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Ultrathin section of a hypocotyl 
cell nucleus of Hdianthus an- 
nuus. Note lhe subunit structure 
throughout the chrolnatin. Glu- 
taraldehyde, OsO4, uranylace- 
rate, Epon. • 60,000. 

Discussion. The demons t ra t ion  of chromat in  part icles 
in un t rea ted  nuclei  of the  sunflower gives direct  evidence 
for the  subuni t  organizat ion of chromat in ,  which was so 
far  pos tu la ted  f rom results obta ined  by  indirect  methods  
and shown in electron micrographs  of specifically pre- 
t r ea ted  cells. The d iamete r  of the  subuni t  was found to be 
about  110 ~_ in Helianthus. The s ta tements  on the  size of 
nucleosomes given in the  l i tera ture  are variable,  such as 

69 ~10, 70-90 X12, 125 AG;"and 135 X 50 ~11. Since i t  is 
well  established tha t  the  single subuni t  is composed of 
each 2 molecules of the  histones of t ype  f2a l ,  f2a2, f2b, 
and I3 2-~, the  different  d iameters  repor ted  m a y  be ra ther  
the  consequence of different  techniques  employed for 
their  demons t ra t ion  than  the  expression of species- 
specific var iat ion.  
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Summary. Evidence  of hybridization between the  ground squirrels, Spermophilus tridecemlineatus and S. mexicanus 
is presented  on the  basis of chromosomal  and prote in  data.  The  hybr ids  produced appear  to be comple te ly  interferti le.  
Based on the  evidence of hybr id iza t ion  and the  recent  rees tab l i shment  of con tac t  be tween these two species, t h e y  are 
considered to be semispecies. 

The  nearct ic  ground squirrels of the  genus Spermo- 
philus are comprised  of 6 subgenera  or groups of species of 
close t axonomic  af f in i ty  2. The  subgenus Ictidomys in- 
eludes 4 species of s tr iped or spot ted  ground squirrels, 
and 2 species S. mexicanus and S. tridecemlineatus are 
widespread,  occurr ing in grassy habi ta t s  f rom centra l  
Canada  and the  Uni t ed  States  to the  eastern Rocky  
Mounta ins  (S. tridecemlineatus) and southwestern  Uni ted  
States  and nor thern  Mexico (S. mexieanus)3, 4. Recent ly ,  
]-X~ADLER and HUGHES 5 correlated chromosomal  characters  
of t he  two  species, and de te rmined  t h a t  ka ryo typ ic  
evidence subs tant ia tes  the  close phylogenet ic  re la t ion-  
ship be tween  the  two species. 

This  repor t  provides  evidence of na tura l  hybr id iza t ion  
be tween  S. mexicanus and S. tridecemlineatus based on 
karyological  and al lozymic var ia t ion.  Addi t iona l ly  inter-  

p re ta t ion  of the  avai lable  da ta  provides  a basis for 
de termining  the  level of speciat ion a t ta ined  by  these two 
taxa.  

Materials and methods. Ground squirrels (N = 160) 
were examined  f rom 18 na tura l  popula t ions  as follows: 
Spermophilus tridecemlineatus. Ind iana :  Terre  Haute ,  
Vigo Co., 12; Texas :  Denton,  Den ton  Co., 18; Lewisville,  
Denton  Co., 7; Wich i t a  Falls, Wich i t a  Co., 17; Paris, 
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Fig. 1. Karyotypes of Spermophilus tridecemlinecttus. Note morphology 
of smallest submetacentrie autosomes. 

L a m a r  Co., 10; Corsicans ,  N a v a r r o  Co., 5; Gruver ,  H a n s -  
ford Co., 6; Lubbock ,  L u b b o c k  Co., 5; Amar i l lo ,  P o t t e r  
Co., 5. Spermophi lus  mexicanus,  New Mexico:  Car lsbad,  
E d d y  Co., 7. Texas :  Sheff i led,  Pecos  Co., 15; Aus t in ,  
T rav i s  Co., 7; New Braunfe ls ,  Comal  Co., 5; Midland,  
Mid land  Co., 10; Pecos, Reeves  Co., 5; Har l engen ,  Carme-  
t o n  Co., 7; Corpus Christ i ,  Nueces  Co., 9. I n  add i t ion ,  
10 specfmens were e x a m i n e d  f rom a p o p u l a t i o n  of h y b r i d s  
f rom Hobbs ,  Lea  Co., New Mexico.  

Chromosomes  were p r epa red  f rom bone  m a r r o w  an d  
t e s t i cu la r  ma te r i a l  accord ing  to t h e  t echn iques  of LEE s 
a n d  ZIMMERgAN ~, respect ively .  25 p ro t e ins  encoded  b y  
28 s t r u c t u r a l  loci were e x a m i n e d  ut i l iz ing t h e  t echn iques  
of t~ASMUSSEN s an d  Se lander  e t  a12. Alleles were scored 
accord ing  to t he i r  mobil i t ies ,  a be ing  the  fas tes t ,  b t he  
n e x t  fastest ,  etc. I ,  t h e  i d e n t i t y  measu re  of NEII~ was 
ut i l ized as a measure  of i d e n t i t y  of genomes  b e t w een  t h e  
two species. 

