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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 

1 S. L. SWIHART, Nature, Lond. 237, 126 (1971). 
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back  to  i ts  or ig ina l  pos i t ion  as e i the r  a b l ack  or wh i t e  
s t r ipe  passed  across t h e  eye. 

A f u r t h e r  di f ference in response  was seen w h e n  a 
single b l ack -whi t e  edge was passed  across t he  left  eye. 
F igure  c) and  d) show t h e  response  of a female  Pieris to  
smal l  m o v e m e n t s  of a wh i t e -b l ack  edge (white  anter ior)  
a n d  t he  b l ack -whi t e  edge (black anter ior) .  A l t h o u g h  t he  
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The head movement responses of male and female Pieris to move- 
ment of 90 ~ stripes and single edges. Upward deflection in both 
bead movement and drum marker traces indicates movement to the 
right. Vertical calibration shows degrees of head turning. Speeds for 
large movements of broad stripes were approximately 90~ and for 
small movements of single edges 8~ a-d) responses of female; a, b) 
to movement of 90 o stripes. Arrows point to oscillations induced by 
the broad stripes, c) Response to white-black edge and d) black-white 
edge. e-g) Responses of male Pieris; e) to movement of 90 ~ stripe, f) 
to movement of white-black edge and g) black-white edge. 

Black-white ecige (both 
directions) 

White-black edge (both 
directions) 

Males (%} Females (%) Males (%) Females (%) 

72.5 100.0 70.5 2.3 
97.5 64.0 66.6 0.0 
91.0 83.5 93.5 0.0 
84.0 86.4 88.5 12.8 

98.8 56.7 

female ' s  h e a d  fol lowed t h e  m o v e m e n t  of t he  b l ack -whi t e  
edge in bo t l l  d i rect ions,  t he  h e a d  t u r n e d  in t h e  oppos i te  
d i rec t ion  w h e n  t he  wh i t e -b l ack  edge was moved .  The  
males  fol lowed t he  m o t i o n  of b o t h  edges (Figure  f a n d  g). 

Fo r  each  a n i m a l  d a t a  f rom a p p r o x i m a t e l y  40 tes t s  w i t h  
each  edge were expressed  as t he  pe rcen t age  of m o v e m e n t s  
where  t h e  head  m o v e d  in t he  d i rec t ion  of d r u m  r o t a t i o n  
(Table).  

Tests  where  t he  h e a d  d id  no t  m o v e  a t  all  were exc luded  
(up to 1 in  6 tr ials) .  There fore  0% i n d i c a t e s a  100% 
reversal .  A ~r t e s t  on  t he  pooled d a t a  shows a s ign i f ican t  
di f ference a t  t h e  0" 1% level  b e t w e e n  responses  of t he  ma le  
and  female  to  t he  wh i t e -b l ack  edge and  be tween  responses  
of t he  female  to  b l ack -whi t e  and  wh i t e -b l ack  edges. No 
difference was found  be tween  male  and  Iemale  responses  
to  b l ack -whi t e  edge or ma le  responses  t o  b l ack -wh i t e  
edge. I n  t i le female  i t  is p r e s u m a b l y  t h e  reversa l  of re- 
sponses to  one edge t h a t  causes  t he  h e a d  to osci l late w h e n  
ve ry  b road  s t r ipes  are passed  before one  eye. 

To d e m o n s t r a t e  t h a t  t he  reversa l  response  of t he  female  
to  t he  b l ack -whi t e  edge was indeed  a n  o p t o m o t o r  response  
e i the r  edge was p laced  in f ron t  of the  eye in t he  dark.  The  
head  m o v e m e n t  was no t ed  w h e n  t he  l igh t  was  swi tched  on. 
I n  t he  3 females  t e s t ed  (10 t r ia l s  w i t h  each  edge) t he re  was 
usua l ly  no m o v e m e n t  (only 1 t r i a l  ill 5). No preference  
could be  seen for e i the r  b lack  or wh i t e  areas.  There fore  
t he re  was no  p h o t o t a c t i c  preference.  

I n  t he  cour t sh ip  b e h a v i o u r  of Pieris t h e  ma le  m a y  
pu r sue  e i the r  f ly ing males  or females.  The  female  exh ib i t s  
no  such  behav iour ,  on ly  a l i gh t i ng  i m m e d i a t e l y  a f te r  
accep t ing  a p u r s u i n g  maleK The  male,  for accu racy  of 
pursu i t ,  m a y  h a v e  d i f fe ren t  v i sua l  r e q u i r e m e n t s  f rom the  
female,  p a r t i c u l a r l y  w i t h  respec t  to  m o t i o n  analysis .  The  
dif ference be tween  t he  sexes in  o p t o m o t o r  responses  also 
reflects  a d i f ference in t he  v i sua l  sys tem.  Th i s  m a y  be  
e i the r  a s t r u c t u r a l  or func t iona l  di f ference in t h e  opt ic  
lobes where  m o t i o n  pe rcep t ion  is t h o u g h t  to  t ake  place 6. 

J. K I l N  
Department o/Neurobiology, Research School of 
Biological Sciences, Australian. National University, 
P.O. Box 475, Canberra A .C.T. 2601 (Australia), 
5 September 7972. 

Zusammen/assung. M/~nnliche u n d  weib l iche  Kohlweiss-  
linge, Pieris rapae L., zeigen un te r sch ied l i che  op tomo-  
to r i sche  l~eak t ionen  zu e iner  b e w e g t e n  Schwarz-weiss-  
Kan te .  Es  wird  a n g e n o m m e n ,  dass  dies auf  un t e r sch i ed -  
l icher  neu ra l e r  I n t e g r a t i o n  im Z e n t r a l n e r v e n s y s t e m  der  
be iden  Gesch lech te r  b e r u h t  und  dass  die spezifische 
op tomoto r i s che  R e a k t i o n  des M/ innchens  bei  se inem 
visuel l  o r i en t i e r t en  G e s c h l e c h t s v e r h M t e n  yon  B e d e u t u n g  
ist. 

4 K. MIMURA, Z. vergl. Physiol. 73, 105 (1971). 

U l t r a s t r u c t u r e  o f  E p i h y p h a l  R h i z o i d s  i n  Allomyces arbusculus 

F u n g a l  rh izoids  can  be  def ined  as n o n - n u c l e a t e d  t h i n  
t ubes  fo rmed  in t he  basa l  ex tens ion  of t he  m a i n  t r u n k - l i k e  
h y p h a e .  I n  a q u a t i c  fungi,  such  basa l  rh izoids  are usua l ly  
po la r ly  e m i t t e d  e i the r  f rom zoospores of zygotes  1. i n  
ex t ens ive ly  g rown myce l i a  of A llomyces, o the r  rh izoids  
also a p p e a r  l a t e ra l ly  f rom t h e  m a i n  h y p h a e  a n d  can  t h u s  

m e n t a l  cond i t ions  l ike t he  presence  0 f s u b l e t h a l  concen t r a -  
t ions  of copper  ions in t i le m e d i u m  2 or, a s r ecen t ly  found  
a n d  appl ied  in t he  p re sen t  s tudy ,  u n d e r  t he  s e m i - a n a e r o b i c  
cond i t ions  of s u b m e r g e d  l iquid  cu l t iva t ion .  

be des igna t ed  as ep ihypha l .  T h e i r  ex t rus ion  t h r o u g h  t he  1 R. EMERSON, Lloydia d, 77 (1941). 
h y p h a l  walls can  be h igh ly  increased  u n d e r  ~er ta in  ev i ron-  2 :G, TURIA~, Bull. Soc. hot., Gen~ve 7d, 241 (1964). 


