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Genetic Variation in Irradiated and Control Populations 
of Cnemidophorus tigris (Sauria, Teiidae) from Mercury, Nevada 
with a Discussion of Genetic Variability in Lizards 
G . C .  Gorman ,  Y . J .  Kim and C h . E .  Taylor  

Biology Depa r tmen t  U n i v e r s i t y  of Ca l i fo rn ia ,  Los Angeles  and R ive r s ide ,  Ca l i fo rn ia  (USA) 

Summar~r.  Whiptai l  l i za rds  (Cnemidophorus t i g r i s )  were  col lected f rom fenced i r r ad i a t ed ,  fenced cont ro l ,  and 
unfenced a r ea s  n e a r  M e r c u r y  Nevada .  No changes in a l le le  f requenc ies  at 26 a l lozyme loci could be a s c r i b e d  
to i r r a d i a t i o n  or  fencing.  This spec ies  is the most  polymorphic  and heterozygous  l i za rd  so far  examined .  - Het-  
e rozygos i ty  e s t i m a t e s  de r ived  f rom e lec t rophore t i c  s tud ies  on 20 addi t ional  spec ies  of l i za rds  a re  compared  
with Cnemidvphorus. A gene ra l  t r end  s e e m s  to e m e r g e .  F o s s o r i a l  l i za rds  have un i fo rmly  low levels  of he t e ro -  
zygos i ty  ( c a .  1%). T e r r i t o r i a l  "si t  and wait"  p reda to r s  a r e  i n t e rmed ia t e  ( c a .  5%). Highly vagi le  apparen t ly  
n o n t e r r i t o r i a l  l i z a rds  a r e  the most  he terozygous  ( c a .  10~) .  Assuming  that this  t r end  does not re f lec t  some  of 
s ampl ing  e r r o r ,  two c u r r e n t ,  non -mu tua l l y  exc lus ive  hypotheses  expla in  the obse rved  s i tua t ion :  (1) the niche 
width va r i a t i on  hypothesis  predic ts_higher  va r i ab i l i t y  in populat ions where  individuals  a re  exposed to l a rge -  
s ca l e  e n v i r o n m e n t a l  he te rogene i ty ;  and (2) the populat ion s i ze  hypothesis  p red ic t s  that ,  a l l  o ther  things being 
equal ,  vagi l i ty  would tend to i n c r e a s e  the effect ive populat ion s i ze  by reduc ing  inbreed ing ,  which would p romote  
h igher  levels  of genet ic  va r i a t i on .  

In t roduct ion  

This s tudy compares  levels  of genet ic  va r i ab i l i t y  in 

a l lozymes  among th ree  populat ions of the tei id l i z a rd  

Cnemidophorus tigris f rom the reg ion  of M e r c u r y ,  

Nevada,  U .S .A.  One populat ion was f ree  ranging  and 

und i s tu rbed ,  one was l iving in a fenced enc losu re  

which reduced  i m m i g r a t i o n  and e m i g r a t i o n  to v i r t u a l -  

ly ze ro ,  and one was l iving in a s i m i l a r  enc losu re  but 

sub jec ted  to l o n g - t e r m  chron ic  g a m m a  rad i a t i on .  Thus 

we a r e  able to compare  both the effects of fencing 

( r e s t r i c t e d  mobi l i ty ,  potent ia l  r e s t r i c t i o n  of effective 

populat ion s ize)  and the effects  of i r r a d i a t i o n  on a 

par t  of the genome of an abundant  l i za rd  s p e c i e s .  F i -  

na l ly  we rev iew levels  of genet ic  va r i ab i l i t y  amongs t  

the und i s tu rbed  ma in land  l i za rd  populat ions s tudied 

to date in a s e a r c h  for obvious h i s t o r i ca l  o r  ecologi-  

ca l  p a t t e r n s .  

Between August 1962 and J a n u a r y  1964, th ree  9-ha  

e n c l o s u r e s  were  es tab l i shed  in  Rock Val ley ,  at the 

U .S.  Atomic E n e r g y  C o m m i s s i o n ' s  Nevada Test S i te .  

These fenced a r ea s  were  used  in s tudies  of the ecolo-  

gical  effects of exposure  to cont inuous low levels  of 

g a m m a  rad ia t ion  ( F r e n c h  1964; F r e n c h  e t  al .  1974; 

Kaaz e t  al .  1971; T u r n e r  e t  al .  1973; Medica e t  al .  