Results.  2 c h r o m o s o m a l  p a t t e r n s  were found  in S. 
tridecemlineatus. T h e  f i rs t  p a t t e r n  (A) was s imi la r  to  t h a t  
r epo r t ed  for th i s  species in p o p u l a t i o n s  f rom t h e  cen t r a l  
U n i t e d  S ta te s  b y  NADLER an d  HUSHES 5, a n d  was t h e  
c o m m o n  p a t t e r n  in g round  squir re ls  f rom I n d i a n a ,  New 
Mexico, a n d  wes t e rn  Texas  in th i s  s t u d y  (Figure  1). T h e  
second p a t t e r n  (B) was obse rved  in p o p u l a t i o n s  of S. 
lridecemlineatus f rom cen t r a l  an d  s o u t h e r n  Texas  a n d  dif- 
fered f rom the  fo rmer  in t h a t  t h e  smal l  pa i r  of ac rocen t r i c  
au tosomes  is rep laced  b y  a sma l l  pa i r  of submetace l l t r i c s  
(Figure 1). 

Tile single p a t t e r n  obse rved  in S. mexicanus  was iden t i -  
cal to  t h a t  descr ibed b y  NADLER a n d  HUGHES 5. The  
m a j o r  c h r o m o s o m a l  dif ference obse rved  b e t w een  S. 
mexicanus  an d  S. tridecemlineatus is in  t h e  size an d  
cen t romer i c  pos i t ion  of t h e  2 smal les t  pa i rs  of s u b m e t a -  
cen t r i c  au tosomes  (Figure 2). These  pa i rs  are r e l a t ive ly  
longer,  an d  t h e  cen t romeres  are more  med ia l  in S. 
YI~exiga~US. 

Elec t rophore t i c  resul t s  for se rum a l b u m i n s  e x h i b i t e d  
3 alleles segrega t ing  f rom a single locus (Figure 3). The  
Alb  a allele was  t h e  m o s t  c o m m o n  allele obse rved  ill popu-  
l a t ions  of S. tridecemlineatus an d  was f ixed in 6 of t h e  
9 p o p u l a t i o n s  examined .  3 alleles were also found  in S. 
mezicanus.  The  mos t  c o m m o n  alleles were t h e  Alb  b an d  
Alb  a alleles, a l t h o u g h  t h e  Alb~ allele also occur red  a t  
r e l a t ive ly  h igh  frequencies.  
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Fig. 2. Karyotype of Spermophitus mexicctnus 

AA BB BC CC CD AC 

Fig. 3. Electrophoretic patterns of albumin variation in Spermo- 
philus tridecemlineatus (slots 1-2) S. mexicc~cus (slots 2-5), and F1 
hybrids between the two 'species (slot 6). 
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Fig. 4. Karyotype of F 1 hybrid from S. tridecemEneatus • S. mexica- 
nus with heteromorphic chromosomes illdicated. 

Fig. 5. Karyotype of baekcross from F 1 • Spermophilus mexicanus 
with heteromorphic chromosomes indicated (see Figure 4). 

I00 

8o 

6o 
I =, 941 + , 032 

uJ 

~- 40 

2O 

�9 ~,.,.,., .~, ..... 

0 .i ,2 ,3 .4 .5 ,6 .7 ,8 .9 i. 

IDENTITY 

Fig. 6. Frequency distribution of loci relative to genetic identity 
between Spermophilus tridecemlineatus and S. mexicanus. I is the 
mean genetic similarity with its standard error. 

T h e  single p o p u l a t i o n  f rom Hobbs ,  Lea -Co . ,  New 
Mexico p roduced  ind iv idua l s  wh ich  were i n t e r m e d i a t e  
b o t h  in k a r y o t y p e  an d  a l b u m i n  p a t t e r n s .  Of t h e  10 in- 
d iv idua l s  sampled ,  4 a p p e a r  to  be hybr ids .  T h e  h y b r i d  
k a r y o t y p e s  are r e p r e s e n t a t i v e  of 3 F 1 p r o g e n y  f rom a S. 
mexicanus  X S. tridecemlineatus (ka ryo type  A) cross 
(Figure 4) a n d  one S. mexicanus  X F1 backcros  s (Figure 5). 
The  k a r y o t y p e s  also d e m o n s t r a t e  t h a t  t h e r e  are 3 pa i rs  
of ch ro mo s o mes  wh ich  differ  b e t w e e n  t h e  two  species. 
I d e n t i f i c a t i o n  of i n d i v i d u a l  c h r o m o s o m e s  of t h e  3 he te ro -  
mo rp h i c  pa i rs  in F igure  5 ind ica tes  t h e  la rger  ch ro mo s o mes  
are  f rom S. mexicanus,  a n d  t h e  smal le r  c h r o m o s o m e s  are 
tYPical of t h e  S. tridecemlineatus k a r y o t y p e .  

