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KAHYOTYPIC, MOKPHOI.OGIC, AKI) CKN’IC DIKFKKKKTIATIOS'

OF HYBKIDIZIXC fiPOUKI) .SQUÎHHKI.S 

(SPF.kMOPHn.U.S MFXICANUS AND SPFRMOPlllI.US THIDKCKHI.INKATUS)

PKEFACK

The N ort h  American ground s q u i r r e l  s p e c i e s  S pc rm oph i1 us 

t r i d c c e m l i n e a t u s  and S.  mcxicanus  a r c  i n h a b i t a n t s  o f  t h e  G re a t  P l a i n s  

and t h e  d e s e r t  g r a s s l a n d s  of T e x a s ,  New Mexico,  and Mexico.  These 

s p e c i e s  a r e  members o f  t h e  ground s q u i r r e l  subgenus  I c t i d o m y s . A 

number o f  w o rk e r s  have s t u d i e d  S. t r i d e c e m l i n e a t u s , b u t  t h e  s t u d i e s  

have p r i m a r i l y  c o n c e rn e d  t h e  n a t u r a l  h i s t o r y  o f  t h e  s p e c i e s  and th e  

p h y s i o l o g y  o f  h i b e r n a t i o n .  Few s t u d i e s  have i n v o l v e d  S. mcxicanus  and 

l i t t l e  was known a b o u t  t h e  s y s t e m a t i c  r e l a t i o n s h i p s  o f  t h e s e  ground 

s q u i r r e l  t a x a .  In  an e a r l i e r  s t u d y  ( C o t h r a n  e t  a l . ,  1977. J .  Mammal. 

5 8 : 6 1 0 - 6 2 2 ) ,  I s u r v e y e d  t h e  l e v e l s  o f  e l e c t r o p h o r e t i c a l l y  d e t e r m in e d  

g e n e t i c  v a r i a b i l i t y  w i t h i n  S. mex icanus  and S. t r i d e c e m l i n e a t u s  and 

t h e  g e n i c  r e l a t i o n s h i p s  o f  t h e  subgenus  I c t i d o m y s . I found t h a t  S. 

mex icanus  and S. t r i d e c e m l i n e a t u s  were h y b r i d i z i n g  i n  s o u t h e a s t e r n  New 

M ex ico . A l s o ,  t h e  o b s e r v e d  g e n i c  s i m i l a r i t y  o f  t h e  s p e c i e s  was 

u n u s u a l l y  h i g h .  The p u r p o s e  o f  t h e  work r e p o r t e d  h e r e  i s  t o  examine 

t h e  r e l a t i o n s h i p s  o f  t h e s e  two ground s q u i r r e l s  s p e c i e s  more 

t h o r o u g h l y  and t o  d e t e r m i n e  t h e  g e o g r a p h i c  e x t e n t  o f  t h e  h y b r i d i z a t i o n  

and w h e th e r  o r  n o t  i n t r o g r e s s i o n  was t a k i n g  p l a c e .

T h i s  s t u d y  i s  w r i t t e n  i n  t h r e e  s e c t i o n s .  The f i r s t  co n c e rn s  t h e  

G- and C-banded chromosomal  r e l a t i o n s h i p s  bet ween  S. mexicanus  and S. 

t r i d e c e m l i n e a t u s . S e c t i o n  I I  examines  t h e  m o rp hom et r i c  r e l a t i o n s h i p s

V l l



o f  t h e  i :pccie: :  b.uiecl upon 40 cr . i n i . i l  , skolcL. i l  , and cx L e rn a l  

m orp l iom r tr i c  c h a r a c t e r : ! .  The t h i r d  . s e c t i o n  involve: ;  t h e  p en ic  

r e l a t i o n s h i p : ;  o f  t h e  s p ec ie : :  and compare:;  t h e  l e v e l  o f  d i l  f e r e n t i a t i o n  

o b s e r v e d  f o r  k a r y o t y p i c ,  m o r p h o l o g i c ,  and g e n i c  c h a r a c t e r i s t i c s .  Kach 

s e c t i o n  i s  w r i t t e n  i n  t h e  form o f  a p a p e r  f o r  a s p e c i f i c  s c i e n t i f i c  

j o u r n a l .  The f i r s t  w i l l  be s e n t  t o  t h e  J o u r n a l  o f  Mammalogy as a 

n o t e .  The morphology p a p e r  w i l l  be s u b m i t t e d  t o  t h e  same j o u r n a l  as  a 

f u l l  l e n g t h  p a p e r .  S e c t i o n  I I I  w i l l  be  s e n t  t o  E v o l u t i o n . A d d i t i o n a l  

d a t a  and a n a l y s e s  n o t  t o  be i n c l u d e d  in  t h e  p u b l i c a t i o n s  a r e  p r o v id e d  

f o r  r e f e r e n c e  i n  A ppend ices  l - I l l .

Vl .l l



CUKOMOSOMAL DIFFEHEKTIATION OF HYRRIDIZING GKOIIND SQUIRRELS 

( SPF.RHOPHILUS MEXICANUS AND S. TRIDECEMLINEATUS)

S p c c i a t i o n  it; I he proccs t ;  by which one p o r t i o n  o f  an 

i n t e r b r e e d i n g  group o f  o rg a n i s m s  becomes r c p r o d u c t i v c l y  i s o l a t e d  from 

t h e  r e s t  o f  t h e  g ro up .  S p é c i a t i o n  may o r  may n o t  be an i n s t a n t a n e o u s  

p r o c e s s  ( S t e b b i n s  and A y a la ,  1981) w i t h  g e o g r a p h i c  i s o l a t i o n  b e i n g  th e  

most  commonly advanced e x p l a n a t i o n  f o r  s p é c i a t i o n  e v e n t s  (Mayr,  1971) .  

T ha t  i s ,  g e n e t i c  d i f f e r e n c e s  a c cu m u la t e  th r o u g h  t im e  between 

g e o g r a p h i c a l l y  s e p a r a t e  p o r t i o n s  o f  a s p e c i e s  which a r e  p re sumab ly  

u n d e r  d i f f e r e n t  s e l e c t i o n  r e g im e s .  H y b r i d i z a t i o n  o c c u r s  when c o n t a c t  

be tween t h e  i n c i p i e n t  s p e c i e s  i s  resumed b e f o r e  p r e m a t in g  i s o l a t i n g  

b a r r i e r s  a r e  p e r f e c t e d .  I f  s u f f i c i e n t  g e n i c  d i f f e r e n t i a t i o n  t o  make 

t h e  h y b r i d s  r e p r o d u c t i v e l y  i n f e r i o r  t o  t h e  p a r e n t a l  t y p e s  t ook  p l a c e  

d u r i n g  i s o l a t i o n ,  s e l e c t i o n  a g a i n s t  t h e  h y b r i d s  s h o u ld  r e s u l t  i n  

c o m p le t io n  o f  t h e  s p é c i a t i o n  p r o c e s s .  The amount o f  g e n e t i c  

d i f f e r e n t i a t i o n  r e q u i r e d  f o r  r e p r o d u c t i v e  i s o l a t i o n  i s  n o t  known and 

i s  p r o b a b l y  n o t  a c o n s t a n t .  I t  i s  n e c e s s a r y  t o  examine a v a r i e t y  o f  

s p e c i e s  and p o p u l a t i o n s  a t  v a r i o u s  s t a g e s  i n  t h e  s p é c i a t i o n  p r o c e s s  t o  

d e t e r m in e  what  l e v e l  o r  k i n d  o f  g e n e t i c  change i s  l i k e l y  t o  r e s u l t  i n  

r e p r o d u c t i v e  i s o l a t i o n .

The ground s q u i r r e l s  S pe rm oph i lu s  mexicanus  and S. 

t r i d e c e m l i n e a t u s  r e p r e s e n t  taxonomic  s p e c i e s  t h a t  have n o t  y e t  

co mple ted  t h e  s p é c i a t i o n  p r o c e s s .  H y b r id s  bet ween  t h e  two t a x a  were 

f i r s t  r e p o r t e d  by Zimmerman and C o th r an  (1 9 7 6 ) .  The p r e s e n c e  o f

1



bnckcro;::; i tuii  viciii . i l  , in  .iddi t  ion t o  l iybr idr . , i n d i c . i l r d  Ltial

h y b r i d s  wore not  c o r o p lr t r ly  s l c r i l r .

Chromosomal cha ng es  a r c  o f t e n  i m p o r t a n t  in  s p c c i a t i o n  (White ,  

1978).  A s i n g l e  chromosomal r e a r r a n g e m e n t  can r e s u l t  in  s e l e c t i o n  

a g a i n s t  a h y b r i d  i n d i v i d u a l  by m c i o t i c  mechanisms.  The dev e lopm ent  of  

chromosomal b a n d in g  t e c h n i q u e s  has  a l l o w ed  a f i n e r  s c a l e  compar ison of  

t h e  d i f f e r e n c e s  o f  chromosomes o f  d i f f e r e n t  t a x a .  My s t u d y  was 

u n d e r t a k e n  t o  examine in  d e t a i l  t h e  chromosomal d i f f e r e n t i a t i o n  o f  S. 

mcxicanus  and S. t r i d e c e m l i n e a t u s .

S t a n d a r d  k a r y o t y p e s  were p r e p a r e d  f o l l o w i n g  t h e  method o f  Lee 

(1969) w i t h  p r e p a r a t i o n s  h a v in g  been examined f o r  o v e r  200 s q u i r r e l s  

( a p p r o x i m a t e l y  e q u a l  numbers  o f  each s p e c i e s ) .  G- and C-banded 

chromosomal p r e p a r a t i o n s  were from f i b r o b l a s t  t i s s u e - c u l t u r e d  c e l l s .  

Methods o f  t i s s u e  c u l t u r e  m a in t en an c e  and chromosomal  b an d in g  were as  

d e s c r i b e d  by Greenbaum e t  a l .  (1 9 7 8 ) .  The a r r a n g e m e n t  o f  t h e  

chromosomes i n  F i g s . 1, 2 ,  and 3 f o l l o w  N a d le r  and Hughes ( 1 9 6 6 ) .  G- 

and C-banded k a r y o t y p e s  were p r e p a r e d  from 19 i n d i v i d u a l s  (16 S. 

t r i d e c e m l i n e a t u s  from Lubbock, Lubbock C o . ,  Texa s ;  2 S. mexicanus  from 

A u s t i n ,  T r a v i s  C o . ,  T ex a s ;  and 1 h y b r i d  from Hobbs , Lea C o . ,  New 

M ex ico) .  S e v e r a l  G- and C-banded s p r e a d s  were examined and compared 

f o r  e a c h  spec imen .

The s t a n d a r d  k a r y o t y p e s  examined d i d  n o t  d i f f e r  from p r e v i o u s l y  

p u b l i s h e d  r e s u l t s  ( N a d le r  and Hughes,  1966; Zimmerman and C o th ran ,  

1976 ) .  No i n t r a p o p u l a t i o n a l  chromosomal  v a r i a b i l i t y  o t h e r  t h a n  t h a t  

a s s o c i a t e d  w i t h  h y b r i d i z a t i o n  was o b s e r v e d .  The d i p l o i d  number o f



bo I h .‘i p r c i f : ;  ir. 3 A . Tlir fuiuiamrnl . i  1 numbrr ir. (>U f o r  S .  mcxic. it iu:;  .iikI 

S .  t .  t f 'x rnn i : ;  .ind 62 f o r  S .  l .  . i r e n i c o l . t .

A compo:;jL(; C-b.inclcd karyoLypc it; i:liown in  Kig.  1. Cliroroo:;otnc:; 

from S. Lr i ( I fc( tmIino .1 111f. o r e  llio I c f l  t : idc member of  c.ich p a i r ;  S. 

mcxicanut;  chromonomct; a r c  on t h e  r i g h t .  T h e re  .arc no obviout;  

d i f f e r e n c e s  between t h e  two s p e c i e s  i n  t l ie d i s t r i b u t i o n  of  

h e t c r o c h r o m a t i n . The h e t e r o c h r o m a t i c  m a t e r i a l  o f  a l l  chromosones  i s  

c o n c e n t r a t e d  a r o u n d  t h e  c e n t r o m e r e .  The l e a s t  amount o f  

h c t e r o c h r o m a t i n  i s  i n  t h e  Y chromosome.

A co m p o s i t e  G-bandcd k a r y o ty p e  i s  shown in  F i g .  2 and an id io g ram  

o f  t h e  co m p o s i t e  i n  F i g .  3.  Zimmerman and C o th ra n  (1976)  found t h r e e  

p a i r s  o f  chromosomes t o  be m o r p h o l o g i c a l l y  d i f f e r e n t  between t h e  two 

s p e c i e s .  These  d i f f e r e n c e s  a r e  a l s o  e v i d e n t  i n  t h e  G-bandcd 

k a r y o t y p e s  (chromosomes 10,  15 and 16) .  The d i f f e r e n c e  i n  chromosome 

10 be tween  S. t r i d e c e m l i n e a t u s  and S. m ex ica nu s  i s  p r o b a b l y  a l o s s  o f  

p a r t  o f  t h e  l ong  arm o f  t h e  chromosome i n  S. m e x i c a n u s . Whether t h e

l e n g t h  d i f f e r e n c e  r e p r e s e n t s  a d e l e t i o n  o r  a t r a n s l o c a t i o n  c a n n o t  be

d e t e r m in e d  s i n c e  t h e r e  a r e  no o b v io u s  bands  p r e s e n t  on t h e  segment  of  

chromosome 10 t h a t  i s  l o s t  i n  S. m e x i c a n u s .

Both chromosomes 15 and 16 a r e  l a r g e r  i n  S. m ex ica nus  t h a n  i n  S.

t r i d e c e m l i n e a t u s . The d i f f e r e n c e  a p p e a r s  t o  be t h e  a d d i t i o n  of  

unhanded m a t e r i a l  on t h e  en ds  o f  t h e  s h o r t  arms o f  b o t h  chromosomes 15 

and 16. These  a d d i t i o n s  may r e p r e s e n t  t r a n s l o c a t i o n s  f rom chromosome 

10. The p o s i t i o n  o f  t h e  c e n t r o m e r e  o f  chromosome 16 a l s o  d i f f e r s  

b et ween  S.  m ex icanus  and S. t r i d e c e m l i n e a t u s  ( F i g .  2 and F i g .  3 ) .  

Chromosome 16 i s  a l s o  s u b s p e c i f i c a l l y  v a r i a b l e  w i t h i n  S.



t r i d e c e m l  inc.it.li!; (Fip,.  A ) . The . i c r o c e n t r i c  form i:; found in S. I .  

a r e n i c o l a  w h i l e  t h e  Kuhmet ,acentric form occur; :  i n  S. 1. texenr. i : :  

(Zimmerman and C o t h r a n ,  197 6) .  The d i f f e r e n c e  appear : ;  t o  r c p r e : : e n t  a 

p e r i c e n t r i c  i n v e r : ; i o n .  The r . ubm et ace n tr i  c chromo:;orne 16 of  S. t .  

t c x e n s i s  iü  s i m i l a r  t o ,  a l t h o u g h  s m a l l e r  t h a n ,  chromosome 16 o f  S.

m e x i c a n u s . One i n d i v i d u a l  from Lubbock was h e t e r o z y g o u s  f o r  t h e  two 

forms o f  chromosome 16, and b o th  homozygotes  have been o b s e r v e d  a t

o t h e r  l o c a l i t i e s  b u t  n o t  i n  t h e  same p o p u l a t i o n .  A l l  o t h e r  

i n d i v i d u a l s  from Lubbock were homozygous f o r  t h e  a c r o c e n t r i c  form of  

chromosome 16.

No d i f f e r e n c e s  were found between t h e  s p e c i e s  i n  t h e  p o s i t i o n  of 

t h e  bands  o r  i n  t h e  s i z e  o f  any o f  t h e  o t h e r  p a i r s  o f  chromosomes.  

T he re  do a p p e a r  t o  be  d i f f e r e n c e s  between  t h e  s p e c i e s  i n  t h e  p o s i t i o n  

o f  t h e  d a r k e s t  t r y p s i n  n e g a t i v e  band on chromosome 9 ( F i g .  2 and F ig .  

3 ) .  However,  a l t h o u g h  t h i s  d i f f e r e n c e  was c o n s i s t e n t  i n  t h e  s p r e a d s  

o b s e r v e d ,  t h e  s m a l l  sample  s i z e  o f  S.  mex icanu s  makes i t  d i f f i c u l t  t o  

d e t e r m i n e  w h e th e r  o r  n o t  t h e  p o s i t i o n  o f  t h i s  band i n  S. mex icanu s  i s  

an a r t i f a c t  o r  an a c t u a l  s p e c i e s  c h a r a c t e r i s t i c .

L i t t l e  chromosomal  d i v e r g e n c e  be tw een  S. mex icanus  and S. 

t r i d e c e m l i n e a t u s  has  o c c u r r e d .  Based on G- and C-banded k a r y o t y p e s ,  

p r o b a b l y  no more t h a n  two chromosomal  r e a r r a n g e m e n t s  have o c c u r r e d  

s i n c e  o r  d u r i n g  t h e  s e p a r a t i o n  o f  S. mex icanu s  from S.

t r i d e c e m l i n e a t u s . Both r e a r r a n g e m e n t s  a r e  t r a n s l o c a t i o n s  from

chromosome 10,  one t o  chromosome 15 and one to  chromosome 16. The 

o c c u r r a n c e  o f  two s e p a r a t e  t r a n s l o c a t i o n s  seems more p r o b a b l e  t h a n  a 

d o u b le  t r a n s l o c a t i o n .  A t h i r d  p o s s i b l e  chromosomal  d i f f e r e n c e .



i n v o l v i n g  t h e  c e n t r o m e r e  p o s i t i o n  of  chromosome 16 (Fi f ; .  1 .iixl Fip.. 

3 ) ,  p r o b a b l y  o c c u r r e d  b e f o r e  t h e  d i v e r g e n c e  o f  t h e  s p e c i e s  ar. t h i s  

r e a r r a n g e m e n t  i s  p r e s e n t  i n  b o t h  S .  mexicanus  and S.  t .  t e x e n s i s ■ Of 

f o u r  s u b s p e c i e s  o f  S .  t r i d e c e m l i n e a t u s  t h a t  have been k a r y o ty p e d ,  

t h r e e  ( S .  t . t r i d e c e m l i n e a t u s , S. t .  p a l l i d u s , and S. t .  a r e n i c o l a ) 

have t h e  a c r o c e n t r i c  form o f  chromosome 16 w h i l e  S. t .  t e x e n s i s  has  

t h e  b iarmed  form ( F i g .  4 ;  N a d le r  and Hughes , 1966; Zimmerman and

C o t h r a n ,  1976) .  Thus t h e  p r o b a b l e  s equence  o f  e v e n t s  t h a t  l ed  t o  t h e  

p r e s e n t  d i f f e r e n c e s  i.n t h e  chromosomal com pl imen ts  of  S.  

t r i d e c e m l i n e a t u s  and S .  mexicanus  i n v o l v e s  a p e r i c e n t r i c  i n v e r s i o n  in  

t h e  S.  t .  t e x e n s i s  -  S .  mexicanus  l i n e  fo l l o w e d  by t h e  two 

t r a n s l o c a t i o n s  f rom chromosome 10 t o  chromosomes 15 and 16 in  t h e  S. 

mexicanus  l i n e .  S p e rm oph i lu s  t r i d e c e m l i n e a t u s  i s  c o n s i d e r e d  th e  

a n c e s t r a l  s p e c i e s  b a s e d  upon g e o g r a p h i c  c o n s i d e r a t i o n s  and bec au se  t h e  

o t h e r  two members o f  t h e  subgenus  I c t i d o m y s  (S.  mex icanus  and S. 

s p i l o s o m a ) a r e  more c l o s e l y  r e l a t e d  t o  S .  t r i d e c e m l i n e a t u s  t h a n  to  

ea ch  o t h e r  b o t h  chromosomal ly  and e l e c t r o p h o r e t i c a l l y  (N a d le r  and 

Hughes,  1966; C o t h r a n  e t  a l . ,  1977) .  The s m a l l  amount o f  k a r y o t y p i c  

d i f f e r e n t i a t i o n  bet ween  S.  t r i d e c e m l i n e a t u s  and S .  mexicanus  s u p p o r t s  

t h e  r e s u l t s  o f  e l e c t r o p h o r e t i c  s t u d i e s  (Zimmerman and C o t h ra n ,  1976; 

Co th ran  e t  a l . ,  197 7) .  Mean g e n e t i c  i d e n t i t y  ( I ,  N e i ,  1971) between 

t h e s e  two s p e c i e s  b a s e d  on a s u r v e y  o f  28 l o c i  was 0 .9 65  (C o th ran  e t  

a l . ,  1977) ,  one o f  t h e  h i g h e s t  s i m i l a r i t y  v a l u e s  r e p o r t e d  f o r  

t a x o n o m i c a l l y  d i s t i n c t  s p e c i e s  (Ayala e t  a l . ,  1975; Zimmerman e t  a l . ,  

1978) .



The nccumi i l a t ion  o f  chromor.om.il cli.inge:: tn.iy conr . t i l i i t i*  i h e

most  e f f e c t i v e  chromosom.il h . i r r i e r  t o  r e p r o d u c t i o n  ( S t c b b i n ; ; ,  1950).  

Complete r e p r o d u c t i v e  i s o l a t i o n  between S. t r i d e c e m l i n e a t u s  and S. 

mexicanus  bas no t  been a c h i e v e d .  Of 630 ground s q u i r r e l s  o f  t h e s e  two 

s p e c i e s  t h a t  have been examined ,  abou t  7% a r c  h y b r i d s  ( C o t h r a n ,  1981) .  

The h y b r i d s  a r e  f e r t i l e  a s  t h e  m a j o r i t y  o f  t h e  h y b r i d  i n d i v i d u a l s  a r e  

t h e  progeny  o f  b a c k c r o s s e s .  The p o s s i b l e  t r a n s l o c a t i o n s  from

chromosome 10 t o  chromosomes 15 and 16 a r e  sm a l l  and n o t  l i k e l y  t o  

c a u s e  m c i o t i c  p ro b l e m s .  The p e r i c e n t r i c  i n v e r s i o n  i s  a p o t e n t i a l  

m e i o t i c  p roblem .  C r o s s i n g  o v e r  w i t h i n  t h e  i n v e r t e d  segment  o f  a

chromosome u s u a l l y  r e s u l t s  i n  t h e  p r o d u c t i o n  o f  g e n e t i c a l l y  im ba lanced

gametes  t h a t  do n o t  p ro d u c e  v i a b l e  z y g o t e s .  H yb r id s  be tween  S. 

mexicanus  and b o t h  S.  t .  t e x e n s i s  and S. t .  a r e n i c o l a  have been 

o b s e r v e d .  Any h y b r i d s  between S. mexicanus  and S. t .  a r e n i c o l a

would be h e t e r o m o r p h i c  f o r  t h e  a c r o c e n t r i c  and t h e  i n v e r t e d  chromosome 

16. The g r e a t e s t  number o f  h y b r i d s  were  found i n  t h e  a r e a  where t h e  

range  o f  S. mex icanus  c o n t a c t s  o r  o v e r l a p s  t h a t  o f  S. t .  a r e n i c o l a . 

B ackc ros s  i n d i v i d u a l s  t h a t  were h e t e r o z y g o u s  f o r  chromosome 16 were 

a l s o  found .  Thus t h e  p e r i c e n t r i c  i n v e r s i o n  i n  chromosome 16 has n o t  

p rod uc ed  s t e r i l i t y  i n  t h e  h y b r i d s  o f  S. mexicanus  and S. 

t r i d e c e m l i n e a t u s . Whether o r  n o t  t h e  h y b r i d s  have re duced  f e r t i l i t y

r e l a t i v e  t o  t h e  p a r e n t a l  t y p e s  due t o  t h e  i n v e r s i o n  i s  n o t  known.

Greenbaum e t  a l .  (1978) p r o p o s e d  t h r e e  f a c t o r s  t h a t  m ig h t  r e d u c e  

t h e  amount o f  c r o s s i n g  o v e r  i n  t h e  i n v e r t e d  segments  o f  Peromyscus  

chromosomes.  Two o f  t h e s e  c o u ld  be r e l e v a n t  i n  e x p l a i n i n g  t h e  

a p p a r e n t  l a c k  o f  m e i o t i c  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t h e  i n v e r s i o n  in



I h r  ground i ; q u i r r r l  hy b r id ; ; .  Tlur f i r ; ; l  pro;io;::i] i:; l li . i l  cro:; ; i inR o v e r  

ir: re p rc f i sod  in  p r o x i m i t y  t o  I h r  c c n t r o m r r c .  Thr  ground ; ; ( [ i i i r r r l

chromosome 16 i:: sm.i ll  find much o f  t h e  i n v c r : ; i o n  would he ne. ir  t h e  

c e n t r o m e r e .  The sec on d ;;ugRe;;t ion i s  t h a t  r e g i o n s  . id j . icent  t o  

h c t e r o c h r o m a t i n  e x p e r i e n c e  reduced  c r o s s i n g  o v e r ;  most  o f  chromosome 

1 6  i s  h e t e r o c h r o m a t i c  ( F i g .  1 and F i g .  4 ) .  Whatever  t h e  mechanism,  

t h e  chromosomal  d i f f e r e n c e s  between S.  mexi canus  and S. 

t r i d e c e m l i n e a t u s  have n o t  p r e v e n t e d  gene f l o w ,  and chromosomal 

d i f f e r e n t i a t i o n  does  n o t  a p p e a r  t o  have been i m p o r t a n t  in  t h e  

e v o l u t i o n a r y  d i v e r g e n c e  o f  S. mcxicanus  and S. t r i d e c e m l i n e a t u s .
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F i g u r e  1. Composi te C-bandcd k a r y o ty p e  compar ing homologou: 

chromosomes o f  S. t r i d e c e m l i n e a t u s  ( l e f t )  and S. m e x i c a n u s .
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F i g u r e  2 .  Composi te  G-banded k a r y o ty p e  compar ing liomologou; 

chromosomes o f  S. t r i d c c e m l i n e a t u s  ( l e f t )  and S. m ex icanus .
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F i g u r e  3.  I d iog ram  showing G-banding  p a t t e r n  o f  S.  t r i d e c c m l i n c a t u s  

and S. m c x i c a n u s . Unpa ir ed  e l e m e n t s  have i d e n t i c a l  han d in g  p a t t e r n s  

in  b o t h  s p e c i e s ,  t  = t r i d e c e m l i n e a t u s , m = m e x i c a n u s .
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F i g u r e  U.  C- and G-banded chromosome 16 o f  S.  t r i d c c e m i i n e a t u s  and

S. m c x i c a n u s . From l e f t  t o  r i g h t  S. t .  t e x c n s i s , S. I . a r c n i c o l a , S. 

m e x i c a n u s .
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MORPHOLOGIC RELATIONSHIPS OF THE HYBRIDIZING GROUND SQUIRRELS 

SPERHOPHILUS MEXICANUS AND S. TRIDECEMLINEATUS

E. GUS COTHRAN

A B S T R A C T . - - I n t e r s p ec i f i c  and i n t r a r . p e c i f i c  m o rp h o lo g ic  r e l a t i o n s h i p : ;  

were  a n a ly z e d  f o r  267 i n d i v i d u a l s  o f  Spc rm oph i lu s  t r i d e c e m l i n e a t u s  and 

265 S. m e x i c a n u s . T h i r t y - t h r e e  l o c a l i t i e s  were sampled and a t o t a l  o f  

40 c r a n i a l ,  s k e l e t a l ,  and e x t e r n a l  measurement s  were t a k e n .  A l l  

c h a r a c t e r s  showed s i g n i f i c a n t  i n t e r s p e c i f i c  v a r i a t i o n ,  which i s  in  

c o n t r a s t  t o  h ig h  e l e c t r o p h o r e t i c a l l y  d e t e r m in e d  g e n i c  s i m i l a r i t y  found 

i n  o t h e r  s t u d i e s .  S ex u a l  d imorphism o f  some c h a r a c t e r s  was o bse rved  

f o r  b o t h  s p e c i e s ,  b u t  S.  mex icanus  had o v e r  tw i c e  as  many s e x u a l l y  

d im o r p h ic  c h a r a c t e r s  a s  S.  t r i d e c e m l i n e a t u s . L i t t l e  i n t r a s p e c i f i c  

v a r i a b i l i t y  was e v i d e n t .  S p e c i e s  r e l a t i o n s h i p s  were  a l s o  examined by 

d i s c r i m i n a n t  f u n c t i o n  and p r i n c i p a l  components  a n a l y s e s .  Both 

t e c h n i q u e s  i n d i c a t e d  t h a t  s i z e  i s  t h e  maj o r  d i f f e r e n c e  between th e  

s p e c i e s .  A t o t a l  o f  44 i n d i v i d u a l s  were o f  p r o b a b l e  h y b r i d  o r i g i n  

b a s e d  on e l e c t r o p h o r e t i c  and k a r y o t y p i c  e v i d e n c e  o b t a i n e d  from a n o t h e r  

s t u d y .  A l l  h y b r i d s  were found in  a s s o c i a t i o n  w i t h  S. mexicanus  and 

h y b r i d i z a t i o n  and i n t r o g r e s s i o n  a p p e a r s  t o  be u n i d i r e c t i o n a l  i n t o  S. 

m e x i c a n u s . The m a j o r i t y  o f  t h e  h y b r i d s  were n o t  h y b r i d s .  N e i t h e r  

d i s c r i m i n a n t  f u n c t i o n  n o r  p r i n c i p a l  components  t e c h n i q u e s  were 

e f f e c t i v e  i n  p r o v i d i n g  h y b r i d  i d e n t i f i c a t i o n ,  p r i m a r i l y  due t o  t h e  

h i g h  p e r c e n t a g e  o f  b a c k c r o s s  h y b r i d s .

19
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Specie : ;  a r e  d e f i n e d  by r e p r o d u c t i v e  i s o l a t i o n .  The proce:::;e:; by 

which r e p r o d u c t i v e  i s o l a t i n g  mcchaninm:: a r e  de v e lo p e d  a r e  no t  f u l l y  

u n d e r s to o d  a l t h o u g h  a number o f  h y p o th cs i : :  have been  p ro p o se d  to  

e x p l a i n  s p é c i a t i o n  (Bush,  1975; Wlii te,  1978) .  The b a s i c  t e n e t  o f  such 

h y p o t h e s e s  i s  t h a t  i n t e r b r e e d i n g  p o p u l a t i o n s  become s e p a r a t e d  by some 

b a r r i e r  t o  gene f low.  G e n e t i c  d i f f e r e n c e s  between t h e  newly i s o l a t e d  

p o p u l a t i o n s  d e v e lo p  t h r o u g h  t ime and d i f f e r e n t  s e l e c t i o n  r e g im e s .

R e p r o d u c t i v e  i s o l a t i o n  r e s u l t s  i f  t h e  g e n e t i c  ch anges  ac cum ula ted  

d u r i n g  t h e  p e r i o d  when t h e  p o p u l a t i o n s  were s e p a r a t e d  a r e  g r e a t  enough 

t o  p r e v e n t  s u c c e s s f u l  r e p r o d u c t i o n  o f  t h e  p o p u l a t i o n s  o r  i f  t h e  

o f f s p r i n g  p ro duced  a r e  s e l e c t i v e l y  i n f e r i o r  t o  t h e  p a r e n t s .

R e p r o d u c t i o n  be tween  g e n e t i c a l l y  d i f f e r e n t i a t e d  p o p u l a t i o n s  may be t h e  

most  c r u c i a l  s t e p  i n  t h e  s p é c i a t i o n  p r o c e s s  as  i t  i s  a t  t h i s  p o i n t  

t h a t  r e p r o d u c t i v e  i s o l a t i o n  i s  p e r f e c t e d  o r  t h e  p o p u l a t i o n s  f u s e  back 

i n t o  a s i n g l e  i n t e r b r e e d i n g  p o p u l a t i o n .

I t  has  l o n g  been h y p o t h e s i z e d  t h a t  m a jo r  genomic m o d i f i c a t i o n s  

accompany s p é c i a t i o n  (Dobzhansky,  1959; Mayr, 1963) .  However,  t h e  

r e s u l t s  o f  a number o f  r e c e n t  s t u d i e s  o f  e l e c t r o p h o r e t i c  d i v e r g e n c e  

be tween s p e c i e s  s u g g e s t  t h a t  t h e  amount o f  g e n e t i c  change i n v o l v e d  in  

s p é c i a t i o n  may n o t  be g r e a t  (Avi se  e t  a l . ,  1975; Nevo e t  a l . ,  1974;

Zimmerman and N e j t e k ,  1977 ) .  Q u e s t i o n s  do remain  a b o u t  t h e  p r o p o r t i o n

o f  t h e  genome t h a t  en codes  s t r u c t u r a l  gene l o c i  and t h e  r e l e v a n c e  o f  

s t r u c t u r a l  gene d i v e r g e n c e  t o  s p é c i a t i o n  ( A v i s e ,  1976) .  A d d i t i o n a l l y ,  

t h e r e  i s  good e v i d e n c e  t h a t  t h e  p r o c e s s e s  i n v o l v e d  i n  t h e  d i v e r g e n c e  

o f  s t r u c t u r a l  g e n e s ,  chromosomal  c h a r a c t e r s ,  and morphology a r e  

e s s e n t i a l l y  i n d e p e n d e n t  ( S c h n e l l  and S e l a n d e r ,  1981) .  I t  i s  n e c e s s a r y



Lo examine a v a r i e t y  of  c h a r a c t e r i : ; t i c : ;  of c l o : . e l y  r e l a t e d  spec i e ; ,  t o  

Rain an i j nder f . i andinR of  t l ie amount  of  Re i i e t i c  chaiiRe u n d e r l y i u K 

s p e c i a t i o t i  and t h e  c o n t r i b u t i o n : ;  of  t h e  d i f f e r e n t  c h a r a c t e r i : ; t i c : .  t o  

s p é c i a t i o n .

The ground s q u i r r e l : :  S p c rm o p h i lu s  mexicanus  and S.

t r i d c c e m i i n c a t u s  a r c  t a x a  t h a t  have  com plet ed  t h e  sec on d s t a g e  of  

s p é c i a t i o n .  The s p e c i e s  a r e  known t o  h y b r i d i z e  in  an a r e a  o f  c o n t a c t  

i n  w e s t e r n  Texas  and s o u t h e a s t e r n  New Mexico (Zimmerman and C o t h r a n ,

1976 ) .  The e l e c t r o p h o r e t i c a l l y  d e t e r m in e d  g e n i c  s i m i l a r i t y  between S. 

mexicanus  and S.  t r i d e c e m l i n e a t u s  i s  v e r y  h i g h  ( N e i ' s  (1972) 1 =

0 . 9 6 5 ;  C o th ran  e t  a l . ,  1 9 77) ,  and t h e r e  i s  l i t t l e  chromosomal 

d i f f e r e n t i a t i o n  o f  t h e  s p e c i e s  ( N a d l e r  and Hughes,  1966; C o th ra n ,  

1982 ) .  The c u r r e n t  s t u d y  was u n d e r t a k e n  t o  examine t h e  morp hom et r i c  

r e l a t i o n s h i p s  be tween t h e s e  h y b r i d i z i n g  ground s q u i r r e l  t a x a  and to  

compare t h e  r e l a t i v e  c o n t r i b u t i o n  o f  t h e  m o r p h o lo g ic  and g e n i c  

c h a r a c t e r i s t i c s  t o  t h e  d i f f e r e n t i a t i o n  t h a t  acco m pan ies  t h e  s p é c i a t i o n  

p r o c e s s .

MATERIALS AND METHODS

I n t e r s p e c i f i c  and i n t r a s p e c i f i c  m o r p h o lo g ic  r e l a t i o n s h i p s  were 

a n a l y z e d  f o r  267 S. t r i d e c e m l i n e a t u s  and 265 S. m e x i c a n u s . A t o t a l  o f  

44 o f  t h e  532 ground  s q u i r r e l s  were i d e n t i f i e d  as  h y b r i d  i n d i v i d u a l s  

by e l e c t r o p h o r e t i c  a n d / o r  k a r y o t y p i c  methods  (C o t h r a n ,  198 2) .  

T h i r t y - t h r e e  l o c a l i t i e s  were sampled (T ab le  1, F i g .  1 ) .  A t o t a l  o f  40 

measurement s  (21 c r a n i a l  and 19 n o n - c r a n i a l )  was t a k e n  w i t h  d i a l



( M l i p r r ; .  t l i r  0 .1  tmtl from r. ich :;j)rc imrli . Tlir tnr.i:;urrrtiritl

wrro  iis'i fo l low: ; :  (OI.S) gro .t t  I itikIU of i ; k i i l l ,  (tiAS) t).ii;.tl lonKfh

of f,kulJ , (%YM) / y x o m a l i c  b rc . i d iU ,  (KOS) r o M r . i l  IctiKtli ,  (NAS) n.i;..i 1 

I r n p l h ,  (I’HH) p r c m . i x i l l . i r y  h r c . i d l h ,  (lOH) i n f - c r o r b i l . i l  l )rc . idt li ,  (t*OH) 

p o ü t o r b i L.1 1 brc . id lJ i ,  (I’Vl.) po;M-p.il . i t . i l  Icnf j t l i ,  (DAT) brc . id t l i  .icr«;,;; 

t o o t h  row::, (TDL) t o o t h  row Icnp. th ,  (DCD) b r a i n  ca::c b r e a d t h , (Dili.)

b u l l a r  I c n p t h ,  (DUD) h o l l a r  b r e a d t h ,  (MOL) 2nd p r e m o l a r  b r e a d t h ,  (UDL) 

u p p e r  d i a s t e m a  l e n g t h ,  (PAW) p a l a t a l  w i d t h ,  (CCD) o c c i p i t a l  d e p t h ,  

(SKD) s k u l l  d e p t h ,  (lb\L) m an d ib l e  l e n g t h ,  (Mv\D) m an d ib le  d e p t h ,  (I'LL) 

femur l e n g t h ,  (FMW) femur minimal  w i d t h ,  (FDW) femur d i s t a l  w i d t h , 

(FPW) femur p ro x i m a l  w i d t h ,  (UUL) humerus l e n g t h ,  (UMW) humerus

minimal  w i d t h ,  (IIDW) humerus  d i s t a l  w i d t h ,  (HPW) humerus p ro x im al  

w i d t h ,  (RPW) r a d i u s  p ro x i m a l  w i d t h ,  (UPW) u l n a  p ro x im a l  w i d t h ,  (TPW) 

t i b i a  p ro x i m a l  w i d t h ,  (FIW) f i b u l a  p ro x im a l  w i d t h ,  (SCL) s c a p u la

l e n g t h ,  (sew) s c a p u l a  w i d t h ,  (PEV) p e l v i s  l e n g t h ,  (SAW) sacrum w i d t h ,  

(TTL) t a i l  l e n g t h ,  (HFL) h i n d f o o t  l e n g t h ,  and (DDL) body l e n g t h .  

D e s c r i p t i o n s  o f  mea su rem en ts  a r e  g i v e n  i n  C o th ra n  ( 1 9 8 2 ) .  T a i l  l e n g t h  

was u s ed  o n l y  when i n d i v i d u a l s  had undamaged t a i l s .  C r a n i a l  

c h a r a c t e r s  and HFL, DDL, and TTL were  a v a i l a b l e  f o r  a l l  532 

i n d i v i d u a l s .  The r e m a i n i n g  c h a r a c t e r s  were  o n l y  measured  on 

i n d i v i d u a l s  f rom p o p u l a t i o n s  1 t o  23.  Fo r  most  a n a l y s e s  o n l y  c r a n i a l  

c h a r a c t e r s ,  HFL, DDL, and TTL were u s e d .  Measurements  were t a k e n  from 

t h e  r i g h t  s i d e  o f  t h e  s k u l l  whenever  p o s s i b l e .  Only i n d i v i d u a l s  w i th  

f u l l y  o s s i f i e d  s k u l l s  and c o m p l e t e l y  c l o s e d  c r a n i a l  s u t u r e s  were  used 

i n  o r d e r  t o  r e d u c e  t h e  v a r i a t i o n  due t o  a g e .
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U n i v a r i a i r  .‘ind mi i l t iv . i r i . t i f?  r :L. it ir . t ic ;;  w c r r  u:;r<l l o  .in.ilyzt* 

i n l r r î : p r c i  1 j c .md i n l r . i : ; p r c i  f i c  d i f f e r e n t i a t i o n  ar. we l l  a;: s exua l  

d imorphi sm of  s k e l e t a l  c h a r a c t e r i s t i c s .  D i f f e r e n c e s  be tween s p e c i e s  

and amonj.; l o c a l i t i e s  were a n a ly z e d  hy s i n g l e  c l a s s i f i c a t i o n  a n a l y s i s  

of  v a r i a n c e  and sums o f  s q u a r e s  s i m u l t a n e o u s  t e s t  p r o c e d u r e s  (S.S-STP; 

G a b r i e l ,  1964;  Power ,  1970) .  M a t r i c e s  o f  P e a r s o n ' s  p roduct-moment  

c o r r e l a t i o n  c o e f f i c i e n t s  between l o c a l i t i e s  and c h a r a c t e r s  were 

c a l c u l a t e d  from s t a n d a r d i z e d  c h a r a c t e r  v a l u e s .  The p r o p o r t i o n  o f  

c h a r a c t e r  v a r i a b i l i t y  a t t r i b u t a b l e  t o  s p e c i e s ,  l o c a l i t y ,  and sex u a l  

v a r i a t i o n  was a n a l y z e d  by v a r i a n c e  components  a n a l y s i s .