1973 ; Tu rne r  1975).  One of the e n c l o s u r e s  (P lo t  B) 

was exposed to a lmos t  cont inuous gamma  i r r a d i a t i o n  

f rom a ~3VCs sou rce  atop a 15-m tower  in the cen t e r  

of the a r e a .  The other  two enc lo su re s  (P lo t s  A and 

C) were  nonirra~liated and se rved  as cont ro l  a r e a s .  

In 1974 we examined genet ic  va r i ab i l i t y  for a l lo -  

zyme morphs  in populat ions f rom plots A ( n o n i r r a -  

diated) and B ( i r r a d i a t e d ) .  Our f r e e - l i v i ng  s ample  

was c ompr i s e d  of individuals  col lected the prev ious  

y e a r  by Mr .  P .A.  Medica and c o - w o r k e r s  and m a i n -  

ta ined  in f rozen condi t ion for one y e a r .  

At the beginning of the expe r imen t  whiptai l  l i z a rds  

occupying the i r r ad i a t ed  a r ea  were  exposed to ap-  

p rox ima te ly  2 .5  R / da y  at the outer  fence to around 

11 R / da y  nea r  the cen t e r  of the plot ( F r e n c h  1964; 

F r e n c h  e t  aZ. 1966).  The annual  exposure  of 

Cnemidophorus tigris was e s t ima ted  with implanted  

l i th ium fluoride m i c r o d o s i m e t e r s  to be around 150- 

600 r a d s / y e a r ,  depending on an imals '  locat ions  with-  

in the a r e a  ( Tu r ne r  and Lannom 1968; Turne r  e t  al. 

1973).  Most a n i ma l s  probably  rece ived  annual  doses  

of 200 rads  or  l e s s .  

Radia t ion  might affect a l le le  f requenc ies  in the 

populat ion in two ways : by i n c r e a s i n g  the muta t ion  

r a t e  and by imposing a new e nv i r onme n t a l  s t r e s s  to 

which the populat ions must  adapt .  Both the n u m b e r  

of a l l e l e s  p re sen t  and the amount  of he te rozygos i ty  

might  over  the long run  be i nc r e a se d  by an i n c r e a s e  

in muta t ion  r a t e .  These effects  would probably  r e q u i r e  

many  gene ra t i ons  to be not iced .  Since C. t i g r i s  is a 

long- l ived  spec i e s ,  with individuals  r epor t ed  to l ive 
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Table 1. Allozyme variation observed in three populations of Cnemidophorus tigris from 
Nevada 

2 
Fenced  Fenced  F r e e  X 

Populat ion Control  I r r ad ia t ed  Ranging Total (d. f. ) 

Sample s ize :  n=28 n=31 n=31 n=90 

Locus /a l l e l e  F r e que nc y  

Idh a) 0. 982 0. 855 0. 935 0. 922 
b) 0.018 0. 145 0.065 0 .078 N.T.  

P g m - I  a) 0.018 0.065 0.032 0.039 
b) 0 .982 0.935 0 .952 0.955 
c) 0 0 0 .016 0.006 N.T.  

Pgm-2  a) 0.054 0.048 O. 177 0.094 7 .62 ~ 
b) 0 .946 0.952 0.823 0.906 (2) 

Mdh-I  a) 0 0 0 .032 0.011 
b) 0 0 0 .048 0.017 
c) 1.0 1.0 0.920 0.972 N.T.  

Mpi a) 0 .232 O. 145 O. 161 0. 178 1.69 + 
b) 0.768 0.855 0.839 0.822 (2) 

Ipo-1 a) 0 .054 0.097 0.048 0.067 
b) 0 .946 0.903 0.952 0.933 N.T.  

Ipo-2 a) 1.0 1.0 0.984 0.994 
b) 0 0 0 .016 0.006 N.T.  

Adh a) O. 982 1.0 1.0 0. 994 
b) 0.018 0 0 0 .006 N.T.  

Got-1 a) 1.0 0.968 0.952 0 .972 
b) 0 0 .032 0.048 0.028 N.T.  

Got-2 a) 0 0.016 0.032 0.017 
b) 0.982 0.951 0.952 0.961 
c) 0.018 0.032 0.017 0.022 N.T. 

Pgi a) 0.982 1.0 0.952 0.978 
b) 0.018 0 0.048 0.022 N.T. 

