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well  as t h r o u g h  t he  karyologica l  c h a r a c t e r i z a t i o n  of 
severa l  Teleost  famil ies  r e l a t ed  to Mugil idae.  

Riassunto. Sono s taff  d e t e r m i n a t i  i h u m e r i  d iploidi  di  
t re  specie di Mugil idi :  Mugi l  cephalus, Liza ramada e 
Chelon labrosus. L a  morfologia  del  ca r io t ipo  di Mugi l  
cephalus m o s t r a  24 coppie  di  piccoli  c romosomi  acrocen-  
t r ic i ;  nel  ca r io t ipo  di Liza  ramada e di Chelon labrosus 
fa invece  spicco, t r a  gli acrocent r i ,  u n a  coppia  di sub-  

te locentr ic i .  I1 d a t o  cariologico ~ discusso in r a p p o r t o  
al  p r o b l e m a  del la  col locazione s i s t ema t i ca  dei Mugi l idae  
ed a.lla rev is ione  del genere  Mugil,  Linneo.  
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The Chromosomes of Calamoichthys calabaricus 

Most  a u t h o r s  1-4 agree  in ass ign ing  t h e  P o l y p t e r i f o r m e s  
a v e r y  pecu l ia r  p lace  in t he  e v o l u t i o n a r y  h i s t o r y  of b o n y  
f ishes (Oste ichthyes) .  I n t a c t  t h e y  are cons idered  as a 
b r a n c h  wh ich  b e c a m e  d e t a c h e d  a t  a v e r y  ear ly  s tage  f rom 
the  e v o l u t i o n a r y  t r e n d  of t h e  paleozoic  Pa leoniscoid  Ac- 
t i n o p t e r y g i a n s  t h a t  has  p re se rved  una l t e red ,  t h r o u g h o u t  
th i s  long per iod  of t ime,  t h e  a rcha ic  morpho log ica l  fea tu res  
of i t s  member s .  

Moreover ,  some d e v e l o p m e n t a l  pecul ia r i t i es  a n d  t h e  
p resence  of 2 a i r  b ladders ,  wh ich  ar ise  b i l a t e r a l l y  f rom 

(Pisces, Polypteriformes) 

t h e  unde r s ide  of t h e  oesophagus ,  m e a n  t h a t  t h e  Poly-  
p t e r i fo rmes  can  be  r e l a t ed  to  t h e  lungf ishes  a n d  Crosso- 
p t e r y g i a n s ;  hence  i n d i c a t i n g  t h e m  as be ing  on  t h e  evolu-  
t i o n a r y  t r e n d  t o w ard s  Te t r apods .  Fo r  these  reasons  some 
a u t h o r s  8, 4 place  t h e  Po lyp te r i fo rmes  far  f rom t h e  Ac t ino-  
p te ryg ians ,  p u t t i n g  t h e m  ill a s epa ra t e  subclass,  t3ranchio-  
p te ryg ians ,  inc lud ing  on ly  one f ami ly  (Po lyp te r idae)  based  
on  j u s t  2 l iv ing  genera :  Polypterus a n d  Calamoichthys. 

N o t w i t h s t a n d i n g  t h i s  v e r y  i n t e r e s t i n g  e v o l u t i o n a r y  
(i.e. sys temat ic )  pos i t ion ,  no  karyologica l  d a t a  exis t  
concern ing  Po lyp te r i fo rmes .  Therefore ,  a l t h o u g h  h a v i n g  
ava i l ab le  on ly  1 l iv ing  ma le  of Calamoichthys calabaricus 
Smi th ,  i t  was  neve r the l e s s  cons idered  of i n t e r e s t  to  per-  
fo rm t h e  caryologica l  ana lys i s  of t h i s  spec imen.  :. 