D i f f e r e n t i a t i o n  o f  t h e  s p e c i e s  and t h e  r e l a t i o n s h i p  o f  h y b r i d  

i n d i v i d u a l s  t o  t h e  p a r e n t a l  s p e c i e s  were examined by d i s c r i m i n a n t  

f u n c t i o n  and p r i n c i p a l  components  a n a l y s i s  ( M o r r i s o n ,  1967; Rohwer,  

1972) .  P o p u l a t i o n s  which were o u t s i d e  t h e  zone o f  sy m pa t ry  o f  S. 

m exica nus  and S.  t r i d e c e m l i n e a t u s , and i n  which  no h y b r i d s  were 

o b s e r v e d ,  we re  u sed  as  r e f e r e n c e  sam ples  f o r  t h e  c a l c u l a t i o n  o f  t h e  

d i s c r i m i n a n t  f u n c t i o n .  The number o f  c h a r a c t e r s  u sed  t o  c a l c u l a t e  t h e  

d i s c r i m i n a n t  f u n c t i o n  was r e duced  t o  t h e  11 c h a r a c t e r s  w i t h  t h e  

g r e a t e s t  d i s c r i m i n a t i n g  power and t h a t  had t h e  f e w e s t  number o f  

i n d i v i d u a l s  w i t h  m i s s i n g  v a l u e s  f o r  t h e  c h a r a c t e r s .  P r i n c i p a l  

components a n a l y s i s  was p e r fo rm ed  on t h e  c o r r e l a t i o n  m a t r i x  c a l c u l a t e d  

from s t a n d a r d i z e d  c h a r a c t e r  means o f  e ach  l o c a l i t y .  P r i n c i p a l  

components were  a l s o  e x t r a c t e d  from t h e  d a t a  f o r  a l l  i n d i v i d u a l s  and 

f o r  t h e  p o p u l a t i o n s  o f  b o t h  s p e c i e s  s e p a r a t e l y .

A s s o c i a t i o n s  be tw een  m a t r i c e s  o f  p h e n e t i c  d i s t a n c e  ( a v e r a g e  

tax ono mic  d i s t a n c e ;  S o k a l ,  1961) c a l c u l a t e d  f o r  t h e  d i f f e r e n t  s e t s  o f



2 1.

c h a r a c t e r ! ; ,  «exe: ; ,  o r  p o p u l a t i o n : ;  were t e : ; t e d  hy t h e  g e n e r a l  

r e p r e s s i o n  a n a l y s i s  o f  Mantel  (1967;  S o k a l ,  1979) .  Computer a n a l y s e s  

were p e r fo rm ed  u s i n g  th e  S t a t i s t i c a l  A n a l y s i s  System (SAS; Harr  e t  

a l . ,  1979) ,  Numerica l  Taxonomic System (NT-SYS; Roh lf  e t  a l . ,  1974) ,  

and programs from C h e s s e r  (1 9 8 0 ) .  M a t r ix  c o r r e l a t i o n  ( r )  were 

c a l c u l a t e d  u s i n g  th e  HXCOMP p r o c e d u r e  o f  NT-SYS.

The m a j o r i t y  o f  specim en s  have a l s o  been a n a ly z e d  g e n e t i c a l l y  and 

k a r y o t y p i c a l l y  (Zimmerman and C o t h r a n ,  1976; Co th ran  e t  a l . ,  1977; 

C o t h r a n ,  1982) .  E l e c t r o p h o r e t i c  and chromosomal c h a r a c t e r i s t i c s  of  

i n d i v i d u a l s  were used  t o  d e t e r m in e  i f  t h e  i n d i v i d u a l s  were o f  p r o b a b l e  

h y b r i d  o r i g i n .

RESULTS

V a r i a n c e  components  a n a l y s i s  r e v e a l e d  t h e  amount o f  v a r i a t i o n  

c o n t r i b u t e d  by s p e c i e s ,  s e x ,  and l o c a l i t y  d i f f e r e n c e s  (T a b le  2 ) .  

S p e c i e s  d i f f e r e n c e s  a c c o u n te d  f o r  t w o - t h i r d s  o f  t h e  t o t a l  v a r i a t i o n .  

Both l o c a l i t y  and sex  d i f f e r e n c e s  were r e l a t i v e l y  u n i m p o r t a n t .  The 

e r r o r  te rm  was t h e  second h i g h e s t  s o u r c e  o f  v a r i a t i o n .  One component  

o f  t h e  e r r o r  t e rm  was p r o b a b l y  ag e .  No a t t e m p t  was made t o  age 

i n d i v i d u a l s  o t h e r  t h a n  t o  u se  o n l y  a d u l t s  i n  t h e  a n a l y s i s .  The 

p r o p o r t i o n  o f  v a r i a b i l i t y  a t t r i b u t a b l e  t o  s p e c i e s ,  l o c a l i t y ,  and sex 

was s i m i l a r  f o r  c r a n i a l  and n o n - c r a n i a l  c h a r a c t e r s .  S p e c i e s  

d i f f e r e n c e s  were  o f  overwhelming im p o r t a n c e  w i t h  b o t h  s e t s  o f  

c h a r a c t e r s .

R e l a t i v e  t o  s p e c i e s  d i f f e r e n c e s ,  m or ph om et r i c  v a r i a t i o n  due t o  

sex  was u n i m p o r t a n t .  However,  s e x u a l  d imorphism was o b s e r v e d  w i t h i n



r.pecit;;; .ind t h e  amount o f  j ;exual  d imorphism was d i f f e r e n t  be tween 

s p e c i e s .  Of t h e  39 c h a r a c t e r s  t e s t e d  ( t a i l  l e n g t h  was n o t  u sed  due l o  

t h e  number o f  i n d i v i d u a l s  w i t h  b roke n  t a i l s ) ,  14 c h a r a c t e r s  (33.9%) 

were s i g n i f i c a n t l y  s e x u a l l y  d im o r p h ic  i n  S. t r i d e c e m l i n e a t u s  and 33 

(82.1%) were in  S.  m e x i c a n u s . W i th in  b o th  s p e c i " " ,  males  t en d ed  t o  be 

l a r g e r  t h a n  f e m a l e s .  The c r a n i a l  c h a r a c t e r s  t h a t  were s e x u a l l y  

v a r i a b l e  i n  S. t r i d e c e m l i n e a t u s  were GLS, NAS, BCB, SKD, MAD, and HAL, 

and t h e  n o n - c r a n i a l  c h a r a c t e r s  w i t h  s t a t i s t i c a l l y  s i g n i f i c a n t  sex  

d i f f e r e n c e s  were FDW, BMW, HDW, TPW, SCW, SAW, and HFL. Only t h e  

c r a n i a l  c h a r a c t e r s ,  FOB, BAT, TRL, BUB, MOL, and PAL and t h e  

n o n - c r a n i a l  c h a r a c t e r  SAW were  n o t  s i g n i f i c a n t l y  s e x u a l l y  d im o rp h i c  in  

S.  m e x i c a n u s . SAW was t h e  o n l y  c h a r a c t e r  t h a t  was s e x u a l l y  v a r i a b l e  

i n  S. t r i d e c e m l i n e a t u s  and n o t  i n  S.  m e x i c a n u s . N o n - c r a n i a l  

c h a r a c t e r s  t e n d e d  to  be more s e x u a l l y  d im o rp h ic  t h a n  c r a n i a l  

c h a r a c t e r s  i n  b o t h  s p e c i e s .  When v a r i a n c e  components  a n a l y s i s  was 

p e r fo rm ed  on t h e  d a t a  f o r  males  and f e m a le s  s e p a r a t e l y ,  t h e  r e s u l t s  

were s i m i l a r  t o  t h e  r e s u l t s  o f  t h e  a n a l y s i s  w i t h  t h e  s ex e s  combined 

(T a b le  2 ) .  S p e c i e s  a c c o u n t e d  f o r  69.01% and 69.89%,  l o c a l i t y  7.09% 

and 5.69%,  and e r r o r  23.9% and 24.42% o f  t h e  v a r i a t i o n  f o r  m al es  and 

f e m a l e s ,  r e s p e c t i v e l y .

The s m a l l  i m p o r t a n c e  o f  s e x u a l  d i f f e r e n c e s  r e l a t i v e  t o  s p e c i e s  

d i f f e r e n c e  was a l s o  i n d i c a t e d  by com par ing d i s t a n c e  m a t r i c e s .  Average 

taxonomic  d i s t a n c e  ( S o k a l ,  1961) was c a l c u l a t e d  from s t a n d a r d i z e d  d a t a  

m a t r i c e s  o f  p o p u l a t i o n  means o f  t h e  23 c h a r a c t e r s  a v a i l a b l e  from a l l  

p o p u l a t i o n s  f o r  m a l e s ,  f e m a l e s ,  and t h e  s e x e s  combined.  Mante l  m a t r i x  

r e g r e s s i o n  a n a l y s i s  was u sed  t o  compare t h e  t h r e e  d i s t a n c e  m a t r i c e s .



Thr t l i r . tJ incr  m. i l r i cc : ;  f o r  ranlo:; .ind fcm.ilr:;  wore n i gni  f ic. ii i t  1 y

.ii'.f.oci.iteil t o  t h e  d i r ; t ;m co  m a t r i x  o f  t h r  combined nrxcn  ( l ^  = 2 1 . 1 1 ,  P

< 0 , 0 0 1 ,  r  = 0 .9 4 6  and 2 1 . 5 7 ,  P < 0 . 0 0 1 ,  r  = 0 .9 5 5  f o r  m.ilcn and

fc m a l rn  r c n p e c t i v c l y ) . Tlic p l i c n e t i c  d i n t a n c c  m a t r i c r n  o f  male:; and 

f e m a les  were a l s o  s i g n i f i c a n t l y  a s s o c i a t e d  ( t ^  = 1 8 . 6 2 ,  P < 0 . 0 0 1 ,  r  = 

0 . 8 3 9 ) .

The amount  o f  c h a r a c t e r  v a r i a t i o n  due t o  l o c a l i t y  was a l s o  

r e l a t i v e l y  s m a l l  compared t o  s p e c i e s  d i f f e r e n c e s .  S i g n i f i c a n t  

c h a r a c t e r  h e t e r o g e n e i t y  among l o c a l i t i e s  was found f o r  13 o f  39 

c h a r a c t e r s  i n  S. t r i d e c e m l i n e a t u s  and f o r  6 o f  39 c h a r a c t e r s  in  S.

m e x i c a n u s . Only PMB, BUB, and HHW were s i g n i f i c a n t l y  v a r i a b l e  between 

l o c a l i t i e s  i n  b o t h  s p e c i e s .  The o t h e r  c h a r a c t e r s  w i t h  s i g n i f i c a n t  

i n t e r l o c a l i t y  d i f f e r e n c e s  were ZYB, lOB, BCB, BUL, SKD, FDW, HDW, HPW, 

TPW, and SAW f o r  S. t r i d e c e m l i n e a t u s  and NAS, PAW, and CCD in  S.

m e x i c a n u s . When b o t h  s p e c i e s  a r e  c o n s i d e r e d  t o g e t h e r ,  a l l  c h a r a c t e r s  

showed s i g n i f i c a n t  i n t e r l o c a l i t y  v a r i a t i o n .  The r e s u l t s  o f  SS-STP 

t e s t s  f o r  t h e  f o u r  c h a r a c t e r s  w i t h  t h e  h i g h e s t  F - r a t i o s  a r e  shown in  

T ab le  3 .  The r e s u l t s  o f  a l l  SS-STP t e s t s  a r e  g i v e n  i n  Appendix 3 o f  

C o th ra n  ( 1 9 8 2 ) .  Most o f  t h e  v a r i a t i o n  a p p e a r e d  t o  be  w i t h i n  t h e  S. 

mex icanus  p o p u l a t i o n s  a s  t h e r e  were  more n o n - s i g n i f i c a n t  s u b s e t s  

w i t h i n  S. m ex icanus  t h a n  w i t h i n  S. t r i d e c e m l i n e a t u s  (T a b le  3 ) .  Much 

o f  t h e  v a r i a t i o n  w i t h i n  S. mexicanus  a p p e a r e d  t o  be a s s o c i a t e d  w i t h  

t h e  p o p u l a t i o n s  w i t h  t h e  l a r g e s t  number o f  h y b r i d  i n d i v i d u a l s .

D i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was a l s o  u sed  t o  examine s p e c i e s  

d i f f e r e n c e s .  The d i s c r i m i n a n t  f u n c t i o n  was g e n e r a t e d  from a one-way 

m u l t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  a p p l i e d  t o  t h e  23 c h a r a c t e r s
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mr.i!;ur<*<l on und.im.if.pd r;prcicnri»:;. Thr 11 cli . iroclf-r;;  chosen  f o r  I he

d i sc r i n i in ; i nL  fu ncLio n  were  t h o s e  w i th  t h e  h ip .l ies t F - r ; i t i o s  in  th e  

. in ; i lyses  o f  v n r i . t n c e . The K - r . i t i o s  ;ind r"  f o r  cnch t e s t  of t h e  11 

c h a r a c t e r ! ;  in  t h e  HANOVA, t h e  c h a r a c t e r  w e ig h t  inf;:; , and t h e  c h a r a c t e r  

c o r r e l a t i o n : ;  w i t h  t l ic d i s c r i m i n a n t  f u n c t i o n  a r c  g iv e n  i n  T ab le  A. The 

d i s c r i m i n a n t  f u n c t i o n  i s  a l i n e a r  co m b i n a t i o n  o f  t h e  v a l u e s  f o r  an 

i n d i v i d u a l  o f  t h e  c h a r a c t e r s  u sed  i n  t h e  1L\N0VA. The i n d i v i d u a l  

d i s c r i m i n a n t  s c o r e ,  o r  z - v a l u e ,  i s  t h e  number r e s u l t i n g  from the  

l i n e a r  c o m b i n a t i o n .  Th us ,

z = 0 .0339(GLS) -  0.0A86(BAS) + 0.0265(ZYB) . . .  + 0.0166(HFL)

f o r  e a ch  i n d i v i d u a l .  The c o r r e l a t i o n  bet ween  a c h a r a c t e r  and th e  

z - v a l u e  i s  an i n d i c a t i o n  o f  t h e  c o n t r i b u t i o n  o f  t h a t  c h a r a c t e r  t o  th e  

d i s c r i m i n a n t  f u n c t i o n  (M o r r i so n ,  196 7) .  The g r e a t e r  t h e  c o r r e l a t i o n  

t h e  g r e a t e r  t h e  im p o r t a n c e  o f  t h a t  c h a r a c t e r  i n  d i s c r i m i n a t i n g  between 

t h e  s p e c i e s .

The d i s c r i m i n a n t  f u n c t i o n  was c a l c u l a t e d  u s i n g  i n d i v i d u a l s  from 

p o p u l a t i o n s  o f  t h e  two s p e c i e s  o u t s i d e  t h e  c o n t a c t  zone ( t h e  r e f e r e n c e  

s a m p l e s ) .  T h i s  d i s c r i m i n a n t  f u n c t i o n  was t h e n  used  t o  c h a r a c t e r i z e  

a l l  t h e  i n d i v i d u a l s  s am pled .  I n d i v i d u a l  d i s c r i m i n a n t  s c o r e s  rang ed  

f rom 2 . 7 3  t o  3 . 7 2 .  The l o w e s t  z - v a l u e s  were  found  f o r  i n d i v i d u a l s  o f  

S. t r i d e c e m l i n e a t u s . The i n d i v i d u a l  z - v a l u e s  o f  S. t r i d e c e m l i n e a t u s  

ra n g ed  f rom 2 . 7 3  t o  3 . 2 5 .  F o r  S. mex icanu s  z - v a l u e s  r a n g ed  from 3 .0 3  

t o  3 . 7 2 .  The z - v a l u e s  o f  h y b r i d  i n d i v i d u a l s  r a n g e d  from 2 .7 5  t o  3 . 6 5 ,  

n e a r l y  s p a n n i n g  t h e  t o t a l  ra n g e  o f  t h e  two s p e c i e s .  P o p u l a t i o n  means



2Ü

of  cl ir .cri tninanL :;corc:: of  S. t r i d o c o m l  i n c . i t u ; ; rang ed  from 2. 90  f o r  

p o p u l a t i o n  25 t o  3 .07  f o r  popi i l .a t ion  7. For  S. mexicanu::  po p u la t i o n : ;  

means o f  z - v a l u e  ranged  from 3 .2 9  f o r  p o p u l a t i o n  30 t o  3 . 53  f o r  

p o p u l a t i o n  13. E xce p t  f o r  p o p u l a t i o n ; ;  30 and 32,  t l ic low es t  

d i s c r i m i n a n t  s c o r e s  f o r  p o p u l a t i o n s  o f  S.  mexicanus  were  p r i m a r i l y  

t h o s e  where  h y b r i d s  were found.

H i s to g r a m s  o f  t h e  d i s c r i m i n a n t  s c o r e s  o f  t h e  r e f e r e n c e  samples  

and o f  a l l  i n d i v i d u a l s  a r e  shown in  F i g .  2.  A c l e a r  s e p a r a t i o n  o f  t h e  

s p e c i e s  i n  t h e  r e f e r e n c e  sample i s  p r e s e n t .  However,  when t h e  z - v a l u e s  

o f  a l l  i n d i v i d u a l s  were  p l o t t e d ,  t h e  s e p a r a t i o n  was n o t  as  c l e a r c u t .  

The d i s t r i b u t i o n  o f  z - v a l u e s  o f  S m cxica nus  was skewed toward S. 

t r i d e c e m l i n e a t u s  w h i l e  t h e  S. t r i d e c e m l i n e a t u s  d i s t r i b u t i o n  was 

somewhat skewed away from S. m e x i c a n u s . A l l  t h e  S .  mexicanus  

i n d i v i d u a l s  t h a t  a r e  on th e  S. t r i d e c e m l  i n e a t u s  s i d e  o f  t h e  o v e r a l l  

d i s t r i b u t i o n  o f  z - v a l u e s  were from p o p u l a t i o n s  2 ,  5 ,  14, and 22 and 

were t h e  p o p u l a t i o n s  w i t h  t h e  g r e a t e s t  number o f  h y b r i d s .

P r i n c i p a l  components a n a l y s i s  was a l s o  used t o  summarize 

c h a r a c t e r  v a r i a t i o n  be tween t h e  two s p e c i e s .  C h a r a c t e r  means and 

s t a n d a r d  d e v i a t i o n s  o f  a l l  40 c h a r a c t e r s  examined f o r  each s p e c i e s  and 

t h e  c h a r a c t e r  l o a d i n g s  ( c o r r e l a t i o n s )  on t h e  f i r s t  two p r i n c i p a l  

components  a r e  g i v e n  i n  T ab le  5 .  The m a jo r  p o r t i o n  o f  t h e  v a r i a t i o n  

(90.44%) was e x p l a i n e d  by p r i n c i p a l  component  I (P CI) .  Almost a l l  

c h a r a c t e r s  had h i g h  p o s i t i v e  l o a d i n g s  on PCI which i n d i c a t e s  t h a t  s i z e  

i s  t h e  m a j o r  d i f f e r e n c e  bet w een  t h e  s p e c i e s .  C h a r a c t e r s  w i th  t h e  

l o w e s t  l o a d i n g s  on PCI and t h e  h i g h e s t  l o a d i n g s  on PCII a r e  i n t e r n a l  

c h a r a c t e r s  s u c h  as  POB, PMB, TRL, BUL, and BUB. P r i n c i p a l  component
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I I  o n l y  a c c o u n te d  f o r  2.03% o f  t h e  v a r i a t i o n .  P r i n c i p a l  component 111 

in  n o t  dir.cur.r.ed an i t  o n ly  a c c o u n te d  f o r  1.64% of  t h e  v a r i a t i o n  and 

no c h a r a c t e r  had a c o r r e l a t i o n  an g r e a t  an 0 . 5 .

A b i v a r i a t e  p l o t  o f  t h e  p ro jec t io n ! ' ,  o f  t h e  p o p u l a t i o n : ;  o n to  th e  

f i r s t  two p r i n c i p a l  components ( F i g .  3) wan base d  on 23 c h a r a c t e r s  

a v a i l a b l e  f o r  a l l  p o p u l a t i o n s  p l u s  t a i l  l e n g t h .  Only i n d i v i d u a l s  w i t h  

unbroken  t a i l s  were  used  to  c a l c u l a t e  mean TTL f o r  ea ch  p o p u l a t i o n .  

Component I e x p l a i n e d  85.00% o f  t h e  v a r i a t i o n  and PCII a c c o u n te d  f o r  

3.92% o f  t h e  v a r i a t i o n .  C h a r a c t e r  l o a d i n g s  on t h e  p r i n c i p a l  components 

a r e  s i m i l a r  i n  b o th  t h e  4 0 - c h a r a c t e r  and t h e  2 4 - c h a r a c t e r  a n a l y s e s .  

A d d i t i o n a l l y ,  a v e r a g e  t axon om ic  d i s t a n c e s  m a t r i c e s  c a l c u l a t e d  from th e  

v a r i o u s  s e t s  o f  c h a r a c t e r s  ( a l l  c h a r a c t e r s ,  c r a n i a l  c h a r a c t e r s  o n l y ,  

o r  n o n - c r a n i a l  c h a r a c t e r s  o n l y )  were s i g n i f i c a n t l y  a s s o c i a t e d  w i th  

ea ch  o t h e r  (Mante l  t e s t s :  a l l  c h a r a c t e r s  v s .  c r a n i a l  c h a r a c t e r s ,  ^  =

1 5 .7 6 ,  P < 0 . 0 0 1 ,  r  = 0 . 9 9 3 ;  a l l  c h a r a c t e r s  v s .  n o n - c r a n i a l

c h a r a c t e r s ,  = 1 5 . 7 5 ,  P < 0 . 0 0 1 ,  r  = 0 . 9 9 2 ;  c r a n i a l  v s .  n o n - c r a n i a l  

c h a r a c t e r s ,  ^  = 1 5 . 4 5 ,  P < 0 . 0 0 1 ,  r  = 0 . 9 9 2 ) .  P o p u l a t i o n s  o f  S. 

mexicanus  had p r i m a r i l y  p o s i t i v e  s c o r e s  f o r  PCI w h i l e  p o p u l a t i o n s  of  

S.  t r i d e c e m l i n e a t u s  had p r i m a r i l y  n e g a t i v e  s c o r e s .  P o p u l a t i o n s  2 ,  5 ,  

and 22 o f  S. m ex ica nus  were somewhat i n t e r m e d i a t e  i n  PCI s c o r e s .  The 

S. mexicanus  p o p u l a t i o n s  14, 30,  and 32 had n e g a t i v e  PCI s c o r e s  b u t  

a l s o  had h ig h  p o s i t i v e  PCII s c o r e s  which i n d i c a t e d  t h a t  i n d i v i d u a l s  i n  

t h e s e  p o p u l a t i o n s  a r e  s m a l l ,  b u t  n o t  t r u l y  S.  t r i d e c e m l i n e a t u s - l i k e .

P r i n c i p a l  components  a n a l y s i s  was a l s o  used  t o  examine p a t t e r n s  

o f  i n t r a s p e c i f i c  c h a r a c t e r  v a r i a t i o n .  The same 24 c h a r a c t e r s  as  above 

were employed i n  t h e  a n a l y s i s .  P r o j e c t i o n s  o f  t h e  p o p u l a t i o n s  onto



;iü

tho f i r s t  two p r i n c i p a l  components arc* shown in  Kip.s. A a and 41). 

Component I a c c o u n t e d  f o r  60.63% o f  t h e  V a r i a t i o n  i n  S. m ex ican u s . 

Components I I  and I I I  e x p l a i n e d  9.32% and 8.32%,  r e s p e c t i v e l y .  

C h a r a c t e r  l o a d i n g s  on t h e  f i r s t  p r i n c i p a l  component  i n d i c a t e d  o v e r a l l  

s i z e  t o  be o f  m a jo r  im p o r t a n c e  i n  e x p l a i n i n g  t h e  d i f f e r e n c e s  between 

S. mexicanus  p o p u l a t i o n s .  C h a r a c t e r s  a s s o c i a t e d  w i t h  s k u l l  w i d t h  had 

th e  h i g h e s t  l o a d i n g s  on PCI I .  Th re e  c l u s t e r s  o f  S. mcxicanus  

p o p u l a t i o n s  a r c  e v i d e n t  i n  F i g .  4a .  The c l u s t e r  w i t h  p o s i t i v e  PCI 

s c o r e s  were  t h e  p o p u l a t i o n s  w i t h  few o r  no h y b r i d s  and t h e  l a r g e s t  

i n d i v i d u a l s .  The c l u s t e r  w i t h  p o p u l a t i o n s  2 ,  5 ,  8 ,  14, and 22 was the  

c l u s t e r  w i t h  t h e  m a j o r i t y  o f  t h e  h y b r i d  s q u i r r e l s .  The t h i r d  group 

c o n t a i n e d  p o p u l a t i o n s  30 and 32 which had s m a l l  b u t  r e l a t i v e l y  bro ad 

s k u l l s .

P r i n c i p a l  component  1 e x p l a i n e d  o n l y  46.85% o f  t h e  v a r i a t i o n  in  

S. t r i d e c e m l i n e a t u s . Ther e  was l e s s  o v e r a l l  s i z e  v a r i a t i o n  i n  S. 

t r i d e c e m l i n e a t u s  t h a n  i n  S. m e x i c a n u s . However,  t h e  c h a r a c t e r  

l o a d i n g s  on PCI o f  S. t r i d e c e m l i n e a t u s  were s i m i l a r  ( a l t h o u g h  lo w er )  

t o  t h o s e  o f  S.  m ex ica nus  and t o  t h o s e  o f  t h e  a n a l y s i s  w i t h  t h e  d a t a  

from t h e  s p e c i e s  combined.  T h i s  s i m i l a r i t y  i n d i c a t e d  t h a t  s i z e  was a 

m a jo r  s o u r c e  o f  v a r i a t i o n  i n  S. t r i d e c e m l i n e a t u s . Components I I  and 

111 e x p l a i n e d  12.18% and 8.89% o f  t h e  v a r i a t i o n ,  r e s p e c t i v e l y .  No 

p a t t e r n  was o b s e r v e d  i n  t h e  p r o j e c t i o n  o f  t h e  p o p u l a t i o n s  o f  S. 

t r i d e c e m l i n e a t u s  on PCI ( F i g .  4 b ) .  The two s u b s p e c i e s  o f  S 

t r i d e c e m l i n e a t u s  t h a t  o c c u r  w i t h i n  my s t u d y  a r e a  were s e p a r a t e d  on 

PCI I .  P o p u l a t i o n s  o f  S.  t .  t e x e n s i s  had n e g a t i v e  PCII s c o r e s  w h i l e  

a l l  p o p u l a t i o n s  o f  S. t .  a r e n i c o l a  e x c e p t  p o p u l a t i o n  7 had p o s i t i v e



PCII !iCorr:i .  I tu l iv id i i . i l  o f  S. L. h.'td n a r r o w e r  ; :knll ;;  th .m

(lid tho  I n d i v i d u a l : :  o f  S. l .  a r e n i c o l a .

A b i v . i r i . i l r  p l o t  o f  t h e  p r i n c i p a l  components 1 .and 11 sco re : ;  ol 

. i l l  i n d i v i d u a l s  examined i s  shown in  Kip,. 5.  A l thou gh  l l ic i n d i v i d u a l s  

o f  t h e  two s p e c i e s  t e n d  t o  c l u s t e r  by s p e c i e s ,  t h e  s p e c i e s  c l u s t e r s  of 

F ig .  5 a r c  n o t  a s  d i s t i n c t  a s  were t h e  s p e c i e s  c l u s t e r s  in  F i g .  3. 

The m a jo r  a r e a  o f  s e p a r a t i o n  in  F i g .  5 i s  i n d i c a t e d  by t h e  das he d  l i n e  

which i s  a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  maj o r  a x i s  of  t h e  s p e c i e s  

c l u s t e r s .  The S. m ex ica nus  i n d i v i d u a l s  t h a t  were  in  t h e  S. 

t r i d e c e m l i n e a t u s  c l u s t e r  were  p r i m a r i l y  from p o p u l a t i o n s  2 and 22.  I t  

i s  p o s s i b l e  t h a t  t h e s e  i n d i v i d u a l s  were h y b r i d s  t h a t  were n o t  d e t e c t e d  

by t h e  u s e  o f  e l e c t r o p h o r e s i s  o r  k a r y o t y p e s .  A few known h y b r i d s  were 

found i n  t h e  S. t r i d e c e m l i n e a t u s  c l u s t e r ,  a l t h o u g h ,  most  were  p l a c e d  

w i t h  t h e  S.  mex icanu s  s p e c im e n s .  The m a jo r  c o n c e n t r a t i o n s  o f  h y b r i d  

i n d i v i d u a l s  i n  F i g .  5 c o r r e s p o n d e d  t o  t h e  l o c a t i o n  o f  p o p u l a t i o n s  2 

and 22 i n  F i g .  3.

DISCUSSION

I n  c o n t r a s t  t o  h i g h  g e n e t i c  and k a r y o t y p i c  s i m i l a r i t y  between S. 

mexicanus  and S. t r i d e c e m l i n e a t u s  ( C o th r an  e t  a l . ,  1977;  Zimmerman and 

C o t h ra n ,  1976) ,  t h e s e  ground s q u i r r e l  t a x a  a r e  m o r p h o l o g i c a l l y  

d i s t i n c t  ( F i g s .  2 and 3;  T a b l e s  2 and 5 ) .  Of 42 l o c i  examined 

e l e c t r o p h o r e t i c a l l y ,  o n l y  one l o c u s  ( t h e  a lbum in  l o c u s )  had f i x e d  

a l l e l i c  d i f f e r e n c e s  be tw e en  t h e  s p e c i e s  ( C o th r an  e t  a l . ,  1977; 

C o t h r a n ,  1982) .  On t h e  o t h e r  hand ,  s i g n i f i c a n t  d i f f e r e n c e s  be tween  

t h e  s p e c i e s  were fo und f o r  a l l  m o rp hom et r i c  c h a r a c t e r s .  Only



cit.ir.'u I r r r i  HOS, I’MH, I’OH, I’AW, .md !(W |m<l t’Cl I o.k Iuiks  th. i t  w r r r  I r %

ill,in 0 , ‘JfJ ( T a h i r  S ) ,  Thr p r i m a r y  tnurjihoairt r 41 di i t r r r n c r : .  h r i w r r n  S. 

RirX 1 i n  mil, and S . i r i d r c r t n j  inr j i tur .  . i r r  r r l . i l r d  In  o v r r . i l  1 i.i'.’.r

di ( i r  r r n c r : ; . Add» l i  on.i l l y , t h r  t a x a  a r r  c l r a r l y  d i i l r r m l  in  r x l r r n a l  

morpho logy .  .Sprrmojihi 1 ur; mcx icanu :; it; l a r g e r  t h an  S. I r i d r c c ml i n r aliit; 

and har. a r e l a t i v e l y  lonp.cr and b u t ih ic r  t a i l  w h i l e  t h e  l a t t e r  ttpecic:;

hat. a more complex pelap.e p a t t e r n  (How el l ,  1938; H a l l  and K e ls o n ,

1959).  The b a c u l a r  morphology of  t h e  s p e c i e s  i s  s i m i l a r ,  b u t  t h e  t i p  

of  t h e  baculum o f  S. mexi canus  i s  l e s s  w i d e l y  expanded and more 

s h a r p l y  u p t u r n e d  on t h e  s i d e s  t h a n  t h a t  o f  S. t r i d e c e m l i n c a t u s

(Howel l ,  1938) .

N e i t h e r  p r i n c i p a l  components  n o r  d i s c r i m i n a n t  f u n c t i o n  a n a l y s e s  

were p a r t i c u l a r l y  e f f e c t i v e  i n  d i s t i n g u i s h i n g  h y b r i d  i n d i v i d u a l s  

( F i g s .  2 and 5 ) .  The re  i s  no t e n d e n c y  f o r  t h e  h y b r i d  ground s q u i r r e l s  

t o  be i n t e r m e d i a t e  t o  t h e  p a r e n t a l  s p e c i e s  i n  e i t h e r  p r i n c i p a l

component  o r  d i s c r i m i n a n t  f u n c t i o n  s c o r e s .  The h y b r i d s  p r i m a r i l y

c l u s t e r e d  w i t h  i n d i v i d u a l s  o f  S.  m e x i c a n u s .

I n t e r s p e c i f i c  h y b r i d s  w i l l  n o t  n e c e s s a r i l y  be m o r p h o l o g i c a l l y

i n t e r m e d i a t e  t o  t h e  p a r e n t  s p e c i e s .  L a b o r a t o r y  p ro d u c ed  h y b r i d s

between s p e c i e s  o f  t h e  w o o d ra t  genus Neotoma had d i s c r i m i n a n t  f u n c t i o n  

s c o r e s  t h a t  were  somewhat i n t e r m e d i a t e  t o  t h e  p a t e n t a i s  b u t  were 

c l o s e r  t o  one p a r e n t  s p e c i e s  o r  t h e  o t h e r  ( B i r n e y ,  1976 ) .  H yb r i ds  

be tw e en  s p e c i e s  o f  b i r c h  a l s o  had d i s c r i m i n a n t  s c o r e s  t h a t  were c l o s e r  

t o  one p a r e n t  t h a n  t o  t h e  o t h e r  (Danc ik  and B a r n e s ,  1975 ) .

I n  t h e  c a s e  o f  t h e  S. mex icanus  -  S. t r i d e c e m l i n e a t u s  h y b r i d s ,  

e l e c t r o p h o r e t i c  and k a r y o t y p i c  e v i d e n c e  i n d i c a t e d  t h a t  t h e  m a j o r i t y  of



i h c  i n d i v i d u a l  r i q u i r r c i : ;  of  p r o b a h l r  h y b r i d  o r i g i n  wore r i l h o r  

b.ickcro!;t;r:; o r  (CoLbr.in,  1982) .  I)ackcrot;:iiiip, w i l l  p ro d u ce  :;ome

h y b r i d  i n d i v i d u a l u  t h a t  a r e  g e n e t i c a l l y  and k a r y o t y p i c a l l y  

i n d i s t i n g u i s h a b l e  from t h e  p a r e n t  specie : :  i n v o l v e d  in  t h e  b a c k c r o s s  

due t o  H e n d e l i a n  i n h e r i t a n c e .  A l s o ,  an g e n e r a t i o n  w i l l  have

i n d i v i d u a l s  i d e n t i c a l  t o  t h e  p a r e n t  s p e c i e s  i n  H e n d e l i a n  c h a r a c t e r s .  

Th us ,  some o f  t h e  h y b r i d  i n d i v i d u a l s  were p r o b a b l y  m i s i d c n t i f i e d  as  

one o f  t h e  p a r e n t a l  s p e c i e s  b e c a u s e  i d e n t i f i c a t i o n  was b ased  s o l e l y  on 

e l e c t r o p h o r e t i c  and chromosomal c h a r a c t e r s .  M o rpho log ica l  

c h a r a c t e r i s t i c s  a r e  p o l y g e n i c  i n  n a t u r e  and may p r o v i d e  e v i d e n c e  of  

h y b r i d i z a t i o n  i n  b a c k c r o s s  and i n d i v i d u a l s .  M o r p h o l o g i c a l l y ,  a 

number o f  g round  s q u i r r e l s  i d e n t i f i e d  as S. mexicanus  had p r i n c i p a l  

component  a n d / o r  d i s c r i m i n a n t  f u n c t i o n  s c o r e s  i n d i c a t i v e  o f  S. 

t r i d e c e m l i n e a t u s  ( F i g s .  2 and 5 ) .  Based upon where t h e s e  i n d i v i d u a l s  

were c o l l e c t e d ,  some were  p r o b a b l y  h y b r i d s .  The r e s t  o f  t h e  S.

mexicanus  t h a t  had low d i s c r i m i n a n t  f u n c t i o n  s c o r e s  were p r i m a r i l y  

from l o c a l i t i e s  30 and 32 where no h y b r i d s  were found .

M o r p h o l o g i c a l l y ,  most  o f  t h e  g e n e t i c a l l y  i d e n t i f i e d  h y b r i d s  were 

most s i m i l a r  t o  S. mex icanu s  ( F i g s .  2 and 5 ) .  The morp hom et r i c  d a t a  

s u p p o r t s  t h e  c o n c l u s i o n  t h a t  t h e  m a j o r i t y  o f  t h e  h y b r i d  ground 

s q u i r r e l s  were  b a c k c r o s s e s ,  p r i m a r i l y ,  i f  n o t  e x c l u s i v e l y ,  t o  S.

m e x i c a n u s . Some h y b r i d  i n d i v i d u a l s  may have been  b a c k c r o s s e s  t o  S.

t r i d e c e m l i n e a t u s  b u t  t h e s e  i n d i v i d u a l s  c o u ld  a l s o  r e p r e s e n t  an Fg

g e n e r a t i o n  ( C o t h r a n ,  1982 ) .  A l l  h y b r i d s  were found i n  p o p u l a t i o n s  

t h a t  were o t h e r w i s e  S. m e x i c a n u s . No h y b r i d s  were  found a s s o c i a t e d  

w i t h  S. t r i d e c e m l i n e a t u s . The m a j o r i t y  o f  t h e  h y b r i d s  were



concci; ' .r/i tc<l i n  two p o j n i l . i t i o n : ; . At l<M::t 50% .ind 68% of t l i r

i n d iv id n . l l : ;  c o l l e c t e d  from l o c . i l i t i e : ;  2 .ind 22, r e s p e c t i v e l y ,  were 

hy b r id : : .  P r o b a b l e  hybr id : ;  were found a t  e ip.ht  o t h e r  l o c a l i t i e s ,  bu t  

few i f  any o f  t h e s e  h y b r i d s  c o u ld  have been F . ' s .  In no ca s e  were
• i

b o th  p a r e n t  s p e c i e s  c o l l e c t e d  from t h e  same p o p u l a t i o n ,  a l t h o u g h ,  

l o c a l i t i e s  2 and 18 were  o n l y  a b o u t  3 km a p a r t .

The e v i d e n c e  s u g g e s t s  t h a t  t h e  h y b r i d i z a t i o n  between S. mexicanus

and S. t r i d e c e m l i n e a t u s  i s  u n i d i r e c t i o n a l ,  s u g g e s t i n g  t h a t  a l l

i n t e r s p e c i f i c  m a t in g s  were  between S. mexicanus  f e m a le s  and S. 

t r i d e c e m l i n e a t u s  m a l e s .  A l l  i n t r o g r e s s i o n  may a l s o  be i n t o  S.

m e x i c a n u s . Asymmetric i n t r o g r e s s i o n  i s  n o t  u n u su a l  ( S h o r t ,  1965; Yang 

and S e l a n d e r ,  1968; Hunt  and S e l a n d e r ,  1973);  however ,  u n i d i r e c t i o n a l  

h y b r i d i z a t i o n  and i n t r o g r e s s i o n  does n o t  a p p e a r  t o  be common in  

n a t u r e .  The mechanisms f o r  t h e  p o s s i b l e  u n i d i r e c t i o n a l  h y b r i d i z a t i o n  

between S. mex icanu s  and S.  t r i d e c e m l i n e a t u s  a r e  n o t  c l e a r .  P rem at in g  

i s o l a t i o n  o f  S. t r i d e c e m l i n e a t u s  fe m a les  from S. mex icanu s  males  due 

t o  b e h a v i o r a l  d i f f e r e n c e s  bet ween  th e  s p e c i e s  o r  p o s t m a t i n g  i s o l a t i o n  

a s  a r e s u l t  o f  t h e  s i z e  d i f f e r e n c e s  between t h e  s p e c i e s  a r e  p o s s i b l e  

e x p l a n a t i o n s  (Watson,  1942;  C o t h r a n ,  1982) .

The h i g h  g e n e t i c  s i m i l a r i t y  between S. mex icanu s  and S. 

t r i d e c e m l i n e a t u s  (C o th ra n  e t  a l . ,  1977; Zimmerman and C o t h r a n ,  1976) 

co u ld  be  t h e  r e s u l t  o f  gene f lo w between t h e  s p e c i e s .  However,  t h e  

a p p a r e n t  u n i d i r e c t i o n a l  n a t u r e  o f  t h e  h y b r i d i z a t i o n  and t h e  

m orphom et r i c  d i f f e r e n c e s  bet ween  t h e  t a x a  do n o t  s u p p o r t  s i g n i f i c a n t  

gene exchan ge.  M o r p h o l o g i c a l l y ,  even t h e  p o p u l a t i o n s  w i t h  50% o r  more 

h y b r i d  i n d i v i d u a l s  were most  s i m i l a r  t o  S. mexicanus  ( F i g .  3 ) .



S c h n f l l  .nul Scl .inclcr (1981)  p o i n l c d  out. t h . i l  t n o rp ho lo f . ic , M r u c t u r . i l  

g e n e ,  .ind chromosomal d iv c rp .cn c r  p r o c e s s e s  . ire e s s e n t i a l l y  

i n d e p e n d e n t .  The m o rp h o lo g ic  d i v e r g e n c e  between S.  mexic. inus  and S. 

t r i d e c e m l i n e a t u s  in  g r c . i t e r  t h a n  t h e  chromosomal and p e n i c  d i v e r g e n c e .  

The q u e s t i o n  t h e n  in  which s e t  o f  c h a r a c t e r n  r e f l e c t  t h e  amount o f  

d i f f e r e n t i a t i o n  t h a t  i s  r e l e v a n t  t o  s p é c i a t i o n .  U n i d i r e c t i o n a l  

h y b r i d i z a t i o n  i n d i c a t e s  t h a t  some l e v e l  o f  r e p r o d u c t i v e  i s o l a t i o n  has  

d e v e lo p e d .  R e p r o d u c t i v e  i s o l a t i o n  w i t h  l i t t l e  e l e c t r o p h o r e t i c  

d i f f e r e n t i a t i o n  has  been o b s e r v e d  in  n a t u r a l  p o p u l a t i o n s  and in  t h e  

l a b o r a t o r y  (A v ise  e t  a l . ,  1975; K i l i a s  e t  a l . ,  1981) .  My d a t a  s u g g e s t  

t h a t  t h e  m o rp hom et r i c  r e l a t i o n s h i p s  a r e  a b e t t e r  e s t i m a t e  o f  t h e  

d e g r e e  o f  d i f f e r e n t i a t i o n  r e l a t i v e  t o  s p é c i a t i o n  t h a n  a r e  

e l e c t r o p h o r e t i c  o r  chromosomal d a t a  f o r  S. mex icanus  and S. 

t r i d e c e m l i n e a t u s . Whether t h e  m o rp h o lo g ic  d i v e r g e n c e  i s  due t o  t h e  

m o rp h o lo g ic  c h a r a c t e r s  b e i n g  more s e n s i t i v e  t o  s e l e c t i o n  o r  i s  due to  

a s m a l l  number o f  r e g u l a t o r y  gene ch anges  c a n n o t  be d e t e r m in e d  from 

t h e  i n f o r m a t i o n  a v a i l a b l e .

