi ir  Asterina gibbosa 

ein  in P l y m o u t h  s t a t t f i n d e n d e r  G e s c b l e c h t s u m s c h l a g  

x G.BgccI, Arch. Zool. Ital. 84, 49 (1949). 
In a paper by AB~LOOS (C. R. Acad, Sci. 231, 179, 1950) similar 

sex conditions have been described also for Ph#ynereis dumerili. 
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Fig. 2. - Percentages of 
male-phase individuals. 

Le/t: Plymouth Asterina. 

Right: Naples Asterina. 
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auf  e iner  b e s t i m m t e n  Al te rss tufe  bewiesen.  I n  Neapel  
f inder  der  Gesch lech t sumsch lag  auf  versch iedcnen  Al ters-  
s tufen s tar t .  Die  I n d i v i d u e n  der  e rs te ren  A r t  k6nnen  als 
,~ausgeglichene~ (balanced) Zwi t te r ,  die der  l e tz te ren  
A r t  als , u n a u s g e g l i c h e n e ,  (unbalanced)  Zwi t t e r  angc-  
sehcn werdcn.  Der  Verfasser  n i m m t  an, dab  man  den 
Zus tand  des ausgegl ichcnen Z w i t t e r t u m s  auf  die Se- 
gregat ion  mul t ip le r  Gesch lech t s fak to ren  zurf ickfi ihrcn 
k6nnc. 

Influence du jeflne sur  les osc i l la t ions  
nyc th6m6ra le s  du fer s6rique 

Dans leur  monograph ie  parue  en 1937, HEILMiZYER et  
PL/STNER t so d e m a n d a n t  s ' i l  ex is te  des va r i a t ions  physio-  
logiques du t a u x  de fer  s6rique, c l i e n t  les cxp6riences de 
leur 61~ve ANTON qui  cons t a t e  d ' u n e  pa r t  une 6Mvation 
de la sid6r6mie de 13% apr~s 12 heures  e t  de 25% apr~s 
24 heures chez un su je t  ~ j eun  e t  d ' au t r e  pa r t  une  chute  
de la sid6r6mie a t t e i g n a n t  20 % apr6s l ' abso rp t ion  d 'dpi-  
nards, a l imen t  p o u r t a n t  r iche en fer. Ils c i t en t  6galement  
un t r ava i l  de LOCKE,  MAIN et  ROSBACH '2 qui  s ignalcnt  
une ~l$vat ion i d e n t i q u e  de la sid6r6mie apr~s 24 heures  
de jefine,  F i n a l e m e n t  HEILMEYER et  PL6TNER n 'ac-  
corden t  pas & i m p o r t a n c e  k ces va r i a t ions  qui  n ' exc~den t  
pas les diff6rences de t a u x  de fer sdrique ex i s t an t  d ' un  
jour  ~ l ' au t re .  

Les va r i a t ions  cons tan tes  de la sid6rdmie an cours du 
nycth6m~re  son t  signat6es pour  la premiere  lois en 1941 
par  VALQUIST 3. A l& m ~ m e  6poque,  H E M M E L E R  4 COILS- 
t a te  6ga lement  des t a u x  diff6rents  an cours de la journ6e,  
plus 6Iev6s le ma t in  que  le soir. I1 a t t r i bue  ces va r i a t ions  
de la sid6r6mie 5. la p r6dominance  al tern6e du vague  et  
du s y m p a t h i q u e .  La  vago ton ie  de la convalescence  dc 
l ' h~pa t i t e  6pid6mique,  qu i  se mani fes te  en ou t re  par  unc 
b radyca rd ie  et  une  leucop~nie avec  l ymphocy tose ,  s 'ac-  
compagne  d 'osc i l la t ions  nyc th6mf ra l e s  plus amples,  dues 
sur tou t  5. l '616vation du t a u x  de fer s6rique du mat in .  
Depuis  lors, HEMMELER a pU pr~ciser ce t t e  concept ion  
par  l '6 tude  de n o m b r e u x  cas de t roubles  neuro-v6g6- 
tatifs.  R e c h e r c h a n t  la cause de ces var ia t ions ,  il a d m e t  
qu 'e l les  ne d6penden t  ni de la t emp6ra tu r e  du corps, ni 
du t r ava i l  muscula i re ,  mais  u n i q u e m e n t  de l ' a l t e rnance  
de tonus  des syst+mes vague  e t  s y m p a t h i q u e  don t  l 'dqui-  
l ibre est  domin6  par  le sommei l ;  t%lSvation du t a u x  de 
fer s6rique du m a t i n  est  en re la t ion  avec  la  dur6e e t  
l ' in tens i t6  du sommei l .  P o u r  exp l iquc r  le m6canismc dc 
ce t t e  r6gula t ion  nycth6m6rale ,  HEMMEL~R envisage  ptu- 
sieurs hypo theses  tel les que  le r y t h m e  de s tockage  du 
fer, l ' exc i t a t i on  d iurne  de l 'h6matopoi~sc  sous l ' inf lucncc 
du s y m p a t h i q u e  avec  u t i l i sa t ion  de fer, l ' a u g m e n t a t i o n  
dcs bcsoins de fer de tou tes  les cellules de l ' o rgan i sme  
pendan t  l ' ac t iv i t6 ,  le passage du fcr dc la paroi  in tcs t i -  
nale aux  organes de r6serve p e n d a n t  la nuit ,  les var ia -  
t ions de t a u x  de la protdine s6rique qui lie le let ,  Commc  
aucune de ces hypo theses  ne donne  sat isfact ion,  il en- 
visage la possibil i t6 d ' u n e  re la t ion  avec  les va r ia t ions  
du PH du sang. 