T h e  cytological  m e t h o d  used is a pe r sona l  ~ i m p r o v e m e n t  
of a n  a i r -d ry ing  process  of s o ma t i c  t i ssues  co l cemid - t r ea t ed  
in vivo.  M e t a p h a s i c  p la tes  were s t a ined  b y  t h e  carbol-  
fux ine  m e t h o d  a n d  p h a s e - c o n t r a s t  p h o t o g r a p h e d .  40 rec ta -  
phases  were p h o t o g r a p h e d ,  33 of wh ich  showed  a 2 n  = 36 
c h r o m o s o m e  c o m p l e m e n t ,  t h e  res t  showing  1 or 2 chro-  
mosomes  miss ing  t h r o u g h  t echn ica l  faul ts .  

Co n s eq u en t l y  i t  is poss ib le  to  f ix  t h e  d ip lo id  n u m b e r  of 
Calamoi6hthys calabaricus a t  2 n  = 36. Tile k a r y o g r a m  of 

Fig. 1. Metaphase of Calamoichthys calabaricus: carbol-fuxin stained, 
phase-contrast. • 1,500 • 
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Fig. 2. Karyotype of Calamoichthys cala.baricu s. • 2,500. 
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this  species was also s tudied th rough  16 well-spread 
metaphases  hav ing  no under lapping  chromosomes,  and 
showing chromosomes which had no t  been shortened by  
the  act ion of the  ant ib las t ic  drug, or only a li t t le.  The  
ka ryo type  of Calamoichthys calabaricus is composed of 
18 pairs of two-a rmed  chromosomes  which have  been 
d iv ided into 4 groups (Figure 2): A) 5 p a i r s  of large 
metacent r ic  chromosomes the  sizes of which v a r y  be tween  
7 and 4 ~m. B) 6 pairs of medium-size  metacent r ic  
chromosomes (3.5-3 tzm). C) 2 pairs of subtelocentr ic  
chromosomes (2.5 ~m). D) 5 pairs of small  metacen t r i c  
chromosomes hav ing  sizes about  2.5 [zm. 

W h a t  i s  ve ry  surprizing is the  enormous size of the  
Calamoichthys chromosomes compared  wi th  those present  
in the  Act inop te ryg ian  karyotypes ,  considering no t  only 
wha t  is observed in the  numerous  orders of Teleosts, bu t  
even in Chondrosteans and Holosteans  t h a t  are held to 
be p r imi t ive  Act inopterygians  and re la ted  to the  pale- 
oniscoid t rend.  Infact ,  in a recent  paper  OH?r et  al 6 
describe the  karyo types  of a Chondrostean (Scaphirhyncus 
platorhyncus, Acipenseriformes) and 2 Holosteans  (Lepi- 
dosteus productus, Lepidosteiformes,  and Amia calva, 
Amiiformes) .  The  morphological  features  of the  kary-  
otypes  of all these 3 species are c lear ly  qui te  different  
f rom those of the  Calamoichthys karyotype ,  showing 
numerous  ve ry  small  chromosomes (more than  100 in 
Scaphirhyncus). In  fact  the  larger chromosome in the  
ka ryogram of t he  Holos tean  and Chondrostean species 
s tudied by  OHNO et  al 6 is smaller  t han  the  shorter  
chromosomes  of the  ka ryogram of Calamoichthys calaba- 
ricus. 

This  karyologieal  evidence clearly supports  the  taxo-  
nomic  separat ion of Polypter i formes  f rom the  Acipenseri-  
formes which some authors  7, on the  basis of paleozoolo- 
gical arguments ,  consider  to  be related to the  Polypter i -  
formes and include in the  s a m e  super-order  (infraclass) 
Chondrostei .  

The phyle t ic  relat ionship be tween Polypter i formes  and 
Dipnoans  is also ful ly confirmed by the  karyological  
observat ions  tha t  have  been made. In  fact, papers  by  
AGAR s, WlCKBOM s, and OHNO and ATKIN 1~ have  clearly 
shown t h a t  the  diploid numbers  of the  lungfishes v a r y  
be tween  2n = 38, in Lepidosiren, and 2n = 34, in Proto- 
pterus. E v e n  the  morphology  of the  ka ryo type  and the  
size of the  chromosomes in Dipnoans  are ve ry  like those 
found in Calamoichthys. The s imi la r i ty  be tween  the  
ka ryo type  now proposed for Calamoichthys and the  one 
by  OHNO and ATKIN 10 described for Lepidosiren paradoxa 
is most  surprizing and convincing in this  respect. 