The p r e s e n t  o v e r l a p  o f  t h e  r a n g e s  o f  S. mexicanus  and S. 

t r i d e c e m l i n e a t u s  i s  l i k e l y  due t o  r e c e n t  ra nge  e x p a n s io n  (How el l ,  

1932;  H a l l  and K e l s o n ,  1959;  H a l l ,  1 9 8 1 ) ,  p o s s i b l y  due t o  h a b i t a t  

a l t e r a t i o n  a s  a r e s u l t  o f  human a c t i v i t i e s .  H a b i t a t  d i s t u r b a n c e  i s  

o f t e n  c i t e d  as  a p r i m e ca u se  o f  h y b r i d i z a t i o n  (Mayr, 1963;  Moore,

1 9 7 7 ) .  The s i t u a t i o n  o b s e r v e d  f o r  S.  mex icanus  and S. 

t r i d e c e m l i n e a t u s  o f  a wide  a r e a  o f  sy m p a t ry  ( F i g .  1) b u t  o n l y  

s c a t t e r e d  h y b r i d i z a t i o n  p r i m a r i l y  a s s o c i a t e d  w i t h  d i s t u r b e d  h a b i t a t s ,  

h a s  been c a l l e d  l o c a l i z e d  s y m p a t r i c  h y b r i d i z a t i o n  (W oodruf f ,  1973) .



The mode o f  ! ; ) )cc i . i l ion  t h a ï  may b r ü t  r t rprc : :cnl  t l i r  : ; iL u a t io n  hclwer ii  

fî, mc/Cic.inti:; and S. t . r id rc r r a l in ea t .u : :  i;; t h e  a l l o - j ) . i r a p . i l r i c  model of 

Ki id lcr ( 1977) .  Under ih i : ;  model p o p u l a t i o n : ;  d i v e r g e  u nder  c o n d i t i o n : :  

o f  a l l o p . ' j t r y  b u t  : ; j>ec ia t ion i:: co m plet ed  a f t e r  ; ;econdary  c o n t a c t .  The 

p a t h  o f  s p é c i a t i o n  depend s  upon t h e  amount o f  d i f f e r e n t i a t i o n  a c h i e v e d  

d u r i n g  i s o l a t i o n .  With a sm al l  amount o f  d i v e r g e n c e  (s u ch  as  t h e  

g e n i c  d i f f e r e n t i a t i o n  be tw een  S. mcx icanus  and S. t r i d e c e m l i n e a t u s ) ,  

t h e r e  s h o u l d  be t h e  f o r m a t i o n  o f  s h a l l o w  d i n e s  f o l lo w e d  by s t e e p  

d i n e s  and h y b r i d  zones  ( E n d l e r ,  197 7) .  With h ig h  d i f f e r e n t i a t i o n  

d e v e lo p e d  d u r i n g  a l l o p a t r y  (such as  t h e  m o rp h o lo g ic  d i v e r g e n c e  o f  t h e  

ground  s q u i r r e l  t a x a ) ,  t h e  d i n e s  a r e  n o t  formed and o n ly  

h y b r i d i z a t i o n  p r e c e d e s  s p é c i a t i o n .  I f  E n d l e r ' s  model i s  a p p l i c a b l e ,  

t h e n  t h e  a l l o - p a r a p a t r i c  model a l s o  s u p p o r t s  t h e  c o n t e n t i o n  t h a t  t h e  

m o r p h o lo g ic  r e l a t i o n s h i p s  between t h e  s p e c i e s  a r e  more i n d i c a t i v e  of  

t h e  amount o f  d i f f e r e n t i a t i o n  between  S. mex icanus  and S. 

t r i d e c e m l i n e a t u s .

M o rp h o l o g i c a l  v a r i a b i l i t y  was g r e a t e r  i n  S. m exica nus  th an  i n  S. 

t r i d e c e m l i n e a t u s  ( T a b le  5 ,  F i g s .  2 ,  3 ,  and 5 ) .  The g r e a t e r

m o rp h o m e t r i c  v a r i a b i l i t y  o f  S. mex icanus  i s  c o n s i s t e n t  w i t h  t h e  h i g h e r  

g e n i c  v a r i a b i l i t y  o f  S. mex icanus  ( C o th r a n  e t  a l . ,  1977) .  

S p c r m o p h i lu s  m ex icanu s  was more v a r i a b l e  b o t h  m o r p h o m e t r i c a l l y  and 

g e n e t i c a l l y  t h a n  S. t r i d e c e m l i n e a t u s  even  when t h e  h y b r i d s  were n o t  

i n c l u d e d  i n  t h e  c a l c u l a t i o n  o f  v a r i a b i l i t y  ( p r e s e n t  s t u d y ;  C o t h r a n ,  

1 9 8 2 ) .  T h e re  i s  no r e a s o n  t o  e x p e c t  t h a t  m o rp h o lo g ic  v a r i a b i l i t y  w i l l  

be  c o r r e l a t e d  w i t h  t h e  v a r i a b i l i t y  a t  s t r u c t u r a l  gene l o c i  ( S c h n e l l  

and S e l a n d e r ,  1981) .  U n l i k e  t h e  gene p r o d u c t s  examined by
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c l c c t r o p h o r c t - i c  Lcch n iqu r : : ,  morpliolop.ic. il  c h n r . i c l c r : :  ; i r r  d e t e r m in e d  liy 

.1 number o f  l o c i  nn w e l l  as  by i n t e r a c t i o n s  between t h e  p.cnome and t h e  

e n v i r o n m e n t .  However,  i t  i s  n o t  u n r e a s o n a b l e  t o  e x p e c t  t h a t  p a t t e r n s  

o f  m o rp h o m et r i c  and g e n i c  v a r i a b i l i t y  w i l l  be  t h e  same in  s p e c i e s  

c o m p a r i s o n s .  Members o f  a s p e c i e s  a r c  expos ed  to  s i m i l a r  s e l e c t i o n  

p r e s s u r e s  and have s i m i l a r  p o p u l a t i o n  s t r u c t u r e .  Even though 

m o r p h o lo g ic  and s t r u c t u r a l  gene l o c i  may e v o l v e  a t  d i f f e r e n t  r a t e s ,  

r e l a t i v e  l e v e l s  o f  m o rp h o lo g ic  and g e n i c  v a r i a b i l i t y  w i t h i n  a s p e c i e s  

may be s i m i l a r  compared t o  o t h e r  c l o s e l y  r e l a t e d  t a x a .  L ev e l s  o f  

v a r i a b i l i t y  may r e p r e s e n t  a c o n s i s t e n t  s p e c i e s - s p e c i f i c  c h a r a c t e r i s t i c  

i n  c o m p ar i so n s  bet w een  c l o s e l y  r e l a t e d  s p e c i e s .

In  g e n e r a l ,  m o rp h o lo g ic  c h a r a c t e r s  were  n o t  good i n d i c a t o r s  of  

h y b r i d i z a t i o n  ( F i g s .  2 and 5 ) .  Both d i s c r i m i n a n t  f u n c t i o n  and 

p r i n c i p a l  components  a n a l y s e s  t en d e d  t o  u n d e r e s t i m a t e  t h e  number of  

h y b r i d  i n d i v i d u a l s .  Of t h e  two t e c h n i q u e s ,  d i s c r i m i n a n t  f u n c t i o n  

a n a l y s i s  was more s u c c e s s f u l  i n  d e t e c t i n g  i n d i v i d u a l s  o f  h y b r i d  o r i g i n  

t h a n  were  p r i n c i p a l  componen ts .  These r e s u l t s  a r e  c o n s i s t e n t  w i th  

t h o s e  o f  Rohwer (1 9 7 2 ) .  N e f f  and Smith (1978)  co n c lu d e d  t h a t  

d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was l e s s  e f f e c t i v e  i n  h y b r i d  

i d e n t i f i c a t i o n  t h a n  was p r i n c i p a l  components a n a l y s i s  f o r  b o t h  

p r a c t i c a l  and t h e o r e t i c a l  c o n s i d e r a t i o n s  and t h a t  two a s s u m p t i o n s  must 

be met even  i f  t h e  a n a l y s i s  i s  p e r f o r m e d  f o r  d e s c r i p t i v e  p u r p o s e s  

o n l y .  The a s s u m p t i o n s  a r e  t h a t  t h e  i n i t i a l  g ro ups  a r e  c o r r e c t l y  

d e f i n e d  and t h a t  t h e  unknowns b e l o n g  t o  one o f  t h e  p o p u l a t i o n s  

i n c l u d e d  i n  t h e  a n a l y s i s .
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In  my r.Liidy, i h c  f i r s t  a s su m p t io n  i s  met as  S.  me x i canu s  and S. 

t r i d e c e m l i n c a t u s  a r e  c l e a r l y  t h e  p a r e n t a l  s p e c i e s . Tlir second 

a s s u m p t i o n  depends  upon w h e th e r  o r  n o t  h y b r i d s  a r e  members of  t h e  

p a r e n t  s p e c i e s  o r  a s e p a r a t e  g roup .  S i t u a t i o n s  where o n ly  s t e r i l e  Fj 

h y b r i d s  a r c  p ro duc ed  between two s p e c i e s  might  r e p r e s e n t  an example 

where t h e  h y b r i d s  a r e  a d i s t i n c t  group as such  h y b r i d s  a r c  a 

c o m b in a t io n  o f  two s e p a r a t e  gene p o o l s  w i t h  no g e n e t i c  i n t e r a c t i o n  

w i t h  t h e  p a r e n t  s p e c i e s .  Hybr id  zones  as  d e f i n e d  by S h o r t  (1 9 6 9 ) ,  

where o n l y  h y b r i d s  o c c u r  w i t h i n  t h e  h y b r i d  zone ,  m igh t  a l s o  r e p r e s e n t  

c a s e s  where t h e  h y b r i d s  a r e  a s e p a r a t e  g ro up .  In  such  an i n s t a n c e  t h e  

h y b r i d s  o n l y  i n t e r a c t  d i r e c t l y  w i t h  t h e  p a r e n t  s p e c i e s  on t h e  edges  o f  

t h e  h y b r i d  zo ne .  Examples o f  t h i s  t y p e  o f  h y b r i d  zone a r e  p r o v i d e d  by 

Montanucc i  (1 9 7 0 ) ,  a s  w e l l  as  Hunt and S e l a n d e r  (1 9 7 3 ) .  A t h i r d  

s i t u a t i o n  where  h y b r i d s  co u ld  r e p r e s e n t  a group d i s t i n c t  from t h e  

p a r e n t  s p e c i e s  i s  when t h e  h y b r i d s  become a s e p a r a t e  s p e c i e s  

r e p r o d u c t i v e l y  i s o l a t e d  from t h e  p a t e n t a i s .  Examples  o f  t h i s  i n c l u d e  

some s p e c i e s  o f  t h e  l i z a r d  genus  Cnemidophorus  (Lowe and W r ig h t ,  

1966) .

Only o c c a s i o n a l  h y b r i d i z a t i o n  be tween  S. mexicanus  and S. 

t r i d e c e m l i n e a t u s  was o b s e r v e d ,  and a l l  t h e  h y b r i d s  were found i n  

a s s o c i a t i o n  w i t h  S. m e x i c a n u s . There  a p p e a r s  t o  be f r e e  gene exchange 

b et ween  S. mexicanus  and t h e  h y b r i d s  a l t h o u g h  w h e th e r  t h e r e  i s  

b a c k c r o s s i n g  t o  S. t r i d e c e m l i n e a t u s  i s  n o t  c e r t a i n .  The h i g h  d e g r e e  

o f  g e n e t i c  i n t e r a c t i o n  between S. mexicanus  and t h e  h y b r i d s  i n d i c a t e s  

t h a t  t h e  h y b r i d s  a r e  a t  l e a s t  a subgroup  o f  S. mexicanus  and.
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t h e r e f o r » ; ,  do n o t  v i o l a t e  t h e  a.snumption;; o f  d i s c r i m i n a n t  f u n c t i o n  

a n a l y s i s  Riven by Neff  and Smith  (1 9 7 8 ) .

A l though  t l ie d i s c r i m i n a n t  f u n c t i o n  p rove d  t o  be a b e t t e r  method 

f o r  i d e n t i f y i n g  h y b r i d  ground s q u i r r e l s  t h a n  was p r i n c i p a l  components 

a n a l y s i s ,  p r i n c i p a l  components p r o b a b l y  gave a more a c c u r a t e  p i c t u r e  

o f  t h e  r e l a t i o n s h i p s  between t h e  p o p u l a t i o n s  o f  S. mcxicanus  and S. 

t r i d e c e m l i n e a t u s . The d i s c r i m i n a n t  a x i s  and PCI p r i m a r i l y  r e f l e c t e d  

o v e r a l l  s i z e  d i f f e r e n c e s  between t h e  s p e c i e s  (T a b le  5 ) .  P o p u l a t i o n s  

o f  S.  m cx icanus  composed o f  t h e  s m a l l e s t  i n d i v i d u a l s  w i l l  be c l o s e s t  

t o  S. t r i d e c e m l i n e a t u s  on bot h  PCI and t h e  d i s c r i m i n a n t  a x i s .  H y b r id s  

t e n d e d  t o  be s m a l l e r  t h a n  n o n - h y b r id  S. mex icanus  and t h e  p r e s e n c e  o f  

h y b r i d s  i n  a p o p u l a t i o n  o f  S. mex icanus  t e n d e d  t o  lower  t h e  means o f  

t h e  c h a r a c t e r  v a l u e s  o f  t h e  p o p u l a t i o n .  F our  o f  t h e  s i x  S. mexicanus  

p o p u l a t i o n s  ( l o c a l i t i e s  2 ,  5,  14, and 22;  F i g .  3) w i t h  low PCI s c o r e s ,  

which  a r e  most  l i k e  t h o s e  o f  S. t r i d e c e m l i n e a t u s , had h y b r i d s  i n  t h e  

p o p u l a t i o n .  L o c a l i t i e s  30 and 32 had t h e  l o w e s t  PCI and d i s c r i m i n a n t  

f u n c t i o n  s c o r e s ,  b u t  t h e r e  was no e v i d e n c e  o f  h y b r i d i z a t i o n  w i t h i n  

e i t h e r  p o p u l a t i o n .  Both l o c a l i t i e s  30 and 32 a r e  p r o b a b l y  o u t s i d e  t h e  

i n f l u e n c e  o f  i n t r o g r e s s i o n  o f  S. t r i d e c e m l i n e a t u s  g en e s .  P o p u l a t i o n s  

30 and 32 a r e  d i s t i n c t  from S. t r i d e c e m l i n e a t u s  on P C I I ,  however ,  and 

have t h e  h i g h e s t  p o s i t i v e  PCII s c o r e s .  PCII was p r i m a r i l y  r e l a t e d  t o  

s k u l l  w i d t h  and i n d i v i d u a l s  from l o c a l i t i e s  30 and 32 had t h e  g r e a t e s t  

r e l a t i v e  s k u l l  w i d t h .  P r i n c i p a l  components  i n d i c a t e  t h a t  l o c a l i t i e s  

30 and 32 a r e  d i s t i n c t  from S. t r i d e c e m l i n e a t u s  w h i l e  d i s c r i m i n a n t  

f u n c t i o n  a n a l y s i s  showed t h a t  t h e s e  two p o p u l a t i o n s  were more s i m i l a r  

t o  S. t r i d e c e m l i n e a t u s  t h a n  any o f  t h e  o t h e r  S. mexicanus  p o p u l a t i o n s .
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D e s p i t e  t l ie l a c k  of co m p le te  r e p r o d u c t i v e  i s o l a t i o n  b e t w r r n  S. 

mex icanus  and S. t r i d e c c m l  i n e a t u s , t h e  two t a x a  a p p e a r  t o  lie heliavjiiK 

as  S e p a r a t e  s p e c i e s .  The a p p a r e n t  u n i d i r e c t i o n a l  h y h r i d i z a t i o n  and 

i n t r o g r e s s i o n  sup.p.csts t h a t  S . t r  ideceml  i n e a t u s  i s  a t  l e a s t  p a r t i a l l y  

r c p r o d u c t i v e l y  i s o l a t e d  from S. m e x i c a n u s . P r o d u c t i o n  o f  b a c k c r o s s  

h y b r i d s  t o  S. t r i d e c c m l i n c a t u s  o r  m a t i n p s  bet ween  h y b r i d s  c o u ld  

p ro d u c e  i n d i v i d u a l s  t h a t  may be a b l e  t o  i n i t i a t e  i n t r o p . r e s s i o n  i n t o  S. 

t r i d e c c m l i n e a t u s , how ever ,  t h i s  p o s s i b i l i t y  has n o t  y e t  been  o b s e r v e d .  

The c l c c t r o p h o r e t i c a l l y  d e t e r m in e d  s i m i l a r i t y  between S. mexicanus  and 

S. t r  ideceml  i n e a t u s  i s  u n u s u a l l y  hip.h (C o th ran  e t  a l . ,  1977 ; C o t h ra n ,  

1982) b u t  no u n i q u e  S.  mex icanus  a l l e l e s  have been d e t e c t e d  in  S. 

t r i d c c e m l i n e a t u s  i n  t h e  a r e a  o f  p o t e n t i a l  c o n t a c t .  The s p e c i e s  a r c  

m o r p h o l o g i c a l l y  d i s t i n c t  t o  a p o i n t  t h a t  w a r r a n t s  taxonomic  

d i f f e r e n t i a t i o n .  Both  l e v e l s  o f  v a r i a b i l i t y  o f  t l ie t a x a  and h igh  

s e x u a l  d imorphism i n  S. m e x i c a n u s , b u t  n o t  i n  S.  t r i d c c e m l i n e a t u s , 

r e p r e s e n t  a d d i t i o n a l  d i f f e r e n c e s  between  t h e  t a x a .

The m a j o r i t y  o f  t h e  o b s e r v e d  h y b r i d s  were found a t  l o c a l i t i e s  2 

and 22;  h y b r i d i z a t i o n  bet ween  S. m ex ica nus  and S.  t r i d c c e m l i n e a t u s  i s  

e s s e n t i a l l y  a l o c a l i z e d  phenomena.  The h y b r i d i z a t i o n  bet ween  S. 

mex icanus  and S.  t r i d c c e m l i n e a t u s  does  n o t  a p p e a r  t o  have compromised 

t h e  s p e c i e s  i n t e g r i t y  o f  e i t h e r  t a x a .  S i m i l a r  examples  o f  o c c a s i o n a l  

h y b r i d i z a t i o n  b e tw een  s p e c i e s  w i t h  l i t t l e  e f f e c t  t o  t h e  p a r e n t  s p e c i e s  

have  bee n  r e p o r t e d  f o r  a number o f  mammals ( P a t t o n  e t  a l . ,  1972; 

Rohwer and K i l g o r ,  1973;  B i r n e y ,  1976;  Greenbaum,  19 81 ) .  Due t o  t h e  

h i g h  p e r c e n t a g e  o f  b a c k c r o s s e s  among t h e  h y b r i d s  bet ween  S. mexicanus  

and S. t r i d c c e m l i n e a t u s , m o rp hom et r i c  c h a r a c t e r s  were  o f  l i t t l e  u se  i n



•’. 1

(irl»*cl i»K hyl)ri<l:; aiul ^ r r a l l y  i m d r r r M i r a . i t r d  t lir p r r i  rtU .ik '' l iyhrid: .  

ill i h r  !:.itnplr. l l ow rv rr ,  i h r  morplio 1 Of;i c r c l a l  iotir.hip:. b r t w c cn  llu* 

t ipccici;  p r o b a b l y  x i v r  a morr a c c u r a t e  r : ; t  i male ol  l l i r  <lrf;rrr  ol 

d i v c r c c i i c e  b c l w r r n  S. mrxicami;;  and S. t r i d r c r m l  in ca lu : ;  t h a n  do 

e l e c t r o p h o r e t i c  mcaf;ure:;.  AI;;o, t l ie m o rp h o lo g ic  d a t a  may have 

d e t e c t e d  hybr id : ;  t h a t  were  n o t  i d e n t i f i e d  by e l e c t r o p h o r e t i c  

c h a r a c t e r i s t i c s  (Fip,.  2 ) .  The m o rp h o lo g ic  d a t a  i n d i c a t e  t h a t  t h e  

i n t r o g r c s s i v c  h y b r i d i z a t i o n  has  had les ::  of  an impac t  upon t h e  S. 

m exica nus  gene pool  than  would be p r e d i c t e d  by t h e  g e n i c  d a t a  a l o n e .
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T ab le  1 . - - P o p u l a t i o n  i d e n t i f i c a t i o n  number,  aample:: r ; ize ,  l o c a t i o n ,  

and nnecie : ;  o c c u r i n g  a t  t h e  l o c a t i o n  o f  l l i r  c o l l e c t i n g  l o c a l  i t i e : ;  ol 

t h e  specimen!:  u::ed i n  t h e  t liir.  r . t udy . t  = Spermophi lu:: 

t r i d c c e m l i n e a t u s ,  m = Sperm oph i lu s  m ex icanus .

P o p u l a t i o n
number N L o c a t io n S p e c i e s

1 15 Lubbock,  Lubbock C o . ,  Texas t

2 28 Hobbs,  Lea C o . ,  New Mexico m

3 31 P o r t a l e s ,  R o o s e v e l t  C o . ,  New Mexico t

4 18 Big S p r i n g ,  Howard C o . ,  Texas m

5 16 R o s w e l l ,  Chaves C o . ,  New Mexico m

6 17 A r t e s i a ,  Eddy C o . ,  New Mexico m

7 16 P l a i n v i e w ,  Ha le  C o . ,  Texas t

8 17 Kennedy,  Karnes  C o . ,  Texas m

9 15 L o v in g to n ,  Lea C o . ,  New Mexico t

10 15 L e v e l l a n d ,  Hock ley  C o . ,  Texas t

11 17 R anger ,  E a s t l a n d  C o . ,  Texas
•A-

m

12 17 S nyder ,  S c u r r y  C o . ,  Texas m

13 17 A b i l e n e ,  T a y l o r  C o . ,  Texas
*

m

14 25 A u s t i n ,  T r a v i s  C o . ,  Texas m

15 15 Waco, McLennan C o . ,  Texas t

16 20 Andrews,  Andrews C o . ,  Texas m

17 18 Tahoka,  Lynn C o . ,  Texas t

18 18 Hobbs,  Lea C o . ,  New Mexico t



■V)

Table 1.--ConLinued.

P o p u l a t i o n
number N L o c a t io n Specif*:.

19 19 M at ador ,  Mot ley  C o . ,  Texas I

20 17 Vernon,  W i l b a r g e r  C o . ,  Texas t

21 16 H i l l s b o r o ,  H i l l  C o . ,  Texas I

22 19 Seymour,  B ay lo r  C o . ,  Texas m

23 14 Munday, Knox C o . ,  Texas m

24 16 D enton ,  Denton C o . , Texas I

25 14 Wicha ta  F a l l s ,  W ic h i t a  C o . ,  Texas t

26 10 P a r i s ,  Lamar C o . ,  Texas I

27 7 L e w i s v i l l e ,  Denton C o . ,  Texas t

28 8 G ru v e r ,  H ansf o rd  C o . , Texas t

30 16 S h e f f i e l d ,  Pecos  C o . ,  Texas m

32 5 New B r a u n f e l s ,  Comal C o . ,  Texas m

34 8 P e c o s ,  Reeves  C o . ,  Texas m

38 17 Norman, C l e v e l a n d  C o . ,  Oklahoma t

39 11 K e r m i t ,  Wink ler  C o . ,  Texas m

P o s s i b l e  h y b r i d  i n d i v i d u a l s  were c o l l e c t e d  a t  t h e s e  l o c a l i t i e s .
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T a b l r  2 . - - Mr . m p r r c n i L a g r  of  tnorpholot ; i r a i  v a r i a b i l i t y  accou t i l r d  f o r  

bv d i f f e r e n c e s  among sampler;  w i l b i n  s p e c i e s ,  among p o p u l a t i o n s ,  w i l b i n

s e x e s  and due t o  e r r o r f o r  21 c r a n i a l . 19 n o n - c r a n i ; i l ,  and 40 t o t a l

s k e l e t a l  c h a r a c t e r s .

S p e c i e s I.oca 1 i t y Sex Hr r o r

C r a n i a l  c h a r a c t e r s 67 .15 8 .7 2 0 .8 2 23.21

N o n - c r a n i a l  c h a r a c t e r s 66 .95 5 .99 4 .0 5 23.01

A l l  c h a r a c t e r s 67 .05 7.35 2 .4 4 23 .16



T n h l r 3 . - ' R e s u l t : : 0 f Slims o f  s q u a r e s imiil t aneous  t e St p ro ced u r e s

(SS-STP) f o r  t h e 4 c r a n i a l  c h a r a c t e r s  wi th t h e  h ig h e St F - r a t i £!,* •

Loc.’i t i on a b b r c v i a t i o n s  a r e  t h e  f i r s t  t h r e e l e t t e r s  o f th e loc a 1 i t v

Riven in  T a b l e  1. Non-:: i g n i 1i c a n t ::ubsc t s o f  l o c a l i t i e ; :  a re i n d i c a t e d

by v e r t i c a l  columns o f  I L* ,

GLS lOB BCB HAL

And I Aus I Ker I Ker 1

A r t  I And I I Abi I Abi I I

Sny I Ken I I Mun 11 Mun 11

Ker I Sny I I Sny I I And I I

Abi I Abi I I And I I I Sny H I

Big I I Ker I I Pec I I I Big H I

Mun I I I Pec I I Big I I I Art H I

Ran I I I I A r t  I I I Ken I I I Pec H I

Ken I n i l Big  I I I Ran I I I Ros H I

Ros I n i l Mun I I I A r t I I I Ken H I I I

Pec I I I I I Ran I I I I Ros I I I Ran H I I I

Sey I m i l Sey I I I She I I I I Aus H I I I

Hob^ m i l Hob^ I I I I Sey I I I I New I I H I

Aus m m New I I I I I Aus I I I Ilob^ I H I

New H i m Ros m i l Hob^ H I Sey I I I I

She m m She m i l l New I I I I She m i l

Wac m m Wac m m Wac I I I I Wac m i l

Nor m m P a r m i l Tah H I Hob^ m i l



T a b l e  3 . “ - C o n t i n u e d .

GLS lon new MAL

ri . i I I I I Tab I I I  Lub 1 P la I I I

Tah I I I I P la I I I  Lov I Den I I I

Den I I I Den I I I  Lew I H i l I I

Mil I I I Nor I I I  Hob^ I Nor II

Lev I I I Wic I I I  For I Lov II

Lev I I I N i l I I I  F la I Tah II

Lew I I I Lew I I I  Mat I Lew II

Lub I I I Lov I I  Den I Lev II

Mat I I I Hob^ I I  Lev I Mat I I

Hob^ I I Ver I I  Nor I For I

Par I Lev I I  Fa r I F a r I

For I Mat I I  Wic I Lub I

Gru I For I I  Gru I Ver I

Wic I Lub I H i l I Gru I

Ver 1 Gru I Ver I Wic

L o c a l i t y  2 S. mexicanus

L o c a l i t y  18 S. t r i d c c e m l i n e a t u s



2
T ab le  , - - F - r a L i o : ;  and r  from analvKii :  of  v a r i a n c e  o f  ea ch  c h a r a c t e r  

in  t h e  HANOVA f o r  t h e  c a l c u l a t i o n  of  t h e  d i s c r i m i n a n t  f u n c t i o n ,  

c h a r a c t e r  weight!;  used t o  d e t e r m i n e  i n d i v i d u a l  d i s c r i m i n a n t  s c o r e s 

( % - v a l u c s ) ,  and c o r r e l a t i o n s  o f  t h e  c h a r a c t e r s  w i t h  t h e  d i s c r i m i n a n t  

f u n c t i o n . Al l  F - r a t i o s  and c o r r e l a t i o n s  we r e  s i g n i f i c a n t  a t  t h e  

0 .0001 l e v e l . The d e g r e e s  o f  f reedom f o r  t h e  a n a l y s e s  o f  v a r i a n c e  

were 1 , 1 4 5 . See t e x t  f o r  e x p l a n a t i o n  o f  c h a r a c t e r  a b b r e v i a t i o n s .

C h a r a c t e r F - r a t i o r2
C h a r a c t e r

w e ig h t C o r r e l a t i o n

GLS 571 .5 0 .799 0 .0339 0.921

BAS 4 8 0 .4 0.769 - 0 . 0 4 8 6 0 .8 9 8

ZYB 5 0 5 .7 0 .7 6 9 0.0265 0.908

lOB 386 .5 0 .7 29 - 0 . 0 0 4 3 0 .8 2 4

PPL 37 1 .0 0 .7 2 0 0.0391 0. 875

BAT 379.9 0. 725 0 .0245 0 .8 6 0

TRL 4 2 2 .2 0 .7 4 6 0.1367 0.869

BCB 5 7 4 .2 0 .7 99 - 0 . 0 0 5 7 0.900

MAD 5 9 9 .7 0 .8 0 6 0 .052 4 0 .9 14

SKD 4 0 6 .3 0 .7 3 8 - 0 . 0 1 0 8 0.837

IIFL 462.1 0 .7 6 2 0.0166 0,902



T a b l e  5 . — Means (± s t a n d a r d  d e v i a t i o n ) by s p e c i e s  o f  t h e  m o r p h o l o g i c a l  c h a r a c t e r s  u s e d  in  

p r i n c i p a l  com ponent s  a n a l y s i s  and l o a d i n g s  o f  t h e  c h a r a c t e r s  on t h e  f i r s t  two p r i n c i p a l  

co m p o n e n t s . See  t e x t  f o r  e x p l a n a t i o n  o f  c h a r a c t e r  a b b r e v i a t i o n s .

C h a r a c t e r  S.  t r i d e c e m l i n e a t u s  S. m ex icanus  P r i n c i p a l  component
I I I

GLS 3 9 . 6 + 1 .5 0 4 3 . 9 + 2 . 0 2 0 .9 9 4 0 . 0 0 3

BAS 3 4 . 6 + 1 .46 38 .7 + 1.97 0.991 0 .0 0 8

ZYB 2 3 . 5 + 0 .9 9 2 6 . 4 + 1.34 0 .9 8 8 - 0 . 0 7 9

ROS 15 .3 + 0 . 8 3 17.0 + 1 .08 0 . 8 9 8 0.161

NAS 1 3 .3 + 0 . 8 5 15.0 + 1 .02 0 .9 7 3 0 .0 2 7

PHB 9 . 2 + 0 . 5 3 9 . 7 + 0 . 6 0 0 .7 1 8 0 .5 7 3

lOB 8 . 6 + 0 . 5 6 10.3 + 0 . 8 6 0 .9 2 8 - 0 . 1 8 5

FOB 12 .2 + 0 .5 9 1 3 .0 + 0 .71 0 .7 6 4 -0 .4 9 1

PPL 13 .2 + 0 . 7 2 14.9 + 0 . 8 4 0 .9 8 6 0 .0 3 2

BAT 10.8 + 0 . 4 0 11 .8 + 0 .4 7 0.961 0 . 0 1 0

TRL 7 . 6 + 0 . 3 2 8 . 5 + 0 .41 0 .9 3 4 - 0 . 1 2 3

BCB 1 7.4 + 0 . 5 3 19. 1 + 0 .6 9 0 .9 8 3 - 0 . 0 1 7



T a b le  5 . - -C o n t in u e d .

C h a r a c t e r  S.  t r i d e c e m l i n e a t u s  S.  m ex ica n u s  P r i n c i p a l  component
I I I

BUL 8 . 4 + 0 . 4 3 9 . 3 + 0 . 4 7 0 . 9 1 8 0 .  141

BUB 6 . 9 + 0 . 3 7 7 . 6 + 0.41 0 . 9 2 9 0.  160

MOL 2 . 0 + 0 . 1 2 2 . 2 + 0 . 1 6 0 . 9 2 9 - 0 . 0 7 2

UDL 1 2 .8 + 0 . 7 9 14.2 + 1.01 0 .9 6 7 0 . 0 5 0

PAW 6 . 6 + 0 . 3 8 7 . 2 + 0 . 3 9 0 . 8 5 6 - 0 . 1 2 8

CCD 5 . 9 + 0 . 5 2 6 . 9 + 0 . 5 9 0.951 0 . 0 0 3

MAL 16 .5 + 0 . 6 0 I S . 3 + 0 . 8 3 0 . 9 8 3 - 0 . 0 7 9

MAD 12.3 + 0 . 6 7 14.2 + 0 . 9 0 0 . 9 8 3 - 0 . 0 4 0

SKD 17 .0 + 0.51 18.4 + 0 . 7 8 0 . 9 7 4 -0 .0 8 1

FEL 2 8 . 7 + 1 .73 3 4 . 0 + 2 . 4 0 0 .9 9 4 - 0 . 0 4 2

FMW 2 .1 + 0 . 1 8 2 . 5 ± 0 . 2 2 0 .9 5 7 0 . 0 1 2

FDW 4 . 9 + 0 . 3 5 5 . 7 ± 0 . 4 6 0 .9 7 7 - 0 . 0 3 7

FPW 6 . 3 + 0 . 3 8 7 .4 + 0 .5 7 0 .9 8 5 - 0 . 0 4 2

HUL 23.  1 + 1.31 2 6 . 8 + 1.84 0 . 9 8 8 - 0 . 0 6 2



T a b le  5 . — C o ntin u ed .

C h a r a c t e r  S.  t r i d e c e m l i n e a t u s  S.  m ex ica n u s  P r i n c i p a l  component
I I I

HMW 2 . 3 + 0 . 3 0 2 .7 + 0 . 3 9 0 .8 0 7 0 .0 8 4

HPW 6 .1 + 0 . 3 4 6 . 9 + 0 . 4 3 0 . 9 7 9 - 0 . 0 1 7

HPW 4 . 5 + 0 .2 5 5 . 2 + 0 . 3 5 0 . 9 9 3 0 .0 1 2

RPW 1.9 + 0 .1 3 2.1 + 0 . 1 6 0.951 0 . 0 7 6

UPW 2 . 7 + 0 .1 9 3.1 + 0 . 2 3 0 . 9 8 5 0.001

TPW 4 . 5 + 0 .2 7 5 . 3 + 0 . 4 2 0 . 9 8 4 - 0 . 0 4 3

FIW 1 .5 + 0 .1 5 1.8 + 0 . 2 2 0 .9 6 7 0 .1 2 3

SCL 1 8 .2 + 1.63 2 1 . 7 + 2 . 1 3 0 . 9 7 6 0 .0 4 5

sew 3 . 2 + 0 . 2 6 3 . 8 + 0 .3 5 0 . 9 6 0 0 .0 7 3

PEV 11 .2 + 0 . 8 0 13.4 + 1 .2 2 0 . 9 8 4 0 . 1 0 8

SAW 9 . 9 + 1.05 11 .6 + 1 .22 0 . 9 5 8 0 .0 6 3

HFL 3 4 . 3 + 1.68 4 0 . 6 + 2 .6 2 0 . 9 7 8 - 0 . 0 6 3

BDL 163 .0 + 12.17 187.4 + 15.68 0 . 9 6 6 - 0 .0 1 1



F ig u r o  1. Map o f  c o l l e c t i n g  l o c a l i t i e s  f o r  ground s q u i r r e l s  in  

Oklahoma, T ex a s ,  and New Mexico.  Tlie s h a d i n g  i n d i c a t e s  t h e  p r o b a b l e  

r a n g es  o f  t h e  two s p e c i e s ,  and t h e  r a n g es  o f  t h e  two s u b s p e c i e s  o f  S. 

t r i d e c e m l i n e a t u s  i n  t h e  c o l l e c t i n g  a r e a  a r c  a l s o  i n d i c a t e d .  L o c a l i t y  

numbers a r e  e x p l a i n e d  in  T a b l e  1.
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F i g u r e  2 .  F req u e n c y  h i s t o g r a m  o f  d i s c r i m i n a n t  f u n c t i o n  s c o r e s  o f  

i n d i v i d u a l s  of  t h e  ground s q u i r r e l  s p e c i e s .  The lower  g ra p h  i n c l u d e s  

t h e  r e f e r e n c e  sam ples  w h i l e  t h e  u p p e r  i s  o f  t h e  combined sample 

( i n c l u d i n g  t h e  r e f e r e n c e  s a m p l e ) .
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F i g u r e  3. S c a t t e r  d iag ra m  o f  s c o r e s  f o r  p r i n c i p a l  components I and 

I I  o f  ground s q u i r r e l  p o p u l a t i o n s  shown in  F i g .  1. See T a b le  1 f o r  

l o c a l i t y  co d e s .



PRINCIPAL COMPONENT H

Ol

"t o

rv>
W

Z
O

r~

o
o
s
•D
O
Zn
z
H

ro

m



t ) i

F i g u r e  4.  I n t r a s p e c i f i c  s c a t t e r  d iag ra m s  o f  s c o r e s  f o r  p r i n c i p a l  

components I and I I  o f  ground s q u i r r e l  p o p u l a t i o n s .  A. P o p u l a t i o n s  o f  

S. m e x i c a n u s . B. P o p u l a t i o n s  o f  S. t r i d e c e m l i n e a t u s . See T a b l e  I f o r  

l o c a l i t y  c o d e s .
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F i g u r e  5 .  S c a l i e r  d iag ra m  o f  s c o r e s  f o r  p r i n c i p a l  componenls I and 

I I  of  a l l  i n d i v i d u a l  ground s q u i r r e l s  examined.  The dashed  l i n e  was 

drawn by eye  t o  i n d i c a t e  t h e  s e p a r a t i o n  o f  t h e  two c l u s t e r s .
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S p r c i . i t  ion  i;; t h e  procr: ; ; ;  lIi.jL <Jivi<lr;. .1 i i i l r r b r r f d i n ^ ;

Kcnc pool  i n t o  two i n d rp r iu l r i i t  cvol  ill i o a a r y  nai l . ' ; .  N'umcroiir. modal:; 

have been p ro p o s e d  Lo e x p l a i n  how s p é c i a t i o n  occur : ;  ( s e e  Mayr, 1903; 

E n d l e r ,  1977; and Wli i te,  1978 1er  re v iew-; ) .  In p . e n e ra l ,  : ; p e c i a l i o n  

o c c u r s  when p o r t i o n s  o f  a p o p u l a t i o n  become i : ; o l a t c d  e i t h e r  

g e o g r a p h i c a l l y ,  e c o l o g i c a l l y ,  o r  by some o t h e r  means .  Dur ing 

i s o l a t i o n  t h e  s e p a r a t e  p o p u l a t i o n s  a r e  s u b j e c t e d  t o  d i f f e r e n t  

s e l e c t i o n  p r e s s u r e s  and a c c u m u la t e  g e n e t i c  d i f f e r e n c e s .  I f  s u f f i c i e n t  

g e n e t i c  d i f f e r e n c e s  bet ween  th e  p o p u l a t i o n s  a r e  b u i l t  up ,  resumed 

c o n t a c t  w i l l  n o t  r e s u l t  in  s u c c e s s f u l  i n t e r b r e e d i n g  and th e  

p o p u l a t i o n s  w i l l  be s e p a r a t e  gene p o o l s  o r  s p e c i e s .

O f t e n  t h e  g e n e t i c  d i f f e r e n c e s  bet ween  t h e  p o p u l a t i o n s  accu m u la ted  

d u r i n g  i s o l a t i o n  w i l l  n o t  r e s u l t  i n  r e p r o d u c t i v e  i s o l a t i o n ,  and 

h y b r i d i z a t i o n  w i l l  o c c u r  when c o n t a c t  i s  resumed.  H y b r i d i z a t i o n  i s  

o f t e n  c o n s i d e r e d  an i n t e r m e d i a t e  s t a g e  o f  s p é c i a t i o n  where 

r e p r o d u c t i v e  i s o l a t i n g  mechanisms a r e  p e r f e c t e d  (Mayr,  1963) .  Hyb r id s  

be tween  s p e c i e s  o r  i n s i p i e n t  s p e c i e s  may be s e l e c t i v e l y  i n f e r i o r  to  

t h e  p a t e n t a i s  a s  a r e s u l t  o f  combin ing two d i f f e r e n t l y  c o a d a p t e d  gene 

complexes  ( E n d l e r ,  197 7) .  On t h e  o t h e r  hand,  when h y b r i d i z a t i o n  

o c c u r s  i n  e c o t o n e s  o r  i n  d i s t u r e d  h a b i t a t s ,  t h e  h y b r i d s  may have a 

c o m p e t i t i v e  a d v a n ta g e  o v e r  t h e  p a r e n t a l  fo rms ,  as  lo n g  as  t h e r e  a r e  no 

m a jo r  g e n e t i c  i n c o m p a t a b i l i t i e s  (W righ t  and Lowe, 1968) .  

A d d i t i o n a l l y ,  zo n e s  o f  h y b r i d i z a t i o n  may become s t a b l e  o v e r  long 

p e r i o d s  o f  t im e  w i t h o u t  t h e  deve lo pm en t  o f  r e p r o d u c t i v e  i s o l a t i o n  

(M eise ,  1928;  Hunt  and S e l a n d e r ,  1973;  J a c k s o n ,  1973; Hubbard ,  1969).



