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lion; brown s t r a in  were crossed to  a single m u t a n t  vermilion 
s t ra in .  He t e rozygous  F~ females  were t h e n  backcrossed  
to males  of t h e  p a r e n t a l  i n b r e d  v; bw s t r a i n  a n d  t he  pro-  
cess r epea t ed  for  a f u r t h e r  6 genera t ions .  T he  p r ogeny  of 
t he  f inal  backcross  were t r a n s f e r r e d  before  eclosion f rom 
the  p u p a  to  each  of 4 rep l ica te  p o p u l a t i o n  cages in  w h i c h  
t h e y  h a t c h e d  to fo rm t he  f ounde r  p o p u l a t i o n  (genera t ion  0) 
w h i c h  was a l lowed to  m a t e  a t  r andom .  Two p o p u l a t i o n  
cages were m a i n t a i n e d  in c o n t i n u o u s  l ight ,  a n d  two cages 
in  c o n t i n u o u s  darkness ,  in t he  same c o n s t a n t  t e m p e r a t u r e  
room a t  25~ U n d e r  a s y s t e m  of r a n d o m  m a t i n g  each  
p o p u l a t i o n  c o n t a i n e d  two  p h e n o t y p e  groups :  a) wh i t e  
eyed v;bw a n d  b) red eyed v ; +  and  v;+/bw. I n  con- 
t i n u o u s  d a r k n e s s  t he  f r equency  of wh i t e  eyed flies fluc- 
t u a t e d  a r o u n d  a m e a n  of 43 % over  10 genera t ions .  The  
absence  of a s ign i f ican t  change  in gene f r equency  over  
th i s  pe r iod  shows t h a t  t h e  wh i t e  eyed double  m u t a n t  flies 
are  no t  a t  a n y  m a r k e d  physio logica l  d i s a d v a n t a g e  u n d e r  
these  condi t ions .  I n  c o n s t a n t  l igh t  t he  s i t ua t i on  is qu i te  
d i f ferent .  The  f r equency  of wh i t e  eyed flies decl ined 
s t ead i ly  a n d  s u b s t a n t i a l l y  ove r  10 genera t ions  i nd i ca t i ng  
t h a t  t h e y  are a t  a co m pe t i t i ve  d i s a d v a n t a g e  re la t ive  to  
red  eyed flies in  t he  r a n d o m  m a t i n g  popu la t ion .  

The  d i s a d v a n t a g e  to  t he  w h i t e  eyed flies in  t he  l igh t  is 
con f i rmed  b y  t h e  d a t a  s u m m a r i z e d  in t h e  Table.  F o u r  
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Change in frequency of phenotypically white eyed mutant v; bw flies 
in random mating populations maintained in continuous light or in 
continuous darkness. The initial frequency is 50% in each cage. 
Since the mutant v is fixed in the population the frequency of white 
eyed flies depends only on the frequency of the bw allele. 

rep l ica te  t r ia ls  on  flies d r a w n  f rom the  cage popu l a t i ons  
were set  up  in wh ich  50 pa i r s  of v i rg in  flies of each  of t he  
two  p h e n o t y p e  groups  were p laced  in a 10 • 10 • 0.5 cm 
pe r spex  box.  The  p h e n o t y p e  of t h e  p a r t n e r s  m a k i n g  up  
t he  f i rs t  25 m a t i n g s  was recorded  for each  tr ial .  The re  were 
no  s ign i f ican t  differences  b e t w e e n  tr ials ,  for wh ich  t he  
pooled resu l t  is shown.  The re  is no  s ign i f ican t  di f ference 
b e t w e e n  p h e n o t y p e  groups  w i t h  respec t  to  females,  b u t  
wh i t e  eyed males  are c lear ly  a t  a m a r k e d  c o m p e t i t i v e  
d i s a d v a n t a g e  re la t ive  to  r ed  eyed males  in  t h e  mu l t ip l e  
choice s i t ua t i on  (p<0 .001) .  These  resu l t s  conf i rm our  
p rev ious  f indings  7 us ing  1 ~ + 2c~ and  29 + lc~ c o m p e t i t i o n  
e x p e r i m e n t s  in  smal l  m a t i n g  cells. The  or igin of t he  com- 
pe t i t ive  d i s a d v a n t a g e  of wh i t e  eyed males  is, as p rev ious ly  
shown, t he i r  r educed  eff iciency in e s t ab l i sh ing  a n d  m a i n -  
t a i n i n g  c o n t a c t  w i t h  t he  female.  Males of b o t h  p h e n o t y p e  
groups  compe te  equal ly  in  darkness ,  s ince n e i t h e r  are able  
to  use v i sua l  cues d u r i n g  o r i en ta t ion .  Wi ld  t y p e  flies will  
m a t e  in  da rkness  b u t  t h e y  t ake  s u b s t a n t i a l l y  longer  to  
ach ieve  copu la t ion  t h a n  in t he  l ight .  Visua l  i n fo rma t ion ,  
whi l s t  no t  essent ia l  for cou r t sh ip  no r  for  a t t a i n m e n t  of 
copu la t ion  in  t h i s  species is i m p o r t a n t  to  t he  e x t e n t  t h a t  
flies which  are u n a b l e  to  use v i sua l  cues d u r i n g  cou r t sh ip  
h a v e  a lower  f i tness  t h a n  those  wh ich  are able  to  do so. 
GROSSFIELD'S c lass i f ica t ion scheme  is t h u s  too  s imple  in  
t h a t  i t  does n o t  t a k e  a c c o u n t  of r e l a t ive  m a t i n g  success 
in  r e l a t ion  to l ight .  W i t h i n  t h a t  scheme  h o w e v e r  D. mela- 
nogaster are more  a p p r o p r i a t e l y  p l a c e d  in class I I o f  
f acu l t a t i ve  d a r k  m a t i n g  species. This  class we bel ieve 
could be  useful ly  s u b d i v i d e d  to t a k e  a c c o u n t  of t h e  n a t u r e  
of t he  m a t i n g  ' i n h i b i t i o n '  caused  b y  absence  of l ight .  