6-Pgd a) 0.982 1.0 1.0 0.994 
b) 0.018 0 0 0.006 N.T. 

Xdh a) 1.0 0.952 0.919 0.956 
b) 0 0.048 0.081 0.044 N.T. 

6-7 yea r s  ( s e e  Turne r  e t  al.  1969b), it is un l ike ly  

that such effects  could be d e m o n s t r a t e d  in  this  s tudy .  

More  l ikely ,  the env i ronmen ta l  s t r e s s  of r a d i a -  

t ion  in the expe r imen ta l  enc lo su re  might cause  new 

se lec t ive  p r e s s u r e s  to act within the e n c l o s u r e ,  If 

s t rong  d i rec t iona l  s e l ec t ion  were  imposed,  we might 

obse rve  a change in a l le le  f requenc ies  and poss ib ly  

a d e c r e a s e  in v a r i a b i l i t y .  

Complete  or  pa r t i a l  s t e r i l i t y  has been obse rved  

among females  of four spec ies  of l i za rds  occupying 

the expe r imen ta l  enc lo su re  (Tu rne r  e t  al. 1973; Me- 

dica e t  al.  1973; Tu rne r  1975).  These an ima l s  ex- 

hibit  complete  r e g r e s s i o n  of one or  both ova r i e s  and 

hyper t rophy  of p l eu rope r i tonea l  fat bod ie s .  Some 

female  Uta stansburiana a re  s t e r i l e  at an age of 11 

months ;  s t e r i l e  females  of other  spec ies  (Crotaphytus 

wislizenii, Cnemidophorus tigris and Phrynosoma 
platyrhinos) a re  o lde r .  F e m a l e s  f rom non i r r ad i a t ed  

e n c l o s u r e s  showed no such e f fec t s .  

Al lozyme f requenc ies  have been obse rved  to change 

in r e sponse  to e nv i r onme n t a l  s t r e s s  in s e v e r a l  spec ies  

( Johnson  1971; Hamr ick  and Al lard  1972; Wi l l s  and 

Nichols  1971), though McKinney and T u r n e r  (1971) 

found no de tec table  effects of i r r a d i a t i o n  on a l lozyme 

f requenc ies  of Uta stansburiana. 

Mate r i a l s  and Methods 

In June ,  1974, approx imate ly  30 Cnem/dopherus t / g r / s  
of mixed age c l a s s e s  were  col lec ted  f rom an i r r a d i a t -  
ed plot (plot  B) and a cont ro l  plot (plot  A ) .  Because  
of d i f f icul t ies  in obtaining a s ample  of f r e e - r a n g i n g  
l i z a r d s ,  we used a s ample  col lec ted  by P .  M e d i c a d u r -  
ing 1973 and main ta ined  f rozen  for one y e a r .  E l e c -  
t rophore t i c  techniques  and scor ing  of a l lozyme morphs  
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Table 1. (continued) 

11 

2 F e n c e d  F e n c e d  F r e e  X 
Populat ion Cont ro l  I r r a d i a t e d  Ranging Total  ( d . f . )  

Sample  s i ze :  n=28 n=31 n=31 n=90 

L o c u s / a l l e l e  

Fum a) 0. 964 0. 984 0. 952 0. 967 
b) 0 .036  0 .016 0 .048 0.033 N.T.  

Pept -2  a) 0 0 0 .065 0 . 0 2 2  6.85 ~ 
b) 0 .929 0 .758 0.744 0 .830 (2) 
c) 0 .071 0 .242 0 .162 0.161 

E s - 1  a) 0 .107 0 .048 0.177 0.111 13.44 ~ 
b) 0 .857 0 .952 0 .694 0.834 (2) 
c) 0 .036  0 0 .129 0 .056 

E s - 2  a) 0 .161 0 .226  0 .258 0.217 3.29 + 
b) 0 .321 0.419 0 .500 0.416 (2) 
c) 0 .518 0.355 0 .242 0.367 

E s - 3  a) 0 .018 0.129 0.177 0.111 7 .62  + 
b) 0 .089 0 .048 0 0.044 (4) 
c) 0 .607 0 .613 0 .726 0 .650 
d) 0 .286 0.161 0 .081 0 .172 
e) 0 0 .048  0 .016 0 . 0 2 2  

E s - 4  a) 0 .018 0 .016 0 .032 0 . 0 2 2  2.30 ~ 
b) 0 .107 0.097 0 .177 0 .128 (4) 
c) 0.125 0 .032 0 0.050 
d) 0 .554 0.645 0.565 0.589 
e) 0 .196  0.210 0.161 0.189 
f) 0 0 0 .065 0 . 0 2 2  

Gp-2 a) 0 .982  0 .952 1.0 0.978 
b) 0 .018 0.048 0 0 . 0 2 2  N.T.  