Ut

Ju: : l  how much R r n c l i c  <1 i 11 r r r n l  i a t  ion  i:; M i f f i c i c n t  f o r  th e  

e r , l »h l  itUimciit o f  r c p r o ' l u r t  i v r  i r - o l a t i o n  i y n o t  c l e a r ,  Thr t r a d i t i o n a l  

v iew in t h a t  maj o r  K c n c t i c  r e o r g a n i z a t i o n  accomjiani e;; s p e c i a l  ion 

(Mayr,  1963) .  R ecent  e l e c t r o p h o r e t i c  n tud ie : ;  have p r o v i d e d  ev id e n c e  

t h a t  c p e c i a t i o n  can o c c u r  wi tl i  v e ry  l i t t l e  g e n i c  d i f f e r e n t i a t i o n  

( A v i s e ,  1975) .  O t h e r  s t u d i e s  have found l i t t l e  c l e c t r o r o o r p h i c  

d i f f e r e n t i a t i o n  b u t  c o n s i d e r a b l e  m o rp h o lo g ic  d i v e r g e n c e  between 

presumed s p e c i e s  ( T u r n e r ,  1974) o r  l a r g e  k a r y o t y p i c  d i f f e r e n c e s  w i th  

h ig h  g e n i c  o r  m o rp h o lo g ic  s i m i l a r i t y  between h y b r i d i z i n g  ta xa  

(Greenbaum,  198 1) .  T h e r e  i s  p r o b a b l y  no c o n s t a n t  amount o f  g e n e t i c  

d i f f e r e n t i a t i o n  r e q u i r e d  f o r  s p é c i a t i o n ,  and d i f f e r e n t  s e t s  of  

c h a r a c t e r s  may g i v e  d i f f e r e n t  e s t i m a t e s  o f  t h e  amount o f  

d i f f e r e n t i a t i o n  t h a t  has  t a k e n  p l a c e .  I t  i s  n e c e s s a r y  t o  examine a 

v a r i e t y  o f  p o p u l a t i o n s  a t  v a r i o u s  s t a g e s  o f  t h e  s p é c i a t i o n  p r o c e s s  to  

u n d e r s t a n d  what  l e v e l  o r  k in d  o f  g e n e t i c  change i s  l i k e l y  t o  r e s u l t  i n  

c om ple te  r e p r o d u c t i v e  i s o l a t i o n .

The groun d s q u i r r e l s  S p e rm oph i lus  mex icanu s  and S. 

t r i d e c e m l i n e a t u s  r e p r e s e n t  t a x a  t h a t  have n o t  co m ple ted  t h e  s p é c i a t i o n  

p r o c e s s .  H y b r id s  be tw een  t h e s e  s p e c i e s  were f i r s t  r e p o r t e d  by 

Zimmerman and C o t h r a n  ( 1 9 7 6 ) ,  a l t h o u g h  t h e  h y b r i d i z a t i o n  be tween  t h e  

s p e c i e s  was p r e d i c t e d  by Remington (1968) b a s e d  on h i s  s u t u r e  zone 

h y p o t h e s i s .  E l e c t r o p h o r e t i c  r e l a t i o n s h i p s  between S. mex ica nus  and S. 

t r i d e c e m l i n e a t u s  were  examined by Co th ran  e t  a l .  (1977)  and Zimmerman 

and Co th ran  ( 1 9 7 6 ) ,  and Co th ran  (1982)  s t u d i e d  t h e  k a r y o t y p i c  

r e l a t i o n s h i p s  o f  t h e s e  taxono mic  s p e c i e s .  The e l e c t r o m o r p h i c  and 

k a r y o t y p i c  d i f f e r e n c e s  were  s m a l l .  The p u rp o s e  o f  t h e  p r e s e n t  s t u d y



7 0

Wii:; t o  examine t h e  e l e c t r o m o r p h i c  r e l a t i o n n h i p ) ;  be tween S. mexicann:.  

afiil S.  t r i d o c c m l  in ea tu i ;  more e x t e n s i v e l y  and to  compare t h e  g e n e t i c  

r e l a t i o n s h i p s  w i t h  tl ie m o rp h o lo g ic  and k a r y o t y p i c  r e l a t i o n s f i i p s  of 

t l ic sc  s p e c i e s .  D i f f e r e n c e s  between p a t t e r n s  o f  morpho log ic  and g en ic  

d i f f e r e n t i a t i o n  can be used  to  i n f e r  which s e t  o f  c h a r a c t e r s  were most 

i m p o r t a n t  i n  t h e  d i v e r g e n c e  of t h e s e  t a x a .  The g e n i c  and morphom ct r ic  

c h a r a c t e r s  can a l s o  be used  t o  examine t h e  e x t e n t  and d i r e c t i o n  o f  

h y b r i d i z a t i o n  and i n t r o g r e s s i o n  o f  S. mexicanus  and S. 

t r i d e c e m l i n e a t u s . A d d i t i o n a l l y ,  m easu res  o f  f l u c t u a t i n g  asymmetry 

(Van V a lc n ,  1962; S o u l e ,  1967) were examined in  an a t t e m p t  t o  a c c e s s  

t h e  f i t n e s s  o f  t h e  h y b r i d s  r e l a t i v e  t o  t h e  p a r e n t  s p e c i e s .

MATERIALS AND METHODS

A t o t a l  o f  596 ground s q u i r r e l s  r e p r e s e n t i n g  39 c o l l e c t i n g  

l o c a l i t i e s  were  examined.  M orp hom ct r i c ,  k a r y o t y p i c ,  and 

e l e c t r o p h o r e t i c  d a t a  were c o l l e c t e d .  A l l  t h r e e  t y p e s  o f  d a t a  were  n o t  

a v a i l a b l e  f o r  e v e r y  spec imen and T a b le  1 g i v e s  t h e  sample s i z e  f o r  

ea ch  p o p u l a t i o n  f o r  m orphom ct r i c  and e l e c t r o p h o r e t i c  d a t a .  F i g u r e  1 

shows t h e  l o c a l i t y  o f  e ach  p o p u l a t i o n  and t h e  r a n g e s  o f  t h e  s p e c i e s .  

R e s u l t s  o f  t h e  k a r y o t y p i c  a n a l y s e s  a r e  g iv e n  i n  Zimmerman and C o th ra n  

(1976) and C o th ran  (1 982) .

D e t a i l s  o f  t h e  m o rp hom et r i c  a n a l y s i s  a r e  g iv e n  i n  Coth ran (1 982) .  

F o r t y  c r a n i a l ,  s k e l e t a l ,  and e x t e r n a l  measurements  were t a k e n .  In  

t h i s  p a p e r ,  I  w i l l  c o n c e n t r a t e  on t h e  21 c r a n i a l  and 2 e x t e r n a l  

measu remen ts  t h a t  were a v a i l a b l e  f o r  a l l  undamaged s pec im ens .  The 

c h a r a c t e r s  and c h a r a c t e r  a b b r e v i a t i o n s  a r e  as  f o l l o w s ;  g r e a t e s t
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IcDRlh o f  r.kiill (GLS), loi iRlh (BAS), zyRom.it.ic brc . idt l i  (ZYB),

ror ; t r ; i l  IcnRth  (KOS), n.i:;.il Ic-fiRth (NAS), prcm.ixi 1 l -i ry bre.ulLh (BMB), 

i u l c r - o r b i t a l  b r e a d l b  ( lOB) ,  p o a t - o r b i t a l  b r e a d t h  (POP),  p o s l p a l a l a l  

lenRth  (PPL) ,  b r e a d t h  ac re s : ;  t o o t h  rows (BAT), t o o t h  tow l e n g t h  (THL), 

b r a i n c a s e  b r e a d t h  (BCB), b u l a r  l e n g t h  (BUL), b u l a r  b r e a d t h  (BUB), 

second p r e m o la r  b r e a d t h  (PMW), up pe r  d i a s t e m a  l e n g t h  (ULD), p a l a t a l  

w id th  (PAW), o c c i p i t a l  d e p th  (OCD), s k u l l  d e p th  (SKD), m an d ib le  l e n g t h  

(MAL), m an d ib le  d e p t h  (M7VD), h in d  f o o t  l e n g t h  (UFL), and body l e n g t h  

(DDL). Morphom etr ic  v a r i a t i o n  w i t h i n  s p e c i e s  and morpho log ic  

r e l a t i o n s h i p s  between t h e  s p e c i e s  were summarized by d i s c r i m i n a n t  

f u n c t i o n  and p r i n c i p a l  components  a n a l y s i s .

T h i r t y  p r o t e i n s  encoded by 42 l o c i  have been  examined 

e l e c t r o p h o r e t i c a l l y  f o r  b o t h  s p e c i e s .  Of t h e s e  l o c i ,  28 were 

p r e v i o u s l y  examined (C o th ran  e t  a l . ,  1977) .  S ix  e s t e r a s e  l o c i  

examined by Co th ran  e t  a l .  (1977)  were n o t  used  i n  t h e  p r e s e n t  s t u d y .  

The 36 l o c i  t h a t  were u t i l i z e d  a r e  as f o l l o w s :  p hosphog lucom utase  1,

2 ,  and 3 (PGM-1, PGM-2, PGM-3), l a c t a t e  d eh y d ro g en a s e  1, 2 ,  and 3 

(LDH-1, LDH-2, LDH-3), m a l a t e  d e h y d ro g e n ase  1 and 2 (MDH-1, MDH-2), 

m a l i c  enzyme (ME), i s o c i t r a t e  d eh y d r o g en ase  1 and 2 (IDH-1,  ID H -2 ) , 

g l u t a m a t e - o x a l o a c e t a t e  t r a n s a m i n a s e  1 and 2 (GOT-1, GOT-2), ot and p 

hem oglobin  (OfHb-1, ûfHb-2, pWb), a d e n o s i n e  dea minase  (TtDA), i n d o l p h e n o l  

o x i d a s e  ( IPO ) ,  a l c o h o l  d eh y d ro g en a se  (ADH), n u c l e o s i d e  p h o s p h o r y l a s e  

(NSP) , p h o s p h o g lu c o s e  i s o m e r a s e  (PGI) ,  g l u c o s e - 6 - p h o s p h a t e  

d eh y d r o g en ase  (G-6-PDH), 6 - p h o s p h o g l u c o n a t e  d eh y d ro g en a s e  (6-PGD), 

a c i d  p h o s p h a t a s e  1 and 2 (AP-1,  AP -2) ,  p e p t i d a s e  1, 2 ,  and 3 (PEP-1,  

PEP-2,  PEP- 3) ,  a lbum in  (ALB), t r a n s f e r r i n  (TRF),  p r o t e i n  1 (P T -1 ) ,
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tn;inno;;r-6-pho:;i)li. ' itc i !;omcr.j;ic (MPI),  p.luL.im.itf (lchyclrof>cri.ir;<' (GDll), 

u-Klyccrôpho: . | )h. i t t -  df'hy<)rop,fn.inc (a-GI'D),  I c u c i n c  aminopcpLi t l . is r  

(LAP)» nncl a d c n y l a l c  kina.so (ADK). K l c c l r o p h o r c t i c  mcLliodi; f o l l o w  

Selnt idcT c l  a 1. (1971) and Harr i r .  and Hopkinson (1 9 7 6 ) .  A l l e l e : ;  were 

d e s i g n a t e d  a l p h a b e t i c a l l y  i n  o r d e r  o f  d e c r e a s i n g  m o b i l i t y  w i th  t h e  

a s s u m p t io n  o f  homology between s p e c i e s .  A l l e l i c  d e s i g n a t i o n s  match 

t h o s e  o f  C o th r a n  e t  a l .  (1977) f o r  l o c i  i n  common w i t h  t h e  p r e s e n t  

s t u d y .

N e i ' s  (1971)  c o e f f i c i e n t s  o f  g e n e t i c  i d e n t i t y  (I^) and g e n e t i c  

d i s t a n c e  (D) a s  w e l l  a s  R o g e r s '  (1972) c o e f f i c i e n t  o f  s i m i l a r i t y  (S) 

were c a l c u l a t e d  f o r  p a i r e d  co m b i n a t i o n s  f o r  a l l  p o p u l a t i o n s .  W r ig h t s '  

(1969) F - s t a t i s t i c s  were  c a l c u l a t e d  u s i n g  t h e  methods  o f  Nei  (1977) as 

m o d i f i e d  by C h e s s e r  ( 1 9 8 1 ) .  The w e ig h te d  s e p a r a t i o n  i n d e x  (Vogt and 

McPherson,  1972) was us ed  as  a h y b r i d  i n d ex  f o r  t h e  g e n e t i c  d a t a .  The 

in d ex  was d e s i g n a t e d  S by Vogt and McPherson ( 1 9 7 2 ) ,  b u t  t o  a v o id  

c o n f u s i o n  w i t h  R o g e r s '  (1972) S I  w i l l  u se  t h e  l e t t e r  X when r e f e r r i n g  

t o  t h e  v a l u e s  o f  t h e  w e ig h te d  s e p a r a t i o n  i n d e x .

B i l a t e r a l  asymmetry o f  some p a i r e d  m o r p h o l o g i c a l  c h a r a c t e r s  was 

c a l c u l a t e d  a s  t h e  d i f f e r e n c e  between t h e  r i g h t  and l e f t  s i d e s  ( R - L ) . 

To c o r r e c t  f o r  d i f f e r e n c e s  i n  s i z e  bet ween  t h e  two s p e c i e s  t h e  

asymmetry  v a l u e  used  was (R -L ) / ( R+ L ).  The c r a n i a l  c h a r a c t e r s  used  i n  

t h e  asymmetry a n a l y s e s  were PPL, TRL, BUL, PMW, UDL, and MAL. 

A d d i t i o n a l l y ,  f o r  p o p u l a t i o n s  where co m p le te  s k e l e t o n s  were  a v a i l a b l e ,  

t h e  n o n c r a n i a l  c h a r a c t e r s  femur  l e n g t h  (PEL),  femur  p ro x i m a l  w id th  

(FPW), humerus  l e n g t h  (HUL), humerus p r o x i m a l  w i d t h  (HPW), s c a p u l a  

l e n g t h  (SCL),  and s c a p u l a  w i d t h  (SCW) were u sed  i n  t h e  asymmetry
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. in.tly:; i . S i n c e  .lüytienclry v.ihicr: d i d  n o t  t i t  .i norm.il d i s t r i b u t i o n ,  

n o n - p a r a m c l r i c  ANOVAS were pe r fo rm ed  on d i s t r i b u t i o n s  o f  a b s o l u t e  

v a l u e s  o f  asy mmet ry ,  sums of  a l l  asymmetry v a l u e s ,  and sums o f  c r a n i a l  

asymmetry v a l u e s .

A s s o c i a t i o n s  between m a t r i c i c s  of  p h o n e t i c  d i s t a n c e  ( a v e r a g e  

t axon om ic  d i s t a n c e ,  S o k a l ,  1961) ,  g e n e t i c  d i s t a n c e  (D) ,  and g e o g r a p h i c  

d i s t a n c e  were  t e s t e d  by t h e  g e n e r a l  r e g r e s s i o n  a n a l y s i s  o f  Mantel  

(1967;  S o k a l ,  1979) .  Computer a n a l y s e s  were p e r f o r m ed  u s i n g  t h e  

S t a t i s t i c a l  A n a l y s i s  System (SAS; B a r r  e t  a l . ,  1 9 79) ,  Numerica l  

Taxonomic Systems (NT-SYS; R o h l f  e t  a l . ,  1974) ,  and progr ams from 

C h e s s e r  ( 1 9 8 0 ) .  M a t r i x  c o r r e l a t i o n s  ( r )  were c a l c u l a t e d  u s i n g  t h e  

MXCOMP p r o c e d u r e  o f  NT-SYS.

RESULTS

Of t h e  42 l o c i  examined ,  19 were  v a r i a b l e  i n  a t  l e a s t  two 

p o p u l a t i o n s .  F o r  S.  t r i d e c e m l i n e a t u s  14 l o c i  (33.3%) were  p o lym orp h ic  

a t  t h e  0 .9 5  l e v e l  ( i . e . ,  t h e  common a l l e l e  o f  a l o c u s  had a f r e q u e n c y  

< 0 . 9 5 )  and 15 l o c i  (38.1%) were  p o ly m o r p h ic  a t  t h e  0 .9 9  l e v e l .  

S p e rm o p h i lu s  mex icanus  was more v a r i a b l e  t h a n  S. t r i d e c e m l i n e a t u s  w i t h  

15 l o c i  (35.7%) and 18 l o c i  (42.9%) p o ly m o rp h ic  a t  t h e  0 .9 5  and 0 .9 9  

l e v e l s ,  r e s p e c t i v e l y .  The f o l l o w i n g  l o c i  were monomorphic i n  b o t h  

s p e c i e s :  LDH-1, LDH-2, LDH-3, MDH-1, MDH-2, ME, IDH-2, GOT-2, o H b - l ,  

aHb-2 ,  pHb, IPO, ADH, PGI,  G-6-PDH, AP2, PEP-2,  PEP-3,  TRF, P t - 1 ,  GDH, 

a-GPD, and EST-4.  A d d i t i o n a l l y ,  t h e  ALB l o c u s  was f i x e d  f o r  t h e  a 

a l l e l e  and t h e  EST-6 l o c u s  had a common a l l e l e  f r e q u e n c y  o f  0 .991 in  

S. t r i d e c e m l i n e a t u s . The 6-PGD l o c u s  was v a r i a b l e  i n  b o t h  s p e c i e s .



l)iit t l ic coiwnon . i l l r lc*  h.ul a mean f r e q u e n c y  o f  0 .9 9 8  in  S . 

t r i (J cc cs i l  inr. it i i : ;  and 0 .991 in  S. mcx icanu: : . The .ALU locu:; was l i ic li ly 

p o ly m o rp h ic  i n  S. mc x i c a m n ; w i t h  t h r e e  .a l l e l e : :  p r e : ; c n t  (T a b le  2 ) .  The 

£ a l l e l e  wa:: t h e  mo:;t common a l l e l e .  The ALB a a l l e l e  which wa:: f i x e d  

in  S.  t r i d e c e m l i n e a t u s  wa;; a l s o  p r e s e n t  in  some S. mexi canus  

p o p u l a t i o n s  b u t  was a lways  a s s o c i a t e d  w i t h  p r o b a b l e  h y b r i d s  ( F i g .  2 ) .  

The r e m a i n in g  l o c i  were  v a r i a b l e  in  b o t h  s p e c i e s  (T a b le  2 ) .  For 

i n f o r m a t i o n  on t h e  e s t e r a s e  l o c i  see  C o th ran  e t  a l .  ( 1 9 7 7 ) .

N u c le o s id e  P h o s p h o r y l a s e  (N SP) . — The NSP l o c u s  r e q u i r e s  more 

s t u d y .  The a a l l e l e  was t h e  common a l l e l e  in  S. t r i d e c e m l i n e a t u s  

w h i l e  t h e  d a l l e l e  was th e  common a l l e l e  i n  S. m e x i c a n u s . The b

a l l e l e  was a r a r e  a l l e l e  found o n l y  i n  S.  t r i d e c e m l  i  n e a t  us and th e  e

a l l e l e  was a low f r e q u e n c y  a l l e l e  found o n l y  in  S.  m e x i c a n u s . The c

a l l e l e  o c c u r r e d  a t  low f r e q u e n c y  i n  b o t h  s p e c i e s .  The a a l l e l e  was

a l s o  found i n  S. m e x i c a n u s . I t  a p p e a r e d  to  be a s s o c i a t e d  w i th  

h y b r i d i z a t i o n  ( T a b le  2 ) ;  b u t  t h i s  d e t e r m i n a t i o n  i s  n o t  c e r t a i n .

G l u t a m a t e - o x a l o a c e t a t e  T r a n s a m i n a s e - 1 (GOT-1).  — In  b o t h  s p e c i e s  b 

was t h e  most  common a l l e l e ,  and t h e  a a l l e l e  was a l s o  found in  b o th  

s p e c i e s .  The c a l l e l e  was t h e  second most  common a l l e l e  i n  S. 

mex icanus  b u t  was n o t  p r e s e n t  i n  S. t r i d e c e m l i n e a t u s .

I s o c i t r a t e  D e h y dro genase -1  ( I D H - 1 ) . - - T h e  a and b a l l e l e s  were 

p r e s e n t  i n  b o t h  s p e c i e s  and t h e  b a l l e l e  was t h e  common a l l e l e .  The c 

a l l e l e  was found  i n  S. mex icanus  o n l y .

A d e n y la t e  K in a s e  (ADK).— The ADK l o c u s ,  w i t h  two a l l e l e s ,  was 

h i g h l y  v a r i a b l e  i n  b o t h  s p e c i e s  (T ab le  3 ) .  A l l  p o p u l a t i o n s  f o r  which
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th i : :  locu:; w.i:; cx.imincd were  po lym orp h ic  n i  t h r  ADK locu;: excep t  PI.A 

and VKH. The a a l l c l i -  wa:; t h e  common a l l e l e  in  bo th  : ;pecie: ; .

P e p t i d a s e - 1 (P EP -1 ) . - -T h e  PKP-1 lo cu s  was m o d e r a t e l y  v a r i a b l e  in  

b o t h  s p e c i e s .  The b a l l e l e  was t h e  common a l l e l e .

Le uc ine  A m in o p ep t id a se  (L A P) . - -T h e  LAP lo c u s  was one o f  t h e  more 

v a r i a b l e  l o c i .  The b a l l e l e  was t h e  common a l l e l e  in  b o th  s p e c i e s .  

The a a l l e l e  was found in  S. t r i d e c e m l i n e a t u s  and in  t h r e e  h y b r id  

i n d i v i d u a l s .  The c a l l e l e  was o n ly  found in  S. m e x i c a n u s .

Acid P h o s p h a t a s e - 1  (A P-1) . - -Tw o a l l e l e s  were o b s e rv e d  in  bo th  

s p e c i e s  a t  t h e  AP-1 l o c u s .  The a a l l e l e  was t h e  common a l l e l e .

Adenos ine  Deaminase (ADA). - - T h r e e  a l l e l e s  were p r e s e n t  in  b o th  

s p e c i e s .  The c a l l e l e  was t h e  common a l l e l e  w h i l e  t h e  a a l l e l e  was 

r a r e .

Hann ose - 6 - P h o s p h a t e  I so m era se  (M P I ) . - - T h e  a a l l e l e  was t h e  common 

a l l e l e  i n  b o t h  S. t r i d e c e m l i n e a t u s  and S. m e x i c a n u s . The b a l l e l e  was 

more common i n  S. t r i d e c e m l i n e a t u s  t h a n  i n  S. mexicanus  and w i t h i n  S. 

mexicanus  t h e  b a l l e l e  was p r i m a r i l y ,  b u t  n o t  e x c l u s i v e l y ,  found in  

p r o b a b l e  h y b r i d s .  However,  t h e  b a l l e l e  was o n l y  found i n  p o p u l a t i o n s  

o f  S. mexicanus  where h y b r i d s  were o b s e r v e d ,  t h u s ,  t h e  b a l l e l e  may be 

un iq u e  t o  S. t r i d e c e m l i n e a t u s .

P h o s p h o g lu c o m u ta s e - 1, - 2 ,  and -3  (PGM-1 , PGM-2, PGM-3).— The

PGM-1 and PGM-3 l o c i  were  s l i g h t l y  p o lym orp h ic  i n  b o t h  s p e c i e s .  For  

b o t h  l o c i  and b o t h  s p e c i e s ,  b was t h e  p r e d o m in a te  a l l e l e .  PGM-2 was 

more v a r i a b l e  t h a n  PGM-1 and PGM-3. Again  b was t h e  common a l l e l e .

Zimmerman and C o th r an  (1976) showed t h a t  k a r y o t y p i c a l l y  S. 

mexicanus  d i f f e r e d  from S. t r i d e c e m l i n e a t u s  by t h r e e  p a i r s  o f
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chromonomes. Thr  prc:;riiL ntixly (T . ib l r  2) and Coll iran rL a l  . ( 1977) 

found Unifjiir r l r c L r O p h o i ' c t i c  a l  I r l r : :  f o r  S. ttic x i c a n u r. o r  S.

I r i d c c c m l  i n c a l u ü  a I  t h r  ALB, NSP, GOT, 11)11, and LAP l o c i .  

I l r l r r o z y g o s i L y  f o r  t h e : : r  t h r r r  p a i r s  o f  chromosome:: o r  f o r  spec ie : ;  

s p e c i f i c  a l l e l e s  a t  t h e  p r o t e i n  l o c i  was c o n s i d e r e d  t o  be e v i d e n c e  of 

h y b r i d i z a t i o n .  I n d i v i d u a l s  t h a t  were h e t e r o z y g o u s  f o r  a l l  t h r e e  

chromosome p a i r s ,  t h a t  had an ALB geno type  o f  a h , a c , o r  a d ,  and t h a t  

were  n o t  homozygous f o r  any o f  t h e  s p e c i e s  s p e c i f i c  a l l e l e s  a t  th e  

r e m a in in g  l o c i  were p o s s i b l e  h y b r i d s .  I f  a l l  o f  t h e s e  c o n d i t i o n s  

were n o t  met ,  t h e  i n d i v i d u a l  was e i t h e r  a b a c k c r o s s  o r  a F^. 

B ackc ro ss  h y b r i d s  c o u ld  n o t  be d i s t i n g u i s h e d  from F^s .

The p r o p o r t i o n  o f  l o c i  p o ly m o rp h ic  p e r  p o p u l a t i o n  (P)  f o r  t h e  36 

l o c i  used in  t h e  p r e s e n t  s t u d y  rang ed  from 0.171 t o  0 .3 1 4  f o r  S.

t r i d e c e m l i n e a t u s  and from 0 .1 7 8  to  0 .3 4 3  f o r  S. m e x i c a n u s . MIL and 

VER were t h e  l e a s t  po ly m o rp h ic  p o p u l a t i o n s ,  and FOR was t h e  most 

p o ly m o rp h ic  p o p u l a t i o n  o f  S. t r i d e c e m l i n e a t u s . HUN was t h e  l e a s t  

v a r i a b l e  p o p u l a t i o n  o f  S. m e x i c a n u s , w h i l e  AND, ART, AUS, BIG, and HOM 

were t h e  most  po ly m o rh p ic  p o p u l a t i o n s .  A l l  o f  t h e  most  po ly m o rp h ic  

p o p u l a t i o n s  had h y b r i d  i n d i v i d u a l s .  Mean i n d i v i d u a l  h e t e r o z y g o s i t y

(H) p e r  p o p u l a t i o n  was h i g h e r  i n  S. mexicanus  t h a n  i n  S.

t r i d e c e m l i n e a t u s . Of t h e  p o p u l a t i o n s  f o r  which a l l  36 n o n - e s t e r a s e  

l o c i  were ex amined,  FLA had t h e  l o w e s t  H (0 .0 2 8 6 )  and MAT t h e  h i g h e s t  

H ( 0 .0 5 5 5 )  i n  S. t r i d e c e m l i n e a t u s  p o p u l a t i o n s .  Of t h e  S. mexicanus  

p o p u l a t i o n s ,  HOM had t h e  h i g h e s t  H (0 .0 7 4 1 )  and MUN had t h e  l o w e s t  H

( 0 . 0 3 8 1 ) .  The h e t e r o z y g o s i t i e s  f o r  t h e  p o p u l a t i o n s  marked w i t h  an

a s t e r i x  i n  T a b le  3 were t a k e n  from C o th ran  (1975) and i n c l u d e d  th e
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»r::tera;:e l o c i .  Mean hcterozyp,o: ; i  Ly van lower in  S. i r i d e c r n i l  ineat i i : ;  

(0 .0 3 9 5 )  t h a n  in  S. mexicanu;:  ( 0 . 0 5 7 3 ) .  I t  hyb r i d ; :  a r e  n o t  con;;i<lereii 

in  t h e  S. mexicanu;;  : ;amplc,  H f o r  S. mexi canu;: wa:; 0 . 0 5 3 .  Mean 

h e t e r o z y g o n i t y  f o r  t h e  p r o b a b l e  h y b r i d  s q u i r r e l s  wa;: 0 . 0 7 3 .

With t h e  e x c e p t i o n  o f  t h e  ALB l o c u s ,  t h e  p a t t e r n s  o f  i n d i v i d u a l  

h e t e r o z y g o s i t y  a t  e ach  l o c u s  were s i m i l a r  i n  t h e  two s p e c i e s  ( T a b le  

3 ) .  ALB was t h e  most  v a r i a b l e  l o c u s  i n  S. mex icanu s  w i t h  38.6% o f  t h e  

i n d i v i d u a l s  h e t e r o z y g o u s .  The ALB l o c u s  was i n v a r i a n t  i n  S. 

t r i d e c e m l i n e a t u s . The NSP l o c u s  was t h e  most  v a r i a b l e  l o c u s  i n  S. 

t r i d e c e m l i n e a t u s  w i t h  27% o f  t h e  i n d i v i d u a l s  h e t e r o z y g o u s .  The 

r e m a i n in g  11 l o c i  were  more v a r i a b l e  i n  S.  mex icanu s  t h a n  i n  S. 

t r i d e c e m l i n e a t u s . The h e t e r o z y g o s i t y  v a l u e s  f o r  S. m exica nus  i n  T a b le  

3 were c a l c u l a t e d  i n c l u d i n g  t h e  h y b r i d  s q u i r r e l s  i n  t h e  sa m ple .  When 

t h e  h y b r i d s  were  n o t  i n c l u d e d  i n  t h e  S. m ex icanu s  s a m p le ,  o n l y  a few 

o f  t h e  l o c i  showed m a jo r  d i f f e r e n c e s  i n  h e t e r o z y g o s i t y .  The 

p e r c e n t a g e  o f  i n d i v i d u a l s  h e t e r o z y g o u s  a t  t h e  ADK, 7U)A, LAP, PGM-2, 

PEP-1,  AP-1,  IDH-1, GOT-1, PGM-1, and PGM-3 l o c i  was h i g h e r  i n  S. 

mexicanus  w i t h  no h y b r i d s  t h a n  i n  S. t r i d e c e m l i n e a t u s . H e t e r o z y g o s i t y  

a t  t h e  MPI l o c u s  was h i g h e r  i n  S. t r i d e c e m l i n e a t u s  t h a n  i n  S. 

mex icanus  w i t h o u t  h y b r i d s .  Only two S.  mex icanus  i n d i v i d u a l s  t h a t  

were n o t  i d e n t i f i e d  as  p r o b a b l e  h y b r i d s  were h e t e r o z y g o u s  a t  t h e  MPI 

l o c u s .

The e l i m i n a t i o n  o f  t h e  h y b r i d s  r e d u ced  t h e  mean h e t e r o z y g o s i t y  o f  

S. mexicanus  a t  t h e  NSP l o c u s  from 0 . 1 6  t o  0 .0 9 9  and a t  t h e  ALB l o c u s  

from 0 .3 8 6  t o  0 . 2 9 8 .  The mean h e t e r o z y g o s i t y  o f  t h e  h y b r i d  sample  was 

g r e a t e r  t h a n  t h a t  o f  S. t r i d e c e m l i n e a t u s  a t  e v e r y  l o c u s  e x c e p t  PGM-1
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t h e  Al.H, IDH-1 , AP-1,  PKP], MPI , KHP, 1.AP, ADK. -iii.l ADA l o r i .  K , l t y  

p e r c e n t  of t h e  hybr id : :  were he te rozy xou : :  ;jt t h e  A 1.11 locu:; .iml 'il .Wt 

were hctero/ .ygou: ;  .it t h e  NSP locu: ; .  A d d i t i o n a l l y ,  ove r  23% of t h e  

hyb r id : ;  were  h e t e r o z y g o u s  a t  t h e  LAP, ADK, and ADA l o c i .  Kxcept  f o r  

ADA and ADK, t h e  l o c i  w i t h  t h e  g r e a t e s t  h e t e r o z y g o s i t i e s  w i t h i n  t lie 

h y b r i d  sam ple  were  t h o s e  l o c i  where u n iq u e  a l l e l e s  were p re : ; e n t  i n  one 

o f  t h e  two s p e c i e s  ( T a b le  2 ) .

S i g n i f i c a n t  d i f f e r e n t i a t i o n  among p o p u l a t i o n s  o f  ground s q u i r r e l s  

o f  b o th  s p e c i e s  was i n d i c a t e d  by th e  r e s u l t s  o f  t h e  a n a l y s i s  o f  t h e  

s t a n d a r d i z e d  v a r i a n c e  o f  a l l e l e s  f r e q u e n c i e s  (F^^ ,  T a b l e  A).  The 

d i f f e r e n t i a t i o n  o f  a l l e l e  f r e q u e n c i e s  was s i g n i f i c a n t  f o r  a l l  v a r i a b l e  

l o c i  e x c e p t  MPI and PGM-3 f o r  S.  t r i d e c e m l i n e a t u s  . The t o t a l  F^.^ f o r  

S. t r i d e c e m l i n e a t u s  was s i g n i f i c a n t  as w e l l .  The t o t a l  F^.^ and th e  

Fg.p v a l u e s  f o r  t h e  ALB, IDH-1 , PGM-3, NSP, AP-1,  and ADA l o c i  were  

s i g n i f i c a n t  f o r  S. mex icanus  w i t h  t h e  h y b r i d s  i n c l u d e d .  When t h e  

h y b r i d s  were  removed from t h e  S. mexicanus  sam p le ,  t h e  Fg^ v a l u e s  f o r  

t h e  PGM-2, LAP, NSP, and PEP-1 l o c i  were n o n s i g n i f i c a n t .  A n a l y s i s  o f  

t h e  v a r i a n c e  o f  a l l e l e  f r e q u e n c i e s  was a l s o  p e r fo rm ed  on a l l  

p o p u l a t i o n s  o f  b o t h  s p e c i e s  combined.  H e t e r o g e n e i t y  o f  a l l e l e  

f r e q u e n c i e s  was s i g n i f i c a n t  f o r  a l l  v a r i a b l e  l o c i  and h i g h l y  

s i g n i f i c a n t  f o r  a l l  v a r i a b l e  l o c i  e x c e p t  MPI ( T a b le  A).  In  a l l  c a s e s ,  

h i g h  p o s i t i v e  v a l u e s  o f  Fj.p were  found which d e n o t e d  t h a t  i n  b o t h  

s p e c i e s  t h e  number o f  homozygous i n d i v i d u a l s  was g r e a t e r  t h a n  

e x p e c t e d ,  b a s e d  on t h e  p o o l e d  d a t a  o f  a l l  p o p u l a t i o n s  o f  a s p e c i e s .
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i i i i t i v i i l i j . i l j ;  t h . i r i  c x p p c l p i l  w i i l i i n  r a r h  j i o p u l a t . i o n .

C r n c l i c  itai J a r  i t y  l i r tw r rn  S, jranu' i  and S. : nra lnr .

war. Very Ii j k I» (Tal>lr !j ) .  K r i ' n  (1971) and Ho}.;rr:;' (197?.) c o r l  1 i c i r n l r ;  

p.avc . s i m i l a r  re su l t . : ; ,  a l l h o u p h  v a l u e s  of Ropers  ' c o e f f i c i e n t  were 

l ow er .  I 'opula  Lions of  S. t r i d e c e m l i n e a t u s  were v i r t u a l l y  

i n d i : ; t i n p u i : i l i a b l e  from each  o t h e r .  P o p u l a t i o n s  o f  S. mexicanu:;  were 

a l s o  v e r y  s i m i l a r  t o  ea ch  o t h e r .  The sample o f  h y b r i d  s q u i r r e l s  were 

more s i m i l a r  t o  S. mex icanus  th an  to  S. t r i d e c e m l i n e a t u s .

P o p u l a t i o n  LEW had t h e  l o w es t  mean g e n i c  i d e n t i t y  ( Î )  w i t h  o t h e r  

S. t r i d e c e m l i n e a t u s  p o p u l a t i o n s  ( 0 . 9 9 2 ) ,  w h i l e  WIC (0 .9 6 2 )  and LEW 

( 0 . 9 6 1 )  had t h e  g r e a t e s t  i d e n t i t y  w i t h  S. m e x i c a n u s . Mean 

i n t r a s p e c i f i c  I o f  S.  t r i d e c e m l i n e a t u s  p o p u l a t i o n s  ranged  from 0.992  

t o  0 . 9 9 7 .  Mean i n t e r s p e c i f i c  I o f  S. t r i d e c e m l i n e a t u s  p o p u l a t i o n s  

w i t h  S. mex icanus  p o p u l a t i o n s  rang ed  from 0 .9 9 3  to  0 . 9 6 2 .  With 

h y b r i d s  i n c l u d e d  i n  t h e  S. mexicanus  sam ple ,  mean i n t e r s p e c i f i c  ^  o f  

S. mex icanu s  p o p u l a t i o n s  w i t h  S. t r i d e c e m l i n e a t u s  ranged from 0 .9 08  

(SHE) t o  0 . 9 8 2  (SEY). Wi thou t  h y b r i d s  i n c l u d e d  i n  t h e  S. mexicanus  

sam p le ,  p o p u l a t i o n  RAN ( Ï  = 0 .9 6 6 )  was most  s i m i l a r  t o  S.

t r i d e c e m l i n e a t u s . Mean i n t r a s p e c i f i c  ][ be tween S. me x i c a n u s  

p o p u l a t i o n s  r a nged  from 0 .9 7 3  t o  0 .9 9 1 .  Hyb r id  i n d i v i d u a l s  from HOM 

and SEY were more s i m i l a r  t o  S. t r i d e c e m l i n e a t u s  t h a n  t o  S. m e x i c a n u s . 

An UPGMA c l u s t e r  a n a l y s i s  dendrogram o f  i s  g i v e n  i n  F i g .  3b.  The 

two s p e c i e s  form d i s t i n c t  c l u s t e r s  and p o p u l a t i o n s  o f  S. 

t r i d e c e m l i n e a t u s  a r e  more t i g h t l y  c l u s t e r e d  t h a n  a r e  t h o s e  o f  S. 

m e x i c a n u s . The d i s s i m i l a r i t y  o f  p o p u l a t i o n s  PEC, CCH, HAR, and MID
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w.t:; du r  l u  IijkI» 1 rr()Urnc i r:i of  l l i r  ALU b , GOT-1 r ,  .n id  l'GM-2 .1 . i l l r l r : ;  

in i h r r . r  pop i i l . i l i ô i i i i .

Tlir w r tK b t r d  : ;cp .i r ; i l ion index o f  Vop.i .ind Mct’her :;on (1971)  w.i:; 

u:;cd at: .1 h y b r i d  index f o r  t l ic e l e c l r o j i l i o r c l  i c d .i t . i .  Tlütt index 

provide: ;  a method l o  w e ig h t  q u a l i t a t i v e  c h a r a c t e r : ; ,  such  a s  g e n o t y p e s ,  

f o r  u s e  in  d i f f e r e n t i a t i n g  two g ro u p s .  Only  l o c i  w i t h  a l l e l e  

f r e q u e n c y  d i f f e r e n c e s  between th e  two s p e c i e s  were used f o r  th e  

c a l c u l a t i o n  o f  t h e  w e ig h ted  s e p a r a t i o n s  index  (X) .  The l o c i  us ed  were 

ALB, LAP, NSP, GOT-1, IDH-1, MPI and ADA. The ALB and NSP l o c i  had 

t l ie g r e a t e s t  w e i g h t s .  P o p u l a t i o n  means o f  X ranged from 1.88 f o r  HOT 

to  1 .46 f o r  VER o f  S. t r i d e c e m l i n e a t u s  and - 0 . 4 3  f o r  SEY t o  - 1 . 6 8  f o r  

RAN and SNY o f  S.  m e x i c a n u s . When h y b r i d s  were n o t  i n c l u d e d  in  t h e  S. 

mex icanus  s a m p l e s ,  mean X ranged from - 1 . 6 2  f o r  ART t o  - 1 . 7 7  f o r  SEY. 

Mean v a l u e s  o f  X were 1 .69 f o r  S. t r i d e c e m l  i n e a t u s , - 1 . 3 8  f o r  S. 

mex icanus  w i t h  h y b r i d s ,  - 1 . 7 0  f o r  S.  mexicanus  w i t h o u t  h y b r i d s ,  and 

- 0 . 2 7  f o r  t h e  p r o b a b l e  h y b r i d s .

The i n d i v i d u a l  v a l u e s  o f  X were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  

i n d i v i d u a l  d i s c r i m i n a n t  f u n c t i o n  s c o r e s ,  z ( r  = - 0 . 8 4 8 ,  P < 0 . 0 0 0 1 ) ,  

c a l c u l a t e d  from m o r p h o l o g i c a l  d a t a .  Compar isons  o f  t h e  d i s t r i b u t i o n s  

of  X and z w i t h i n  each  s p e c i e s  a r e  shown i n  F i g .  4 .  The c o r r e l a t i o n  

between X and z was a l s o  s i g n i f i c a n t  w i t h i n  t h e  S. mexicanus  sample  ( r  

= - 0 . 2 9 3 ,  P < 0 . 0 0 0 1 ) .  The z v a l u e s  o f  S. t r i d e c e m l i n e a t u s  ranged 

from 2 .7 3  f o r  an  i n d i v i d u a l  from LUB t o  3 .25 f o r  an i n d i v i d u a l  from 

DEN. For  S. m e x i c a n u s . z ra nged f rom 3 .0 3  f o r  an  i n d i v i d u a l  from AUS 

to  3 . 7 2  f o r  an i n d i v i d u a l  from ABI. The z v a l u e s  o f  t h e  h y b r i d s  were 

from 2 .7 5  t o  3 . 6 5 ,  n e a r l y  s p a n n in g  t h e  t o t a l  r a n g e  o f  t h e  two s p e c i e s .
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W ith in  S. * ? v. i lnr: ;  w r r r  n l n o  r r l . i t r d  t o  t h r  x r n o t y p r ;; a t

t h r  ALli and NST l o r i  (1* < 0 .0001 .and 0.0!) r r : ; p r c t  i v r l y ) .

