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Karyological Heterogeneity in the Falconiformes 

I t  is a l ong - s t and ing  p r o b l e m  w h e t h e r  t he  d iu rna l  
b i rds  of p rey  (Falconiformes)  c o n s t i t u t e  a n a t u r a l  group,  
or are of po lyphy le t i c  origin.  D u r i n g  t h e  pa s t  cen tury ,  
m a n y  a u t h o r s  b r o u g h t  ou t  wide ly  d ive rgen t  v iews on  the  
c lass i f ica t ion of t he  order  a n d  t he  possible  t ies  to  o the r  
a v i a n  t axa ,  a full  h i s to r ica l  rev iew of wh ich  was g iven  in 
1972 b y  SIBLEY and  AHLQUIST 1. P resen t ly ,  t he  C a t h a r t i -  
dae  (New W o r l d  vul tures)  are  genera l ly  recognized as a 
s epa ra t e  suborder ,  Ca tha r t ae ,  a n d  are somet imes  be l ieved 
to  h a v e  aff ini t ies  to  the  Ciconi i formes or Pe lecan i fo rmes  2, 3. 
BROWN and  AMADON4 also place t he  Fa lcon idae  (falcons 
a n d  caracaras)  in  an  i nd iv idua l  suborder ,  Falcones.  A 
possible  r e l a t ionsh ip  of t h i s  g roup  to t he  St r ig i formes  is 
sti l l  deba tab le1 ,  ~. The  t h i r d  suborder ,  Accipi t res ,  in- 
c ludes  t he  Acc ip i t r idae  (hawks,  eagles, k i tes  an d  Old 
W o r l d  vu l tures ,  b y  far  t h e  m o s t  ex tens ive  assemblage  in 
t he  order) a n d  t he  m o n o t y p i c  famil ies  Sag i t t a r i idae  
( secre tary  bird)  a n d  P a n d i o n i d a e  (osprey). A r e l a t ionsh ip  
of t he  sec re t a ry  b i rd  to  t he  Car iamidae  (Gruiformes)  has  
also been  p o s t u l a t e d  3, whi le  t he  osprey  has  been  a l ined 
w i t h  var ious  o the r  groups  of fa lconiformes.  

I n  t he  l i t e ra ture ,  records  are  found  on  c h r o m o s o m e  
s tudies  in on ly  3 fa lcon i form species, Buteo buteo 5, 
Falco tinnunculus 5 and  Haliaetus leucocephalus G, a l t h o u g h  
HOFFMANN 7 la te ly  i nves t i ga t ed  t he  sec re t a ry  b i rd  a n d  4 
eagle species (personal  communica t ion ) .  R e c e n t  s tudies  b y  
t he  a u t h o r  (unpub l i shed  work) of c h r o m o s o m e  mate r ia l ,  
o b t a i n e d  f rom leucocyte  cu l tu res  s, of 16 species of t i le 
o rder  lead to  t he  conclus ion t h a t  t he  Fa lcon i fo rmes  cons is t  
of 4 karyologica l ly  v e r y  d i s t i nc t  groups.  K a r y o t y p e s  of 
r e p r e s e n t a t i v e  species of each  of these  groups  are shown  
in F igure  1. 

( A y e s )  

The  f i rs t  g roup  includes  t h e  Ca tha r t i dae ,  two species of 
which,  t h e  Andes  condor  (Vultur gryphus) a n d  k ing  
v u l t u r e  (Sarcorhamphus papa), showed iden t ica l  ka ryo-  
types  w i t h  3 pa i r s  of large an d  2 pa i r s  of m e d i u m -  
sized b i a r m e d  mac roch romosomes ,  1 pa i r  of smal l  m e t a -  
centr ics ,  an d  a n u m b e r  of smal l  acrocent r ics  which  gradua l -  
ly decrease  in size an d  emerge  in to  a large group  of micro-  
chromosomes .  T h e  Z c h r o m o s o m e  is a med ium-s i zed  sub-  
me tacen t r i c ,  t h e  W a smal le r  a l m o s t  m e t a c e n t r i c  e lement .  
The  c h r o m o s o m e  n u m b e r  is a p p r o x i m a t e l y  80, b u t  because  
of t h e  e x t r e m e l y  m i n u t e  size of t h e  smal les t  micro-  
chromosomes ,  on ly  se ldom are all of t h e m  seen. 