~ and ** ind ica tes  the d i f f e r e n c e s  in a l l e l i c  f r e q u e n c i e s  were  s t a t i s t i c a l l y  s igni f icant  
at the 0 .05 and 0 .01 probabi l i ty  l eve l s ,  r e s p e c t i v e l y .  

+ ind ica tes  t e s t ed ,  not s igni f icant .  
The fol lowing loci  were  fixed in a l l  t h r e e  s a m p l e s :  Mdh-2,  I_dh-1, I-dh-2, Gpd, Pep t -1 ,  

Gp-1.  
Abbrev ia t ions  for  loci  fol low Kim e t  a l .  1976, Gorman  e t  a l .  1975, Yang e t  a l .  1974. 
The a l l e l e  des igna ted  "a"  is  the leas t  anodal .  
N.T.  ind ica tes  that no s t a t i s t i c a l  t e s t s  w e r e  p e r f o r m e d  because  of s m a l l  s a m p l e  s i z e .  

fol lowed p r o c e d u r e s  e l abo ra t ed  in our  r e c e n t  pape r s  
(Kim e t  a l .  1976; G o r m a n  e t  a l .  1975).  F o r  each  l i z -  
a rd  26 p r e s u m p t i v e  gene loci  w e r e  s c o r e d .  

Re su l t s  and D i s c u s s i o n  

Al le l e  f r e q u e n c i e s  for  the t h r e e  s a m p l e s  a r e  p r e s e n t -  

ed in Table 1. E s t i m a t e s  of  v a r i a b i l i t y  a r e  s u m m a -  

r i z e d  in Table 2. A total  of  20 loci  showed m o r e  than 

one a l l e l e  s e g r e g a t i n g  (77 7~), with individual  s a m p l e s  

ranging f rom 15 to 17 vary ing  loc i .  Many of t he se  

w e r e  r a r e  a l l e l e s .  If we adopt the c r i t e r i o n  that a 

locus  is po lymorph ic  if  no a l l e l e  has a f r equency  

g r e a t e r  than 0 .95 ,  then 35 g of  the loci  in the pooled 

e s t i m a t e  w e r e  p o l y m o r p h i c .  

Signif icant  d i f f e r e n c e s  in a l l o z y m e  f r e q u e n c i e s  

be tween the t h r e e  populat ions w e r e  found at o n l y t h r e e  

loc i :  P g m - 2 ,  P e p t - 2 ,  and E s - 1 .  The X 2 va lues  and 

a s s o c i a t e d  p robab i l i t i e s  a r e  indicated in Table 1. At 

the P e p t - 2  locus f r e e - r a n g i n g  and i r r a d i a t e d  popula-  

t ions w e r e  a l ike  but d i f fe ren t  f rom fenced c o n t r o l s .  

F o r  E s - 1  and P g m - 2  the f r e e - r a n g i n g  populat ion 

d i f fe red  f rom the fenced popula t ions ,  which showed 

no d i f f e r e n c e  be tween  t h e m s e l v e s .  We conclude that 

the o b s e r v e d  d i f f e r e n c e s  a r e  not a t t r ibu tab le  to i r r a -  

d ia t ion .  

E s t i m a t e s  of  the amount  of  h e t e r o z y g o s i t y  did not 

d i f f e r  s ign i f i can t ly  among the popula t ions .  F o r  each  

of  t h r e e  p a i r w i s e  c o m p a r i s o n s ,  h e t e r o z y g o s i t y  was 

computed  f rom H a r d y - W e i n b e r g  equ i l i b r i um at each  

locus  and then the poss ib i l i t y  that each  populat ion was 

m o r e  he t e rozygous  than ano ther  was  t e s t ed  with a 

s ign  t es t  (S iege l  1956).  No s ign i f i can t  d i f f e r e n c e s  
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T a b l e  2.  S u m m a r y  of  g e n e t i c  v a r i a t i o n  o b s e r v e d  in  t h r e e  p o p u l a t i o n s  of  ~nemldophorus t igr i s  
f r o m  N e v a d a  