t L. HEILMEYEE uIld K. PLOXNER, Das Serumeisen unddieEisen- 
mangelkrankheit (Fischer,  J e n a  1937). 

2 A. LOCKE, E. R. MAIN, arid D. O. ROSBA$tt, ci t6s par  1.. HEIL- 
MEYER et K. PL6TNER. 

3 B. VALQUIST, Acta Paediatr. 28, suppl. V (19-tl). 
4 G. HEMMELER, Schweiz. recd. Wschr. aa, 1056 (1943); Helv. 

mcd. ac ta  11, 201 (19,14); Cah. mens. M6d. 1945, N*2,  ,t2; I946, 
N ° 9, 216; 1949[60, N ° 5, 363. 

H O Y E R  1, qui  a 6ga lemen t  6tudi* les osc i l la t ions  nyc th6-  
m~rales du t a u x  d c f e r  s6rique, ne cons t a t e  aucune  rela-  
t ion  a v e c  l ' h y d r 6 m i e  du sang, l ' expos i t i on  5. la lumi~re,  
l ' e f fo r t  e t  le jef ine;  lui aussi  conc lu t  que  seul le sommei l  
a une in f luence  sur  les osci l la t ions  phys io log iques  de ta 
sid6r6mie.  

Si le sommei l  est ind ispensable  au r y t h m e  no rma l  du 
nyc th6m6re ,  la prise d ' a l i m e n t s  nous a paru  t o u t  aussi 
i m p o r t a n t e ,  ca rac t6 r i san t ,  avec  l ' e f fo r t  in te l lec tue l  e t  
phys ique ,  l ' a c t i v i t 6  diurne.  Aussi  avons -nous  repris  ce t t e  
ques t ion  en dosan t  le fer s6r ique le m a t i n  e t  le soir, lors 
d ' u n e  a l i m e n t a t i o n  no rma le  e t  lors d ' u n e  journ6e de 
jefine. Les prises de  sang du ma t in  on t  6t6 fai tes  en t re  
8 e t  9 heures  e t  eelles du soir,  9 heures  plus ta rd ,  en t re  
17 e t  18 hcures .  
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Fig. 1. 

Nous  avons  cons ta t6  que  le taux de let sdrique s'dt~ve 
en gdndral au cours de ta journde chez le sujet restd g* ~eun 
(fig. 1). 

Nous  avons  relev6 un second fa i t  i n t6 re s san t :  l'dld- 
ration du taux de [er sdrique qui accompagne le fez~ne, est 
nettement plus marqude chez les supers ayant une activitd 
normale que chez ceux qui sont au repos. Nous  a v o n s  
repor t6  sur  la fig. 2 les a m p l i t u d e s  d ' o sc i l l a t i on  de la 
sid6r6mie au cours  de la journ6e  des cas pr6sent6s  sur  les 
fig. 1 e t  3, en g r o u p a n t  5  ̀ gauche  les su je t s  ac t i f s  e t &  
dro i te  les su je ts  au repos,  

Le t a u x  de fer s6r ique des su je t s  ac t i f s  s'61~ve dans  
t o u s l e s  cas p e n d a n t  une j o u r n f e  de jef ine.  DSs le r6vei l  
et  jusqu'5` la  prise de sang du soir  (ent re  17 e t  18 heures)  
les su je t s  n ' o n t  a b s o l u m e n t  r ien mang6  e t  n ' o n t  bu  q u ' u n  
ver re  d ' e a u  au plus, & midi .  

t K. HovEg, Serumjer,ets, /ysiotogiske variation (Universitets- 
forlaget I Aarhus, Copenhague, 19.t6), 

Exper. 8 