Thr a symmetry v a l u e s  (K-I.) ol t h r  c h a r a c t e r ; ;  used in  t h r  analy: ; i : ;  

o f  a:;ymmetry p . e n r r a l l y  ha d non-normal  d i : : t r i b u t i o n s . However,  t h e r e  

were no t r e n d s  t ow ards  skewness  o r  k u r t o s i s  .and t h e  mean s i g n e d  

asymmetry  v a l u e s  o f  each  c h a r a c t e r  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  

from z e r o  f o r  each  s p e c i e s  and t h e  h y b r i d s  ( T a b le  6 ) .  The e x c e p t i o n  

was UDL asymmetry .  The mean s i g n e d  asymmetry v a l u e s  o f  UDL were 

s i g n i f i c a n t l y  g r e a t e r  t h an  z e r o  f o r  S. t r i d e c e m l i n e a t u s , S. mexicanus  

w i t h  h y b r i d s  i n c l u d e d  in  t h e  s am p le ,  and S. mexicanus  w i t h o u t  t h e  

h y b r i d s  i n  t h e  s am p le .  Asymmetry o f  UDL f o r  t h e  h y b r i d s  was n o t

s i g n i f i c a n t l y  d i f f e r e n t  from z e r o .

The means and s t a n d a r d  d e v i a t i o n s  o f  t h e  a b s o l u t e  v a l u e s  of  

asymmetry ,  ( R -L ) / ( R + L ) ,  o f  each c h a r a c t e r  f o r  each  group a r e  a l s o  

g iv e n  i n  T a b le  6 . C r a n i a l  asymmetry was c a l c u l a t e d  as  t h e  sum o f  t h e  

a b s o l u t e  v a l u e s  o f  asymmetry  o f  t h e  s i x  c r a n i a l  c h a r a c t e r s  (UDL, TRL, 

BUL, PMW, MAN, and PPL) .  S k e l e t a l  asymmetry  was t h e  sum o f  t h e  

a b s o l u t e  v a l u e s  o f  asymmetry  o f  t h e  s i x  n o n - c r a n i a l  c h a r a c t e r s  (PEL, 

FPW, HUL, HDW, SCL, and SCW). T o t a l  asymmetry  was t h e  sum o f  t h e  

a b s o l u t e  v a l u e s  o f  asymmetry  of  a l l  c h a r a c t e r s .  S k e l e t a l  and t o t a l  

asymmetry  were n o t  c a l c u l a t e d  f o r  i n d i v i d u a l s  f o r  which comple te  

s k e l e t o n s  were  u n a v a i l a b l e .  S k e l e t a l  and t o t a l  as ym m et r i e s  were 

h i g h e r  i n  S.  t r i d e c e m l i n e a t u s  t h a n  i n  S. mex icanus  o r  t h e  h y b r i d s .  

P o p u l a t i o n  LUB had t h e  h i g h e s t  mean t o t a l  asymmetry  (0 . 0 6 9 )  o f  t h e  S. 

t r i d e c e m l i n e a t u s  p o p u l a t i o n s ,  w h i l e  t h e  l o w e s t  mean t o t a l  asymmetry o f  

S. t r i d e c e m l i n e a t u s  p o p u l a t i o n s  f o r  which c o m p le te  s k e l e t o n s  were
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S. mrxic.imuri p o j iu la t i o n r .  w i t h  t h r  hybrid. ' ;  i n c l u d e d  in  t h e  n.iinplc:; w.i:; 

f o r  p o p u l a t i o n s  MUN ( 0 . 0 5 6 )  and SKY ( 0 . 0 4 9 ) .  Thr l o w e s t  mean t o t a l  

asymmetry f o r  S. m ex icanus  was 0 .041 a t  ART. In 7 o f  t l ie 10 S.

mex icanus  p o p u l a t i o n s  where  h y b r i d s  were  fo und ,  t h e  mean t o t a l  

asymmetry o f  t h e  p o p u l a t i o n  d e c r e a s e d  when t h e  h y b r i d  d a t a  was n o t  

i n c l u d e d  i n  t h e  c a l c u l a t i o n  o f  t h e  p o p u l a t i o n  mean. For example ,  

t o t a l  asymmetry  f o r  SEY and HOM was 0 .0 4 9  and 0 . 0 4 4 ,  r e s p e c t i v e l y ,  

w i t h  h y b r i d s  i n c l u d e d .  Wlien d a t a  from t h e  h y b r i d s  from t h e s e  

p o p u l a t i o n s  was n o t  us ed  i n  t h e  c a l c u l a t i o n  o f  mean t o t a l  asymmetry 

t h e  t o t a l  asymmetry  means o f  SEY and HOM were 0 .0 3 8  and 0 .0 4 2  

r e s p e c t i v e l y .

N o n - p a r a m e t r i c  ANOVA was p e r fo rm ed  w i t h  t h e  asymmetry  d a t a  f o r  

each  c h a r a c t e r ,  a s  w e l l  a s  f o r  c r a n i a l ,  s k e l e t a l ,  and t o t a l  asymmetry  

v a l u e s .  S p e rm o p h i lu s  t r i d e c e m l i n e a t u s , S.  m e x i c a n u s , and t h e  h y b r i d  

sample were  t r e a t e d  a s  s e p a r a t e  g r o u p s .  T h e r e  were no s i g n i f i c a n t  

d i f f e r e n c e s  i n  asymmetry a s s o c i a t e d  w i t h  g roup f o r  t h e  asymmetry  

v a l u e s  f o r  UDL, TRL, BUL, MAN, HUL, and SCW. Ther e  were  s i g n i f i c a n t  

d i f f e r e n c e s  (P < 0 . 0 5 )  bet ween  g ro u p s  f o r  t h e  asymmetry  v a l u e s  f o r  

PEL, FPW, HDW, and SCL, a s  w e l l  as  f o r  c r a n i a l ,  s k e l e t a l ,  and t o t a l  

asymmetry .  I n  e v e r y  c a s e  where t h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  i n  

asymmetry  b e tw e en  g r o u p s ,  e x c e p t  c r a n i a l  asymmetry ,  t h e  h i g h e s t  

asymmetry v a l u e s  were  t h o s e  o f  S. t r i d e c e m l i n e a t u s  and t h e  l o w e s t  were  

t h o s e  o f  S.  m ex ica nu s  ( T a b le  6 ) .  The c r a n i a l  asymmetry o f  t h e  h y b r i d s  

was g r e a t e r  t h a n  t h a t  o f  S. t r i d e c e m l i n e a t u s  o r  S. m e x i c a n u s . 

C r a n i a l ,  PMW, and PEL a s y m m e t r i e s  were  s i g n i f i c a n t l y  g r e a t e r  i n  t h e



hybr id! ;  ih.iii i n  S. mrxi caiuir; . S k e l e t a l ,  I 'M., FKI., FI'W and SCI. 

atîymmetrie;;  u'cre ; ; i p . n i f i c . i n t l y  c r e a t e r  in  S . c r ; d i ^ e W  inr.atn;:  t h a n  in 

t h e  h y b r i d  a a m p l e . S k e l e t a l ,  t o t a l ,  FI'W, HDW, and SCI. asymmetr ic ; ,  

were s i g n i f i c a n t l y  h i R h e r  in  S. t r i d e c e m l  i n e a t us t h a n  in  S. mexicariii s . 

The v a r i a n c e  in  t o t a l  asymmetry t en d ed  t o  be h i g h e s t  in  t h e  h y b r i d

s a m p l e .

DISCUSSION

P r o b a b l e  h y b r i d s  were  found in  10 o f  t h e  39 p o p u l a t i o n s  sampled.  

A t o t a l  o f  A4 i n d i v i d u a l s  (a bou t  7% o f  t h e  t o t a l  s am ple )  were

c o n s i d e r e d  t o  be o f  h y b r i d  o r i g i n  b ased  on e l e c t r o p h o r e t i c  a n d / o r  

k a r y o t y p i c  c h a r a c t e r i s t i c s .  P o s i t i v e  c l a s s i f i c a t i o n  o f  i n d i v i d u a l s  as  

e i t h e r  h y b r i d  o r  p a r e n t a l  was n o t  p o s s i b l e .  One d i f f i c u l t y  in  t h e  

c l a s s i f i c a t i o n  o f  i n d i v i d u a l s  was t h a t  t h e  m a j o r i t y  o f  h y b r i d s  were 

b a c k c r o s s  h y b r i d s .  Only 10 o f  t h e  44 h y b r i d  ground s q u i r r e l s  cou ld  

have been F ^ s .  The h i g h  e l e c t r o p h o r e t i c  s i m i l a r i t y  ( T a b le  5) and 

k a r y o t y p i c  s i m i l a r i t y  (Zimmerman and C o t h r a n ,  1976) means t h a t  a 

number o f  b a c k c r o s s  h y b r i d s  would be i n d i s t i n g u i s h a b l e  from th e  

p a r e n t a l  t y p e  i n v o l v e d  i n  t h e  b a c k c r o s s .  S e c o n d l y ,  s e v e r a l  o f  t h e  

h y b r i d  d e t e r m i n a t i o n s  were  b a s e d  on t h e  p r e s e n c e  o f  t h e  NSP-a a l l e l e  

i n  S. mex icanus  i n d i v i d u a l s .  The NSP-a a l l e l e  was t h e  common a l l e l e  

i n  S. t r i d e c e m l i n e a t u s  b u t  was p r i m a r i l y  a s s o c i a t e d  w i t h  h y b r i d s  (as  

d e t e r m in e d  by ALB g e n o ty p e  o r  k a r y o t y p e )  i n  S.  mex icanus  ( T a b le  2 ) .  

However,  t h r e e  S. mex icanu s  p o p u l a t i o n s ,  ART, ABI, and AUS had a t o t a l  

o f  n i n e  i n d i v i d u a l s  t h a t  p o s s e s s e d  t h e  NSP-a a l l e l e  b u t ,  w i t h  t h e

e x c e p t i o n  o f  one i n d i v i d u a l  from ART t h a t  was k a r y o t y p i c a l l y  a h y b r i d .
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lihowcij no o l h c r  i n d i c a t i o n  o f  h y b r i d  o r i g i n .  T h r c r  of thc ; ; r  ni  nr  

i n d i v i d u a l s  had d i s c r i m i n a n t  f u n c t i o n  s c o r e s  l e s s  th an  3 . 2 2 ,  whicti i s  

n e a r  tlu; m i d d le  of  t h e  d i s t r i b u t i o n  of z v a l u e s .  There  remain:; some 

u n c e r t a i n t y  a s  t o  w h e th e r  t h e  NSl’-a  a l l e l e  i s  o n ly  p r e s e n t  in  S. 

mexicanus  due t o  h y b r i d i z a t i o n  w i t h  S. t r i d e c e m l i n e a t u s .

A l l  p r o b a b l e  h y b r i d s  were found in  p o p u l a t i o n s  o f  S. m e x i c a n u s . 

A d d i t i o n a l l y ,  a l l  sampled p o p u l a t i o n s  c o n s i s t e d  o f  e i t h e r  one o f  t h e  

p a r e n t a l  s p e c i e s  o r  one o f  t h e  p a r e n t a l  s p e c i e s  and h y b r i d s .  There  

was no i n d i c a t i o n  o f  h y b r i d i z a t i o n  w i t h i n  S. t r i d e c e m l i n e a t u s  

p o p u l a t i o n s .  The u n i d i r e c t i o n a l  n a t u r e  o f  t h e  h y b r i d i z a t i o n  between 

S. mex icanus  and S.  t r i d e c e m l i n e a t u s  i s  b e s t  e x e m p l i f i e d  by 

p o p u l a t i o n s  HOM and HOT. These  two p o p u l a t i o n s  ( b o t h  in  t h e  v i c i n i t y  

o f  Hobbs,  New Mexico) were s e p a r a t e d  by a p p r o x i m a t e l y  3 km. Al l  

i n d i v i d u a l s  a t  l o c a l i t y  HOT were u n q u e s t i o n a b l y  S. t r i d e c e m l i n e a t u s . 

In d e e d ,  e l e c t r o p h o r e t i c a l l y  HOT was t h e  p o p u l a t i o n  l e a s t  l i k e  S. 

mexicanus  w i t h  a mean X o f  1 .88  compared to  a s p e c i e s  mean o f  1.69 

( F i g .  4 ) .  A l s o ,  t h e  mean v a l u e  o f  z f o r  HOT was 3 . 0 1 ,  which i s  l e s s  

t h a n  t h e  s p e c i e s  mean. On t h e  o t h e r  hand,  a t  l e a s t  50% o f  t h e  

i n d i v i d u a l s  c o l l e c t e d  a t  HOM were  o f  h y b r i d  o r i g i n .  The r e m a in d e r  o f  

t h e  HOM p o p u l a t i o n  c o n s i s t e d  o f  " p u r e "  S. mexicanus  i n d i v i d u a l s  o r  

u n d e t e c t e d  b a c k c r o s s  h y b r i d s .  The i n d i c a t i o n  f rom t h e  a v a i l a b l e  d a t a  

i s  t h a t  t h e  h y b r i d i z a t i o n  betw een S. mexicanus  and S. t r i d e c e m l i n e a t u s  

o n l y  r e s u l t s  i n  t h e  i n c o r p o r a t i o n  o f  genes  from t h e  l a t e r  s p e c i e s  i n t o  

t h e  S. mex icanu s  gene p o o l  and n o t  t h e  r e v e r s e  s i t u a t i o n .

Asymmetric i n t r o g r e s s i o n  i s  n o t  unknown. In  t h e  house  mouse,  

i n t r o g r e s s i o n  o f  Mus d o m es t i cu s  a l l e l e s  i n t o  M. musculus  was g r e a t e r
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tli.in t h e  r e v e r s e  s i t u a t i o n  (Hunt and S e l a n d e r ,  1973) .  P o p u l a t i o n s  ol 

t h e  t r e e  f r o g  Hvla g r a t i o s a  a p p e a re d  to  be more s u b s t a n t i a l l y  modi l i e d  

by t h e  e f f e c t s  o f  i n t r o g r e s s i o n  o f  H. c i n c r c a  gene s  t h a n  th e  H. 

c i n c r e a  p o p u l a t i o n s  were a f f e c t e d  by H. g r a t i o s a  genes  (Mecham, 1960).  

S i m i l a r  examples  o f  asym m et r i c  i n t r o g r e s s i o n  have been r e p o r t e d  f o r  

s a l a m a n d e r s ,  f i s h ,  f r o g s ,  and g r a s s h o p p e r s  (Wake e t  a l . ,  1980; 

R a d o c i n s k i ,  1980; McDonnell e t  a l . ,  1978; Shaw e t  a l . ,  1979) .  In t h e  

above  c a s e s ,  i n t r o g r e s s i o n  in v o l v e d  b o th  s p e c i e s .  A p o s s i b l e  ca se  of  

u n i d i r e c t i o n a l  h y b r i d i z a t i o n  was r e p o r t e d  f o r  h y b r i d s  between t h e  mule 

d e e r  O d o c o i l e u s  hemionus  and w h i t e - t a i l e d  d e e r  0 .  v i r g i n i a n u s  

( W i s h a r t ,  1980 ) .  A l though  o n ly  f o u r  h y b r i d s  were o b s e r v e d ,  a l l  

h y b r i d s  were a s s o c i a t e d  w i t h  mule d e e r .  W is h a r t  (1980)  i n d i c a t e d  t h a t  

h y b r i d i z a t i o n  between  mule d e e r  f e m a le s  and w h i t e - t a i l e d  d e e r  males  

was more l i k e l y  t h a n  t h e  r e c i p r o c a l  c r o s s  due t o  b e h a v i o r a l  

d i f f e r e n c e s  between  t h e  s p e c i e s  d u r i n g  t h e  b r e e d i n g  s e a s o n .

The mechanism f o r  u n i d i r e c t i o n a l  h y b r i d i z a t i o n  between S. 

mex icanu s  and S. t r i d e c e m l i n e a t u s  i s  n o t  c l e a r .  Some form o f  

p r e m a t i n g  i s o l a t i n g  mechanism su ch  as  b r e e d i n g  b e h a v i o r  i s  a l i k e l y  

e x p l a n a t i o n .  The b e h a v i o r  o f  S. t r i d e c e m l i n e a t u s  has  been s t u d i e d  

( W is t r a n d ,  1 9 7 4 ) ,  b u t  t h e r e  i s  no comparab le  s t u d y  o f  S m e x i c a n u s . 

Ground s q u i r r e l s  a r e  d i u r n a l  mammals and v i s u a l l y  o r i e n t e d  ( W is t r a n d ,  

197 4) ;  v i s u a l l y  t h e  two s p e c i e s  a r e  d i s t i n c t i v e  ( s e e  Ho we l l ,  1938 f o r  

a d e s c r i p t i o n  o f  e x t e r n a l  m orp ho logy) .  A ccord ing  t o  McCarley ( 1 9 6 6 ) ,  

a l a r g e  m a j o r i t y  o f  t r a n s i e n t  ground s q u i r r e l s  i n  a p o p u l a t i o n  o f  S. 

t r i d e c e m i l n e a t u s  were  m a l e s .  I f  t h e  m a j o r i t y  o f  m i g r a t o r y  i n d i v i d u a l s  

o f  S. mex icanu s  a r e  a l s o  m a l e s ,  t h e  u n i d i r e c t i o n a l  h y b r i d i z a t i o n
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be tween t h e  two .specie:;  m.iy be t h e  r e : ; u l t  o f  p r e . i t e r  .specie;; 

( ! i : ; c r im in . i t io n  by S.  t r i d e c e m l i n e a t u s  female;;  t h a n  S .  mexicanu:;

f e m a l e s ,  p o s s i b l y  due t o  v i s u a l  cue::.

A second p o s s i b l e  e x p l a n a t i o n  f o r  t h e  u n i d i r e c t i o n a l  

h y b r i d i z a t i o n  between t h e  ground s q u i r r e l  s p e c i e s  i s  t h a t  p h y s i c a l  

d i f f e r e n c e s  between S.  mex icanus  and S. t r i d e c e m l i n e a t u s  a l l o w

h y b r i d i z a t i o n  be tween  S. mexicanus  fe m a le s  and S. t r i d e c e m l i n e a t u s

m ales  b u t  n o t  t h e  r e c i p r o c a l  c r o s s .  S p e rm oph i lu s  m ex ica nus  a v e r a g e s  

a b o u t  15% l a r g e r  t h a n  S .  t r i d e c e m l i n e a t u s . Mat ings  between S.  

mexicanus  males  and S.  t r i d e c e m l i n e a t u s  fe m a le s  m igh t  p ro d u c e  l a r g e r  

f e t u s e s  t h a t  t h e  fe m a le  cou ld  n o t  b r i n g  t o  t e rm .  The a v e r a g e  l i t t e r  

s i z e  (7 ;  McCarley ,  1966) o f  S.  t r i d e c e m l i n e a t u s  i n  n o r t h e r n  Texas 

co u ld  i n c r e a s e  t h e  p o t e n t i a l  d i f f i c u l t y  l a r g e  f e t u s e s  would c a u s e .  

Watson (1942) a t t r i b u t e d  lo w er  s u c c e s s  in  p r o d u c i n g  o f f s p r i n g  from 

l a b o r a t o r y  c r o s s e s  o f  Peromyscus  p o l i o n o t u s  f e m a le s  w i th  P.

m a n i c u l a t u s  m al es  t h a n  from t h e  r e c i p r o c a l  c r o s s  t o  t h e  g r e a t e r  s i z e  

o f  P. m a n i c u l a t u s . S i m i l a r l y  Dawson (1965;  1966) o b s e r v e d  lower

s u c c e s s  i n  p r o d u c i n g  h y b r i d  l i t t e r s  when P. p o l i o n o t u s  f e m a le s  were 

c r o s s e d  w i t h  P. m a n i c u l a t u s  m al es  t h a n  when t h e  o p p o s i t e  c r o s s  was

made.  The g r e a t e r  s i z e  o f  P. m a n i c u l a t u s  was a l s o  i m p l i c a t e d  by 

Dawson; however ,  s i z e  d i f f e r e n c e  between t h e s e  two s p e c i e s  i s  p r o b a b l y  

n o t  t h e  o n l y  d i f f i c u l t y  i n  p a r t u r i t i o n  o f  h y b r i d  young (Watson,  1942) .

Th er e  a r e  a l s o  s i z e  d i f f e r e n c e s  between t h e  mule d e e r  and

w h i t e - t a i l e d  d e e r .  The mule d e e r  t e n d s  t o  be l a r g e r  t h a n  t h e

w h i t e - t a i l  ( W i s h a r t ,  1980; H a l l  and K e l s o n ,  1959) and h y b r i d s  were

o n l y  o b s e rv ed  a s s o c i a t e d  w i t h  t h e  l a r g e r  s p e c i e s .  L a b o r a t o r y  c r o s s e s



b c lw ron  S.  ^cijc.iiiu:; .in<l H. I r idn' jrml inpalu : .  mu;: I br roadr b r f o r p  a 

juclKcnirnl can b r  made a:; l o  u b c l b r r  o r  no I d% ( ( r r m c r ; .  b r l - r r n

Ibt; gro u n d  n q u i r r r l  r:;ipc ic:;  a r c  a po: : (mal  i i : ; o l a t i n K  mrcbanir.m.

Ac tu a l  c o n l a c l  b r l w c c n  S. mexicanu::  and S. t r i d e c e m l  inea lu : :  doe;:

n o t  a p p e a r  t o  o c c u r  o v e r  a b ro ad  a r e a ,  al t l ioup.h t h e  ra npe  o v e r l a p  of 

t h e  s p e c i e s  may be as  wide  a s  130 km ( F i g .  1 ) .  Host  of  t h e  a r e a  of 

sym pa t ry  in  W es te rn  Texas  i s  a g r i c u l t u r a l  l and  w i t h  one of  t h e  p r im a ry  

c r o p s  b e i n g  c o t t o n .  Ground s q u i r r e l s  were  d i f f i c u l t  t o  f i n d  in  t h e  

p o t e n t i a l  c o n t a c t  zone .  Almost  50% o f  t h e  t ime s p e n t  c o l l e c t i n g  was 

c o n c e n t r a t e d  in  t h e  c o n t a c t  zo n e ,  b u t  o n l y  ab o u t  23% of  t h e  ground 

s q u i r r e l s  sampled were  t a k e n  t h e r e .  The a r e a  o f  sym pa t ry  between S. 

mex icanu s  and S.  t r i d e c e m l i n e a t u s  i s  n o t  a h y b r i d  zone i n  t h e  s e n s e  o f  

S h o r t  (1 9 6 9 ) .  H y b r i d i z a t i o n  a p p e a r s  t o  be o n l y  an o c c a s i o n a l  and 

i s o l a t e d  e v e n t .  Of t h e  s i x  S. mex icanus  p o p u l a t i o n s  t h a t  were 

p o t e n t i a l l y  i n  c o n t a c t  w i t h  S.  t r i d e c e m l i n e a t u s , p r o b a b l e  h y b r i d s  were 

found i n  f i v e  o f  them.  The f i v e  p o p u l a t i o n s ,  w i t h  t h e  p e r c e n t  o f

p o p u l a t i o n  t h a t  was h y b r i d  i n  p a r e n t h e s e s ,  were AND (5%), BIG (12%), 

HOM (50%), R0S(6%),  and SEY ( 6 8 %). Only p o p u l a t i o n s  AND, BIG, HOM, 

and SEY had p o s s i b l e  h y b r i d s .  M o r p h o l o g i c a l l y  t h e  s i n g l e  p o s s i b l e  

F , s  from AND and BIG were  more l i k e  S. mex icanus  t h a n  S.

t r i d e c e m l i n e a t u s  w i t h  z v a l u e s  o f  3 . 3 4  and 3 . 4 4 ,  r e s p e c t i v e l y  ( s e e

F i g .  4 ) .  Two o f  t h e  f o u r  p o s s i b l e  F^s  from HOM and one o f  t h r e e

p o s s i b l e  FjS from SEY had h i g h ,  S. m e x ic a n u s - l i k e  z v a l u e s .  I t  i s

p r o b a b l e  t h a t  o f  t h e  10 S. mex icanu s  p o p u l a t i o n s  where p r o b a b l e

h y b r i d s  were  fo u n d ,  o n l y  p o p u l a t i o n s  HOM and SEY had F^ h y b r i d s  w h i l e



i h r  r rD.nin<lrr  <»J t h r  hyhri<lr- w r r r  t h f  r r M i l t  u( h.K k('f“ r-Nr;i .mil 

j :)t, roofer. : ,  i o i ; .

f)< i h r  ol)hrrvr(J h y b r i d e ,  h.iNrd on j;rnot ypr  . ind/or  k i r y o i y p r , 

w r r r  h . K ' k c r o r . N r l o  S.  n.rxit ' .’Uiii:.. Howrvrr ,  ;:omr of I l i r  o l c . r rv r d
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i r i d c c r m l  inc. i tu: ;  ■ Kif;hl  h y b r i d  in d iv id u . i l : :  w r r r  liomo/.VKou:. f o r  l l i r
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no l  p o : : n i h l r  l o  d i ; : l inp.ui : : l i  bc lwecn F,, hybr id ; ,  .ind hackcro: ;: :r :;  l o  S. 

I r i dec f t n l  i n e a l u : ; . However,  Ih e  low j i e r c e n l a p c  of  po: : : ; ib le  Fj hybr id : ;  

in  t h e  n.implc:; p o i n t : ;  l o  o n ly  o c c a s i o n a l  h y b r i d i z a t i o n  and t h e  

m o r p h o l o g i c a l  e v i d e n c e  s u p p o r t s  t h i s  c o n t e n t i o n .  The z v a l u e  midway

between t h e  mean z v a l u e s  o f  S.  t r i d e c e m l i n e a t u s  and S. m exica nus  was

3 . 2 2 .  The mean z v a l u e  o f  a l l  h y b r i d s  was 3 .3 3  compared t o  a mean o f  

3 .4 3  f o r  S. mex icanus  and 3 .0 0  f o r  S. t r i d e c e m l i n e a t u s . Only one o f  

t h e  p o s s i b l e  h y b r i d s  had a z v a l u e  as  low as  3 . 2 2 .  T h e r e  were 13

i n d i v i d u a l s  t h a t  had t h e  c h a r a c t e r i s t i c s  o f  a o r  b a c k c r o s s  t o  S.- 2  -

t r i d e c e m l i n e a t u s . S ix  o f  t h e s e  i n d i v i d u a l s  had z v a l u e s  below 3 .2 2  

i n c l u d i n g  t h r e e  i n d i v i d u a l s  t h a t  were homozygous f o r  t h e  S.

t r i d e c e m l i n e a t u s  a l l e l e  a t  b o t h  t h e  ALB and NSP l o c i .  A c tu a l  

h y b r i d i z a t i o n  between  t h e  p a r e n t  s p e c i e s  i s  p r o b a b l y  a r a r e  e v e n t ,  b u t  

th e  a b i l i t y  o f  t h e  h y b r i d s  t o  b a c k c r o s s  produc ed  p o p u l a t i o n s  such as  

HOM and SEY t h a t  were  p r e d o m i n a t e l y  composed o f  h y b r i d s  and a l l o w e d  

i n t r o g r e s s i o n  o f  S. t r i d e c e m l i n e a t u s  genes  i n t o  S. mex icanus  

p o p u l a t i o n s  n o t  d i r e c t l y  i n  c o n t a c t  w i t h  S. t r i d e c e m l i n e a t u s .

The a p p a r e n t  f e r t i l i t y  o f  t h e  h y b r i d s  r a i s e s  q u e s t i o n s  c o n c e r n i n g  

th e  f i t n e s s  o f  t h e  h y b r i d  i n d i v i d u a l s  r e l a t i v e  t o  t h e  p a r e n t a l
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Aüymmrlry of b i l a l r r a l  c b a r a c l r » iu i b r  r r r . u l l  of imjirrf r c t  ion;, iti 

d eve lo pm en t .  Level:;  of f l u c l u a l i u K  a:;ymmetry . i re p r e d i c t e d  l o  be 

g r e a t e r  in  p o p u l a t i o n : :  : : u b je c t ed  to  e v o l u t i o n a r y  :;tre:::;  ( S o u l e ,  1967) .  

Zones o f  c o n t a c t  and h y b r i d i z a t i o n  a r e  such s t r e s s  a r e a s .  The 

breakdown in  dev e lo p m e n ta l  c a n a l i z a t i o n  due t o  h y b r i d i z a t i o n  i s  

presumed t o  be t h e  r e s u l t  o f  t h e  com b in a t io n  o f  t h e  two d i f f e r e n t  

c o a d a p tcd  l i n k a g e  groups  ( S o u l e ,  1967).  Thus ,  h y b r i d s  t h e o r e t i c a l l y  

w i l l  have h i g h e r  l e v e l s  o f  f l u c t u a t i n g  asymmetry th an  th e  p a r e n t  

s p e c i e s .

The h y b r i d s  between S. mexicanus  and S.  t r i d e c e m l i n e a t u s  t en ded  

to  have h i g h e r  l e v e l s  o f  asymmetry th an  S. mexicanus  (T ab le  6 ) and had 

s i g n i f i c a n t l y  h i g h e r  asymmetry v a l u e s  f o r  t h r e e  c h a r a c t e r s .  

C o n v e r s e ly ,  t h e  h y b r i d  ground s q u i r r e l s  had h i g h e r  c r a n i a l  asymmetry 

t h a n  S. t r i d e c e m l i n e a t u s  b u t  t e n d ed  t o  be e q u a l l y  o r  l e s s  as ym met r ic  

t h a n  S. t r i d e c e m l i n e a t u s  f o r  a l l  o t h e r  c h a r a c t e r s  (T ab le  6 ) .  

S pe rm oph i lu s  t r i d e c e m l i n e a t u s  was s i g n i f i c a n t l y  more as ym met r ic  t h a n  

t h e  h y b r i d s  f o r  f i v e  c h a r a c t e r s .  J a c k s o n  (1973)  found no i n c r e a s e  in  

asymmetry i n  p o p u l a t i o n s  o f  l i z a r d s  i n  a zone o f  h y b r i d i z a t i o n .  

F e l l e y  (1980) a l s o  found t h a t  i n t e r g r a d e  p o p u l a t i o n s  o f  b l u e g i l l  

s u n f i s h  were no more asymmet r ic  t h a n  p o p u l a t i o n s  o u t s i d e  t h e  a r e a  o f  

i n t e r g r a d a t i o n .  Only one o f  t h e  n i n e  b i l a t e r a l  c h a r a c t e r s  measured by 

F e l l e y  (1980) was s i g n i f i c a n t l y  d i f f e r e n t  o v e r  t h e  g ro u p s ,  and t h a t  

c h a r a c t e r  was l e s s  asym m et r i c  i n  t h e  i n t e r g r a d e s  t h a n  i n  t h e
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p a r e n t a l : i . Hybrid;;  be tween S. mex icann:; and S. i r i d e c e m l  i n r a t n : ;  were 

more a;:ymmetri c t h a n  S. mexi cann: ; , b u t  n o t  S. I r i d e c eml i n e a t i i :;. The 

c o n t a c t  a r e a  may be marp. inal  h a b i t a t  f o r  S. t r i d e c e m l i n e a t n ;; a n d , 

i h u u , p o p u l a t i o n : :  o f  S. t r i d e c c m l i n e a t u : :  a r e  a l : ;o  in a zone ol

e v o l u t i o n a r y  i ; t r c ; : s  i n  t h i s  a r e a  ( s e e  S o u le ,  1967) .  T h a t  t h e  h y b r i d s  

a r e  more a sym m et r i c  th an  S. mexicanus  ( t h e  s p e c i e s  t h a t  i s

e x p e r i e n c i n g  i n t r o g r e s s i o n )  i s  s u g g e s t i v e  t h a t  t h e  h y b r i d s  a r e  l e s s  

f i t  t h an  p a r e n t a l  S. m e x i c a n u s .

M o r p h o l o g i c a l l y  S.  mexicanus  i s  f a i r l y  d i s t i n c t  from S.

t r i d e c c m l i n e a t u s  ( F i g s .  3a and A).  However,  g e n e t i c a l l y  t h e  two 

s p e c i e s  a r e  v e r y  s i m i l a r  ( T a b le  5 ) .  Valu es  o f  g e n e t i c  s i m i l a r i t y  

between c o n g e n e r i c  s p e c i e s  t y p i c a l l y  r ange  from 0 . 3 0  t o  0 . 8 0  w i th  t h e  

mean between 0 . 5 0  and 0 . 6 0  ( A v i s e ,  1975).  The mean g e n e t i c  s i m i l a r i t y

( I )  be tween S. mexicanus  and S. t r i d e c e m l i n e a t u s  o f  0 .959  i s

comparable  t o  t h a t  be tween g e o g r a p h i c  p o p u l a t i o n s  w i t h i n  a s p e c i e s  

(Ayala  e t  a l . ,  1974; Zimmerman e t  a l . ,  1978 ) .  A number of

e x p l a n a t i o n s  can be o f f e r e d  f o r  h ig h  g e n i c  s i m i l a r i t y  between 

m o r p h o l o g i c a l l y  d i s t i n c t  s p e c i e s .  Av ise  (1 9 7 5 ) ,  d i s c u s s e d  s e v e r a l  

p o s s i b l e  a l t e r n a t i v e s  t o  e x p l a i n  t h e  h i g h  g e n e t i c  s i m i l a r i t y  ( I  = 

0 .9 4 8 )  b e tw een  two s p e c i e s  o f  minnows. The e x p l a n a t i o n  he p r e f e r r e d  

was t h a t  t h e  s p e c i e s  had o n ly  r e c e n t l y  d i v e r g e d .  R ecen t  d i v e r g e n c e  i s  

a l s o  t h e  most  l i k e l y  e x p l a n a t i o n  f o r  t h e  h ig h  g e n i c  i d e n t i t y  between 

S. mexicanus  and S.  t r i d e c e m l i n e a t u s . I t  i s  d i f f i c u l t  t o  e s t i m a t e  how 

l on g  ago t h e  s p e c i e s  d i v e r g e d .  A f o s s i l  r e c o r d  f o r  t h e  two s p e c i e s  i s  

p r a c t i c a l l y  n o n - e x i s t a n t ,  a l t h o u g h ,  f o s s i l  r e c o r d s  o f  S. 

t r i d e c e m l i n e a t u s  from t h e  P l e i s t o c e n e  a r e  known ( B r y a n t ,  1945) .



E v o l u l i o n a r y  d i v e r g e n c e  l im e  f o r  a p a i r  of  s p e c i e »  can lie e r . l im a ie d  

from e l e c l r o p h o r e t i c  da l a  (N e i ,  1971) .  A number o f  assumpl  i on:; a r e  

i n v o l v e d  in  N c i ' i ;  e s l i m a l e  o f  d i v e r g e n c e  l i m e ,  and t h e  c : ; l imalc : ;  

s h o u ld  be c o n s i d e r e d  w i l h  r c n e r v a l i o n .  The be: ;I  e s l i m a l e  o f  l ime 

s i n c e  d i v e r g e n c e  be tween  S.  mex icanu s  and S. t r i d e c c m l i n c a l u s  bas ed  on 

N c i ' s  fo r m u la  i s  a p p r o x i m a t e l y  30 ,000  y e a r s .  F o s s i l  p o l l e n  a n a l y s e s  

( M a r t i n ,  1964) i n d i c a t e d  t h a t  much i f  n o t  a l l  o f  t h e  p r e s e n t  c o n t a c t  

zone bet ween  t h e  g round  s q u i r r e l  s p e c i e s  was p i n e  f o r e s t  d u r i n g  t h e  

peak  g l a c i e r  advance from 2 3 ,0 0 0  t o  17,000 y e a r s  BP. Such h a b i t a t  

would be u n s u i t a b l e  f o r  t h e s e  s p e c i e s  o f  ground s q u i r r e l s .

Most zo nes  o f  h y b r i d i z a t i o n  a r e  c o n s i d e r e d  t o  r e p r e s e n t  a r e a s  o f  

s e c o n d a r y  c o n t a c t  be t ween  p r e v i o u s l y  d i s j u n c t  s p e c i e s  (Mayr,  1963; 

Moore,  197 7) .  The h y b r i d i z a t i o n  between S. mex icanus  and S. 

t r i d e c e m l i n e a t u s  i s  a l s o  p r o b a b l y  an example o f  s e c o n d a r y  c o n t a c t .  

The h i g h  g e n e t i c  s i m i l a r i t y  o f  t h e  two s p e c i e s  m igh t  a r g u e  f o r  

c o n t i n u o u s  gene f lo w be tw een  t h e  s p e c i e s  d u r i n g  d i v e r g e n c e .  Greenbaum 

(1981)  in v o k ed  s y m p a t r i c  d i v e r g e n c e  t o  a c c o u n t  f o r  t h e  h i g h  g e n e t i c  

i d e n t i t y  ( I  = 0 . 9 9 )  o f  h y b r i d i z i n g  c y t o t y p e s  o f  b a t s .  He p o s t u l a t e d  

t h a t  gene f low  b e tw een  k a r y o t y p i c a l l y  d i f f e r e n t i a t e d  r a c e s  m a i n t a i n e d  

t h e  h i g h  g e n i c  and m o rp h o l o g i c  s i m i l a r i t y  o f  t h e  r a c e s .  In t h e  c a s e  

o f  S. mex icanu s  and S. t r i d e c e m l i n e a t u s , d i f f e r e n t i a t i o n  o f  

q u a n t i t a t i v e  m o rp h o lo g ic  c h a r a c t e r s  has  n o t  been  accompan ied by 

d i f f e r e n t i a t i o n  o f  M en d e l i a n  t r a i t s  such  a s  chromosomes and genes  

co d in g  f o r  t h e  p r o t e i n s  d e t e c t e d  by e l e c t r o p h o r e s i s .  A s i m i l a r  

s i t u a t i o n  was o b s e r v e d  by T u r n e r  (1974)  f o r  p u p f i s h  i n  D eath  V a l l e y ,  

C a l i f o r n i a .  These  p u p f i s h  s p e c i e s  were  c l e a r l y  d i s t i n c t



m o r p h o l o g i c a l l y  and e c o l o g i c a l l y  b u t  no t  e l e c t r o p l i o r c t i c a l  l y .  T u r n e r  

(1974)  KuggesLcd LhaL I h c  l a c k  o f  g e n i c  d i f f e r e n t i a t i o n  war; t h e  re ra tU  

o f  t h e s e  p r o t e i n s  b e i n g  p a r t  o f  a s t r o n g l y  c o a d a p te d  s e t  of  m e t a b o l i c  

enzymes w h i l e  t h a t  p o r t i o n  o f  t l ie genome r e s p o n s i b l e  f o r  m o rp h o lo g ic  

and é c o l o g i e  t r a i t s  was more r e s p o n s i v e  t o  e n v i r o n m e n ta l  s e l e c t i o n  

p r e s s u r e s .  R e g a r d l e s s  o f  w h e th e r  o r  n o t  a l l  t h e  p o p u l a t i o n s  o f  

p u p f i s h  r e p r e s e n t  d i f f e r e n t  s p e c i e s ,  t h e  r a t e  o f  d i f f e r e n t i a t i o n  of  

m o r p h o lo g ic  and g e n i c  c h a r a c t e r i s t i c s  was n o t  t h e  same. K i l i a s  e t  a l .  

(1980) d e m o n s t r a t e d  t h a t  h i g h  g e n e t i c  i d e n t i t y ,  as  d e t e r m in e d

e l e c t r o p h o r c t i c a l l y , be tween p o p u l a t i o n s  u n d e r  c o n d i t i o n s  o f  i s o l a t i o n  

and d i f f e r e n t  s e l e c t i o n  re g im es  can be  m a i n t a i n e d  even though 

r e p r o d u c t i v e  i s o l a t i o n  i s  a c h i e v e d .  The d a t a  f o r  S. mex icanu s  and S. 

t r i d e c e m l i n e a t u s  i s  most  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  t h e

o b s e r v e d  d i f f e r e n c e s  were  a c h ie v e d  d u r i n g  i s o l a t i o n  u n d e r  d i f f e r e n t

s e l e c t i o n  p r e s s u r e s .

S p é c i a t i o n  o f  S. mex icanus  and S.  t r i d e c e m l i n e a t u s  a p p e a r s  t o  f i t  

t h e  a l l o - p a r a p a t r i c  model  o f  E n d l e r  ( 1 9 7 7 ) .  Under t h i s  model 

p o p u l a t i o n s  o f  t h e  a n c e s t r a l  s p e c i e s  become s p r e a d  o v e r  a

h e t e r o g e n e o u s  a r e a  and e v e n t u a l l y  some p o p u l a t i o n  o r  p o p u l a t i o n s  

become i s o l a t e d  f rom t h e  o t h e r s  and d i v e r g e  t o  a v a r y i n g  e x t e n t .  The 

d e g r e e  o f  d i f f e r e n t i a t i o n  a c h i e v e d  b e f o r e  c o n t a c t  i s  resumed 

d e t e r m i n e s  t h e  outcome o f  renewed c o n t a c t .  Low d i f f e r e n t i a t i o n  would 

l e a d  t o  t h e  f o r m a t i o n  o f  s h a l l o w  d i n e s  f o l l o w e d  by s t e e p  d i n e s ,  

h y b r i d  zo nes  and e v e n t u a l  r e p r o d u c t i v e  i s o l a t i o n .  High 

d i f f e r e n t i a t i o n  would l e a d  d i r e c t l y  t o  t h e  f o r m a t i o n  o f  h y b r i d  zo n e s .  

The s t e p s  o u t l i n e d  above a r e  b a s e d  on t h e  a s s u m p t io n  t h a t  s e c o n d a r y
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c o n t a c t  w i l l  l e a d  t o  npec i  a t  i o n , which w i l l  no t  alway:; he t h e  ca:.e 

(T e m ple to n ,  1981) .  The d e c r e e  o f  d i f f e r e n t i a t i o n  between S. mexicanus  

and S. t r i d e c c m l i n e a t u ; :  depends  upon which s e t  of  c h a r a c t e r s  a r e

c o n s i d e r e d ,  e i t h e r  m o rp h o lo g ic  or  k a r y o t y p i c  and e l e c t r o p h o r e t i c .  