Thus,  a l though t emp t ing  similari t ies wi th  higher  
Anura  and Urodela  (MORESCALCH111) are evident ,  i t  is 
felt  t ha t  a comparison wi th  Amphib ian  karyo types  
could only lead to dangerous speculation.  Indeed,  present  
knowledge on the  karyology and c y t o t a x o n o m y  of 
p r imi t ive  bony fishes, and of the  Amphib ians  alike, is 
inadequa te  to make  an ob jec t ive ly  credible comparison 
be tween  different  classes of Vertebrates .  However  i t  is 
fel t  sufficiently in teres t ing to have  emphasized a number  
of in teres t ing points  mere ly  by  under l in ing cer ta in  
comparisons be tween  t a x a  tha t  are cer ta in ly  related,  
viz. : Dipnoans,  Polypter i formes  and other  Chondrostei .  

Riassunto. ~ stato descr i t to  il car iot ipo di un Poly-  
pter iforme,  Calamoichthys calabaricus, Smith.  I1 numero  
diploide, 2n = 26, le d imensioni  dei  c romosomi  e la stessa 
morfologia  del car iot ipo me t tono  in ev idenza  le affinit~ 
fi let iche in tercorrent i  t ra  Po lyp te r i fo rmi  e Dipnoi  e la 
linea evo lu t iva  te t rapoda,  diversif icandoli ,  al contrario,  
dagli  al t r i  p r imi t iv i  At t inopter ig i ,  Holos te i  e Chondrostei .  
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A Dif ference  B e t w e e n  the  S e x e s  in an  O p t o m o t o r  R e s p o n s e  in the  Cabbage  White  But ter f ly ,  Pieris 
rapae L. 

In  m a n y  species of but terf l ies  the  different  courtship 
behaviours  of the  sexes are released by  visual  s t imuli  x. 
However ,  no differences be tween the  sexes in o ther  visual  
behaviours  have  been reported.  I n  the  cabbage whi te  
but terf ly ,  Pieris rapae crucivora mat ing  behav iour  is 
released only by  visual  st imuli ,  these being the  colour of 
the  female wing and mot ion  of the  wings ~. The pre l iminary  
exper iments  repor ted  here show a difference in op tomoto r  
react ions of wild male and female Pieris rapae L. when a 
single b lack-whi te  edge is moved  across one eye. I t  is 
possible t ha t  bo th  cases of sexual  var iance  in visual  
behaviour  are related. 

But terf l ies  were placed in the  centre of a ro ta tab le  
d rum (diam. 27 cm), af ter  the  r ight  eye had  been occluded 
wi th  opaque  paint .  The  d rum held the  visual  s t imuli  and 
was ro ta ted  by  hand.  The  level  of i l luminat ion  was 1,600 
Lux.  Head  movemen t s  were recorded using the  m o v e m e n t  
of the  an tenna  over  an i l luminated  photocell .  5 females 
and 4 males were used. 

Each  animal  was first  tes ted wi th  an op tomotor  s t imu- 
lus of a l te rna t ing  black and whi te  stripes 3, each subtending 
12.5 ~ a t  the  eye. All but terf l ies  responded by  turn ing  
thei r  heads in the  direct ion of mot ion  each t ime the d rum 
was turned.  W h e n  stripes subtending 90 ~ a t  the  eye were 
ro ta ted  bo th  sexes tu rned  their  heads in the  direct ion 
opposite  to the  str ipe movement ,  a t  least  once in 8 trials. 
However ,  as shown in the  Figure  e) the  males responded 
wi th  a smooth  head m o v e m e n t  similar  to t ha t  elicited by  
narrow stripes while the  females '  response was much  
smaller  and contained superimposed oscillations (Figure 
b). I n  1 of 4 trials the  head tended  only to make  large 
oscillations (Figure a). The head made  a full osciUation 
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