Zusammen]assung. U n t e r s u c h u n g e n  a n  M u t a n t e n  v o n  
Drosoph i l a  m e l a n o g a s t e r  ]n i t  fehle l ldem S c h u t z p i g m e n t  
im K o m p l e x a u g e  u n d  m i t  v e r m i n d e r t e r  S e h k r a f t  d e u t e n  
d a r a u f  hill, dass  es s ieh bei  Drosoph i l a  u m  eine v o m  
Lich t  abhAngige, im  D u n k e l n  p a a r e n d e  A r t  hande l t .  

]~. BURNET and K .  CONNOLLY 8 
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s Thanks are due to Mrs. J. M. RELTON for technical assistance with 
the population cage experiment, and to Dr. R. Cook for his 
suggestions during preparation of the manuscript. 

Chromosome Complements of Three Species of Mugilidae (Pisces, Perciformes) 

Of the  Teleosts,  t h e  Mugi l idae  h a v e  a lways  i n t e r e s t ed  
ich thyologis t s ,  no t  solely f rom t h e  p rac t i ca l  p o i n t  of view, 
b u t  also because  of t h e  evo lu t iona ry ,  a n d  c o n s e q u e n t l y  
sys temat i c ,  p r o b l e m s  t h e y  pose. I n  fact ,  a l t h o u g h  t he  
Mugi l idae  f ami ly  is pe r  se a h o m o g e n e o u s  t a x o n o m i c  
en t i ty ,  i ts  a r r a n g e m e n t  a t  t h e  level  of t he  o rder  is a 
m u c h - d e b a t e d  ques t ion.  

To m e n t i o n  on ly  some of t he  m o s t  r ecen t  revis ions,  
, ]3ERG 1 a n d  BERTIN a n d  ARAMBOURG ~ ascr ibe  t h e  Mugili-  
dae, t o g e t h e r  w i t h  t he  A t h e r i n i d a e  a n d  Sph i r en idae  
families,  to  a s epa ra t e  order,  Mugil i formes,  whi le  NoR- 
MAN a, GOSLINE 4, B I N I  5 and,  v e r y  recent ly ,  TORTONESE 6 
disagree  w i t h  t h i s  s y s t e m a t i c  a r r a n g e m e n t  in to  such  a 
h igh -o rde r  t a x o n  asc r ib ing  t he  famil ies  to  t he  subo rde r  
Mugi lo idaea  in t h e  large Perc i fo rmes  order.  

Moreover ,  Ather i l l idae  were r e m o v e d  f rom th i s  t a x o n  
b y  ROSEN ~ in order  to  cons t i tu te ,  a long  w i t h  Beloniformes ,  
Esocoe t idae  a n d  Cypr inodon t i fo rmes ,  t he  new order  
Ather in i fo rmes .  

The re  are  also some a u t h o r s  ~, 8 who  r e c o m m e n d  rev is ion  
of t h e  old genus  Mugil, L i n n a e u s  1758, c o n t e n d i n g  t h a t  
t h i s  t a x o n  is so he t e rogeneous  as to  w a r r a n t  i ts  dis- 
m e m b e r m e n t  in to  severa l  genera  as Mugil, Liza, Chelon 
a n d  Oedalechilus, to  m e n t i o n  on ly  t h e  M e d i t e r r a n e a n  
genera.  