T h e re  i s  no c l e a r  c u t  e v i d e n c e  o f  a d i n e  f o r  any o f  t h e  

c h a r a c t e r i s t i c s .  The l a c k  o f  a d i n e  combined w i t h  t h e  p r e s e n c e  o f  a 

c o n t a c t  zone w i t h  h y b r i d i z a t i o n  i n d i c a t e s  t h a t ,  i n  r e g a r d s  t o  E n d l e r ' s  

(1977) mode l ,  t h e  g r e a t e s t  d i f f e r e n t i a t i o n  ( i . e . ,  m o rp ho log ic  

d i f f e r e n t i a t i o n )  between t h e  ground s q u i r r e l  s p e c i e s  has  been most  

i m p o r t a n t  i n  d e t e r m i n i n g  t h e  p a t h  o f  s p é c i a t i o n .

S p é c i a t i o n  o f  p o p u l a t i o n s  t h a t  have a c h i e v e d  some l e v e l  o f  

d i f f e r e n t i a t i o n ,  b u t  n o t  co m plet e  r e p r o d u c t i v e  i s o l a t i o n  ( a d a p t i v e  

d i v e r g e n c e ;  Tem ple ton ,  1 9 8 0 ) ,  i s  u s u a l l y  assumed t o  be com plet ed  by 

t h e  p r o c e s s  o f  r e i n f o r c e m e n t .  Under t h i s  mechanism,  s p é c i a t i o n  i s  

com ple ted  by s e l e c t i o n  f o r  p o s t - m a t i n g  i s o l a t i o n  due t o  h y b r i d  

i n f e r i o r i t y .  Templeton (1981)  has  p o i n t e d  o u t  t h a t  p r e - m a t i n g  

i s o l a t i n g  mechanisms a r e  most  l i k e l y  t o  e v o l v e  u n d e r  t h e  a d a p t i v e  

d i v e r g e n c e  model f o r  a v a r i e t y  o f  r e a s o n s .  The o p t i m a l  c o n d i t i o n s  f o r  

t h e  a d a p t i v e  d i v e r g e n c e  model a r e  an  a n c e s t r a l  s p e c i e s  s u b d i v i d e d  i n t o  

s m a l l  demes w i t h  low r a t e s  o f  m i g r a t i o n  and h ig h  F^^s  (Templeton,  

1980) .

Both S.  mex icanus  and S. t r i d e c e m l i n e a t u s  have a s u b d i v i d e d  

p o p u l a t i o n  s t r u c t u r e  as  r e v e a l e d  by h i g h  and s i g n i f i c a n t  Fg^s  f o r  most 

po ly m o rp h ic  l o c i  (T a b le  4 ) .  Under W r i g h t ' s  (1932;  1980) s h i f t i n g  

b a l a n c e  t h e o r y ,  r a p i d  a d a p t i v e  d i v e r g e n c e  s h o u ld  o c c u r  when 

p o p u l a t i o n s  a r e  s u b d i v i d e d  and gene f low between t h e  s u b d i v i s i o n s  i s
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l i m i t e d .  Althoup.li un d e r  t h e s e  co n d i t i o n : :  h i p h  g e n i c  d i f f e r e n t i a t i o n  

would be e x p e c t e d ,  l i t t l e  e l e c l r o p h o r e t i c a l y  d e t e c t a b l e  

d i f f e r e n t i a t i o n  between th e  ground s q u i r r e l  s p e c i e s  has  o c c u r r e d .  

However,  t h e  a d a p t i v e  d i v e r g e n c e  may be more c l o s e l y  r e l a t e d  t o  t h e  

m o rp h o lo g ic  d i f f e r e n t i a t i o n  t h a n  t o  t h e  g e n i c  d i v e r g e n c e .  The l i m i t e d  

gene f low and p o p u l a t i o n  s u b d i v i s i o n  i n d i c a t e d  by t h e  F s t a t i s t i c s  

(T a b le  A) co u ld  s t i l l  be i n f l u e n c i n g  t h e  com ple te  s p é c i a t i o n  o f  S. 

mexicanus  and S. t r i d e c e m l i n e a t u s  even though  t h e  s p e c i e s  a r c  now in  

c o n t a c t  and h y b r i d i z i n g .  P o p u l a t i o n s  o f  S. mex icanus  t h a t  a r e  not  

c l o s e  t o  t h e  c o n t a c t  zone a r e  e s s e n t i a l l y  n o t  i n  c o n t a c t  w i th  S. 

t r i d e c e m l i n e a t u s , t h u s  d i v e r g e n c e  bet ween  t h e  s p e c i e s  c o u ld  c o n t i n u e .  

At  l e a s t  p a r t i a l  r e p r o d u c t i v e  i s o l a t i o n  be tween  t h e  s p e c i e s  i s  

i n d i c a t e d  by t h e  l a c k  o f  i n t r o g r e s s i o n  i n t o  S. t r i d e c e m l i n e a t u s  and 

t h e  asymmetry d a t a  i s  s u g g e s t i v e  o f  some i n c o m p a t i b i l i t y  between t h e  

genomes o f  S. mexicanus  and S. t r i d e c e m l i n e a t u s . Whether  t h e  

r e p r o d u c t i v e  i s o l a t i o n  t h a t  has  been  o b s e r v e d  i s  p r e m a t in g  o r  

p o s t - m a t i n g  i s o l a t i o n  i s  n o t  y e t  known. C o n t in ued  d i v e r g e n c e  o f  t h e  

p o p u l a t i o n s  o f  S. mexicanus  t h a t  a r e  i s o l a t e d  from S. t r i d e c e m l i n e a t u s  

co u ld  i n c r e a s e  t h e  l e v e l  o f  r e p r o d u c t i v e  i s o l a t i o n  be tween  t h e  s p e c i e s  

and h a l t  a s ou thw ard  i n f l u x  o f  S. t r i d e c e m l i n e a t u s  ge nes  i n t o  S. 

m e x i c a n u s .

S econda ry  c o n t a c t  be tween S. mex icanus  and S. t r i d e c e m l i n e a t u s  i s  

p r o b a b l y  a r e s u l t  o f  human a l t e r a t i o n  o f  t h e  en v i ro n m e n t .  

S p e rm oph i lu s  t r i d e c e m l i n e a t u s  i s  a n a t u r a l  i n h a b i t a n t  o f  t h e  

s h o r t g r a s s  p r a i r i e s  o f  t h e  G re a t  P l a i n s  and S. mex icanus  i s  commonly 

found i n  t h e  m e s q u i t e ,  c a c t u s ,  s h o r t - g r a s s  a s s o c i a t i o n s  o f  s o u t h w e s t
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Tcx.i:; .ind n o r t h e r n  Mexico (H.il l  ;ind K e ls o n ,  1959) .  The developmen t  of  

hif*hw.iy, r a i l r o a d ,  and p o w e r - l i n e  r i % h t - o f - w a y s  li.is p r o v i d e d  ide. i l  

d i s p e r s a l  pa thways  f o r  hot ii  s p e c i e s .  A d d i t i o n a l l y ,  grazinp,  and 

a g r i c u l t u r a l  l an d  u s e s  have p r o v i d e d  s u i t a b l e  h a b i t a t  f o r  b o t h  s p e c i e s  

where t h e  n a t i v e  en v i ro n m e n t  may have been s u i t a b l e  t o  o n l y  one o f  t h e  

s p e c i e s .  D i s t r i b u t i o n  r e c o r d s  g i v e  some i n d i c a t i o n  t h a t  b o th  s p e c i e s  

have expanded t h e i r  r a n g e s  towar ds  ea ch  o t h e r  ( H a l l  and K e ls on ,  1959; 

D a v i s ,  1966; How e l l ,  1938; H a l l ,  1980) .  H a b i t a t  a l t e r a t i o n  i s  o f t e n  

c i t e d  as  t h e  most  f r e q u e n t  c a u s e  o f  h y b r i d i z a t i o n  (Mayr,  1963; 

S t e b b i n s ,  1950) .  D i s t u r b a n c e  o f  t h e  h a b i t a t  n o t  o n ly  b r e a k s  down 

e c o l o g i c a l  b a r r i e r s  t o  s p e c i e s  c o n t a c t  b u t  a l s o  can p r o v i d e  c o n d i t i o n s  

u n d e r  which t h e  h y b r i d  may be more s u c c e s s f u l  t h a n  t h e  p a r e n t a l  forms 

(W righ t  and Lowe, 1968; Moore,  1977) .  T h e r e  i s  no i n d i c a t i o n  t h a t  th e  

ground s q u i r r e l  h y b r i d s  a r e  b e t t e r  s u i t e d  t o  t h e  c o n d i t i o n s  i n  th e  

c o n t a c t  zone t h a n  a r e  t h e  p a r e n t  s p e c i e s .  However,  t h e  d i s t u r b e d  

h a b i t a t  may have  p ro duc ed  a s i t u a t i o n  where t h e  ground s q u i r r e l  

h y b r i d s  a r e  a b l e  t o  compete s u c c e s s f u l l y  w i t h  t h e  p a r e n t a l  s p e c i e s  and 

n o t  f a c e  i n t e n s e  n e g a t i v e  s e l e c t i o n .

The t h r e e  e v e n t s  t h a t  a r e  t h e  most  l i k e l y  outcomes o f  

h y b r i d i z a t i o n  f o l l o w i n g  s e c o n d a ry  c o n t a c t  a r e  s p é c i a t i o n ,  f u s i o n  o f  

t h e  s p e c i e s ,  o r  t h e  e s t a b l i s h m e n t  o f  a s t a b l e  h y b r i d  zone .  The h igh  

p e r c e n t a g e  o f  b a c k c r o s s  h y b r i d s  bet ween  S.  mex icanu s  and S. 

t r i d e c e m l i n e a t u s  and t h e  p r e s e n c e  o f  h y b r i d s  i n  p o p u l a t i o n s  o u t s i d e  

t h e  p r o b a b l e  c o n t a c t  zone a r e  e v i d e n c e  t h a t  s p e c i e s  f u s i o n  i s  

p o s s i b l e .  On t h e  o t h e r  hand,  t h e  o b s e r v e d  i n t r o g r e s s i o n  was o n l y  i n t o  

S. mex icanus  and i t  a p p e a r s  t h a t  S. t r i d e c e m l i n e a t u s  has  n o t



N i R t u f i c . i n l l y , H  . il  a l l ,  cotU r  i l n i l f d  l o  t h e  l>.’>ckcro:; :;c:; . I’opul  a l  ion:. 

HOM ami SKY (v l i ich  w c r r  composed o f  S0 % and (iH% h y b r i d  i n d i v i d u a l : . ,  

r r n p r c l i v c l y ) ,  a:; w e l l  a:, l i i r  o i l i e r  p o p u l a l i o n : ;  where  hybri<l:: were 

o b s e r v e d ,  were  more s i m i l a r  l o  S.  mexi canu:; I ban l o  S. 

t r  i d c c e m l i n e a t u s  b o t h  g e n e t i c a l l y  and m o r p h o l o g i c a l l y .  Unie:::; I lie 

i n c i d e n c e  of  h y b r i d i z a t i o n  and i n t r o g r e s s i o n  i n c r e a s e s ,  co m ple te  

r e p r o d u c t i v e  i s o l a t i o n  between S. mexicanus  and S. t r i d e c c m l i n e a t u : ;  

would a p p e a r  more l i k e l y  th an  f u s i o n  o f  t h e  s p e c i e s .

The e s t a b l i s h m e n t  o f  a s t a b l e  h y b r i d  zone i s  a n o t h e r  p o s s i b l e  

outcome o f  t h e  c o n t a c t  be tween S. mex icanu s  and S. t r i d e c c m l i n e a t u s . 

Moore (1977)  h y p o t h e s i z e d  t h a t  o n l y  n a r ro w  h y b r i d  zones  o r  t h o s e  

formed a l o n g  an e c o t o n e  a r e  l i k e l y  t o  become s t a b l e .  The c o n t a c t  zone 

o f  t h e  ground s q u i r r e l  s p e c i e s  i s  i n  an a r e a  d i s t u r b e d  by human 

a c t i v i t i e s  r a t h e r  t h a n  an e c o t o n e ,  a l t h o u g h  t h e  c o n t a c t  i s  w i t h i n  one 

o f  t h e  " s u t u r e  zo n e s "  o f  Remington (1 9 6 8 ) .  The g r e a t e s t  w i d t h  o f  t h e  

p o t e n t i a l  o v e r l a p  o f  t h e  r a n g e s  o f  t h e  s p e c i e s  i s  a p p r o x i m a t e l y  130 

km, and t h e  w i d t h  o f  t h e  c o n t a c t  zone i s  o v e r  50 km f o r  a t  l e a s t  250 

km o f  i t s  l e n g t h  ( F i g .  1 ) .  H y b r id s  a r e  n o t  t h e  most  common 

i n d i v i d u a l s  w i t h i n  t h e  c o n t a c t  a r e a  and a r e  o n l y  common i n  two 

p o p u l a t i o n s .  The c o n t a c t  zone can b e s t  be  d e s c r i b e d  as  an a r e a  o f  

o v e r l a p  w i t h  h y b r i d i z a t i o n  ( S h o r t ,  196 9) .  The w i d t h  o f  t h e  o v e r l a p

zone combined w i t h  a s c a t t e r e d  i n c i d e n c e  o f  h y b r i d i z a t i o n  makes t h e  

e s t a b l i s h m e n t  o f  a s t a b l e  h y b r i d  zone  u n l i k e l y .

A l th o u g h  S. m exica nus  and S.  t r i d e c e m l i n e a t u s  a r e  c a p a b l e  o f  

h y b r i d i z a t i o n  and t h e  h y b r i d s  a r e  a b l e  t o  b a c k c r o s s  w i t h  a t  l e a s t  one 

o f  t h e  p a r e n t a l  s p e c i e s  (S.  m e x i c a n u s ) , t h e  d a t a  p r e s e n t e d  do n o t
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j u s t i f y  .1 cli.Tilf’.r itï t h r  L.ixonomy of l l i r  iwo ^jirc i r  . .Sprrmo|)lii hi;. 

Lr i tlrCftnl i nc. itu:;  Jiiinci'ir;; l o  br* m.i i t i l . i ini iu;  a r . i l r  };cnr pool  from

•S. m cx ic .'imi:: .iiid, cxccj i l  f o r  .1 ;;m;i 11 po rc ml . iK f’ of i n d i v i d i i o l ; ; ,

o u i : : i d c  i h c  c o n l . i c l  zone Ih c  :;.imc con be !;;iid f o r  S . mcxic. inu:; . The 

s p e c i e »  a r c  d i s l i n c L  m o r p h o l o g i c a l l y ,  l l i c r c  a r c  : ; l i g h l  k a r y o i y p i c  

d i f f e r e n c e . ' ; ,  and two e l c c L r o p h o r c l i c a l l y  d e l e r m in e d  l o c i  have m a jo r  

a l l e l i c  d i f f e r e n c e ; ;  wl i i le  s e v e r a l  o l h e r  l o c i  have sp ec ie : ;  s p e c i f i c  

m inor  a l l e l e s  (T a b le  2 ) .  A l lho ng h I  he d e c r e e  of d i f f e r o n l i a l i o n  of 

m o r p h o lo g ic  and e l e c t r o p h o r e t i c  c h a r c t e r i s t i c s  between t h e  two s p e c i e s  

a r e  d i f f e r e n t ,  t h e  r e l a t i o n s h i p s  o f  t h e  s p e c i e s  b a se d  upon t h e  two 

s e t s  o f  c h a r a c t e r s  a r e  v e r y  s i m i l a r .  P h o n e t i c  d i s t a n c e  was 

s i g n i f i c a n t l y  a s s o c i a t e d  w i t h  g e n e t i c  d i s t a n c e  (M a n te l ,  1967 t e s t ,  t »  

= 1 7 .3 8 ,  P < 0 . 0 0 1 ,  r  = 0 . 8 2 7 ) .  S p é c i a t i o n  i s  a dynamic p r o c e s s  and 

o r g a n i s m s  r e p r e s e n t i n g  a l l  s t a g e s  o f  t h e  con t inuum from l o c a l  

p o p u l a t i o n s  t o  c o m p l e t e l y  r e p r o d u c t i v e l y  i s o l a t e d  s p e c i e s  a r e  l i k e l y  

t o  be  found .  The ground s q u i r r e l  s p e c i e s  S. mex icanu s  and S. 

t r i d e c e m l i n e a t u s  a p p e a r  t o  be c l o s e r  t o  t h e  s e p a r a t e  s p e c i e s  end o f  

t h e  s p e c t r u m .

SUMMARY

F o r t y - f o u r  o f  596 ground s q u i r r e l s  o f  t h e  s p e c i e s  S. mexicanus  

and S. t r i d e c e m l i n e a t u s  were h y b r i d s  be tw e en  t h e  two s p e c i e s .  The 

m a j o r i t y  o f  t h e  h y b r i d  i n d i v i d u a l s  (~ 77%) were  e i t h e r  o r  b a c k c r o s s  

i n d i v i d u a l s .  A l l  o b s e r v e d  h y b r i d s  were  a s s o c i a t e d  w i t h  p o p u l a t i o n s  o f  

S. m e x i c a n u s , and i t  a p p e a re d  t h a t  b o t h  h y b r i d i z a t i o n  and 

i n t r o g r e s s i o n  were  u n i d i r e c t i o n a l  and i n t o  S. m e x i c a n u s .
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K l c c l r o i ) h o r r l i c . » l  ly  S. mrxic.huj:;  w;i;; more- v a r i a b l e  l l ian S. 

L r i d rc cm l  i n c a i u ; : w i t h  mean obr . rrvcd het r rozyf ;or ,  i t y  oJ b.7% and A.0 %, 

r e s p e c t i v e l y .  Hotli s p e c i e s  e x h i b i t e d  p o p u l a t i o n  s u b d i v i s i o n  w i t h  th e  

h i g h e r  v a l u e s  found f o r  S. t r i d e c c m l  i n e a t u s . G e n e t i c  s i m i l a r i t y

between t h e  s p e c i e s  was h ig h  w i t h  a mean I o f  0 ,9 5 6  (mean D = 0 . 0 4 5 ) .  

The h ig h  g e n i c  s i m i l a r i t y  was in  c o n t r a s t  w i t h  morp ho log ic  

d i s t i n c t i v e n c s s  o f  t h e  s p e c i e s .  L ev e l s  o f  f l u c t u a t i n g  asymmetry were 

measured t o  t r y  t o  a s s e s s  t h e  f i t n e s s  o f  t h e  h y b r i d s  r e l a t i v e  t o  th e  

p a r c n t a l s .  Hybr id  asymmetry was g r e a t e r  t h a n  t h a t  o f  S.  mexicanus  bu t  

t en d ed  t o  be l e s s  t h a n  t h e  l e v e l s  o f  asymmetry  o f  S. t r i d e c c m l i n e a t u s . 

The asymmetry d a t a  s u g g e s t e d  lower  f i t n e s s  o f  t h e  h y b r i d s  r e l a t i v e  to  

t h a t  o f  S. m e x i c a n u s , t h e  s p e c i e s  t h a t  i s  e x p e r i e n c i n g  i n t r o g r e s s i o n .

The g e n e t i c  and m o rp h o lo g ic  d i f f e r e n c e s  between S.  mexicanus  and 

S. t r i d e c e m l i n e a t u s  p r o b a b l y  a r o s e  d u r i n g  a p e r i o d  o f  g eo g r a p h i c  

i s o l a t i o n  o f  t h e  s p e c i e s .  D iv e rg en ce  o f  t h e  s p e c i e s  p r o b a b ly  o c c u r r e d  

a p p r o x i m a t e l y  30 ,000 y e a r s  BP. Secondary  c o n t a c t  and h y b r i d i z a t i o n  

be tween t h e  s p e c i e s  may be a r e s u l t  o f  r a n g e  e x p a n s io n  due t o  h a b i t a t  

a l t e r a t i o n  by human a c t i v i t i e s .  S p é c i a t i o n  o f  S. mexicanus  and S. 

t r i d e c e m l i n e a t u s  seems t o  f i t  b e s t  t h e  a l l o - p a r a p a t r i c  model o f  E n d l e r  

( 1 9 7 7 ) .  The m o rp h o lo g ic  d i f f e r e n t i a t i o n  may be  more i n d i c a t i v e  o f  th e  

r e l a t i o n s h i p s  bet ween  t h e  s p e c i e s  t h a n  a r e  e l e c t r o p h o r e t i c  

d i f f e r e n c e s .  A l th o u g h  r e p r o d u c t i v e  i s o l a t i o n  has  n o t  been co m p le t ed ,  

t h e  ground s q u i r r e l  t a x a  have m a i n t a i n e d  t h e i r  g e n e t i c  i n t e g r i t y  

e x c e p t  f o r  a few s c a t t e r e d  i n c i d e n c e s  o f  h y b r i d i z a t i o n  and s h o u ld  be 

c o n s i d e r e d  s e p a r a t e  s p e c i e s .
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MIL H i l l s b o r o ,  H i l l  Co . ,  Texas 16 12 16

DEN D enton ,  Denton C o . ,  Texas 18 18 16

WIC W ich i t a  F a l l s ,  W ich i t a  C o . ,  Texas 17 17 14

PAR P a r i s ,  Lamar C o . ,  Texas 10 10 10

LEW L e w i s v i l l e ,  D enton C o . ,  Texas 7 7 7

CRU G ra v e r ,  H a n s f o rd  C o . , Texas 8 6 8

AMA A m a r i l l o ,  P o t t e r  C o . ,  Texas 5 5 -

COR C o r s i c a n n a ,  N a v a r ro  C o . ,  Texas 5 5 -

NOR Norman, C l e v e l a n d  C o . ,  Oklahoma 17 - 17



Î Ü H

I.  Cont inui ' i ! .

Spcrtnophi lu;; mrxic. inn:; N E M

HOM Hobb:;, Lea Co . ,  New Mexico 30 27 28

BIG Bip, Spr inp, ,  Howard C o . ,  Texas 18 15 18

KOS R o s w e l l ,  Chaves C o . ,  New Mexico 16 13 16

ART A r t e s i a ,  Eddy C o . ,  New Mexico 18 15 17

KEN Kennedy,  Karncs  C o . , Texas 17 13 17

RAN Ranger ,  E a s t l a n d  C o . ,  Texas 18 15 17

SNY Sn y d e r ,  S c u r r y  C o . ,  Texas 17 13 17

ABI A b i l e n e ,  T a y l o r  C o . ,  Texas 17 15 17

AUS A u s t i n ,  T r a v i s  C o . ,  Texas 25 25 25

AND Andrews,  Andrews C o . ,  Texas 2 0 2 0 2 0

SEY Seymour,  B ay lo r  C o . , Texas 19 18 19

HUN Munday, Knox C o . ,  Texas 14 9 14

SHE S h e f f i e l d ,  Pecos  C o . ,  Texas 1 6 15 16

CAR C a r l s b a d ,  Eddy C o . ,  New Mexico 7 7 -

NEW New B r a u n f e l s ,  Comal Co . ,  Texas 5 5 5

MID Mid lan d ,  Midland C o . ,  Texas 10 10 -

PEG P e c o s ,  Reeves  C o . ,  Texas 8 5 8

HAR H a r l i n g e n ,  Cameron C o . ,  Texas 7 7 -

CCH Corpus C h r i s t e ,  Nueces  Co . ,  Texas 9 9 -

KER K e rm i t ,  W in k le r  C o . ,  Texas 11 - 11



T a b l e  2. Mean f r e q u e n c y  o f  e l e c t r o p h o r c t i c a l l y  d e t e r m i n e d  a l l e l e s  f o r  S.  t r i d e c e m l i n e a t u s , S.

m ex ican u s w i t h  h y b r i d s ,  S . mex ica nus  w i t h o u t  h y b r i d s , and t h e  h y b r i d s a m p l e .

Locus A l l e l e S.  t r i d e c e m l i n e a t u s
S.  m ex icanus  
w i t h  h y b r i d s

S.  m ex ican u s  
w i t h o u t  h y b r i d s Hybrid:

Alb A 1 . 0 0 0 0 . 0 4 8 0 0 . 4 0 0

B 0 0 .2 6 9 0 .1 9 5 0 . 1 1 2

C 0 0 .4 2 7 0 .5 8 5 0 .3 7 5

D 0 0 .2 5 6 0 . 2 2 0 0 .1 1 3

NSP A 0 . 6 1 3 0 .0 8 0 0 0 . 3 6 3

B 0 . 0 3 3 0 0 0

C 0 .0 0 5 0 .0 3 4 0 . 0 2 1 0 .0 5 0

D 0 .3 4 9 0 .8 7 0 0 . 9 5 0 0 .5 8 7

E 0 0 .0 1 6 0 . 2 2 0 0

GOT-1 A 0 . 0 4 6 0 .0 8 6 0 .0 9 2 0 .0 3 2

B 0 . 9 5 4 0 .8 4 5 0 .8 1 2 0 . 9 4 3

C 0 0 .0 6 9 0 .0 9 6 0 .0 2 5

IDH-1 A 0 .0 5 6 0 .0 4 0 0 .0 3 9 0 .0 2 5



T a b le  2 . C o n tin u ed .

Locus A l l e l e S. t r i d e c e m l i n e a t u s
S.  m ex icanus  
w i t h  h y b r i d s

S. m ex ican u s  
w i t h o u t  h y b r i d s H y b r id s

B 0 .9 4 4 0 .8 9 2 0 .8 9 7 0 . 8 8 8

C 0 0 . 0 6 8 0 . 0 6 4 0 . 0 8 7

ADK A 0 . 6 8 0 0 .6 6 7 0 . 6 5 6 0 .6 7 5

B 0 .3 2 0 0 .3 3 3 0 . 3 4 4 0 .3 2 5

PEP-1 A 0 . 1 0 3 0 .1 6 8 0 . 1 0 3 0 . 2 0 0

B 0 .8 9 7 0 .8 3 2 0 .8 9 7 0 , 8 0 0

LAP A 0 .1 7 3 0 .0 0 7 0 0 . 0 3 8

B 0 .8 2 7 0 .7 9 5 0 .8 0 9 0 . 7 4 9

C 0 0.  199 0.  191 0 . 2 1 3

AP-1 A 0 .8 2 5 0 .8 2 6 0 . 8 4 0 0 . 7 5 0

B 0 .1 7 5 0 .1 7 4 0 . 1 6 0 0 . 2 5 0

ADA A 0 . 0 1 1 0 . 0 2 0 0 .0 1 4 0 . 0 3 8

B 0 . 2 1 0 0 .3 4 2 0 . 3 2 6 0 .3 3 7

C 0.7 7 9 0 .6 3 8 0 . 6 6 0 0 .6 2 5



T a b l e  2. C o n t i n u e d .

Locus A l l e l e S.  t r i d e c e m l i n e a t u s
S.  m ex icanus  
w i t h  h y b r i d s

S.  m ex icanus  
w i t h o u t  h y b r i d s Hyhr i d s

MPI A 0 .9 4 4 0 . 9 8 4 0 . 9 9 6 0 .9 3 7

B 0 . 0 5 6 0 . 0 1 6 0 .0 0 4 0 . 0 6 3

6 -PGD A 0 0 .0 0 9 0 . 0 1 1 0 .0 1 3

B 0 .9 9 8 0 .9 9 1 0 .9 8 9 0 . 9 8 7

C 0 . 0 0 2 0 0 0

PGM-1 A 0 .0 5 2 0 .0 7 2 0 .0 8 2 0 .0 6 3

B 0 . 9 4 8 0 .9 2 8 0 .9 1 8 0 .9 3 7

PGM-2 A 0.1 6 9 0 .1 6 2 0 .1 5 9 0 . 2 1 3

B 0. 831 0 . 8 3 8 0.841 0 .7 8 7

PGM-3 A 0 .0 2 4 0 .0 3 3 0 .0 3 9 0 . 0 1 3

B 0 . 9 7 6 0 .9 6 7 0.961 0 .9 8 7



T a b l e  3 .  P r o p o r t i o n  o f  i n d i v i d u a l s  h e t e r o z y g o u s  a t  e a ch  p o l y m o r p h i c  l o c u s  f o r  e a c h  p o p u l a t i o n  o f  S.

t r i d e c e m l i n e a t u s  and S.  m e x i c a n u s .  The column means a r e  t h e  mean p r o p o r t i o n  o f  i n d i v i d u a l s

h e t e r o z y g o u s  a t  e a c h  l o c u s  f o r  t h e  two s p e c i e s . P o p u l a t i o n  ( Pop) means a r e  t h e  mean p r o p o r t i o n  o f  

l o c i  h e t e r o z y g o u s  p e r  i n d i v i d u a l  (H) f o r  e a c h  p o p u l a t i o n . H was c a l c u l a t e d  from 13 p o l y m o r p h i c  l o c i  

and 23 i n v a r i a n t  l o c i  e x c e p t  f o r  p o p u l a t i o n s  marked w i t h  an a s t e r i x  ( * ) .  H f o r  t h e  marked

p o p u l a t i o n s  were  c a l c u l a t e d  f rom t h e  28 l o c i  r e p o r t e d  i n  C o t h r a n  e t  a l . ( 1977) .  Dashes  i n d i c a t e  t h a t

t h e  l o c u s  was n o t  examined f o r  t h a t  p o p u l a t i o n .

Pop . ALB NSP GOT-1 IDH-1 LAP ADK-1 PEP-1 AP-1 ADA MPI PGM-1 PGM-2 PGM-3 Pop.  Means

s .  t r i d e c e m l i n e a t u s  

LUB 0 .167 .250 .167 .330 .330 0 0 .093 0 0 . 167 0 .0420

POR 0 .167 0 0 0 .389 .056 .056 . 167 .056 .056 . 167 0 .0317

PLA 0 .083 .083 .083 .083 0 . 167 .083 .417 0 .083 .250 .083 .0286

LOV 0 . 182 0 0 0 . 273 . 182 0 . 182 0 .091 .091 .091 .0312

LEV 0 .083 0 0 0 .330 .250 .083 . 167 .083 .083 . 167 .083 .0381

WAC 0 .286 0 0 .430 .214 .143 0 .143 0 0 .286 0 .0429

TAH 0 .375 0 0 . 312 .187 . 125 0 .312 .063 0 0 .063 .0411



T a b le  3 . C o n tin u e d .

Pop. ALB NSP GOT-1 IDH-1 LAP ADK-1 PEP-1 AP-1 ADA MPI PGM-1 PGH-2 PGM-3 Pop.  Means

HOT 0 .158 0 . 2 1 0 . 2 1 0 .263 0 .263 .158 0 0 . 105 .059 .0406

MAT 0 .295 .118 .176 .412 .295 . 176 0 .353 0 0 . 118 0 .0555

VER 0 .625 0 0 0 .063 0 . 188 .063 0 .312 .250 0 .0429

MIL 0 .500 0 0 .083 .250 0 .083 0 0 .082 .167 0 .0333

DEN* 0 - 0 . 1 1 1 - - - - - - . 1 1 1 0 0 .0490

WIC* 0 - 0 .059 - - - - - - 0 .235 0 .0510

PAR* 0 - 0 0 - - - - - - 0 0 0 .0680

LEW* 0 - 0 0 - - - - - - 0 .500 0 .0470

GRU* 0 - 0 0 - - - - - - 0 .333 0 .0570

AMA* 0 - 0 0 - - - - - - 0 0 0 .0550

COR* 0 - 0 . 2 0 0 - - - - - - 0 0 0 .0690

MEAN 0 .270 

S. m ex ica nu s

.038 .063 .176 .239 .094 .075 . 189 .019 .063 .157 .031 .0395

HOM .470 .313 . 177 0 .529 .235 .118 .177 .235 .059 .118 .177 0 .0741



T a b le  3 . C o n tin u ed .

Pop. ALB NSP GOT-1 IDH-1 LAP ADK-1 PEP-1 AP- 1 ADA MPI PGM-1 PGH-2 PGM-3 Pop.  Means

BIG . 2 0 0 0 .134 . 2 0 0 . 2 0 0 . 134 .134 . 2 0 0 .267 .067 .067 .067 0 .0476

ROS .308 .154 0 .154 .154 .308 .077 . 154 .385 .077 .077 .077 0 .0549

ART .334 .267 . 2 0 1 .067 .334 .267 .067 .067 .134 0 .067 .334 .267 .0686

KEN .385 .154 0 .154 .231 .231 .231 .231 .385 0 0 .308 0 .0659

RAN .267 .067 .267 .133 . 2 0 0 .333 0 .267 . 2 0 0 0 0 .333 0 .0590

SNY . 461 .231 0 .077 .154 .308 .231 0 .231 0 0 .231 .231 .0615

ABI .400 . 2 0 0 .067 .067 .400 . 2 0 0 .133 .267 .333 0 0 .267 0 .0667

AUS .336 . 2 2 2 . 2 2 2 . 1 1 2 . 1 1 2 . 1 1 2 . 166 . 1 1 2 .056 0 0 . 1 1 2 . 1 1 2 .0492

AND .300 .050 .250 .050 . 1 0 0 .400 .150 .050 .050 0 .050 .250 .050 .0486

SEY .333 . 2 2 2 . 1 1 1 0 .056 .389 0 . 1 1 1 . 2 2 2 .056 . 1 1 1 . 1 1 1 0 .0508

HUN .333 0 . 1 1 1 0 . 1 1 1 . 1 1 1 . 1 1 1 0 .444 0 0 . 1 1 1 0 .0381

SHE* .467 - .067 . 2 0 0 - - - - - - 0 .333 . 133 .0890

CAR* .571 - .286 0 - - - - - - .143 0 0 .0640

NE#' 0 - 0 0 - - - - - - 1 . 0 0 0 0 0 .0630



T a b le  3 . C o n tin u ed .

Pop. ALB NSP GOT-1 IDH-1 LAP ADK-1 PEP-1 AP-1 ADA MPI PGM-1 PGH-2 PGH-3 Pop. Means

HID* .700 - . 1 0 0 .300 - - - - - - 0 0 0 .0310

PEC* .600 - .400 0 - - - - - - .400 . 2 0 0 0 .0910

HAR* .429 - 0 .286 - - - - - - .286 0 0 .0680

CCH* .444 - 0 .778 - - - - - - 0 0 0 .0730

MEAN .386 . 160 .133 .142 .215 .252 .118 . 136 .227 . 0 2 2 . 1 2 2 . 199 .055 .0573



T a b l e  4 .  R e s u l t s  o f  t h e  a n a l y s i s o f  F - s t a t i s t i c s f o r  e a c h  v a r i a b l e  l o c u s  f o r  S. t r i d e c e m l i n e a t u s ,  S.

m ex icanus  w i t h  h y b r i d s  i n c l u d e d i n  t h e  s a m p l e ,  S. m ex icanus w i t h  no h y b r i d s  in t h e  s a m p l e , and w i t h

t h e  d a t a  f o r  S.  t r i d e c e m l i n e a t u s and S.  m ex ica nus c o m b i n e d .

Locus - I S - I T
F
-ST

Chi
s q u a r e

D e g ree s  o f  
f reedom

S. t r i d e c e m l i n e a t u s  GOT-1 0 .4 91 0 . 5 6 8 0 .1 5 3 9 7 . 3 5 " " " 2 0

IDH-1 0 .4 4 8 0 . 4 8 3 0 .0 6 5 41 .4 1 "” " 2 0

PGM-1 0 .3 0 1 0 .3 6 5 0 . 0 9 2 2 9 . 3 1 " " " 1 0

PGH-2 0 . 3 6 2 0 . 4 1 8 0 .0 8 7 2 7 . 7 5 " " " 10

PGM-3 0 .2 5 7 0 .2 9 7 0 .0 5 3 16 .98 1 0

LAP 0 .3 2 5 0 .4 2 9 0 .1 5 4 98 .27"" '" 2 0

MPI 0 .8 3 0 0 . 8 3 8 0 .0 4 6 14 .68 1 0

NSP 0 .2 5 0 0 .3 2 1 0 .0 9 5 1 2 0 . 2 8 " " " 40

PEP-1 0 .4 6 9 0 .5 1 1 0 .0 7 9 2 5 . 2 2 " " " 1 0

ADK 0.4 0 7 0 .4 6 5 0 .0 9 8 31.11 10

AP-1 0 .6 2 8 0 .6 6 2 0 .0 9 4 2 9 . 7 8 " " " 10

ADA 0 .4 2 4 0 .4 7 5 0 .0 8 9 5 6 .8 2 " 2 0

TOTAL 0 .4 3 2 0 . 4 8 6 0 . 0 9 2 5 8 6 . 1 6 " " " 190



T a b le  4 . C o n tin u e d .

Locus E i s - I T
F
-ST

Chi
s q u a r e

D e g ree s  o f  
f r e e d o a

S.  m ex ica nus ALB 0.4 1 7 0 .4 7 6 0 . 1 0 1
x-x-u

110.03 33

( h y b r i d s  i n c l u d e d ) GOT-1 0 .5 5 5 0 .5 7 5 0 .0 4 6 3 2 .2 0 2 2

IDH-1 0 .5 2 9 0 .5 6 4 0 .0 7 4
-x-x-x

5 3 . 8 3 2 2

PGM-1 0 .1 7 3 0 . 2 0 2 0 .0 3 6 13 .00 11

PGH-2 0 .2 8 8 0 .3 2 2 0 .0 4 8 17.38 11

PGM-3 0 . 1 0 1 0 .1 8 4 0 . 0 9 2 3 3 . 3 1 " " " 11

LAP 0 . 3 4 2 0 .3 6 6 0 .0 3 6 26 .2 8 2 2

MPI 0 . 5 5 6 0 .5 7 8 0 . 0 5 0 18 .12 11

NSP 0 .2 9 6 0 .3 5 3 0.081 1 1 7 .4 0 " " " 44

PEP-1 0 .461 0 .4 8 5 0 .0 4 5 16.43 11

ADK 0 .4 1 4 0 .4 4 0 0 .0 4 4 16.12 11

AP-1 0 .5 0 5 0 .5 4 6 0 .0 8 4 3 0 . 5 7 " " " 11

ADA 0.4 9 9 0 .5 3 2 0 .0 6 6 4 8 . 1 7 " " " 2 2

TOTAL 0 .3 9 5 0 .4 3 3 0 .0 6 2 5 3 2 . 8 4 " " " 242



T a b le  4 . C o ntin u ed .

Locus
- I S - I T

F
ST

Chi
s q u a r e

D e g ree s  o f  
f r e e d o a

S. m ex icanus ALB 0.4 7 1 0 .5 1 5 0 .0 8 3 71 .99 33
(no h y b r i d s )

GOT-1 0 .5 6 5 0 .5 9 4 0 .0 6 7 38 .7 6 " 2 2

IDH- 1 0 . 5 2 4 0 .5 6 9 0 .0 9 4 54.81' ' ' '*“ 2 2

PGH-1 0 . 3 0 4 0 . 3 5 2 0 .0 6 8 1 9 . 8 5 “ 11

PGH-2 0 . 2 8 4 0 .3 1 3 0 .0 4 2 12.05 11

PGH-3 0 . 0 5 3 0 .1 8 5 0 .1 3 9 4 0 . 2 6 “ “ “ 11

LAP 0 . 3 7 0 0 . 3 9 0 0 .0 3 2 18.81 2 2

MPI 0 . 3 6 8 0 .4 1 8 0 .0 7 9 2 2 . 7 8 " “ “ 11

NSP 0 . 0 8 4 0 . 1 2 0 0 .0 4 0 45 .7 7 44

PEP-1 0 . 4 3 2 0 .4 6 0 0 .0 5 0 14.42 11

ADK 0.421 0 .4 61 0 .0 6 9 1 9 . 9 4 “ 11

AP-1 0 .4 8 2 0 .5 3 8 0 .1 0 8 3 1 . 4 3 “ “ “ 11

ADA 0 .5 0 3 0 .5 4 2 0 .0 7 8 4 5 . 2 3 “ " “ 2 2

TOTAL 0 .3 7 4 0 .4 2 0 0 .0 7 3 4 3 6 . 0 9 “ “ 242



T a b le  4 . C o n tin u e d .

Locus
- I S - I T

F
-ST

Chi
s q u a r e

D e g rees  o f  
f r e e d o n

S.  t r i d e c e m l i n e a t u s ALB 0 .4 1 7 0 . 7 2 2 0 . 5 2 2 1 0 6 5 .2 5 " ' ' " 6 6
and S. m ex icanus

GOT-1 0 .5 4 3 0 .5 8 7 0 . 0 9 6 1 3 0 .2 2 " " " 44

IDH-1 0 .499 0 . 5 4 0 0 . 0 8 0 109 .00 44

PGM-1 0 .2 4 9 0 .3 0 4 0 .0 7 4
-»A-

4 9 . 9 6 2 2

PGM-2 0 .321 0 . 3 6 6 0 . 0 6 6 44.91 2 2

PGH-3 0 . 1 6 4 0 .2 2 9 0 . 0 7 8
-x-i-

5 2 . 7 3 2 2

LAP 0 .3 3 5 0 .4 2 5 0 . 1 3 6 1 8 5 .1 4 " " " 44

MPI 0 .7 5 4 0 . 7 6 8 0 . 0 5 8 3 9 .2 9 " 2 2

NSP 0 .2 7 0 0 .611 0 .4 6 7
-iri-A-

1271.42 8 8

PEP-1 0 .4 6 4 0 .4 9 7 0.061 41.41 2 2

ADK 0.411 0 .4 5 2 0 .0 7 0 4 7 . 3 4 " " " 2 2

AP-1 0 .5 5 4 0 .5 9 5 0 .0 9 2 6 2 . 2 7 " " " 2 2



T a b le  4 . C o n tin u ed .