F e n c e d  F e n c e d  F r e e  P o o l e d  
P o p u l a t i o n  C o n t r o l  I r r a d i a t e d  R a n g i n g  

loc i  p o l y m o r p h i c  6 1 . 5  5 7 . 7  
( m o s t  c o m m o n  a l l e l e  ~< 0 . 9 9 )  

% loc i  p e l y m o r p h i c  3 0 . 7  3 0 . 7  
( m o s t  c o m m o n  a l l e l e  <~ 0 . 9 5 )  

h e t  e r o z y g o s i t  y 1 0 . 9 9  1 1 . 9 1  

a l l e l e s / l o c u s  1 . 8 8  1 . 8 8  

6 5 . 4  7 6 . 9  

3 8 . 5  3 4 . 6  

1 4 . 6 4  1 2 . 5 6  

2 . 0 8  2 . 2 7  

T a b l e  3. L e v e l s  of  h e t e r o z y g o s i t y  a m o n g  l i z a r d  p o p u l a t i o n s  ( i s l a n d  p o p u l a t i o n s  e x c l u d e d )  

R a n g e  of  M e a n  ~ 
No.  P o p u l a t i o n s  H e t e r o -  H e t e r o -  

H a b i t a t  F a m i l y  S t u d i e d  z y g o s i t y  z y g o s i t y  
Mode  G e n u s  ( no .  s p e c i e s )  ( % ) (%) R e f e r e n c e  

f o s s o r i a l  

t e r r e s t r i a l  
o r  a r b o r e a l :  
t e r r i t o r i a l  
s i t  a n d  wa i t  

A m p h i s b a e n i d a e  
Bipes 3 ( 3 )  0 - 3 . 2  1 . 1  K i m  et  al. 

1976 

A n n i e l l i d a e  
Anniella 4 ( 2 )  0 - 2 . 2  1 . 1  B e z y  et  al. 

1977 

I g u a n i d a e  
Urea 5 ( 5 )  0 . 3  - 2 . 9  1 . 3  A d e s t  1977 

Crotaphytus b 5 (4)  2 . 1  - 4 . 6  3 . 2  M o n t a n u c c i  
et  al. 1975 

Uta 17 ( 1 ) 0 - 1 0 . 0  4 . 8  M c K i n n e y  
et al. 1972 

Anolis 3 ( 1 )  3 . 6  - 5 . 7  4 . 9  W e b s t e r  
et  al. 1972 

Callisaurus 4 ( 1 )  3 . 0  - 7 . 9  5 . 5  A d e s t ,  in  p r e p .  

Sceloporus 5 ( 2 )  r 1 . 7  - 1 3 . 4  6 . 2  H a l l  a n d  S e l -  
a n d e r  1973 ; 
T i n k l e  a n d  
S e l a n d e r  1973 

v a g i l e  L a c e r t i d a e  
s e a r c h e r  Lacerta 3 (1)  5 . 9  - 1 2 . 9  9 . 1  G o r m a n  

et al. 1975 

T e i i d a e  
Cnemidophor~s 1 ( 1 ) - 1 4 . 6  t h i s  s t u d y  

e a c h  p o p u l a t i o n  w e i g h e d  e q u a l l y ,  r e g a r d l e s s  of  s a m p l e  s i z e .  
~ c a l c u l a t e d  f r o m  M o n l a n u c c i  et  al. ( 1 9 7 5 )  f o r  p o p u l a t i o n s  w i th  8 o r  m o r e  i n d i v i d u a l s .  S a m p l e  s i z e s  

f o r  i n d i v i d u a l  loc i  s o m e t i m e s  l e s s  t h a n  8.  M o n t a n u c c i  et  a l .  r e c o g n i z e d  two  g e n e r a  (G~belia a n d  
Crotaphytus) t h a t  a r e  c l o s e l y  r e l a t e d  a n d  a r e  m o s t  o f t e n  t r e a t e d  a s  Crotaphytus. 

r i n c l u d e s  f o u r  c h r o m o s o m a l  r a c e s  ( p o s s i b l e  s p e c i e s )  of Sceloporus g r ~ i e u s .  

w e r e  o b s e r v e d .  W h a t e v e r  t h e  l o n g - t e r m  g e n e t i c  e f -  

f e c t s  o f  i r r a d i a t i o n  a n d / o r  f e n c i n g  m i g h t  b e ,  no  t r e n d  

i s  a p p a r e n t  f ~ o m  o u r  d a t a .  

