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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). 
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The expected outcome of one generation of breeding in a population containing a male-linked transloeation; the transloeation is assumed to 
have no effect on mating eoinpetitiveness and to cause 50% sterility 

Type of male Frequency among Frequency of Fertility of Relative No. of Frequency among males 
male parents matings matings male progeny in the next generation 

Translocation heterozygote 0.8 0.8 0.5 0.8 • 0,5 = 0.4 0.4/0.6 = 0.67 

Normal 0.2 0.2 1.0 0.2 • 1 ~ 0.2 0.2/0.6 = 0.33 

Total of viable progeny = 0.6 

repor ted  2-8. The releases were made  in 1970, t he  t rans -  
location f r equency  in egg raf ts  was mon i to red  over  the  
following 3 years  and  i t  was found  to  decl ine  s teadi ly  
(Figure). This  was con t r a ry  to the  expec ta t ion  of the  
au thors  2,3 who s t a t ed  t h a t  if releases of a 50% sterile 
t r ans loca t ion  p roduced  a t rans loca t ion  f requency  among  
males grea ter  t h a n  67 %, its f requency  would t h e n  increase 
spontaneous ly ,  because more  of the  male p rogeny  would 
be t r ans loca ted  t h a n  non- t rans loca ted .  This  a r g u m e n t  is 
fallacious, however ,  and  it overlooks the  con t inu ing  
effect  of na tu ra l  selection agains t  the  t r ans loca t ion  because 
of its semi-ster i l i ty .  For  example,  if releases were ter -  
m ina t ed  wi th  the  t r ans loca t ion  f requency  among  males a t  
80%, the  n e x t  genera t ion  of b reed ing  would  be expec ted  
to produce  the  resul ts  shown in the  Table.  The t rans -  
locat ion f requency  declines to 67% in one genera t ion  and  
fu r the r  declines would  be expec ted  in each subsequen t  
genera t ion  of breeding w i thou t  renewed releases. Assum- 
ing a value of 50% for the  t rans loca t ion  steri l i ty,  one 
would  h a v e  expec ted  a fas ter  ra te  of decline in t r ans -  
locat ion f requency  t h a n  was observed (Figure). Thus  it is 
cer ta in ly  no t  necessary  to invoke immigra t ion  f rom outs ide  
the  expe r imen ta l  area to explain  the  decl ine in t rans -  
locat ion f requency  6. The unexpec ted ly  slow decline 
observed  in t r ans loca t ion  f requency  m a y  have  been  due  
to the  evolut ion  of enhanced  fer t i l i ty  in the  t r ans loca t ion  
he terozygotes ,  above the i r  init ial  value of 50% 7-0. The 
Figure  also shows a calculat ion based  on an a rb i t r a ry  
a s sumpt ion  abou t  such fer t i l i ty  enhancemen t ,  and  th is  
ca I cu l a t i on / i t s  the  observed  data .  

The aggregate  n u m b e r  of genet ic  dea ths  as a resul t  of 
release of a given n u m b e r  of male- l inked t rans loca t ion  
into an unregula ted  popula t ion  would be i n d e p e n d e n t  of 
the  level of s ter i l i ty  of the  t rans loca t ion  he te rozygotes  ~0 
(assuming no differences in ma t i ng  compet i t iveness) .  A 
re la t ively  ferti le t r ans loca t ion  would  cause low level 
s ter i l i ty  over  m a n y  generat ions ,  whereas  a h igh ly  sterile 
one would cause more  s ter i l i ty  ini t ia l ly b u t  would be 

e l imina ted  quickly.  The l imit  is r ep resen ted  by  fully 
sterile males w i th  which  a h igh  degree of s ter i l i ty  is 
expec ted  init ially,  w i t h o u t  any  inher i tance .  

W i t h  b o t h  male- l inked t rans loca t ions  and  sterile males, 
i t  is possible, by  mak ing  suff ic ient ly  prolonged releases 
into a f ini te  popula t ion ,  to reach  the  po in t  a t  which all 
ma t ings  are by  the  genet ical ly  a l te red  type  of male and  
th is  po in t  was reached  wi th  a t r ans loca t ion  in a caged 
popula t ion  11. Only if th i s  po in t  is reached,  could releases 
be t e r m i n a t e d  w i t h o u t  the  u l t ima te  res tora t ion  of a wild 
t y p e  popu la t ion  being inevi table ,  and  a small  n u mb e r  of 
immigran t s  could a lways  prec ip i ta te  this  process.  