The  second g roup  includes  t h e  Falconidae .  T h e  ka ryo-  
types  of 2 species, t h e  ca r aca ra  (Polyborus plancus, subf.  
Po lybor inae)  a n d  l a n n e r  fa lcon (Falco biarmicus, subf. 
Fa lconinae)  are  b o t h  cha rac t e r i zed  b y  t h e  presence  of 
on ly  1 single pa i r  of b i a r m e d  mac roch romosomes .  All 
r e m a i n i n g  m a c r o c h r o m o s o m e s  are acrocentr ic ,  an d  grad-  
ua l ly  decrease  in l eng th  to  t h e  size of mic rochromosomes .  
No def in i te  i n fo rma t i o n  is ava i l ab le  on  t h e  m o r p h o l o g y  of 
t h e  sex chromosomes .  The  a p p r o x i m a t e  diploid n u m b e r  of 
Polyborus is 82, t h a t  of Falco which  shows less micro-  
ch ro mo s o mes  (see also r e f ) )  is 52. 

The  t h i r d  g roup  exc lus ive ly  includes  the  sec re ta ry  
b i rd  (Sagittarius serpentarius). I n  i ts  k a r y o t y p e  36 
mac roch romosomes ,  all  b i a r m e d  a n d  of m e d i u m  to smal l  
size, are c lear ly  d i s t ingu i shab le  f rom t h e  large group  of 
a p p r o x i m a t e l y  44 mic rochromosomes .  T h e  possible  Z and  
W c h r o m o s o m e  bot t l  be long  to t h e  mac roch romosomes .  

The  las t  g roup  includes  t h e  Accipi t r idae .  11 species of 
t h i s  family,  be long ing  to  t h e  subfami l ies  Acc ip i t r inae  
(hawks),  B u t e o n i n a e  (buzzards,  eagles), Mi lv inae  (kites) 

Fig. 1. Representative karyotypes of 4 species of Falconiformes. a) female Andes condor (Vultur gryphus, F. Cathartidae); b) caracara of 
unknown sex (Polyborus plamus, F. Falconidae) ; e) female secretary bird (Sagittarius serpentarius, F. Sagittariidae) ; d) female cape vulture 
(Gyps coprotheres, F. Aeeipitridae). Only the larger ehronlosomes in each karyotype are matched in pairs. 
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and Aegypi inae  (Old Wor ld  vultures) ,  were s tudied.  Al- 
t hough  there  is a re la t ive ly  wide range in diploid numbers ,  
the  ka ryo types  in th is  group cons t i tu te  a f i rm uni ty .  
There  are a lways only  8 microchromosomes ,  which  are 
clearly marked  off f rom the  large group of macrochromo-  
somes.  The l a t t e r  are of med ium to small  size and  can all 
be pla inly  charac te r ized  by  the i r  cen t romer ic  posi t ion.  
The num ber s  of acro-, me ta -  and submetacen t r i c  macro-  
ch romosomes  v a r y  f rom one species to another .  W i t h o u t  
except ion,  t he  Z ch romosome  is one of t he  longest  sub-  
me tacen t r i c s ;  the  W is smal ler  and less easily recogniz- 
able. The h ighes t  diploid number  so far found  (78) 
occurs in the  no r the rn  gosh-hawk (Accipiter gentilis), t he  
lowest  (60) in the  bea rded  vul ture  (Gypaetus barbatus). 

Unfor tuna te ly ,  no in fo rmat ion  is avai lable on the  
ka ryo type  of the  osprey  (Pandion haliaetus). This could 
p robab ly  t h r o w  more  l ight  on its real affinit ies wi th in  the  
order.  