Though  t h e  e s t i m a t e s  o f  v a r i a b i l i t y  p r o v i d e  l i t t l e  

i n f o r m a t i o n  a b o u t  h o w  o r g a n i s m s  m a y  r e s p o n d  g e n -  

e t i c a l l y  to  r a d i a t i o n  s t r e s s ,  t h e y  a r e  o f  s o m e  i n t e r -  

e s t  i n  t h e m s e l v e s .  W e  h a v e  a s s e m b l e d  a l l  d a t a  a v a i l -  

a b l e  to  u s ,  p u b l i s h e d  a n d  u n p u b l i s h e d ,  o n  t h e  l e v e l s  

of  h e t e r o z y g o s i t y  a m o n g  l i z a r d  p o p u l a t i o n s .  The  e s -  

t i m a t e  o f  h e t e r o z y g o s i t y  in  Cnemidophor~z t igr is  i s  

t h e  h i g h e s t  s o  f a r  o b s e r v e d .  A c l e a r  t r e n d  e m e r g e s .  

T a b l e  3 s u m m a r i z e s  t h e  d a t a  o n  h e t e r o z y g o s i t y  i n  

m a i n l a n d  l i z a r d  p o p u l a t i o n s .  W e  a r e  d e l i b e r a t e l y  c o n -  

s i d e r i n g  m a i n l a n d  p o p u l a t i o n s  o n l y ,  s i n c e  i n s u l a r  p o p -  

u l a t i o n s  w o u l d  t h e o r e t i c a l l y  a n d  i n d e e d  in  r e a l i t y  do ,  

s h o w  v a r i o u s  d e g r e e s  o f  d e p r e s s e d  l e v e l s  o f  v a r i a b i l -  
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ity because  of such fac tors  as founder effect a n d / o r  

o ther  h i s t o r i ca l  bo t t l enecks ,  and s m a l l  effect ive pop- 

u la t ion  s i z e s  on s m a l l  i s l a n d s .  The effects  of i n s u l a r i -  

ty  on genet ic  va r i ab i l i t y  in  l i z a rd s  have been  d icussed  

in  de ta i l  (Soul& andYang  1973; G o r m a n  et  al. 1975, 

1976; G o r m a n  and Kim,  1975) .  

Levels  of he te rozygos i ty  fall  into th ree  d i s c r e t e  

c l a s s e s .  The f i r s t  c l a s s  is un i fo rmly  low hover ing  

a round 2 % or  l e s s .  In this  c l a s s  we find the g e n e r a  

Bipes ~ compr i s ed  of t h r ee  spec ies  ; Anniella with two 

s p e c i e s ;  and ~ a  with five named s p e c i e s .  Bipes and 

Anniella a re  fos so r i a l  and not vag i l e .  The genus Urea 

is except iona l .  It is a s i t - a n d - w a i t  t e r r i t o r i a l  iguanid 

which is r e s t r i c t e d  to sand  dunes .  This r educes  i t ,  

e f fect ively ,  to being compr i s ed  of a s e r i e s  of i n s u l a r  

populat ions ( N o r r i s  1958).  There  might be r ea sonab ly  

high vagi l i ty  within dunes ,  but t he re  is  p robably  l i t t le  

movemen t  between dunes .  It too has un i fo rml y  low 

he te rozygos i ty .  

The second c lass  of va r i ab i l i t y  e s t ima t e s  hovers  

a round the 5 % l eve l .  The r anges  of he te rozygos i ty  in 

this  group a r e  high even within  spec ies  ( e . g .  Uta 

stansburiana), and so too are the standard errors. The 

species that fall into this second class are all mem- 

bers of the lizard family Iguanidas, and could he cate- 

gorized as territorial sit-and-wait predators. That is, 

theytend to have restricted home ranges, part of which 

they actively defend against conspecific intruders of 

the same sex. Their foraging strategy is such that 

little movement is involved until a prey item is seen. 