Locus
- I S - I T -ST

Chi  D e g ree s  o f  
s q u a r e  f r e e d o a

ADA 0 .4 6 9 0 .5 1 8 0 . 0 9 2 1 25 .49  44

TOTAL 0 .4 1 9 0 .5 0 9 0 .1 4 5 3 2 2 4 .4 3  484

P < 0 . 0 5 ; F < 0 .0 0 1



T.’i b l r  5 .  V.i lur:;  o f  N r i ' : ;  ( 1 9 7 1 )  i d r t i l i l v  c o r f  f i c i r j i l  ( I ,  . i l iovr  

(Hagori . j l )  iiiid Kog<*i'f;' ( 1 9 7 2 )  nimi  l . i r i  Iv  c o e f f i c i e n t  ( S ,  hc-low

) i î l l  l l ' c ground s q u i r r e l s n c c i r s  and h y b r i d s between th e

S. t r i d e c e m l i n e a t u s  Hybr id s S. mexicanus

S. t r i d e c e m l i n e a t u s 0.997
0.989 0 .966 0.959

Hyb rid s 0 .9 3 6 0 .973
0.963 0.978

S. mex icanus 0 .9 2 8 0.967 0.985
0 .9 82



T a b l e  6 . Means (± s t a n d a r d  d e v i a t i o n s ) o f  t h e  d i f f e r e n c e s  be tw een  s i d e s  f o r  t h e  p a i r e d  c h a r a c t e r s  

( R i g h t - L e f t ; u p p e r  v a l u e ) and o f  t h e  a b s o l u t e  v a l u e s  o f  asymmetry  ( [R i g h t  -  L e f t ) / [ R i g h t  + L e f t ) ,  

l o w e r  v a l u e s ) f o r  e a c h  c h a r a c t e r  f o r  S.  t r i d e c e m l i n e a t u s ,  S. m ex icanus  w i t h  h y b r i d s  i n c l u d e d  i n  t h e  

s a m p l e , S.  m e x ica n u s  w i t h o u t  h y b r i d s  i n  t h e  s a m p l e , and t h e  hy b r i d  i n d i v i d u a l s . C r a n i a l  a s y m m e t ry , 

s k e l e t a l  asymmet ry  and t o t a l  asymmetry  a r e  e x p l a i n e d  i n  t h e  t e x t .  An a s t e r i x  b e s i d e  a v a l u e  o f  t h e  

d i f f e r e n c e  b e tw e en  p a i r e d  c h a r a c t e r s  means t h a t  c h a r a c t e r  mean was s i g n i f i c a n t l y  d i f f c r e n t  from z e r o  

f o r  t h a t  g r o u p .

S.  t r i d e c e m l i n e a t u s S.  m ex icanus S.  m ex icanus  
w i t h o u t  h y b r i d s

H y b r id s

UDL .0276 + .1178 - . 0 1 6 8 + .1130 .0175 + . 1075 .0138 + .1354

.0028 + .0039 . 0 0 2 2 + .0031 .0024 + .0033 .0032 + .0040

TRL - . 0 0 3 2 + . 1 0 1 0 .0003 + . 1053 . 0 0 0 0 + . 1050 .0043 + . 1078

.0047 + .0049 .0042 + .0046 .0043 + .0046 .0047 + .0044

BUL - . 0 0 1 9 + . 1050 .0075 + . 1055 .0063 + .1038 .0128 + .1135

.0048 + .0041 .0044 + .0036 .0044 + .0039 .0043 + .0049

MOL .0064 + .0519 .0055 + .0603 .0029 + .0583 .0170 + .0678

.0089 + . 0 1 0 1 .0081 + .0098 .0088 + .0105 .0119 + .0128



T a b le  6 . C o n tin u ed .

S.  t r i d e c e m l i n e a t u s S.  m ex icanus S. m e x icanus  
w i t h o u t  h y b r i d s

H y b r id s

MAN - . 0 0 9 0 + .1168 .0123 + 1379 .0172 + . 1359 - . 0 0 8 5 + .1453

.0027 + .0023 .0028 + .1379 .0029 + .0015 .0030 + .0027

PPL .0176 + . 0806'"^ '’ .0128 + .0808"" .0115 + .0838 .0181 + .0671

.0023 + . 0 0 2 2 . 0 0 2 1 + .0019 . 0 0 2 0 + .0019 .0016 + .0017

PEL - . 0 0 9 0 + .1264 .0032 + . 1292 . 0 0 0 2 + .1373 .0180 + .0867

.0018 + .0018 .0013 + .0015 .0014 + .0016 .0008 + . 0 0 1 1

FPW .0056 + .0910 .0105 + .0808 .0070 + .0811 .0255 + .0786"

.0056 + .0059 .0038 + .0043 .0039 + .0042 .0033 + .0047

HUL - . 0 0 0 2 + .1028 .0123 + . 1272 .0095 + .1274 .0245 + . 1268

.0019 + .0017 .0018 + .0018 .0018 + .0018 .0018 + .0018

HDW .0028 + .0800 .0067 + .0780 .0032 + .0780 .0213 + .0771

.0055 + .0051 .0043 + .0043 .0043 + .0043 .0042 + .0043

SCL .0133 + . 1 1 1 0 - . 0 0 0 8 + .0978 .0005 + .0935 - . 0 0 6 4 + .1154

.0026 + .0025 .0016 + .0017 .0016 + .0016 .0016 + . 0 0 2 1



T a b le  6 . C o n tin u ed .

S. t r i d e c e m l i n e a t u s S.  mex ica nus S . mex ica nus  
w i t h o u t  h y b r i d s

H y b r id s

sew - . 0 0 4 7 + .0677 .0047 + .0780 .0032 ± .0740 .0081 ± . 0 1 0 0

.0079 + .0088 .0072 + .0082 .0070 ± .0076 .0081 ± . 0 1 0 0

CRANIAL .4052 + .1760 .4221 + .1823 .4168 ± .1813 .4447 ± .1869

. 0 2 6 1 + .0134 .0247 + .0136 .0237 ± .0130 .0287 ± .0152

SKELETAL .3639 + .2778 .3800 + .2552 .3818 ± .2603 .3723 ± .2345

.0254 + .0141 . 0 2 0 1 + .0117 . 0 2 0 1 ± . 0 1 1 2 .0198 ± .0137

TOTAL .7691 + .3260 .8020 + .3400 .7985 ± .3456 .8170 ± .3182

.0513 + .0179 .0453 + .0184 .0445 ± .0179 .0485 ± .0203

P < 0 . 0 5 ; P < 0 . 0 1 ; P < 0 .001



F i g u r e  1. Map o f  s am pl ing  l o c a l i t i e s  o f  ground s q u i r r e l s .  

E x p l a n a t i o n  o f  t h e  sample  a b b r e v i a t i o n s  a r c  g iv en  in  T a b le  1. The 

a p p r o x im a te  r a n g e s  o f  t h e  s p e c i e s  in  t h e  s t u d y  a r e a  i s  a l s o  i n d i c a t e d  

( t h e  r ange  o f  S.  mex icanu s  i s  t h e  h a t c h e d  a r e a ) .
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F i g u r e  2. Ge ograph ic  f r e q u e n c y  o f  t h e  ALB-a a l l e l e .  The o t h e r  

a l l e l e s  were t h e  ALB-b, c ,  and d .  The p r e s e n c e  o f  t h e  ALB-a a l l e l e  in 

a s s o c i a t i o n  w i t h  t h e  o t h e r  ALB a l l e l e s  was an i n d i c a t i o n  of  

h y b r i d i z a t i o n .
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F i g u r e  3.  Dendrogram (UPGMA) o f  p h o n e t i c  and g e n e t i c  d i s t a n c e  

be tw een  p o p u l a t i o n s  o f  S.  mexicanus  and S. t r i d e c e m l i n e a t u s . L o c a l i t y  

a b b r e v i a t i o n s  a r e  e x p l a i n e d  in  T a b l e  1. (A) Average  t axonomic  d i s t a n c e  

( S o k a l ,  1961) .  (B) N e i ' s  (1971) g e n i c  i d e n t i t y  ( I )  and d i s t a n c e  (D).
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F i g u r e  A. Fr equency  hi sLograms  o f  i n d i v i d u a l  s c o r e s  c a l c u l a t e d  from 

e l e c t r o p h o r e t i c  d a t a  ( we i gh t ed  s e p a r a t i o n  i n d e x ,  X; Vogt  and 

McPherson,  1972) and mor pho l og i c  d a t a  ( d i s c r i m i n a n t  f u n c t i o n ,  z ) .
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Appendix I .  Cr . i n i a l  nnd skc l cL. i l  measurement s  t a k e n  on a d u l t  p.round 

s q u i r r e l s  were  a s  f o l l o w s :  A. n a s a l  l e n g t h ;  H. r o s t r a  1

Icnp.t l i ;  C. i n t e r o r b i t a l  b r e a d t h ;  I). p o s t o r b i t a l  

b r e a d t h ;  E. zypomat i c  b r e a d t h  ; F.  b r a i n  c a s e  b r e a d t h ;  

G. u p p e r  d i a s t e ma  l e n g t h ;  H. p r e m a x i l l a r y  b r e a d t h ;  I .  

t o o t h  row l e n g t h ;  J .  2nd p r c mo l a r  b r e a d t h ;  K. b r e a d t h  

a c r o s s  t o o t h  rows;  L. p a l a t a l  w i d t h ;  M. b u l a r  l e n g t h ;  

N. b u l a r  b r e a d t h ;  0 .  p o s t - p a l a t a l  l e n g t h ;  P.  g r e a t e s t  

l e n g t h  o f  s k u l l ;  Q. b a s a l  l e n g t h  o f  s k u l l ;  R. o c c i p i t a l  

d e p t h ;  S.  s k u l l  d e p t h ;  T.  ma n d i b l e  l e n g t h ;  U. mand i b l e  

d e p t h ;  V. femur  p r o x i ma l  w i d t h ;  W. femur l e n g t h ;  X. 

femur  mi n imal  w i d t h ;  Y. femur  d i s t a l  w i d t h ;  Z. humerus 

p r o x i ma l  w i d t h ;  A ' ,  humerus l e n g t h ;  B ' .  humerus minimal  

w i d t h ;  C  . humerus  d i s t a l  w i d t h ;  D ' . t i b i a  p r o x i ma l  

w i d t h ;  E ' . f i b u l a  p r o x i ma l  w i d t h ;  F ' . u l n a  p r o x i ma l  

w i d t h ;  G ' .  r a d i u s  p r o x i ma l  w i d t h ;  H ' . sacrum w i d t h ;  I ' ,  

s c a p u l a  l e n g t h ;  J ' . s c a p u l a  w i d t h ;  K ' . p e l v i s  l e n g t h .
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Appendix I I .  S.imple i ; i z r  (N) ,  mr. in,  ::L;md;ird e r r o r ,  v a r i . i n c e ,  and 

c o e f f i c i e n t  o f  v a r i a t i o n  (C . V. )  f o r  tnorphomet r i c  

measurement» c l  a d u l t  ground s q u i r r e l »  from 33 

l o c a l i t i e s .  Measurement  a b b r e v i a t i o n : ;  a r c  e x p l a i n e d  in 

t h e  M a t e r i a l s  and Methods s e c t i o n  o f  t h e  morphology 

p a p e r .  D e s c r i p t i o n s  o f  t h e  measurement s  a r c  shown in 

Appendix I .  S k e l e t a l  measurement s  were n o t  a v a i l a b l e  

f o r  10 l o c a l i t i e s .



SPECIES=MEXICAHUS LOCATIOH=ABILEHE

VARIABLE N MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 17 AA. 7 5 0 0 0 0 0 0 0 . 3 6 8 3 9 7 7 6 2 . 3 0 7 1 8 7 5 0 3 . 3 9 4
BASL 17 3 9 . 4 2 9 4 1 1 7 6 0 . 3 9 0 5 3 7 4 0 2 . 5 9 2 8 3 0 8 8 4 . 0 8 4
ZYB 16 2 6 . 9 1 8 7 5 0 0 0 0 . 3 5 5 8 6 9 6 8 2 . 0 2 6 2 9 1 6 7 5 . 2 8 3
R05L 16 1 7 . 5 6 5 6 2 5 0 0 0 . 2 2 5 6 3 4 2 3 0 . 8 1 4 5 7 2 9 2 5 . 1 3 5
HA5L 16 1 5 . 2 5 9 3 7 5 0 0 0 . 1 9 5 5 3 4 4 6 0 . 6 1 1 7 3 9 5 3 5 . 1 2 6
PMXB 16 9 . 9 8 7 5 0 0 0 0 0 . 0 7 7 3 9 2 4 0 0 . 0 9 5 3 3 3 3 3 3 . 1 0 0
JOB 16 1 0 . 4 6 2 5 0 0 0 0 0 . 2 2 5 8 0 8 7 3 0 . 8 1 5 8 3 3 3 3 8 . 6 3 3
POB 16 1 3 . 0 8 1 2 5 0 0 0 0 . 1 8 5 7 9 0 8 2 0 . 5 5 2 2 9 1 6 7 5 . 6 3 1
PPL 17 1 5 . 0 9 1 1 7 6 4 7 0 . 1 8 3 8 2 3 5 3 0 . 5 7 4 4 4 8 5 3 5 . 0 2 2
BAT 17 1 1 . 9 5 2 9 4 1 1 8 0 . 0 5 5 3 1 8 3 6 0 . 0 5 2 0 2 2 0 6 1 . 9 0 S
TRL 17 8 . 8 8 5 2 9 4 1 2 0 . 0 7 6 0 6 6 5 2 0 . 0 9 8 3 6 3 9 7 3 . 5 3 0
BCD 17 1 9 . 5 6 7 6 4 7 0 6 0 . 1 1 3 9 1 6 0 2 0 . 2 2 0 6 0 6 6 2 2 . 4 0 0
BUL 17 9 . 4 7 9 4 1 1 7 6 0 . 0 8 9 0 1 6 1 5 0 . 1 3 4 7 0 5 8 8 3 . 8 7 2
BUB 17 7 . 8 5 2 9 4 1 1 8 0 . 0 5 6 7 9 4 0 3 0 . 0 5 4 3 3 4 5 6 2 . 9 8 2
MOLU 17 2 . 2 5 8 8 2 3 5 3 0 . 0 3 4 0 9 4 1 9 0 . 0 1 9 7 6 1 0 3 6 . 2 2 3
UDL 17 1 4 . 3 9 7 0 5 3 8 2 0 . 2 4 2 7 0 4 9 8 1 . 0 0 1 3 9 7 0 6 6 . 9 5 1
PALW 17 7 . 1 8 8 2 3 5 2 9 0 . 0 8 5 9 1 3 0 7 0 . 1 2 5 4 7 7 9 4 4 . 9 2 3
OCD 17 7 . 1 0 8 8 2 3 5 3 0 . 1 3 6 0 0 3 5 7 0 . 3 1 4 4 4 8 5 3 7 . 3 3  5
SXD 16 1 8 . 8 2 1 8 7 5 0 0 0 . 2 2 2 5 7 8 1 1 0 . 7 9 2 6 5 6 2 5 4 . 7 3 0
MAUL 17 1 8 . 9 1 7 6 4 7 0 6 0 . 1 5 3 6 8 0 7 8 0 . 4 0 1 5 4 4 1 2 3 . 3 5 0
MAUD 17 1 4 . 5 6 1 7 6 4 7 1 0 . 1 7 6 1 2 7 1 2 0 . 5 2 7 3 5 2 9 4 4 . 9 5 7
PEL 17 3 4 . 5 0 0 0 0 0 0 0 0 . 5 0 3 0 0 5 6 7 4 . 3 0 1 2 5 0 0 0 6 . 0 1 1
F MW 17 2 . 5 5 5 8 3 2 3 5 0 . 0 5 2 4 3 9 9 1 0 . 0 4 6 3 3 3 2 4 8 . 4 6 3
FDW 17 5 . 8 7 3 5 2 9 4 1 0 . 0 4 7 5 7 3 0 2 0 . 0 3 3 4 7 4 2 6 3 . 3 4 0
FPU 17 7 . 5 4 4 1 1 7 6 5 0 . 1 2 5 3 5 8 4 8 0 . 2 6 7 1 5 0 7 4 6 . 8 5 1
HUL 17 2 7 . 1 4 7 0 5 8 8 2 0 . 3 9 0 5 0 0 0 2 2 . 5 9 2 3 3 4 5 6 5 . 9 3 1
HMW 17 2 . 7 5 0 0 0 0 0 0 0 . 0 7 0 5 3 0 5 3 0 . 0 8 4 6 3 7 5 0 1 0 . 5 3 2
HPW 17 5 . 3 4 7 0 5 8 8 2 0 . 0 8 5 7 9 9 7 2 0 . 1 2 5 1 4 7 0 6 6 . 6 1 6
HDU 17 7 . 1 0 2 9 4 1 1 8 0 . 0 3 5 6 9 2 5 3 0 . 1 2 4 8 3 4 5 6 4 . 9 7 4
RPW 17 2 . 0 8 5 2 9 4 1 2 0 . 0 3 5 0 3 2 7 3 0 . 0 2 0 8 6 3 9 7 6 . 9 2 7
UPW 17 3 . 1 2 6 4 7 0 5 9 0 . 0 3 3 2 4 3 1 0 0 . 0 1 8 7 8 6 7 6 4 . 3 3 4
TPU 17 5 . 4 6 1 7 6 4 7 1 0 . 0 7 5 0 6 4 8 5 0 . 0 9 5 7 9 0 4 4 5 . 6 6 7
FIU 17 1 . 8 6 4 7 0 5 3 8 0 . 0 6 1 3 5 1 9 1 0 . 0 6 3 9 3 8 9 7 1 3 . 5 6 6
SOL 17 2 1 . 4 6 1 7 6 4 7 1 0 . 7 7 0 2 3 5 9 4 10 . 0 8 5 4 7 7 9 4 1 4 . 7 9 7
SOW 17 3 . 9 1 7 6 4 7 0 6 0 . 0 5 9 3 6 2 1 5 0 . 0 6 0 9 1 9 1 2 6 . 3 0 0
PEVL 17 1 3 . 9 5 2 9 4 1 1 8 0 . 2 3 6 0 6 2 6 2 0 . 9 4 7 3 3 4 5 6 6 . 9 7 6
5ACW 17 1 1 . 9 4 1 1 7 6 4 7 0 . 2 0 0 3 7 8 1 0 0 . 6 3 2 5 7 3 5 3 6 . 9 1 9
BDYL 16 1 9 1 . 8 7 5 0 0 0 0 0 3 . 4 1 5 4 9 7 7 7 186 . 6 5 0 0 0 0 0 0 7 . 1 2 0
TL 16 1 2 0 . 0 6 2 5 0 0 0 0 2 . 9 5 3 0 6 1 6 2 1 3 9 . 5 2 9 1 6 6 6 7 9 . 8 3 3
HFL 16 4 2 . 5 6 2 5 0 0 0 0 0 . 6 3 8 8 0 5 8 5 6 . 5 2 9 1 6 6 6 7 6 . 0 0 3



SPECIE5=MEXICAHUS LOCATION=AHDREUS

VARIABLE H MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 20 A 5 . 4 7 5 0 0 0 0 0 0 . 3 4 3 0 9 9 2 6 2 . 3 5 4 3 4 2 1 1 3 . 3 7 4
BASL 20 40 . 2 4 0 0 0 0 0 0 0 . 3 4 8 9 0 0 5 3 2 . 4 3 4 6 3 1 5 8 3 . 8 7 8
ZYB 20 2 6 . 6 3 2 5 0 0 0 0 0 . 2 3 5 8 9 9 0 4 1 . 1 1 2 9 6 7 1 1 3 . 9 6 1
ROSL 20 1 7 . 9 2 2 5 0 0 0 0 0 . 1 6 0 5 6 9 5 0 0 . 5 1 5 6 5 1 3 2 4 . 0 0 7
HASL 20 1 5 . 9 2 2 5 0 0 0 0 0 . 1 6 4 8 9 5 3 0 0 . 5 4 3 5 0 9 2 1 4 . 6 3 1
PMXB 20 1 0 . 2 1 5 0 0 0 0 0 0 . 1 4 2 1 2 2 0 3 0 . 4 0 3 9 7 3 6 8 6 . 2 2 2
lOB 20 1 0 . 8 4 2 5 0 0 0 0 0 . 1 5 2 4 4 3 2 2 0 . 4 6 4 8 0 9 2 1 6 . 2 5 8
POB 20 1 2 . 7 7 5 0 0 0 0 0 0 . 1 2 8 8 8 6 9 4 0 . 3 3 2 2 3 6 8 4 4 . 5 1 2
PPL 20 1 5 . 6 6 2 5 0 0 0 0 0 . 1 9 1 2 5 1 9 3 0 . 7 3 1 5 4 6 0 5 5 . 4 6 1
BAT 20 1 2 . 0 0 0 0 0 0 0 0 0 . 0 9 6 5 8 6 4 3 0 . 1 3 6 5 7 3 9 5 3 . 6 0 0
TRL 20 8 . 5 0 7 5 0 0 0 0 0 . 0 6 2 6 4 7 2 0 0 . 0 7 3 4 9 3 4 2 3 . 2 9 3
BOB 20 1 9 . 3 1 7 5 0 0 0 0 0 . 1 4 1 9 4 4 9 0 0 . 4 0 2 9 6 7 1 1 3 . 2 8 6
BUL 20 9 . 4 7 2 5 0 0 0 0 0 . 0 9 0 1 3 6 9 6 0 . 1 6 2 4 9 3 4 2 4 . 2 5 6
BUB 20 7 . 9 2 0 0 0 0 0 0 0 . 0 7 1 9 4 6 6 2 0 . 1 0 3 5 2 6 3 2 4 . 0 6 3
MDLW 19 2 . 2 1 8 4 2 1 0 5 0 . 0 2 3 9 2 0 7 7 0 . 0 1 5 3 9 1 8 1 5 . 6 3 3
UDL 20 1 4 . 9 6 5 0 0 0 0 0 0 . 1 6 3 3 5 7 0 5 0 . 5 3 3 7 1 0 5 3 4 . 8 3 2
PALM 20 7 . 2 0 0 0 0 0 0 0 0 . 0 5 6 7 7 7 5 0 0 . 0 6 4 4 7 3 6 8 3 . 5 2 7
OCD 20 6 . 9 1 7 5 0 0 0 0 0 . 1 2 2 0 5 3 8 2 0 . 2 9 7 9 6 7 1 1 7 . 8 9 1
SKD 20 1 8 . 8 8 2 5 0 0 0 0 0 . 1 6 5 0 4 6 8 4 0 . 5 4 4 8 0 9 2 1 3 . 9 0 9
MAUL 20 1 8 . 8 2 0 0 0 0 0 0 0 . 1 5 8 4 2 1 4 9 0 . 5 0 1 9 4 7 3 7 3 . 7 6 5
MAUD 20 1 4 . 8 0 5 0 0 0 0 0 0 . 1 9 1 4 9 3 4 4 0 . 7 3 3 3 9 4 7 4 5 . 7 8 4
PEL 20 3 5 . 3 3 2 5 0 0 0 0 0 . 4 6 9 6 7 6 1 9 4 . 4 1 1 9 1 4 4 7 5 . 9 4 5
FMM 20 2 . 5 3 0 0 0 0 0 0 0 . 0 2 4 9 7 3 6 7 0 . 0 1 2 4 7 3 6 8 4 . 4 1 4
FDM 20 5 . 3 4 5 0 0 0 0 0 0 . 0 5 9 4 3 2 4 2 0 . 0 7 0 7 6 3 1 6 4 . 5 5 1
PPM 20 7 . 6 6 2 5 0 0 0 0 0 . 0 8 7 9 4 9 9 7 0 . 1 5 4 7 0 3 9 5 5 . 1 3 3
HUL 20 2 7 . 9 0 2 5 0 0 0 0 0 . 4 2 7 4 2 3 0 5 3 . 6 5 3 3 0 9 2 1 6 . 8 5 1
HMM 20 2 . 6 0 7 5 0 0 0 0 0 . 0 7 2 3 9 ) 0 3 0 . 1 0 4 3 0 9 2 1 1 2 . 4 1 6
HPM 20 5 . 4 0 5 0 0 0 0 0 0 . 0 5 5 8 3 1 0 4 0 . 0 6 2 3 4 2 1 1 4 . 6 2 0
HDM 20 7 . 1 6 7 5 0 0 0 0 0 . 0 8 6 3 1 9 1 0 0 . 1 4 9 0 1 9 7 4 5 . 3 8 6
RPM 20 2 . 1 7 0 0 0 0 0 0 0 . 0 2 3 5 9 6 7 1 0 . 0 1 1 4 2 1 0 5 4 . 9 2 5
UPW 20 3 . 2 2 0 0 0 0 0 0 0 . 0 3 6 1 6 4 8 3 0 . 0 2 6 1 5 7 8 9 5 . 0 2 3
TPU 20 5 . 5 3 7 5 0 0 0 0 0 . 0 4 8 9 1 9 2 4 0 . 0 4 7 8 6 1 3 4 3 .  951
FIU 20 1 . 9 0 5 0 0 0 0 0 0 . 0 4 3 3 6 2 0 0 0 . 0 3 7 6 0 5 2 6 1 0 . 1 5 0
SOL 20 2 2 . 7 2 0 0 0 0 0 0 0 . 3 6 1 8 1 9 2 3 2 . 6 1 8 2 6 3 1 6 7 . 1 2 2sew 20 3 . 9 6 0 0 0 0 0 0 0 . 0 6 1 3 3 5 9 5 0 . 0 7 6 4 7 3 6 3 6 . 9 8 3
PEVL 20 1 4 . 1 2 0 0 0 0 0 0 0 . 2 5 4 0 3 2 4 6 1 . 2 9 1 1 5 7 8 9 8 . 0 4 7
SACW 20 1 2 . 0 6 5 0 0 0 0 0 0 . 2 4 5 0 7 4 1 6 1 . 2 3 0 3 1 5 7 9 9 . 1 9 5
BDYL 20 2 0 1 . 5 5 0 0 0 0 0 0 2 . 6 0 6 1 4 1 5 3 1 3 5 . 8 3 9 4 7 3 6 3 5 . 7 8 3
TL 17 1 1 6 . 7 6 4 7 0 5 8 8 1 . 9 7 8 8 0 2 0 2 6 6 . 5 6 6 1 7 6 4 7 6 . 9 8 7
HFL 20 4 1 . 7 0 0 0 0 0 0 0 0 . 4 2 9 3 1 0 2 4 3 . 6 9 4 7 3 6 3 4 4 . 6 1 0



VARIABLE N

5PECIES=MEXICAHUS

MEAH

LOCATION:  

STD ERROR

ARTESIA

VARIANCE C. V.

GLS 17 4 5 . 0 3 8 2 3 5 2 9

OF MEAN 

0 . 3 1 5 7 4 8 6 8 1 . 6 9 4 8 5 2 9 4 2 . 8 9 1
BASL 17 3 9 . 7 9 7 0 5 8 8 2 0 . 3 3 8 5 5 9 6 3 1 . 9 4 3 5 8 4 5 6 3 . 5 0 8
ZYB 17 2 7 . 1 2 9 4 1 1 7 6 0 . 2 7 6 0 0 2 8 1 1 . 2 9 5 0 1 8 3 8 4 . 1 9 5
ROSL 17 1 7 . 5 8 8 2 3 5 2 9 0 . 1 4 7 6 2 3 9 1 0 . 3 7 0 4 7 7 9 4 3 . 4 6 1
HASL 17 1 5 . 4 9 1 1 7 6 4 7 0 . 1 3 2 7 3 9 3 1 0 . 2 9 9 7 6 1 0 3 3 . 5 3 4
PMXB 17 9 . 8 4 7 0 5 8 8 2 0 . 1 0 3 8 3 0 1 9 0 .  1 8 3 2 7 2 0 6 4 . 3 4 8
JOB 17 1 0 . 4 4 4 1 1 7 6 5 0 . 1 4 2 3 8 5 3 0 0 . 3 4 4 6 5 0 7 4 5 . 6 2 1
PCB 17 1 3 . 4 4 7 0 5 8 8 2 0 . 1 2 8 9 4 3 0 0 0 . 2 8 2 6 4 7 0 6 3 . 9 5 4
PPL 17 1 5 . 2 6 4 7 0 5 8 8 0 . 1 3 4 0 6 5 7 1 0 . 3 0 5 5 5 1 4 7 3 . 6 2 1
BAT 17 1 1 . 8 1 4 7 0 5 8 8 0 . 0 9 7 5 5 8 8 7 0 . 1 6 1 8 0 1 4 7 3 . 4 0 5
TRL 17 8 . 5 3 2 3 5 2 9 4 0 . 0 8 1 2 2 9 2 0 0 . 1 1 2 1 6 9 1 2 3 . 9 2 5
BC3 17 1 9 . 1 6 1 7 6 4 7 1 0 . 1 3 4 7 3 3 4 9 0 . 3 0 8 6 0 2 9 4 2 . 8 9 9
BUL 17 9 . 3 5 8 3 2 3 5 3 0 . 0 8 7 8 9 1 4 9 0 . 1 3 1 3 2 3 5 3 3 . 8 7 2
BUB 17 7 . 7 6 4 7 0 5 8 8 0 . 0 8 7 4 2 2 7 3 0 . 1 2 9 9 2 6 4 7 4 . 6 4 2
MOLW 17 2 . 1 8 8 2 3 5 2 9 0 . 0 3 1 3 6 8 7 2 0 . 0 1 6 7 2 7 9 4 5 . 9 1 1
UDL 17 1 4 . 8 0 8 3 2 3 5 3 0 . 1 6 4 5 6 4 6 7 0 . 4 6 0 3 8 6 0 3 4 . 5 8 2
PALW 17 7 . 0 3 5 2 9 4 1 2 0 . 0 7 1 0 6 9 1 3 0 .  0 3 5 8 6 3 9 7 4 . 1 6 5
OCD 17 7 . 1 9 4 1 1 7 6 5 0 . 1 3 4 7 5 7 5 7 0 . 3 0 3 7 1 3 2 4 7 . 7 2 3
SKD 17 1 8 . 9 6 4 7 0 5 3 8 0 . 1 0 5 5 2 4 3 1 0 .  1 8 9 3 0 1 4 7 2 . 2 9 4
MAHL 17 1 8 . 5 0 2 9 4 1 1 8 0 . 1 5 3 1 8 1 3 7 0 . 3 9 8 3 9 7 0 6 3 . 4 1 3
HAND 17 1 4 . 7 7 0 5 8 8 2 4 0 . 1 8 4 2 1 4 2 9 0 . 5 7 6 8 9 3 3 8 5 . 1 4 2
PEL 17 3 5 . 3 6 4 7 0 5 8 8 0 . 4 5 6 8 3 6 9 4 3 . 5 4 8 6 7 6 4 7 5 . 3 2 7
FHIJ 17 2 . 5 7 0 5 8 8 2 4 0 . 0 4 7 9 4 6 5 9 0 . 0 3 9 0 8 0 8 8 7 . 6 9 0
F DU 17 5 . 9 7 0 5 8 8 2 4 0 .  1 3 1 8 0 4 4 2 0 . 2 9 5 3 3 0 8 8 9 . 1 0 2
FPU 17 7 . 5 8 8 2 3 5 2 9 0 .  1 0 9 4 3 7 3 5 0 . 2 0 3 6 0 2 9 4 5 . 9 4 6
HUL 17 2 7 . 9 5 5 8 2 3 5 3 0 . 3 3 1 8 6 2 9 3 1 . 8 7 2 2 6 1 0 3 4 . 8 9 4
Ht-M 17 2 . 9 7 6 4 7 0 5 9 0 . 1 2 1 0 4 9 1 5 0 . 2 4 9 0 9 9 2 6 1 6 . 7 6 8
HPW 17 5 . 3 1 7 6 4 7 0 6 0 . 0 6 8 5 9 1 5 5 0 . 0 7 9 9 8 1 6 2 5 . 3 1 8
H DM 17 6 . 9 9 1 1 7 6 4 7 0 . 0 9 0 3 6 6 4 2 0 . 1 3 8 8 2 3 5 3 5 . 3 2 9
RPW 17 2 . 1 7 3 5 2 9 4 1 0 . 0 4 2 4 6 9 2 0 0 . 0 3 0 6 6 1 7 6 8 . 0 5 6
UPW 17 3 . 2 2 6 4 7 0 5 9 0 . 0 5 0 3 8 7 7 7 0 . 0 4 3 1 6 1 7 6 6 . 4 3 9
TPW 17 5 . 5 1 4 7 0 5 8 8 0 . 0 9 5 7 5 2 1 2 0 . 1 5 5 3 6 3 9 7 7 . 1 5 9
FIW 17 1 . 8 8 5 2 9 4 1 2 0 . 0 4 3 8 8 4 1 9 0 . 0 3 2 7 3 3 9 7 9 . 5 9 7
SOL 17 2 2 . 6 2 3 5 2 9 4 1 0 . 4 3 2 8 6 6 5 9 3 .  1 8 5 3 4 9 2 6 7 . 8 8 9
SOU 17 3 . 9 5 8 8 2 3 5 3 0 . 0 7 8 7 3 4 8 6 0 . 1 0 5 3 3 6 0 3 8 . 2 0 0
PEVL 17 1 3 . 8 3 2 3 5 2 9 4 0 . 2 4 4 6 8 3 9 6 1 . 0 1 7 7 9 4 1 2 7 . 2 9 3
SACW 17 1 2 . 0 6 1 7 6 4 7 1 0 . 2 2 2 3 8 7 5 3 0 . 8 4 4 5 4 0 4 4 7 . 6 1 9
BDYL 17 1 9 3 . 3 5 2 9 4 1 1 8 3 . 0 3 5 2 5 9 9 2 1 5 6 . 6 1 7 6 4 7 0 6 6 . 3 0 9
TL 15 1 2 5 . 5 3 3 3 3 3 3 3 2 . 6 2 9 2 6 1 4 7 1 0 3 . 6 9 5 2 3 3 1 0 8 . 1 1 2
HFL 17 4 2 . 1 7 6 4 7 0 5 9 0 . 6 3 1 4 9 7 3 7 6 . 7 7 9 4 1 1 7 6 6 . 1 7 3



SPECIES=MEXICANUS LOCATIOH=AUSTIN

VARIABLE N MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 25 9 2 . 5 7 6 0 0 0 0 0 0 . 3 6 7 3 0 0 0 6 3 . 3 7 2 7 3 3 3 3 4 . 3 1 3
BASL 25 3 7 . 5 0 2 0 0 0 0 0 0 . 3 5 4 9 1 1 7 3 3 . 1 4 9 0 5 8 3 3 4 . 7 3 2
ZYB 25 2 6 . 0 6 0 0 0 0 0 0 0 . 2 0 9 3 4 4 2 1 1 . 0 9 5 6 2 5 0 0 4 . 0 1 7
ROSL <1 w 1 6 . 1 9 0 0 0 0 0 0 0 . 1 8 1 9 1 1 1 5 0 . 3 2 7 2 9 1 6 7 5 . 6 1 3
NASL 25 1 4 . 0 9 0 0 0 0 0 0 0 .  1 6 9 5 0 9 1 0 0 . 7 1 8 3 3 3 3 3 6 . 0 1 5
PMXB 25 9 . 3 0 0 0 0 0 0 0 0 . 1 0 3 2 7 9 5 6 0 . 2 6 6 6 6 6 6 7 5 . 5 5 3
lOB 25 1 1 . 1 1 0 0 0 0 0 0 0 . 1 3 7 1 4 3 4 8 0 . 4 7 0 2 0 8 3 3 6 . 1 7 2
POB 25 1 3 . 2 3 6 0 0 0 0 0 0 . 1 4 9 8 4 7 7 0 0 . 5 6 1 3 5 8 3 3 5 . 6 3 9
PPL 25 1 4 . 5 4 2 0 0 0 0 0 0 . 1 7 0 9 9 4 1 5 0 . 7 3 0 9 7 5 0 0 5 . 8 7 9
BAT 25 1 1 . 6 4 6 0 0 0 0 0 0 . 0 8 6 7 9 0 9 4 0 . 1 8 8 3 1 6 6 7 3 . 7 2 6
TRL 25 8 . 2 8 4 0 0 0 0 0 0 . 0 7 4 4 2 6 7 0 0 . 1 3 8 4 3 3 3 3 4 . 4 9 2
BOB 25 1 8 . 6 8 2 0 0 0 0 0 0 . 1 2 5 0 6 2 6 5 0 . 3 9 1 0 1 6 6 7 3 . 3 4 7
BUL 25 8 . 7 5 8 0 0 0 0 0 0 . 0 8 8 2 0 8 0 9 0 . 1 9 4 5 1 6 6 7 5 . 0 3 6
BUB 25 7 . 3 4 6 0 0 0 0 0 0 . 0 7 6 9 6 9 6 9 0 . 1 4 3 1 0 8 3 3 5 . 2 3 9
MOLW 25 2 . 1 8 3 0 0 0 0 0 0 . 0 3 5 5 0 5 8 7 0 . 0 3 1 5 1 6 6 7 8 . 1 1 4
UDL 25 1 3 . 6 7 8 0 0 0 0 0 0 . 1 5 3 3 5 3 6 2 0 . 5 8 7 9 3 3 3 3 5 . 6 0 6
PALW 25 7 . 2 6 4 0 0 0 0 0 0 . 0 8 2 6 3 9 7 3 0 . 1 7 0 7 3 3 3 3 5 . 6 8 3
OCD 25 6 . 3 8 0 0 0 0 0 0 0 . 0 9 9 4 1 4 9 6 0 . 2 4 7 0 8 3 3 3 7 . 7 9 1
SKD 25 1 7 . 9 0 0 0 0 0 0 0 0 . 1 2 1 0 0 2 7 5 0 . 3 6 6 0 4 1 6 7 3 . 3 3 0
MAHL 25 1 8 . 0 0 6 0 0 0 0 0 0 . 1 6 2 1 2 9 5 3 0 . 6 5 7 1 5 0 0 0 4 . 5 0 2
MAHD 25 1 3 . 8 5 8 0 0 0 0 0 0 . 1 4 2 0 2 9 3 4 0 . 5 0 4 3 0 8 3 3 5 . 1 2 4
PEL 18 3 2 . 8 7 7 7 7 7 7 3 0 . 3 7 2 9 4 5 8 4 2 . 5 0 3 5 9 4 7 7 4 . 8 1 3
FMW I S 2 . 3 4 1 6 6 6 6 7 0 . 0 4 6 3 0 9 9 1 0 . 0 3 3 6 0 2 9 4 8 . 3 9 0
FDW 18 5 . 3 5 0 0 0 0 0 0 0 . 0 9 2 1 7 7 7 2 0 . 1 5 2 9 4 1 1 8 7 . 3 1 0
FPW 18 7 . 0 6 3 8 8 8 8 9 0.  1 1 0 1 6 9 6 2 0 . 2 1 8 4 7 2 2 2 6 . 6 1 7
HUL 18 2 6 . 0 4 1 6 6 6 6 7 0 . 3 6 2 0 9 8 3 2 2 . 3 6 0 0 7 3 5 3 5 . 8 9 9
HMW 18 2 . 3 6 9 4 4 4 4 4 0 .  0 4 3 9 3 6 0 2 0 . 0 3 4 7 4 6 7 3 7 . 8 6 7
HPW 18 5 . 0 1 9 4 4 4 4 4 0 . 0 7 4 9 8 7 9 0 0 . 1 0 1 2 1 7 3 2 6 . 3 3 5
HDW 18 6 . 7 8 6 1 1 1 1 1 0 . 0 5 3 7 0 5 6 0 0 . 1 2 6 1 1 9 2 3 5 . 2 3 3
RPW 18 2 . 0 2 2 2 2 2 2 2 0 . 0 3 2 3 9 4 1 8 0 . 0 1 8 8 8 3 3 9 6 . 7 9 6
UPW 18 2 . 9 4 1 6 6 6 6 7 0 . 0 3 8 6 1 3 6 4 0 . 0 2 6 8 3 5 2 4 5 . 5 6 9
TPW 18 5 . 0 7 2 2 2 2 2 2 0 . 0 9 3 3 6 5 9 7 0 . 1 5 8 5 9 4 7 7 7 . 5 5 1
FIW 18 1 . 6 4 1 6 6 6 6 7 0 . 0 5 2 8 9 8 0 4 0 . 0 5 0 3 6 7 6 5 1 3 . 6 7 1
SCL IS 2 0 . 9 2 2 2 2 2 2 2 0 . 3 9 9 7 3 3 9 3 2 . 8 7 6 2 4 1 8 3 8 . 1 0 6
SOW 18 3 . 3 6 6 6 6 6 6 7 0 . 0 6 5 1 7 9 4 9 0 . 0 7 6 4 7 0 5 9 8 . 2 1 4
PEVL 18 1 2 . 2 8 8 8 8 8 8 9 0 . 2 1 3 1 5 2 3 3 0 . 8 1 7 3 1 0 4 6 7 . 3 5 9
SACW 18 11 . 0 1 6 6 6 6 6 7 0 . 2 5 6 6 0 1 6 8 1 . 4 7 8 5 2 9 4 1 1 1 . 0 3 7
BDYL 25 1 8 0 . 0 4 0 0 0 0 0 0 2 . 0 7 6 4 3 9 2 6 1 0 7 . 7 9 0 0 0 0 0 0 5 . 7 6  7
TL 19 1 0 7 . 4 7 3 6 8 4 2 1 2 . 2 6 8 9 9 3 3 1 9 7 . 8 1 8 7 1 3 4 5 9 . 2 : 3
HFL 25 3 9 . 2 4 0 0 0 0 0 0 0 . 4 5 1 9 5 3 7 0 5 .  1 0 6 6 6 6 6 7 5 . 7 5 9



SPECIE5=MEXICAIIU5 LOCATIOH=BIG SPRIMG

VARIABLE U MEAH STD ERROR 
OF MEAU

VARIAUCE C. V.