T h e  3 i n d i v i d u a l s  w i t h  F i k a r y o t y p e s  were he t e ro -  
zygous for t h e  Alb  a a n d  Alb  e alleles, t h e  Alb  a allele be ing  
t h e  c o m m o n  allele in S. tridecemlineatus, an d  t h e  Alb  c 
al lele be ing  t h e  c o m m o n  allele in  S. mexicanus.  T h e  single 
i n d i v i d u a l  w i t h  a backcross  k a r y o t y p e  was he te rozygot i s  
for the  Alb  b a n d  Alb  a alleles. 

Discussion.  T h e  d a t a  p r e s e n t e d  a p p e a r  to  c o n s t i t u t e  
proof  t h a t  l imi ted  gene exchange  is occur r ing  b e t w een  
S. mex icanus  a n d  S. tridecemlineatus in t h e  a rea  of con-  
t a c t  of t h e i r  ranges.  More  i m p o r t a n t l y ,  t h e  h y b r i d s  
a p p e a r  to  be  in ter fer t i le .  F i r s t ly ,  one F1 female  was grav-  
id, c o n t a i n i n g  5 embryos ,  a n d  1 h y b r i d  r ep re sen t ed  a 
backcross .  Secondly,  ana lys i s  of t e s t i cu la r  m a t e r i a l  f r om 
h y b r i d  males  revea led  n u m e r o u s  s p e r m  a n d  17 n o r m a l  
b i v a l e n t s  a t  diakinesis .  I t  is e v i d e n t  t h a t  r e p r o d u c t i v e  
i so la t ion  t y p i ca l  of m o s t  species is n o t  comple te  in these  
two taxa .  

Fac to r s  c o n t r i b u t i n g  to  t h e  r e p r o d u c t i v e  i so la t ion  of 
t h e  species in po r t i ons  of t h e  r ange  where  t h e y  come in 
c o n t a c t  are n o t  r ead i ly  a p p a r e n t .  B o t h  species f r e q u e n t  
areas  d i s t u r b e d  b y  m a n  such  as parks ,  roadsides ,  a n d  
golf courses.  Indeed ,  t h e  a rea  in t h e  v i c in i t y  of H o b b s  
h a s  been  so d i s tu rbed ,  a n d  i t  would  a p p e a r  t h a t  h y b r i d i -  
za t ion  b e t w e e n  S. mexicanus  an d  S. tridecemlineatus is a 
m a n i f e s t a t i o n  of m a n ' s  p r o d u c t i o n  of a ' h y b r i d  h a b i t a t '  
where  b o t h  species c an  coexist .  

T h e  l imi ted  over lap  in t h e  r anges  of t i le 2 species, w i t h  
h y b r i d i z a t i o n  in a l imi ted  zone of c o n t a c t  leads  one  to  
t h e  conclus ion  t h a t  S. mex icanus  a n d  S. tridecemIineatus 
f i t  t h e  classical  def in i t ion  of semispecies.  Accord ing  to  
MAYR 11, semispecies  are p o p u l a t i o n s  in  t h e  second s tage  
of specia t ion,  h a v i n g  d i f f e ren t i a t ed  as geograph ica l  iso- 
lates.  U p o n  es t ab l i sh ing  s econda ry  con tac t ,  semispecies  
hyb r id i ze  to  a l imi t ed  e x t e n t  b u t  r e t a i n  t h e i r  d i s t inc t ive -  
ness as i so la ted  gene pools. B o t h  of these  c r i t e r i a  are m e t  
b y  S. mexican'us a n d  S. tridecemlineatus. 

Evidence  has  a c c u m u l a t e d  t h a t  l i t t l e  d i f f e r en t i a t i on  
t akes  place d u r i n g  t h e  second s tage  of spec ia t ion ,  i.e., 
t he  f o r m a t i o n  of semispecies.  AYALA et  al. x~ e x a m i n e d  
genic d ive rgence  in  6 semispecies  of t h e  Drosophila 
paul i s torum group  a n d  sugges ted  t h a t  t h e  d e v e l o p m e n t  
of r e p r o d u c t i v e  i so la t ion  m a y  occur  w i t h o u t  a concomi-  
t a n t  change  in a large p o r t i o n  of t h e  genome.  T h e  d i s t r ibu -  
t ion  of I va lues  for 29 loci in  S. mexicanus  a n d  S. tridecem-- 
l ineatus are shown  in F igure  6, w i t h  a m e a n  I of 0.94, 
a n d  83% of the  loci e x a m i n e d  h a d  I va lues  b e t w e e n  0.95 
a n d  1.0. I t  is clear t h a t  r e l a t ive ly  l i t t l e  genomie  modi f ica-  
t i on  h a s  occur red  d u r i n g  spec ia t ion  in these  two  t axa .  
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