Beyond  d o u b t  the  Fa lconi formes  display a m u c h  wider  
karyological  va r i e ty  t h a n  any  o ther  avian order.  This  is 
the  more  s t r ik ing since in birds  often clear karyological  
similari t ies exis t  be tween  even widely separa ted  orders  9, lO. 
The differences be tween  the  above groups are so well 
marked  t h a t  i t  seems unjus t i f ied  to speculate  on possible 
re la t ionships  be tween  them.  The only obvious  t ie of a 
falconiform group to o the r  avian orders concerns  the  
Cathar t idae .  Recen t l y  ch romosome  complemen t s  near ly  
ident ical  to  those  of the  ca tha r t id s  were found in re- 
p resen ta t ives  of the  Gruiformes and Ciconiiformes by  
HOFFMANN (Bugeranus carunculatus) v and myself  (An- 
thropoides virgo, Figure  2; Gallirallus australis and  
Phoeniconaias minor; unpubl i shed  work). In  th is  respect  
it  would be of in teres t  also to obta in  da t a  of the  Pelecani-  
formes.  

The complemen t s  of the  Accipi t r idae are mos t  un- 
common  among  birds, because of the  ex t remely  low num-  
ber  of microchromosomes .  No ka ryo types  are known  in 
the  class Aves, wi th  which  t h e y  could be compared ,  nei- 
ther  wi thin  nor  outs ide  the  Falconiformes.  The karyology 
does no t  add conclusive in format ion  on the  possible rela- 

Fig. 2. Karyotype of male A nthropoides virgo (Gruiformes). 

t ion  be tween Falconidae  and Strigiformes.  A falconid 
ch romosome  c o m p l e m e n t  could be der ived f rom an owl 
k a r y o t y p e  5, 9 w i th  no less di f f icul ty  t h a n  f rom any  o ther  
typ ica l  b i rd  karyo type .  The c o m p l e m e n t  of t he  secre tary  
bi rd  m i g h t  suggest  some d i s t an t  re la t ion to the  Falconi-  
dae wi th  respec~ to t he  rough  macro-microchromosome 
division, to t he  Accipi tr idae,  however ,  w i th  respect  to t he  
h igh  n u m b e r  of b i a rmed  macrochromosomes .  In fo rma t ion  
on ka ryo types  of Car iamidae m a y  be conclusive as to  
the i r  possible affini t ies to  Sagittarius. 

Although  the  karyological  da t a  avai lable  now seem to 
stress separa t ion  of t he  Ca tha r t idae  f rom the  Falconi-  
formes,  the  absence of c o m m o n  t ra i t s  be tween  the  re- 
main ing  groups and be tween  any  of these  and  any  o the r  
avian  order,  leaves the  ques t ion  as to  the i r  mono-  or 
po lyphyle t i c  origin as ye t  unanswered .  Their  m o s t  un-  
usual  assemblage of karyo types ,  however ,  s t rongly  en- 
courages fu r ther  studies.  

Summary.  Chromosome studies  in 4 families of Falconi-  
formes,  Cathar t idae ,  Falconidae,  Sagi t tar i idae  and  Acci- 
p i t r idae  showed t h a t  the  karyological  va r ie ty  in th is  
order  is m u c h  wider  t h a n  in any  o ther  avian  order, which 
under l ines  the  he terogeneous  cha rac te r  of the  group. Of 
the  4 families only the  Ca tha r t idae  show karyological  
similari t ies w i th  o ther  avian groups (Gruiformes, Ciconii- 
formes),  while the  ka ryo types  of t he  Accipi t r idae are most  
u n c o m m o n  among  birds,  because of t he  presence of only 8 
microchromosomes .  
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M a l e - l i n k e d  T r a n s l o c a t i o n s  a n d  t h e  C o n t r o l  o f  I n s e c t  P e s t  P o p u l a t i o n s  

The s imples t  of the  types  of t rans loca t ion  which could 
be used for insect  pes t  cont ro l  s is one l inked to  the  Y 
chromosome  or ma le -de te rmin ing  gene. He te rozygo tes  for 
such male- l inked t rans loca t ions  m a t e d  to normal  females  
show semi-s ter i l i ty  and  produce  he terozygous  males  and  
normal  females,  so t h a t  the  t rans loca t ion  could be auto-  
mat ica l ly  pe rpe tua t ed  in a l abora to ry  colony�9 

A release e x p e r i m e n t  in a village near  Montpell ier ,  wi th  
a male- l inked t rans loca t ion  in Culex pipiens, has  been 

1 G. DAVn)SON, Genetic Control o/ Insect Pests (Academic J'ress, 
London and New York 1974). 


