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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  

1 Field work was supported by Graduate Dean's Development Fund 
of Texas Tech University, whereas laboratory phases of the study 
were supported by the Instit~lte of 1Vf~iseum Research, Texas 
Tech University. We thank Dr. ROBERT J. BAKER (Texas Tech 
University) for providing karyological equipment, KATHV WIL- 
LIAMS (wife of author) for field assistance, and Mr. RRNs LAUBACH 
(Texas Tech University) for translating the sunnnary. 
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Karyotype of a male Geomys 
pinetis ]toridanus from 1 Int. NW 
Bayard, Duval Co., Florida. The 
line represents a scale of 10 [xm in 
length. 

geographic  var ia t ion  or p o l y m o r p h i s m  in chromosomes  
of  th is  species. The 2N is 42 wi th  a F N  of 80. All of the  
au tosomes  are b i a rmed  e lements  ranging  f rom meta -  
centr ics  to submetacen t r ics ,  The X - c h r o m o s o m e  is a 
large me tacen t r i c  ch romosome  and  the  Y is a large sub- 
telocentric chromosome (Figure). 

A m o n g  the  m ember s  of the  bursarius species-group,  
G. pinetis mos t  closely resembles  G. tropicalis karyo-  
typical ly .  Geomys trop@alis has  a 2N of 38 and an F N  
of 725 . Other  m ember s  of t he  group have  h igh  diploid 
number s  as follows: G. bursarius, 2N ~ 69-72, 74, F N  = 
68-1009-s;  G. personatus, 2N ~- 68, 70, 72, F N  ~ 70-765; 
G. arenarius, 2N -- 70, F N  ~ 102 s. In  all species of th is  
group excep t  bursarius, the  X - c h r o m o s o m e  is a large 
b ia rmed  e lement  and the  Y-chromosome is a small  
acrocentr ic  e lement .  In  bursarius, the  Y is t h e  same as 
in t he  above species, b u t  t he  X - c h r o m o s o m e  is variable,  
being a large acrocentr ic  in some popula t ions  and  a large 
metacen t r i c  in o the r  popula t ions .  

The ch romosomal  re la t ionships  of these  species m a y  
be bes t  under s tood  in l ight  of our  knowledge of the  fossil 
h i s to ry  of the  genus 9. The earl iest  Pleis tocene records  of 
the  genus are f rom the  Great  P la ins  of the  cent ra l  Un i t ed  
States .  The sou theas t e rn  species of Geomys were p robab ly  
der ived f rom th is  s tock in I l l inoian (middle Pleistocene) 
t ime.  RUSSELL 1~ bel ieved t h a t  the  pinetis and bursarius 
groups  were d i f fe ren t ia ted  by  the  beginning of t h e  Sanga-  
mon  (late Pleistocene).  Other  species wi th in  these  groups 
are bel ieved to  have  d i f fe ren t ia ted  in t he  la te  Wisconsin .  

IV~ARTIN II'12 and MARTIN and WiEBB 13 in a series of 
papers on Pleistocene mammals from Florida agree with 
RUSSELL t h a t  G. bursarius and  G. pinetis groups  have  
been  sepa ra ted  since a t  least  I l l inoian t ime.  B u t  t h e y  
then  seem to suggest  t h a t  G. personatus and  G. pinetis 
m a y  no t  be d ins t inc t  a t  t he  specific level. W h e t h e r  t hey  
are suggest ing t h a t  G. personatus be t r ans fe r red  to the  
pinetis group or t h a t  t he  2 groups  are closely re la ted  is 
no t  clear. However ,  our  karyo t ip ic  da t a  def ini te ly  indi-  
cate  t h a t  personatus and  pinetis are d i s t inc t  species. 
There  is no d i sagreement  t h a t  t he  3 species (bursarius, 
personatus, and  pinetis) evolved f rom a c o m m o n  ances tor  
b u t  we believe t h a t  pinetis has  been  isolated longer f rom 
the  bursarius-personatus complex  t h a n  t h e y  have  been 
f rom each  other .  

As po in t ed  out ,  t he  k a r y o t y p e  of Geomys pinetis is mos t  
s imilar  to, a l though  no t  ident ical  to, Geomys tropicalis of 
the  bursarius group.  However ,  the  differences in the i r  
ka ryo types  are s ignif icant  in t h a t  G. pinetis has  4 
chromosomes  t h a t  are no t  p resen t  in G. tropicalis: We 
bel ieve t h a t  these  similari t ies  are t he  resul t  of convergence  
in centr ic  fusions f rom a chromosomal  compl imen t  similar  
to t h a t  of G. bursarius or G. personatus. This  would  m e a n  
t h a t  t he  k a r y o t y p e  of Geomys pinetis was der ived  by  a 
series of centr ic  fusions and  centr ic  shifts ,  and t h a t  of 
tropicalis mainly  by  centr ic  fusions. G. arenarius has a 
k a r y o t y p e  t h a t  was p ro b ab l y  der ived f rom a s imilar  
p r imi t ive  ka ryo type ,  b u t  ma in ly  by  a series of cent r ic  
shifts .  Chromosomal ly ,  G. bursarius and  G. personatus 
are m o s t  s imilar  of known  memb er s  of t he  genus s. They  
p ro b ab l y  also possess a ch romosomal  c o m p l i m e n t  near  
t h a t  of t h e  ances t ra l  stock. We agree wi th  DAVIS e t  al. 14 
t h a t  t he  ances t ra l  k a r y o t y p e  of Geomys p ro b ab l y  consis ted  
a lmos t  ent i re ly  of acrocentr ic  e lements  w i th  a diploid 
n u m b e r  of a b o u t  70. 