Al though  the  even tua l  to ta l  of genet ic  dea ths  would be 
no less w i th  t rans loca t ions  causing low steri l i ty,  t h e y  are 
less likely to achieve effect ive suppress ion of adul t  
popula t ions  t h a n  sys tems  causing h igh  steri l i ty,  because 
of compensa t ion  by  d e n s i t y - d e p e n d e n t  larval mor ta l i ty .  
Ear l ier  claims2, 4,5 t h a t  the  40-45% egg s ter i l i ty  in the  
expe r imen t  near  Montpel l ier  led to  popula t ion  suppression,  
have  subsequent Iy  been  modif ied  6. The reduc t ion  be tween  
1970 and 1971 in the  n u m b e r  of egg raf ts  collected in 
ov i t raps  near  the  well in which  all breeding occurred,  can 
bes t  be expla ined b y  a change  in the  exper imen ta l  design 
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b e t w e e n  t h e  2 yea r s  6. In  1970, females  h a d  r e a d y  access 
f r om  th e  well to t he  ov i t r ap s  via  an  ex i t  t r ap  in the  well 
lid, f r o m  wh ich  t h e  m o s q u i t o s  were l ibe ra ted  ou t s ide  t he  
well daily.  However ,  in 1971, 1972 a n d  1973 m o s q u i t o s  
could  on ly  leave t h e  well w i th  d i f f i cu l ty  because  t he  lid 
was  sealed a n d  t h e  o n l y  access  was  t h r o u g h  u n d e r g r o u n d  
c h a n n e l s 2 , *  Th e  conc lus ion  t h a t  t he  r educed  ra f t  collec- 
t i on  in 1971, c o m p a r e d  wi th  1970, is n o t  a t t r i b u t a b l e  to 
t h e  effect  of the  t r a n s l o c a t i o n  is s u p p o r t e d  b y  d a t a  6 
s ho win g  a p p r o x i m a t e l y  c o n s t a n t  n u m b e r s  of r a f t s  col lected 
in t h e  ov i t r aps  in 1971, 1972 and  1973, d u r i n g  w h i c h  
per iod  t h e  p ro p o r t i on  of t r a n s l o c a t e d  r a f t s  decl ined f rom 
80% to less t h a n  1% (Figure).  

Th e  r e sponse  to n a t u r a l  select ion of a ma le - l inked  
t r a n s l o c a t i o n  differs f rom t h a t  of an  a u t o s o m a l  or  X 
c h r o m o s o m e  t r ans loca t ion  w i t h  a v iable  and  ferti le 
h o m o z y g o t e ,  where  t he  t r a n s l o c a t i o n  f r e q u e n c y  would  
increase  s p o n t a n e o u s l y  if a ce r t a in  equ i l i b r i um is exceed-  
ed 1`2-t4. Th i s  p r o p e r t y  arizes f rom n e g a t i v e  he te ros i s  
(i.e. t h e  h e t e r o z y g o t e  ha s  less f i tness  t h a n  e i the r  h o m o z y -  
gote) arid i t  does n o t  a p p l y  to the  ma le - l inked  case where  
t he  t r a n s l o c a t i o n  h o m o z y g o t e  c a n n o t  exist .  

Male- l inked t r a n s l o c a t i o n s  could pe r s i s t  in popu la t ions ,  
or ev en  s p o n t a n e o u s l y  increase,  in the  fol lowing s i t u a t i o n s  : 
1. P e r m a n e n t  assoc ia t ion  of t h e  t r a n s l o c a t i o n  wi th  g rea t ly  
e n h a n c e d  m a t i n g  compet i t iveness~~ :Enhanced c o m p e t -  
i t i veness  in t r an s loca t ed  ma le s  was  found  in a cage 
e x p e r i m e n t  n ,  b u t  th i s  was  a p p a r e n t l y  due  to t he  condi-  
t ions  u n d e r  wh ich  t he  t r a n s l o c a t i o n  m a t e r i a l  for release 
was  reared  an d  would  no t  there fore  be expec t ed  to a p p l y  
in t h e  p r o g e n y  of re leased males .  2. L i n k a g e  of the  t r a n s -  
loca t ion  to a f ac to r  c aus ing  segrega t ion  d i s to r t ion  in 
f a v o u r  males  15 17. Th i s  s y s t e m  could on ly  lead to increase  
in t h e  t r an s lo ca t i o n  f r e q u e n c y  if the  t r a n s l o c a t i o n  caused  
less t h a n  50% s te r i l i ty ;  o therwise  t h e  o u t p u t  of ma l e  
p r o g e n y  f rom d i s t o r t e r - t r an s loca t i on  f a the r s  would  be 
s u b - n o r m a l  and  n a t u r a l  select ion would  f a v o u r  t he  n o r m a l  
m a l e - d e t e r m i n i n g  c h r o m o s o m e .  However ,  r ecen t  field 
cage t e s t s  a t  th i s  U n i t  h a v e  shown  t h a t  i n t eg r a t i on  of 
sex- ra t io  d i s to r t ion  wi th  t r a n s l o c a t i o n s  i m p r o v e s  the i r  
ab i l i ty  to su p p re s s  a popu la t ion 'S .  3. Assoc ia t ion  of the  
t r a n s l o c a t i o n  wi th  a ' t r a n s p o r t  s y s t e m '  based  on nega t i ve  
he teros is .  C y t o p l a s m i c  i n c o m p a t i b i l i t y  m a y  p rov ide  suc h  
a s y s t e m  ~, an d  cage e x p e r i m e n t s  2~ h a v e  s h o w n  the  opera-  
t ion of the  principle.  However ,  a p o l y m o r p h i s m  of cy to -  