The third class consists of lizards that are highly 

vagile ~ Rather than wait for visual signs of prey they 

expend much time and energy moving about searching 

for prey. Olfaction presumably plays a major role in 

their foraging strategy. Home ranges tend to be large, 

and true territoriality, in Cnemidophorus at least, ap- 

parently does not exist, although there may be agres- 

sion shown when one individual violates the "individual 

distance" of another (Fitch 1967). The mean hetero- 

zygosity in the group is 9 % or more. 

The genus Bipes is in the fami ly  Amphisbaen idae .  
Some s tudents  of r e p t i l i a n  phylogeny t r ea t  the 
Amphisbaen ians  as a taxon of equal  r ank  to l i z a r d s .  
Whether  or  not Amphi sbaen ians  a r e  t rue  l i za rds  is  
of no impor t  in this  d i s c u s s i o n .  Both l i za rds  and 
Amphisbaen ians  a r e  m e m b e r s  of the r ep t i l i a n  o r -  
de r  ( o r  s u p e r o r d e r )  Squamata ,  as a r e  s n a k e s .  
There  a r e  not publ ished data  on va r i ab i l i t y  i n s n a k e s .  

Thus, the apparen t  c o r r e l a t i o n :  with i n c r e a s i n g  

vagi l i ty  the re  is  i n c r e a s i n g  he t e rozygos i ty .  Why should 

we find such  a s t r i k ing  co r r e l a t i on?  Three answer s  

come r ead i ly  to mind .  F i r s t ,  it may well  be s p u r i o u s .  

We have s ta ted  that the va r i ance  for he te rozygos i ty  

e s t i m a t e s  is  high even among populat ions of a s ing le  

s p e c i e s .  The p re sen t  data  a r e  based upon in fo rmat ion  

f rom about one hal f  of one percen t  of the world 's  l i z -  

a rd  s p e c i e s .  C l e a r l y  more  data a r e  needed .  

If the c o r r e l a t i o n  is  b io logica l ly  meaningful ,  t he re  

a r e  two hypotheses ,  not mutua l ly  exc lus ive ,  that ap-  

pea r  to fit the obse rved  da ta .  

The f i rs t  might be t e r m e d  the n iche-wid th  v a r i a -  

t ion hypo thes i s .  Individual ,  wide rang ing ,  vagi le  l i z -  

a rds  a r e  p r e s u m a b l y  exposed to a g r e a t e r  amount  of 

e nv i r onme n t a l  he te rogene i ty  than populat ions com-  

p r i s ed  of t e r r i t o r i a l  individuals  that a re  r e l a t i ve ly  

s e d e n t a r y .  F o s s o r i a l  forms a r e  p r e sumed  to be the 

mos t  s e d e n t a r y .  In r e a l i t y  compar i son  o f " n i c h e  

width" between o r g a n i s m s  as d i ve r s e  as Bipes and 

Cnemidophorus is difficult  at bes t ,  and no such data  

a r e  ava i l ab le .  

The r e m a i n i n g  hypothes is ,  t e r m e d  by Soul~ ( 1971, 

1976) the gene flow va r i a t i on  hypothes is ,  o r  the pop- 

u la t ion  s i ze  hypothes is ,  a s s u m e s  that vagi l i ty  is r e -  

lated to effective populat ion s i ze  which in t u rn  affects  

leve ls  of va r i ab i l i t y  within popula t ions .  

There  is no doubt that genet ic  va r i ab i l i t y  in a pop- 

u la t ion  has to be some  function of muta t ion  r a t e ,  pop- 

u la t ion  age ( i . e .  t ime  for muta t ions  to accumula te  

and spread)  and effect ive populat ion s i z e .  This is t r ue  

whether  or  not the new a l l e les  a re  s e l ec t ive ly  n e u t r a l .  

N o n t e r r i t o r i a l ,  highly vagi le  s e a r c h e r s  a re  p r e s u m e d  

to have a much wider  choice of potent ia l  mates  than 

spec i e s  that defend r e s t r i c t e d  s i t e s  and which tend to 

be highly polygynous,  a condi t ion met  by mos t  iguanid 

l i z a r d s .  A fu r the r  p r e sumpt ion ,  although comple te ly  

devoid of field da ta ,  is that bur rowing  fo rms  have the 

lowest d i s p e r s a l  r a t e s  and highest  degree  of i nb reed -  

ing .  

Only fu r the r  s tudy wi l l  enable  us to e s t ab l i sh  (1) 

the r e a l i t y  of the t r end  and (2) the most  probable  ex-  

p lana t ion .  
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