Specimens  examined :  Geomys pinetis austrinus - 
Flor ida :  Hi l l sborough Co., Tampa,  vic. Univ.  South  
Florida,  2 c? (TTU 16607, TTU 16610), 1 ~? (TTU 16613). 

Geomys pinetis /loridanus - Flor ida :  Alachua Co., 
1.9 mi. N W  Jet .  Hwy.  24 and  Hwy.  41 on Hwy.  41, 1 9 
(TTU 16621); F lor ida :  Alachua  Co., 1.4 mi. N W  Jct .  
Hwy .  24 and  Hwy.  41 on Hwy.  41, 1 c~ (TTU 16622}; 
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Flor ida:  Duva l  Co., 1.0 mi. N W  Bayard ,  1 $ (TTU 16619), 
1 ~ (TTU 16620). 

Geomys pinetis mobilemis - Flor ida :  Okaloosa Co., 
0.5 mi. "W coun ty  line on Hwy.  90, 1 $ (TTU 16630). 

Geomys pinetis pinetis - Georgia:  Camden Co., Kings-  
land, 1 9 (TTU 16638); Georgia:  Camden Co., 5.9 mi. W 
St. Marys,  1 $ (TTU 16641). 

Summary .  4 of t he  5 subspecies of Geomys pinetis were 
ka ryo typed .  All specimens  examined  had  a diploid 

n u m b e r  of 42 and a f u n d a m e n t a l  n u m b e r  of 80. This 
ka ryo type  was compared  w i t h  tile descr ibed ka ryo typcs  
of o the r  species of Geomys and  was considered to be 
der ived f rom an ances tora l  fo rm hav ing  a k a r y o t y p e  of 
abou t  70 acrocentr ic  e lements .  

S. L. WILLIAMS and  H. H. GENO'vVAYS 

The Museum,  Texas Tech University, P.O, Box  4499, 
Lubbock (Texas 79409, USA) ,  2 June  1975. 

Mitot ic  Act iv i ty  of E n d o p o l y p l o i d  R o o t  Cells  in Al l ium cepa 

The cellular d i f ferent ia t ion  m a y  be in t e rp re t ed  as a 
control led process  t h rough  which  cells w i th  the  same 
genet ic  charge reach  d i f ferent  pro te in  const i tu t ions .  In  
this  sense one of the  genet ic  pa t t e rns  responsible  for cyto-  
d i f ferent ia t ion  is the  different ial  dupl icat ion of the  chro-  
mosome mater ia l .  Bo th  in an imal  and in p l an t  develop-  
ment ,  somat ic  po lyp lo idy  goes wi th  the  d i f ferent ia t ion  of 
m a n y  cells 1 a. In  addi t ion,  polyploidizat ion of di f ferent-  
iated cells is in m a n y  cases produced  th rough  an endo-  
polyploid  process4, K In the  course of cytological  s tudies  
on Al l ium eepa meris tems,  marked  differences of size 
be tween  tile cell nuclei  in a same root  m a y  be observed 
which migh t  indicate  a polyploidizat ion of cer ta in  cells 
as r epor ted  in o the r  species of Al l ium 6. 

The aim of the  p resen t  s t u d y  is a f irst  approach  to the  
problem of cy tod i f fe ren t ia t ion  by  endopolyp lo idy  f rom 
diploid mer i s t emat ic  cells, examining  the  chromosome 
cons t i tu t ion  of polyploid ceils of Al l ium cepa roots  which  
have  been exper imen ta l ly  induced to divide. 

Materials and methods. A l l ium cepa L. root  mer i s tems  
were used. Onion bulbs  were grown in the  dark  a t  cons t an t  
t empera tu re  (25~ wi th  t ap  water  renewed every  24 h 
and con t inuous ly  aerated.  Roots  f rom several  bulbs 
were fixed in 3:1 e thanol -ace t ic  and the  specimens  were 
p repared  by  s ta in ing the  squashes  wi th  ace tohydrochlor ic  
orcein. 