p l a smic  t y p e s  in I n d i a n  C. /atigans p o p u l a t i o n s  21 a n d  
a t t e n u a t i o n  of i n c o m p a t i b i l i t y  wi th  age ing  of ma les  22 
can  cause  r e c o m b i n a t i o n  of a t r a n s l o c a t i o n  a n d  t he  
c y t o p l a s m i c  t r a n s p o r t  s y s t e m  2~ F u r t h e r  s t ud i e s  are  
r equ i red  to  d e t e r m i n e  w he the r ,  b y  m i n i m i z i n g  f ema le  
re leases  a n d  e n s u r i n g  t h a t  f emales  h a v e  m a t e d  before 
release,  t he  s y s t e m  could  ach ieve  effect ive  p o p u l a t i o n  
control .  

Summary. P u b l i s h e d  d a t a  on an  e x p e r i m e n t a l  release 
of Culex pipiens c a r ry ing  a ma le - l inked  t r a n s l o c a t i o n  are 
r e - e x a m i n e d  a n d  i t  is s h o w n  t h a t  t he  s t e a d y  decl ine in 
t r a n s l o c a t i o n  f r e q u e n c y  af te r  t e r m i n a t i o n  of re leases  
agrees  wi th  theore t i ca l  expec ta t ions ,  because  of t h e  
se lect ive  d i s a d v a n t a g e  of t r a n s loc a t i on  h e t e r o z y g o t e  
males .  S y s t e m s  ba se d  on ne ga t i ve  he te ros i s  or meio t ic  
dr ive  are cons ide red  w h e r e b y  i t  m i g h t  be poss ib le  to  
p ro long  the  p o p u l a t i o n  con t ro l  w h ic h  would  be ach ieved  
by  a s h o r t  t e r m  release.  
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K a r y o t y p e  of Geomys pinetis ( M a m m a l i a :  G e o m y i d a e ) ,  w i th  a D i s c u s s i o n  of the 
C h r o m o s o m a l  R e l a t i o n s h i p s  With in  the Genus1 

P o c k e t  gophers  of t h e  g e n u s  Geomys are fossorial  r o d e n t s  
occur r ing  in t h e  cen t ra l  and  s o u t h e a s t e r n  U n i t e d  S t a t e s  
a n d  n o r t h e a s t e r n  Mexico. W' i th in  t he  genus ,  RUSSELL`2 
recognized  two spec ies -groups  of r ecen t  species.  M e m b e r s  
of t h e  2 g roups  are geograph ica l ly  i sola ted wi th  t he  
Miss iss ippi  R ive r  and  assoc ia ted  lowlands  se rv ing  as a 
ba r r i e r  b e tween  t h e m .  All m e m b e r s  of t he  bursarius 
spec ies -group  (bursarius, arenarius, personatus, a nd  
tropicalis) h a v e  been  s t ud i ed  c h r o m o s o m a l l y .  However ,  
non e  of the  m e m b e r s  of t h e  pinetis spec ies -group  (pinetis, 
cotonus, cumberIa~cdius, a n d  [ontanelus) h a v e  been  ka ryo -  
t yped .  Of t h e  species  in th i s  group,  on ly  G. pinetis occupies  
a large geograph ic  a rea  in the  s o u t h e a s t e r n  U n i t e d  
S ta t e s ;  t h e  o the r  3 species are k n o w n  on ly  f rom h i g h l y  
res t r i c t ed  a reas  and  the i r  s y s t e m a t i c  r e l a t i onsh ip s  to G. 
pinetis are poor ly  unde r s tood .  

W e  h a v e  k a r y o t y p e d  10 ind iv idua l s  of Geomys pinelis 
us ing  t e c h n i q u e s  descr ibed  by  BAKERS. Spec ime ns  

s t ud i e d  r e p r e s e n t  4 c u r r e n t l y  recognized  s u b s p e c i e s -  
austriezus, /loridanus, mobiliensis, a n d  pinelis. Ef fo r t s  to  
ob t a in  t he  r e m a i n i n g  descr ibed  fo rms  of t he  pinetis 
spec ies -group  were unsuc c e s s fu l  because  of s ca rc i ty  or 
possible  e x t i n c t i o n  4. All i nd iv idua l s  t h a t  were s t ud i e d  h a d  
t he  s a m e  k a r y o t y p e  ind ica t ing  t h a t  t he re  m a y  n o t  be a n y  
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