These  t a x o n o m i c  r e a r r a n g e m e n t s  are based  essent ia l ly  
on  morpho log ica l  a r g u m e n t s  (McALLISTER 9) a n d  cyto-  
t a x o n o m i c  e v a l u a t i o n  ha s  n e v e r  been  a t t e m p t e d  for t h e  
i n t e r p r e t a t i o n  of th i s  s y s t e m a t i c  a n d  e v o l u t i o n a r y  
p rob lem.  I n  fac t  no  karyologica l  d a t a  exis t  for  Mugil idae.  
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Fig. 1. Metaphasie plate of Mugil cephalus; • 2,500. Fig. 2. Metaphasic plate of Chelon labrosus; • 2,500. 

Consequent ly  it was considered tha t ,  wi th in  the  ambi t  of 
a research p rog ram on Osteo ich thyes  cy to t axonomy ,  i t  
would be in te res t ing  to take  a look at  th is  taxon,  in t he  
convic t ion t h a t  karyological  da t a  can be successfully 
inser ted  in a sys temat ic  p rob lem such as t h a t  out l ined 
above. 

The species s tudied  were:  M u g i l  cephalus L., L i za  
ramada (Risso), and Chelon labrosus (Risso). The t echn ique  
employed  involved an a i r -drying  process which  is an 
improved  version 10 of t he  one proposed  by  HITOTSUMACHI 
et  al. n.  

In  all t he  species examined  the  diploid n u m b e r  is 
2n = 48; the  chromosomes  in all species are very  small  
(varying be tween  2.5 and  1 ~m) and acrocentf ic  in shape.  
None-the-less ,  a l though  M u g i l  cephalus shows a karyo-  
t ype  wi th  24 pairs  of acrocentr ic  chromosomes ,  on the  
o the r  h a n d  the  ka ryo types  of Li za  ramada and  Chelon 

labrosus are character ized  by  1 pai r  of subte locentr ic  chro- 
mosomes  ( indicated by  arrows in Figure 3). 

I t  is held t h a t  if the  presence  of such subte locentr ic  
pairs  is found  in o ther  species of the  genus Liza,  e.g. 
L. aurata and  L. saliens, the  r e a r r an g emen t  of the  genus 
M u g i l  would be fully conf i rmed as far  as Li za  and  Chelon 
is concerned.  

Regard ing  the  p rob lem of ascribing Mugilidae to a 
separa te  order  or else to  Perciformes,  karyological  da t a  
suppor t  t he  opinion of those  au thors  a-s who ascribe 
Mugilidae to  the  Perciformes,  since o ther  Perc i forms '  
families show a ve ry  s imilar  ka ryo type  made  up by  48 
acrocentr ic  chromosomes ,  e.g. Cent rarch idae  (ROBERTS le), 
Serranidae  (NoGIJSAla), Percidae,  Cichlidae (POST:4), etc. 

None- the- less  th is  da t a  has to  be caut iously  discussed 
because, among  Teleosts,  a ka ryo type  charac te r ized  by  48 
acrocentr ic  chromosomes  is c o m m o n  and  w i d e s p r e a d  
t h roughou t  all orders  of bony  Iishes. In  fact  48 can be 
considered the  modal number  (WHITE:S) of Teleosts.  

Research  is therefore  p resen t ly  being unde r t aken  
involving ka ryo type  s t u d y  of o ther  Mugilid species, as 

Fig. 3. Metaphasic plate of Liza ramada, arrows indicate the pair of 
submetacentric chromosomes; • 2,500. 
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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.  

S. CATAUDELLA an d  E. CAPaNNA 

Istituto di A natomia Comparata dell" Universitd d i Roma, 
Via Borelli 50, 1-00161, Roma (Italy), 30 August  7972. 

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 • 

1 L. P. BERG, in Osnovy Paleontologii (Ed. D. V. OBRUCHEV; Izd. 
Nauka, Moskwa 1964). 

2 B. GARDINER, Bull. Br. Mus. nat. Hist., GeM. ld, 145 (1967). 
8 j .  DAGET, M~m. Inst. fr. Air. noire 1 I, 1 (i950). 
4 C. ARAMBOURG, Traitd de Zoologic (Ed. P. P. GRASSY; Masson, 

Paris 1958), vol. 13, p. 2068. 
t~. CAPANNA, S. CATAUDELLA and R. VOLP~, Boll. Pesca Piscic. 
Idrobiol. 26, 245 (1971). 

Fig. 2. Karyotype of Calamoichthys cala.baricu s. • 2,500. 