Roots  were inmersed  for 10 min in a solut ion of t h y m -  
idine (Schuchardt)  d i luted wi th  t ap  water  a t  a concent ra -  
t ion of 5 mg/ml  and then  allowed to recover  in renewed  
tap  water .  Several  roots  f rom each bulb were excised a t  
in tervals  of 2 h, t h r o u g h o u t  4 h recovery  from t r ea tmen t s .  
In  order  be t t e r  to separa te  the  me taphase  chromosomes ,  
the  excised root  t ips  were submerged  in a 1 m g / m l  
colchicine (Sigma) solut ion for 1 h before f ixat ion.  The 
cul ture condi t ions  a i ready  descr ibed were ma in ta ined  
t h r o u g h o u t  the  exper iments .  

Results and discussion. In  all Al l ium cepa bulbs s tudied,  
the  mer i s t emat ic  cells f rom the  control  roots  exh ib i ted  
before the  beginning of exper iments  normal  ch romosome  
cons t i tu t ion  : 2n = 16 chromosomes.  The root - t ips  t rea ted ,  
washed  and  inmersed  in aera ted  t ap  water ,  show- cells 
wi th  4n nuclei a t  3 to  5 h (after co lchic ine- t rea tment ) .  

Most  of the  cells blocked in m e t a p h a s e  - t r e a t m e n t  
wi th  colchicine - show the  typica l  Al l ium cepa chromo-  
some c o m p l e m e n t  (Figure a) bu t  a small  percen tage  of 
cells of bigger size in c -me taphase  wi th  the  do ta t ion  4n = 
32, or w i th  16 a r r angemen t s  of 4 ch roma t ids  m a y  be 
observed (Figure b). These me taphases  4n d isplay  chro-  
mosomes  forming pairs  nex t  to each o the r  or pairs  of 
chromosomes  held  toge ther  a t  the  region ad jacen t  to the  
kinetochore,  which  is known under  the  name  of diplo- 
chromosomes .  The c -anaphases  observed in these poly-  
ploid cells cons is ted  of groups of 4 ve ry  closely al located 
chromat ids ,  in the  charac ter i s t ic  form of 'ski pairs ' .  

The exis tence of endopolyplo id  cells m a y  be due to a 
process  of d i f ferent ia t ion  or dedi f fe ren t ia t ion  7, as well as 
the  expe r imen ta l  induct ion.  Concerning the  exper imen ta l  
induc t ion  of endopolyp lo idy  ci ted in tile l i terature,  one 
mus t  d is t inguish be tween  the  induc t ion  of this  s ta te  and 
the  mi to t ic  p romot ion  of endopolyplo id  ceils. So, several  
agents  wi th  a s t imula t ing  effect  on the  cell division are 
known:  p h y t o h emag l u t i n i n e  in l y m p h o c y t e  cul tures  ~ 
and a va r i e ty  of g ro w t h  ho rmones  in p l a n t  sys tems  ~, 10 

Colchicine e//ect. Regard ing  the  origin of poiyploid  
observed  cells, we m u s t  re ject  the  possibi l i ty  of an act ion 
of colchicine. C-mitot ic  agents  are known to be able to 
induce polyplo idy  and even endopolyp lo idy  ~,~2, b u t  
t h a t  polyplo id iza t ion  is p roduced  by  the  me taphase  
pa rade  of the  cells, causing the  fo rmat ion  of res t i tu t ion  
nuclei and the  ach i evemen t  of polyploid level wi th  the  
poster ior  ch romosome repl icat ion of these cells. In  our 
case, the  f ixat ion of the  roots  a t  the  end of the  t r e a t m e n t  
wi th  the  c-mi to t ic  agent  (1 h) excludes the  possibi l i ty 
t h a t  the  me taphases  4n blocked by  colchicine owe thei r  
ploidic level to the  act ion of th is  drug. 

Thymidine e//ect. As polyploid cells in mitosis  were no t  
observed in control  roots,  i t  seems ev iden t  t h a t  some 
ex te rna l  factor  is responsible  for th is  a p p a r e n t  cell- 
ch y mera  in the  mer i s temat ic  popu la t ion  (cells 2n toge ther  
wi th  others  4n), so the  ques t ion  arises w h e t h e r  these  
t e t r ap lo id  cells owe their  polyploid  level to the  t hymid ine -  
induct ion.  The shor t  space of t inle (3 h) be tween  the  
t r e a t m e n t  wi th  t hymid ine  and  the  first  f ixat ion of the  
roots  which show 4n me taphases  seems to discard this  
nucleoside as the  induc tor  of the  observed polyplo idy  in 
same po in t  of the  S per iod (there is a q u a n t i t a t i v e  s t u d y  
u n d e r w a y  of t he  kinetics of these  cellular events) .  

Endoreduplicated cells. The induct ion  of endoredupl ica-  
t ion ( in terphase  endopolypioidy)  has been repor ted  in 
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