GLS 18 4 4 . 7 0 0 0 0 0 0 0 0 . 4 7 7 5 8 5 8 4 4 . 1 0 5 5 8 8 2 4 4 . 5 3 3
BASL 18 3 8 . 9 5 2 7 7 7 7 8 0 . 4 1 1 2 6 8 4 1 3 . 0 4 4 5 5 0 6 5 4 . 4 7 9
ZYB 18 2 6 . 7 6 1 1 1 1 1 1 0 . 3 5 8 4 3 1 4 9 2 . 3 1 2 5 1 6 3 4 5 . 6 5 2
ROSL 18 1 7 . 3 4 1 6 6 6 6 7 0 . 2 5 6 9 0 6 2 4 1 . 1 8 3 0 1 4 7 1 6 . 2 3 5
IIASL IS 1 5 . 6 3 0 5 5 5 5 6 0 . 2 7 3 4 4 7 4 6 1 . 3 4 5 9 2 3 2 0 7 . 4 2 2
PMXB 18 9 . 6 2 7 7 7 7 7 8 0 . 1 1 0 2 7 4 6 3 0 . 2 1 8 8 5 5 5 9 4 . 8 5 9
lOB 18 1 0 . 4 2 7 7 7 7 7 8 0 .  1 8 6 9 1 7 8 2 0 . 6 2 5 8 5 8 3 9 7 . 6 0 5
POB 18 1 3 . 1 4 4 4 4 4 4 4 0 . 1 8 2 3 4 5 3 3 0 . 5 9 3 4 9 6 7 3 5 . 8 3 6
PPL 18 1 5 . 0 6 1 1 1 1 1 1 0 .  1 8 9 7 9 5 0 2 0 . 6 4 8 3 9 3 6 9 5 . 3 4 6
BAT 18 1 1 . 8 8 8 8 3 8 8 9 0 . 1 1 4 6 5 7 4 6 0 . 2 3 6 6 3 3 9 9 4 . 0 9 2
TRL 18 8 . 5 3 0 5 5 5 5 6 0 . 1 0 3 3 3 5 4 1 0 . 1 9 2 3 9 3 7 9 5 . 1 1 2
BOB 18 1 9 . 2 1 1 1 1 1 1 1 0 .  1 8 8 3 8 8 8 9 0 . 6 4 2 2 2 2 2 2 4 . 1 7 1
BUL 18 9 . 3 8 8 8 8 8 8 9 0 . 0 9 0 1 6 6 4 7 0 . 1 4 6 3 3 9 5 7 4 . 0 7 4
BUB 18 7 . 5 6 3 8 8 8 8 9 0 . 0 7 4 6 2 3 8 4 0 . 1 0 0 2 3 6 9 3 4 . 1 5 6
nOLW 18 2 . 2 3 6 1 1 1 1 1 0 . 0 2 5 8 2 1 6 5 0 . 0 1 2 0 0 1 6 3 4 . 8 9 9
UDL 18 1 4 . 1 7 2 2 2 2 2 2 0 . 2 0 6 5 9 9 5 4 0 .  7 6 5 3 0 0 6 5 6 .  185
PALM 18 7 . 1 1 3 8 8 8 3 9 0 . 0 8 3 1 1 7 9 1 0 .  1 2 4 3 5 4 5 8 4 .  957
OCD 18 6 . 8 7 5 0 0 0 0 0 0 . 1 1 5 7 7 0 3 7 0 . 2 4 1 2 5 0 0 0 7 .  144
SKD 18 1 8 . 7 3 6 1 1 1 1 1 0 . 1 8 6 5 9 3 3 7 0 . 6 2 6 7 0 7 5 2 4 . 2 2 5
MAUL 18 1 8 . 5 6 3 8 8 8 8 9 0 . 2 2 9 5 1 3 7 5 0 . 9 4 8 1 7 3 1 0 5.2-4 5
MAUD 18 1 4 . 2 2 7 7 7 7 7 8 0 . 2 2 9 2 0 8 0 1 0 . 9 4 5 6 5 3 5 9 6 . 8 3 5
PEL 15 3 4 . 6 5 6 6 6 6 6 7 0 . 6 4 0 5 3 3 0 1 6 . 1 5 4 2 3 3 1 0 7 . 1 5 5
F MM 15 2 . 4 9 0 0 0 0 0 0 0 . 0 4 9 3 2 8 8 3 0 . 0 3 6 5 0 0 0 0 7 . 6 7 3
FDM 15 5 . 9 2 0 0 0 0 0 0 0 . 1 2 4 0 0 0 7 7 0 . 2 3 0 6 4 2 8 6 8 . 1 1 2
FPM 15 7 . 3 9 6 6 6 6 6 7 0 . 1 6 3 9 1 5 3 9 0 . 4 0 3 0 2 3 5 1 8 . 5 5 3
HUL 15 2 7 . 2 1 6 6 6 6 6 7 0 . 5 1 5 3 7 4 7 3 3 . 9 5 4 1 6 6 6 7 7 . 3 3 4
HMM 15 2 . 8 1 3 3 3 3 3 3 0 . 1 2 3 1 9 8 1 2 0 . 2 2 7 6 6 6 6 7 1 6 . 9 6 0
HPM 15 5 . 2 1 6 6 6 6 6 7 0 . 1 0 6 8 6 7 3 7 0 . 1 7 1 3 0 9 5 2 7 . 9 3 4
HDM 15 6 . 9 0 3 5 3 3 3 3 0 . 1 5 5 0 3 2 0 0 0 . 3 6 0 5 2 3 5 1 3 . 6 9 3
RPM 15 2 . 1 0 3 3 3 3 3 3 0 . 0 4 0 9 6 0 6 9 0 . 0 2 5 1 6 6 6 7 7 . 5 4 2
UPM 15 3 . 1 3 3 3 3 3 3 3 0 . 0 5 5 7 7 7 3 4 0 . 0 4 6 6 6 6 6 7 6 . 5 9 4
TPM 15 5 . 4 8 6 6 6 6 6 7 0 . 1 1 9 3 7 0 0 4 0 . 2 1 3 7 3 5 1 0 3 . 4 2 6
FIM 15 1 . 8 3 3 3 3 3 3 3 0 . 0 6 4 4 3 8 2 2 0 . 0 6 2 3 3 0 9 5 1 3 . 6 2 3
SCL 15 2 1 . 6 9 3 3 3 3 3 3 0 . 5 0 5 9 8 4 8 2 3 . 8 4 0 3 0 9 5 2 9 . 0  34
SCM 15 3 . 8 1 6 6 6 6 6 7 0 . 0 9 9 9 6 0 3 1 0 . 1 4 9 3 3 0 9 5 1 0 . 1 4 4
PEVL 15 1 3 . 6 4 3 3 3 3 3 3 0 . 3 0 5 4 9 9 3 5 1 . 3 9 9 9 5 2 3 8 8 . 6  72
SACW 15 1 1 . 9 3 6 6 6 6 6 7 0 . 2 6 2 0 6 4 4 5 1 . 0 3 0 1 6 6 6 7 5 . 5 0 3
BDYL 18 1 9 1 . 5 5 5 5 5 5 5 6 2 . 7 6 9 1 3 6 8 9 1 3 3 . 0 2 6 1 4 3 7 9 6 .  133
TL 16 1 2 1 . 6 8 7 5 0 0 0 0 2 . 4 6 6 1 5 9 6 1 9 8 . 8 9 5 3 3 3 3 3 3 .  172
HFL IS 4 0 . 3 3 3 3 3 3 3 3 0 . 7 0 9 4 1 3 8 2 9 . 0 5 3 3 2 3 5 3 7 . 4 6 2



SPECIES=MEXICAHUS L0CATI0H=H0BD5-UE5T

VARIABLE N MEAH STD ERROR 
OF MEAH

VARIAHCE C. V.

GLS 28 4 2 . 8 6 9 6 4 2 8 6 0 . 4 8 5 8 3 3 2 9 6 . 6 0 8 9 5 1 7 2 5 . 9 9 7
BASL 28 3 7 . 6 0 7 1 4 2 8 6 0 . 4 7 0 4 1 9 3 9 6 . 1 9 6 2 4 3 3 9 6 . 6 1 9
ZYB 23 2 5 . 7 6 4 2 8 5 7 1 0 . 2 9 5 5 8 9 9 1 2 . 4 4 6 4 5 5 0 3 6 . 0 7 1
ROSL 28 1 6 . 5 2 5 0 0 0 0 0 0 . 2 5 1 3 6 5 3 2 1 . 7 6 9 1 6 6 6 7 8 . 0 4 9
HASL 23 1 4 . 7 1 6 0 7 1 4 3 0 . 2 0 8 7 8 6 0 7 1 . 2 2 0 5 6 5 4 8 7 . 5 0 7
PMXB 28 9 . 6 7 6 7 8 5 7 1 0 . 0 7 2 3 9 6 7 1 0 . 1 4 6 7 5 5 9 5 3 . 9 5 9
IDE 28 9 . 9 6 0 7 1 4 2 9 0 . 1 6 6 9 9 0 9 0 0 . 7 8 0 8 0 6 8 8 8 . 8 7 1
POB 28 1 2 . 8 4 8 2 1 4 2 9 0 . 1 3 8 7 3 9 2 2 0 . 5 3 9 3 4 8 5 4 5 . 7 1 6
PPL 28 1 4 . 4 0 5 3 5 7 1 4 0 . 2 0 2 3 2 3 4 6 1 . 1 4 6 1 7 3 9 4 7 . 4 3 2
BAT 28 1 1 . 7 2 3 2 1 4 2 9 0 . 0 8 5 2 3 5 5 2 0 , 2 0 3 4 2 2 6 2 3 . 8 4 7
TRL 28 8 . 4 6 2 5 0 0 0 0 0 . 0 9 4 6 8 7 7 7 0 . 2 5 1 0 4 1 6 7 5 . 9 2 1
BCB 28 1 8 . 6 6 6 0 7 1 4 3 0 . 1 0 7 2 4 5 8 7 0 . 3 2 2 0 4 6 9 6 3 . 0 4  0
BUL 23 9 . 1 4 5 2 1 4 2 9 0 . 0 8 1 0 5 9 5 4 0 . 1 8 3 9 7 8 1 7 4 . 6 3 9
BUB 28 7 . 3 8 2 1 4 2 8 6 0 . 0 6 7 5 1 5 1 5 0 . 1 2 7 6 3 2 2 3 4 . 8 3 9
MOLW 28 2 . 1 1 0 7 1 4 2 9 0 . 0 3 1 4 2 9 4 7 0 . 0 2 7 6 5 8 7 3 7 . 8 7 9
UDL 28 1 3 . 6 7 5 0 0 0 0 0 0 . 2 3 5 3 0 7 4 6 1 . 5 5 6 9 4 4 4 4 9 . 1 2 5
PALW 28 7 . 0 1 0 7 1 4 2 9 0 . 0 7 0 1 6 4 0 7 0 . 1 3 7 8 4 3 9 2 5 . 2 9 6
OCD 28 6 . 9 6 6 0 7 1 4 3 0 . 1 2 2 5 3 3 8 9 0 . 4 2 0 7 5 0 6 6 9 . 3 1 2
SXD 28 1 8 . 0 7 6 7 8 5 7 1 0 . 1 3 1 6 2 3 0 1 0 . 4 8 5 0 3 9 2 9 3 . 8 5 3
MAHL 28 1 7 . 3 1 9 6 4 2 8 6 0 . 1 7 5 5 0 6 4 3 0 . 8 6 2 4 7 0 2 4 5 . 2 1 2
MAHD 28 1 3 . 5 9 6 4 2 3 5 7 0 . 2 0 5 3 8 2 7 3 1 . 1 8 1 0 9 7 8 8 7 . 9 9 3
PEL 19 3 1 . 8 3 9 4 7 3 6 8 0 . 8 3 6 9 5 3 3 6 1 3 . 3 0 9 3 2 7 4 9 1 1 . 4 5 8
FMW 20 2 . 3 8 0 0 0 0 0 0 0 . 0 6 5 2 8 7 3 2 0 . 0 9 3 2 6 3 1 6 1 2 . 8 3 2
FDW 20 5 . 5 4 2 5 0 0 0 0 0 . 1 1 0 2 1 9 5 8 0 . 2 4 2 9 6 7 1 1 8 . 8 9 3
FPW 19 6 . 9 5 1 5 7 8 9 5 0 . 1 4 9 1 7 9 5 6 0 . 4 2 2 8 3 5 2 6 9 . 3 1 4
HUL 20 2 5 . 3 5 0 0 0 0 0 0 0 . 5 3 6 5 4 5 9 7 5 . 7 5 7 6 3 1 5 8 9 . 4 6 6
HMW 20 2 . 7 7 2 5 0 0 0 0 0 . 1 0 7 3 2 8 5 0 0 . 2 3 0 3 8 8 1 6 1 7 . 3 1 2
HPW 20 4 . 9 5 2 5 0 0 0 0 0 . 1 0 1 5 9 7 4 4 0 . 2 0 6 4 4 0 7 9 9 . 1 7 4
HDW 20 6 . 7 3 5 0 0 0 0 0 0 . 1 1 4 4 2 6 4 9 0 . 2 6 1 8 6 3 4 2 7 . 5 4 2
RPW 20 2 . 0 7 0 0 0 0 0 0 0 . 0 4 0 2 9 4 9 7 0 . 0 3 2 4 7 3 6 3 8 . 7 0 6
UFW 20 2 . 9 7 0 0 0 0 0 0 0 . 0 4 2 8 2 7 6 8 0 . 0 3 6 6 8 4 2 1 6 . 4 4  9
TPW 20 5 . 0 3 5 0 0 0 0 0 0 . 1 1 6 8 1 6 3 2 0 . 2 7 2 9 2 1 0 5 1 0 . 3 7 5
FIW 20 1 . 6 8 7 5 0 0 0 0 0 . 0 6 1 6 5 2 1 4 0 . 0 7 6 0 1 9 7 4 1 6 . 3 3 9
SCL 20 20 . 1 4 0 0 0 0 0 0 0 . 6 2 8 5 5 9 3 4 7 . 9 0 1 7 3 6 8 4 1 3 . 9 5 7
s e w 20 3 . 6 8 7 5 0 0 0 0 0 . 0 9 2 1 1 5 1 3 0 . 1 6 9 7 0 3 9 5 1 1 . 1 7 2
PEVL 20 1 2 . 6 2 7 5 0 0 0 0 0 . 3 2 4 1 0 7 5 8 2 .  1 0 0 9 1 4 4 7 1 1 . 4 7 9
SACW 19 1 0 . 9 6 3 4 2 1 0 5 0 . 4 5 1 2 8 4 3 9 3 . 8 6 9 5 0 2 9 2 1 7 . 9 3 4
BDYL 28 1 7 9 . 6 0 7 1 4 2 8 6 3 . 5 5 7 2 9 3 4 6 3 5 4 . 3 2 1 4 2 8 5 7 1 0 . 4 3 0
TL 26 1 0 9 . 0 0 0 0 0 0 0 0 2 . 1 1 7 3 2 7 7 8 1 1 6 . 5 6 0 0 0 0 0 0 9 . 9 0 5
HFL 28 3 8 . 6 0 7 1 4 2 8 6 0 . 4 1 2 5 6 4 8 4 4 . 7 6 5 8 7 3 0 2 5 . 6 5 5



SPECIE5=MEXICAHUS LOCATION: KENNEDY

VARIABLE H MEAH STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 17 4 4 . 1 2 6 4 7 0 5 9 0 . 3 0 5 2 5 7 7 8 1 . 5 8 4 0 9 9 2 6 2 . 8 5 2
BASL 17 3 8 . 9 4 1 1 7 6 4 7 0 . 2 8 3 0 4 5 2 6 1 . 3 6 1 9 4 3 5 3 2 . 9 9 7
ZYB 17 2 6 . 5 4 4 1 1 7 6 5 0 . 2 3 7 6 3 0 8 6 0 . 9 5 9 9 6 3 2 4 3 . 6 9 1
ROSL 17 1 7 . 2 3 8 2 3 5 2 9 0 . 1 7 0 1 8 2 0 7 0 . 4 9 2 3 5 2 9 4 4 . 0 7 0
NASL 17 1 5 . 0 2 9 4 1 1 7 6 0 . 1 5 7 2 4 2 9 5 0 . 4 2 0 3 3 0 8 8 4 . 3 1 4
PMXB 17 9 . 8 5 5 G 3 2 3 5 0 . 1 0 5 6 2 1 6 2 0 . 1 3 9 6 5 0 7 4 4 . 4 1 9
lOB 17 1 0 . 8 0 0 0 0 0 0 0 0 . 1 1 7 9 6 3 7 3 0 . 2 3 6 5 6 2 5 0 4 . 5 0 3
POB 17 1 3 . 1 0 0 0 0 0 0 0 0 . 2 0 8 4 1 6 6 5 0 . 7 3 8 4 3 7 5 0 6 . 5 6 0
PPL 17 1 5 . 1 3 2 3 5 2 9 4 0 . 1 4 2 1 3 0 6 6 0 . 3 4 3 4 1 9 1 2 3 . 8 7 3
BAT 17 1 1 . 7 4 7 0 5 8 8 2 0 . 0 3 4 8 3 0 1 3 0 . 1 2 2 3 3 4 5 6 2 . 9 7 7
TRL 17 8 . 3 9 7 0 5 8 8 2 0 . 0 7 3 9 4 7 3 4 0 . 0 9 2 9 5 9 5 6 3 . 6 3 1
BCB 17 1 9 . 2 0 5 8 8 2 3 5 0 . 1 4 9 8 0 8 8 5 0 . 3 3 1 5 2 5 7 4 3 . 2 1 6
BUL 17 9 . 3 0 3 8 2 3 5 3 0 . 1 4 0 4 5 3 5 0 0 . 3 3 5 3 8 6 0 3 6 . 2 2 1
BUB 17 7 . 7 3 2 3 5 2 9 4 0 . 0 8 9 1 0 7 2 1 0 . 1 3 4 9 8 1 6 2 4 . 7 5 1
MOLW 17 2 . 1 4 4 1 1 7 6 5 0 . 0 4 0 1 9 3 0 9 0 . 0 2 7 4 6 3 2 4 7 . 7 2 9
UDL 17 1 4 . 3 1 4 7 0 5 8 8 0 . 1 2 4 7 6 1 8 8 0 . 2 6 4 6 1 3 9 7 3 . 5 9 4
PALW 17 7 . 2 1 7 6 4 7 0 6 0 . 0 9 4 7 0 7 4 8 0.  1 5 2 4 8 1 6 2 5 . 4 1 0
OCD 17 6 . 9 6 7 6 4 7 0 6 0 . 0 9 6 4 3 8 5 3 0 . 1 5 8 1 0 6 6 2 5 . 7 0 7
SKD 17 1 8 . 4 0 0 0 0 0 0 0 0 . 1 8 7 7 6 9 4 1 0 . 5 9 9 3 7 5 0 0 4 . 2 0 8
MANL 17 1 8 . 2 7 6 4 7 0 5 9 0 .  1 4 2 5 9 3 9 9 0 . 3 4 5 6 6 1 7 6 3 . 2 1 7
MAND 17 1 4 . 2 7 6 4 7 0 5 9 0 . 1 6 4 6 6 9 7 7 0 . 4 6 0 9 7 4 2 6 4 . 7 5 6
FEL 17 3 3 . 4 7 0 5 8 8 2 4 0 . 3 5 3 9 4 4 6 5 2 . 1 2 9 7 0 5 8 8 4 . 3 6 0
FMW 17 2 . 3 7 6 4 7 0 5 9 0 . 0 3 5 9 0 1 6 3 0 . 0 2 1 9 1 1 7 6 6 . 2 2 9
FDW 17 5 . 5 7 6 4 7 0 5 9 0 . 0 9 1 0 6 3 7 3 0 . 1 4 0 9 7 4 2 6 6 . 7 3 3
FPW 17 7 . 1 1 1 7 6 4 7 1 0 . 1 0 4 9 7 9 3 1 0 . 1 8 7 3 5 2 9 4 6 . 0 8 6
HUL 17 2 6 . 6 2 3 5 2 9 4 1 0 . 2 8 8 6 6 8 2 7 1 . 4 1 6 5 9 9 2 6 4 . 4 7 1
HMW 17 2 . 5 5 8 8 2 3 5 3 0 . 0 7 4 0 4 2 3 3 0 . 0 9 3 1 9 8 5 3 1 1 . 9 3 1
HPW 17 5 . 1 7 6 4 7 0 5 9 0 . 0 6 2 5 9 0 7 6 0 . 0 6 6 5 9 9 2 6 4 . 9 8 5
HDW 17 6 . 8 2 0 5 8 8 2 4 0 . 0 9 0 0 4 2 7 6 0 . 1 3 7 8 3 0 3 8 5 . 4 4 3
RPW 17 1 . 9 8 2 3 5 2 9 4 0 . 0 5 2 5 0 0 2 1 0 . 0 4 6 8 5 6 6 2 1 0 . 9 2 0
UPW 17 3 . 0 6 7 6 4 7 0 6 0 . 0 5 0 9 0 0 2 0 0 . 0 4 4 0 4 4 1 2 6 . 8 4 1
TPW 17 5 . 1 8 2 3 5 2 9 4 0 . 0 6 0 7 7 6 4 1 0 . 0 6 2 7 9 4 1 2 4 . 8 3 5
FIW 17 1 . 8 0 2 9 4 1 1 8 0 . 0 3 3 3 4 0 5 4 0 . 0 1 3 8 9 7 0 6 7 . 6 2 5
SCL 17 2 1 . 9 2 6 4 7 0 5 9 0 . 3 7 4 4 3 8 7 4 2 . 3 8 3 4 7 4 2 6 7 . 0 4 1
SCW 17 3 . 6 2 3 5 2 9 4 1 0 . 0 7 3 0 2 7 7 0 0 . 0 9 0 6 6 1 7 6 8 . 3 1 0
PEVL 17 1 3 . 1 6 1 7 6 4 7 1 0 . 2 4 3 8 0 2 9 5 1 . 0 1 0 4 7 7 9 4 7 . 6 3 7
SACW 17 1 1 . 5 5 2 9 4 1 1 8 0 . 1 4 8 8 6 0 2 9 0 . 3 7 6 7 0 9 5 6 5 . 3 1 3
BDYL 17 1 8 9 . 9 4 1 1 7 6 4 7 2 . 1 6 5 0 1 3 5 7 7 9 . 6 8 3 8 2 3 5 3 4 . 7 0 0
TL 17 1 1 2 . 4 1 1 7 6 4 7 1 2 . 7 1 9 8 3 2 9 6 1 2 5 . 7 5 7 3 5 2 9 4 9 . 9 7 6
HFL 17 3 9 . 5 2 9 4 1 1 7 6 0 . 5 0 8 1 5 1 5 5 4 . 3 8 9 7 0 5 8 8 5 . 3 0 0



SPECIES=MEXICAHU5 L0CATI0H=KERf1IT

VARIABLE M MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 11 4 4 . 7 6 3 6 3 6 3 6 0 . 5 6 7 2 9 3 8 5 3 . 5 4 0 0 4 5 4 5 4 . 2 0 3
BASL 11 3 9 . 3 5 4 5 4 5 4 5 0 . 5 7 2 6 8 9 5 9 3 . 6 1 0 2 2 7 2 7 4 . 8 2 3
ZYB 11 2 7 . 1 7 2 7 2 7 2 7 0 . 1 9 2 7 5 0 8 6 0 . 4 0 8 6 8 1 8 2 2 . 3 5 3
ROSL 11 1 7 . 4 5 9 0 9 0 9 1 0 . 2 7 5 9 9 5 5 7 0 . 8 3 7 9 0 9 0 9 5 . 2 4 3
HASL 11 1 5 . 4 5 9 0 9 0 9 1 0 . 2 4 6 1 3 5 4 2 0 . 6 6 6 4 0 9 0 9 5 . 2 8 1
PMXB 11 9 . 5 4 5 4 5 4 5 5 0 . 0 7 4 6 0 6 4 1 0 . 0 6 1 2 2 7 2 7 2 . 5 9 2
lOB 11 1 0 . 4 5 4 5 4 5 4 5 0 . 2 3 6 4 9 4 7 2 0 . 6 1 5 2 2 7 2 7 7 . 5 0 3
POB 11 1 2 . 9 8 6 3 6 3 6 4 0 . 1 2 7 0 4 5 2 5 0 . 1 7 7 5 4 5 4 5 3 . 2 4 5
PPL 11 1 5 . 2 6 8 1 8 1 8 2 0 . 2 5 2 5 5 7 1 7 0 . 7 0 1 6 3 6 3 6 5 . 4 8 6
BAT 11 1 2 . 1 7 2 7 2 7 2 7 0 . 1 1 5 2 7 9 0 4 0 . 1 4 6 1 8 1 3 2 3 . 1 4 1
TRL 11 8 . 8 0 9 0 9 0 9 1 0 . 0 7 8 2 8 2 1 8 0 . 0 6 7 4 0 9 0 9 2 . 9 4 7
BCB 11 1 9 . 5 9 0 9 0 9 0 9 0.  1 8 4 8 6 0 9 0 0 . 3 7 5 9 0 9 0 9 3 . 1 3 0
BUL 11 9 . 6 7 2 7 2 7 2 7 0 . 1 5 2 9 0 5 7 4 0 . 2 5 7 1 8 1 8 2 5 . 2 4 5
BUB 11 8 . 0 0 9 0 9 0 9 1 0 . 0 9 7 8 9 0 9 8 0 . 1 0 5 4 0 9 0 9 4 . 0 5 4
(10LU 11 2 . 2 0 4 5 4 5 4 5 0 . 0 2 7 3 4 8 3 8 0 . 0 0 8 2 2 7 2 7 4 . 1 1 4
UDL 11 1 4 . 3 5 3 6 3 6 5 6 0 . 2 5 5 4 0 4 3 9 0 . 7 1 7 5 4 5 4 5 5 . 8 9 7
PALW 11 7 . 2 3 6 3 6 3 6 4 0 . 0 9 3 4 4 1 9 9 0 . 0 9 6 0 4 5 4 5 4 . 2 8 3
OCD 11 6 . 9 1 3 6 3 6 3 6 0 . 1 2 8 8 2 1 7 4 0 . 1 8 2 5 4 5 4 5 6 . 1 8 0
SKD 11 1 8 . 9 1 8 1 8 1 8 2 0 . 1 6 3 2 4 4 4 8 0 . 2 9 3 1 3 6 3 6 2 . 8 6 2
MAHL 11 1 8 . 9 7 2 7 2 7 2 7 0 . 1 6 7 2 4 5 5 5 0 . 3 0 7 6 8 1 8 2 2 . 9 2 4
MAHD 11 1 5 . 1 2 2 7 2 7 2 7 0 . 1 9 4 7 4 5 0 1 0 . 4 1 7 1 8 1 8 2 4 . 2 7 1
FEL 0 . .
FMW 0 • ♦ . .
FDW 0 . . . .
FPW 0 • • . .
HUL 0 • • . .
HMW 0 . .
HPW 0 . .
HDW 0 . .
RPW 0 . .
UPW 0 . .
TFW 0 . .
FIW 0 . . .
SCL 0 • . .
SCW 0 • . .
PEVL 0 . .
SACW 0 . .
BDYL 11 1 9 5 . 0 0 0 0 0 0 0 0 4 . 8 6 9 1 9 8 1 8 2 6 0 . 8 0 0 0 0 0 0 0 8 . 2 8 2
TL 11 1 2 2 . 4 5 4 5 4 5 4 5 2 .  7 5 1 4 0 8 3 5 8 3 . 2 7 2 7 2 7 2 7 7 . 4 5 2
HFL 11 3 7 . 6 3 6 3 6 3 6 4 0 . 4 9 1 2 4 5 6 8 2 . 6 5 4 5 4 5 4 5 4 . 3 2 9



SPECIE5=MEXICAHUS LOCATION=nUHDAY

VARIABLE N MEAN STD ERROR 
OF MEAH

VARIAHCE C. V.

GLS 14 4 4 . 6 9 6 4 2 8 5 7 0 . 3 6 3 1 1 6 2 5 1 . 8 4 5 9 4 7 8 0 3 . 0 4 0
BASL 14 3 9 . 3 3 5 7 1 4 2 9 0 . 4 1 6 9 2 9 5 0 2 . 4 3 3 6 2 6 3 7 3 . 9 6 1
ZYB 14 2 6 . 6 8 5 7 1 4 2 9 0 . 3 0 4 4 2 8 3 3 1 . 2 9 7 4 7 2 5 3 4 . 2 6 3
ROSL 14 1 7 . 5 7 8 5 7 1 4 3 0 . 2 0 3 4 5 3 3 1 0 . 5 7 9 5 0 5 4 9 4 . 3 3 1
HASL 14 1 5 . 3 0 7 1 4 2 8 6 0 . 1 9 4 4 8 8 4 2 0 . 5 2 9 5 6 0 4 4 4 . 7 5 4
PIIXB 14 9 . 9 5 3 5 7 1 4 3 0 . 1 2 5 1 8 8 2 4 0 . 2 1 9 4 0 9 3 4 4 . 7 0 6
lOB 14 1 0 . 2 4 6 4 2 8 5 7 0 . 1 5 3 1 2 3 5 5 0 . 3 2 8 2 5 5 4 9 5 . 5 9 2
POB 14 1 2 . 7 8 5 7 1 4 2 9 0 . 2 2 1 4 1 0 3 5 0 . 6 5 6 3 1 8 6 8 6 . 4 7 9
PPL 14 1 5 . 0 0 3 5 7 1 4 3 0 . 1 5 0 4 9 9 5 6 0 . 3 1 7 1 0 1 6 5 3 . 7 5 3
BAT 14 1 1 . 9 8 9 2 8 5 7 1 0 . 1 3 8 1 9 6 6 4 0 . 2 6 7 3 7 6 3 7 4 . 3 1 3
TRL 14 8 . 8 5 3 5 7 1 4 3 0 . 0 3 1 6 1 5 6 0 0 . 0 9 3 2 5 5 4 9 3 . 4 4  9
BCB 14 1 9 . 4 9 2 8 5 7 1 4 0 . 1 4 8 1 4 3 9 3 0 . 3 0 7 2 5 2 7 5 2 . 8 4 4
BUL 14 9 . 5 7 3 5 7 1 4 3 0 . 0 7 4 6 2 6 2 3 0 . 0 7 7 9 6 7 0 3 2 . 9 1 5
BUB 14 7 . 9 2 1 4 2 8 5 7 0 . 0 9 3 8 5 5 3 0 0 . 1 3 6 8 1 3 1 9 4 . 6 6 9
MOLW 14 2 . 3 6 0 7 1 4 2 9 0 . 0 3 3 6 3 4 5 0 0 . 0 1 5 3 3 7 9 1 5 . 3 3 1
UDL 14 1 4 . 5 5 3 5 7 1 4 3 0 . 2 2 6 8 6 7 3 6 0 . 7 2 0 5 6 3 1 9 5 . 8 3 3
PALW 14 7 . 4 2 1 4 2 8 5 7 0 . 1 3 4 3 1 9 0 3 0 . 2 5 2 5 3 2 4 2 6 . 7 7 2
OCD 14 7 . 0 1 7 8 5 7 1 4 0 . 1 5 2 1 4 6 4 7 0 . 3 2 4 0 7 9 6 7 8 . 1 1 2
SKD 14 1 8 . 6 1 0 7 1 4 2 9 0 .  1 9 9 6 6 8 5 3 0 . 5 5 3 1 4 5 6 0 4 . 0 1 4
MAHL 14 1 8 . 8 2 1 4 2 8 5 7 0 . 1 4 7 0 1 3 7 1 0 . 3 0 2 5 8 2 4 2 2 . 9 2 3
MAHD 14 1 4 . 6  3 2 1 4 2 3 6 0 . 1 3 1 7 2 6 4 0 0 . 2 4 2 9 2 5 8 2 3 . 3 6 3
FEL 14 3 4 . 8 3 9 2 8 5 7 1 0 . 4 8 7 5 9 8 3 6 3 . 3 2 8 5 3 0 2 2 5 . 2 3 7
FMW 14 2 . 6 2 1 4 2 8 5 7 0 .  0 4 8 5 2 6 1 6 0 . 0 3 2 9 6 7 0 3 6 . 9 2 6
FCW 14 5 . 9 7 3 5 7 1 4 3 0 . 0 9 8 8 5 5 3 0 0 . 1 3 6 3 1 3 1 9 6 . 1 3 7
FPW 14 7 . 6 4 2 8 5 7 1 4 0 . 1 1 6 7 1 5 2 5 0 . 1 9 0 7 1 4 2 9 5 . 7 1 4
HUL 14 2 7 . 3 1 0 7 1 4 2 9 0 . 3 9 7 1 8 0 2 6 2 . 2 0 8 5 3 0 2 2 5 . 4 4 1
HMW 14 2 . 6 0 0 0 0 0 0 0 0 . 0 8 9 4 1 2 0 0 0 .  1 1 1 9 2 3 0 3 1 2 . 8 6 7
HPW 14 5 . 3 5 3 5 7 1 4 3 0 . 0 8 6 0 3 9 9 0 0 . 1 0 3 6 4 0 1 1 6 . 0 1 3
HDW 14 6 . 9 9 2 8 5 7 1 4 0 . 1 2 3 2 6 5 8 2 0 . 2 3 0 3 2 9 6 7 6 . 8 6 5
RPW 14 2 . 1 3 5 7 1 4 2 9 0 . 0 2 9 3 8 4 0 5 0 . 0 1 2 0 8 7 9 1 5 . 0 3 0
UPW 14 3 . 2 5 6 4 2 8 5 7 0 . 0 5 6 4 7 7 2 4 0 . 0 4 4 6 5 5 4 9 6 . 4 8 9
TPW 14 5 . 4 1 4 2 8 5 7 1 0 . 0 8 4 9 0 9 2 2 0 .  100 9 34 07 5 . 8 6 3
FIW 13 1 . 7 4 6 1 5 3 8 5 0 . 0 6 3 4 1 2 9 6 0 . 0 5 2 2 7 5 6 4 1 3 . 0 9 4
SCL 14 2 2 . 0 0 3 5 7 1 4 3 0 . 6 5 5 4 1 8 3 4 6 . 0 1 4 0 2 4 7 3 1 1 . 1 4 5
SCM 14 3 . 9 1 0 7 1 4 2 9 0 . 0 7 1 3 2 5 4 8 0 . 0 7 1 2 2 2 5 3 6 . 8 2 4
PEVL 14 1 3 . 8 1 7 8 5 7 1 4 0 . 2 5 0 8 5 6 0 7 0 . 8 8 1 0 0 2 7 5 6 . 7 9 3
SACW 14 1 1 . 4 8 2 1 4 2 3 6 0 . 2 9 0 2 5 4 1 1 1 . 1 7 9 4 6 4 2 9 9 . 4 5 3
BDYL 13 1 8 6 . 3 3 4 6 1 5 3 3 6 . 1 9 5 0 5 4 3 4 4 9 8 . 9 2 3 0 7 6 9 2 1 1 . 9 3 4
TL 13 1 2 6 . 2 3 0 7 6 9 2 3 6 . 2 7 5 8 7 3 4 7 5 1 2 . 0 2 5 6 4 1 0 3 1 7 . 9 2 6
HFL 13 4 3 . 0 0 0 0 0 0 0 0 0 . 4 2 3 6 5 9 2 7 2 . 3 3 3 3 3 3 3 3 3 . 5 5 2



SPECIES=MEXICAHU5 LOCATIOH=HEU BRAUNFELS

VARIABLE H MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 5 A l . 8 5 0 0 0 0 0 0 0 . 5 3 5 2 5 6 9 5 1 . 4 3 2 5 0 0 0 0 2 . 8 6 0
BASL 5 3 0 . 9 0 0 0 0 0 0 0 0 . 6 4 8 6 5 2 4 5 2 . 1 0 3 7 5 0 0 0 3 . 9 3 1
ZYB 5 2 4 . 7 1 0 0 0 0 0 0 0 . 5 5 5 5 1 7 7 8 1 . 5 4 3 0 0 0 0 0 5 . C 2 7
ROSL 5 1 6 . 0 0 0 0 0 0 0 0 0 . 4 0 9 5 7 2 9 5 0 . 8 3 8 7 5 0 0 0 5 . 7 2 4
HASL 5 1 3 . 3 9 0 0 0 0 0 0 0 . 3 7 0 6 0 7 6 1 0 . 6 8 6 7 5 0 0 0 5 . 9 5 6
PMXB 5 9 . 3 3 0 0 0 0 0 0 0 . 2 8 1 3 3 6 1 0 0 . 3 9 5 7 5 0 0 0 6 . 7 4 3
lOB 5 9 . 9 0 0 0 0 0 0 0 0 . 2 5 5 4 4 0 8 0 0 . 3 2 6 2 5 0 0 0 5 . 7 7 0
POB 5 1 3 . 2 2 0 0 0 0 0 0 0 . 1 6 0 1 5 6 1 7 0 . 1 2 8 2 5 0 0 0 2 . 7 0 9
PPL 5 1 4 . 1 9 0 0 0 0 0 0 0 . 1 3 4 5 3 6 2 4 0 . 0 9 0 5 0 0 0 0 2 . 1 2 0
BAT 5 11 . 5 4 0 0 0 0 0 0 0 . 1 7 4 2 1 2 5 1 0 . 1 5 1 7 5 0 0 0 3 . 3 7 6
TRL 5 8 . 2 5 0 0 0 0 0 0 0 . 0 9 0 8 2 9 5 1 0 . 0 4 1 2 5 0 0 0 2 . 4 6 2
BCB 5 1 8 . 5 3 0 0 0 0 0 0 0 . 1 5 9 3 7 3 7 7 0 . 1 2 7 0 0 0 0 0 1 . 9 2 5
BUL 5 9 . 0 6 0 0 0 0 0 0 0 . 0 6 9 6 4 1 9 4 0 . 0 2 4 2 5 0 0 0 1 . 7 1 9
CUB 5 7 . 2 4 0 0 0 0 0 0 0 . 1 9 6 4 6 8 8 3 0 . 1 9 3 0 0 0 0 0 6 . 0 6 8
MOLW 5 2 . 2 5 0 0 0 0 0 0 0 . 0 5 2 4 4 0 4 4 0 . 0 1 3 7 5 0 0 0 5 . 2 1 2
UDL 5 1 3 . 3 1 0 0 0 0 0 0 0 . 3 3 4 4 3 9 5 3 0 . 5 5 9 2 5 0 0 0 5 . 6 1 9
PALW 5 7 . 1 6 0 0 0 0 0 0 0 . 2 5 3 7 7 1 5 5 0 . 3 2 2 0 0 0 0 0 7 . 903
OCD 5 6 . 0 7 0 0 0 0 0 0 0 . 1 6 6 2 8 2 8 9 0 . 1 3 8 2 5 0 0 0 6 . 1 2 6
SXD 5 17 . 2 3 0 0 0 0 0 0 0 . 0 8 6 0 2 3 2 5 0 . 0 3 7 0 0 0 0 0 1 . 1 1 3
MAHL 5 1 7 . 9 7 0 0 0 0 0 0 0 . 2 5 4 7 5 4 7 8 0 . 3 2 4 5 0 0 0 0 3 . 1 7 0
MAHD 5 1 3 . 8 3 0 0 0 0 0 0 0 . 2 3 5 3 7 2 0 5 0 . 2 7 7 0 0 0 0 0 3 . 3 0 6
FEL 0 .
FMW 0 .
FDW 0 .
FPW 0 .
HUL 0 .
HMW 0 .
HPW 0 .
HDW 0 .
RPW 0 .
UPW 0 .
TPW 0 .
FIW 0 .
SCL 0 .
SCW 0 .
PEVL 0
SACW 0
BDYL 5 1 7 4 . 6 0 0 0 0 0 0 0 3 . 8 4 1 8 7 4 5 4 7 3 . 3 0 0 0 0 0 0 0 4 . 9 2 0
TL 5 1 0 9 . 6 0 0 0 0 0 0 0 2 . 9 2 5 7 4 7 7 7 4 2 . 8 0 0 0 0 0 0 0 5 . 9 6 9
HFL 5 4 0 . 2 0 0 0 0 0 0 0 0 . 3 7 4 1 6 5 7 4 0 . 7 0 0 0 0 0 0 0 2 . 0 3 1



SPECIE5=MEXICAHUS LOCATIOH=PECOS

VARIABLE H MEAH STD ERROR 
OF MEAH

VARIAHCE C. V.

GLS 8 4 3 . 8 6 8 7 5 0 0 0 0 . 3 4 1 3 3 8 9 5 0 . 9 3 2 0 9 8 2 1 2 . 2 0 1
BASL 8 3 8 . 7 2 5 0 0 0 0 0 0 . 2 8 8 3 1 4 0 6 0 . 6 6 5 0 0 0 0 0 2 . 1 0 6
ZYB 8 2 6 . 5 5 0 0 0 0 0 0 0 . 2 2 9 5 1 8 1 3 0 . 4 2 1 4 2 6 5 7 2 . 4 4 5
ROSL 8 1 6 . 9 3 7 5 0 0 0 0 0 . 1 8 5 8 2 5 8 6 0 . 2 7 6 2 5 0 0 0 3 . 1 0 3
HASL 8 1 5 . 0 5 6 2 5 0 0 0 0 , 2 1 2 6 4 4 3 8 0 . 3 6 1 7 4 1 0 7 3 . 9 9 5
PDXB 8 9 . 2 3 1 2 5 0 0 0 0 . 1 9 8 4 1 7 2 9 0 . 3 1 4 9 5 5 3 6 6 . 0 7 9
JOB 8 1 0 . 4 5 0 0 0 0 0 0 0 . 1 6 5 0 2 1 6 4 0 . 2 1 7 8 5 7 1 4 4 . 4 6 7
POB 3 1 3 . 0 5 0 0 0 0 0 0 0 . 2 4 2 7 5 2 0 8 0 . 4 7 1 4 2 8 5 7 5 . 2 6 1
PPL 8 1 5 . 2 3 7 5 0 0 0 0 0 . 1 8 3 4 0 7 7 2 0 . 2 6 9 1 0 7 1 4 3 . 4 0 4
BAT 8 1 1 . 8 3 1 2 5 0 0 0 0 . 1 3 2 9 3 9 8 0 0 .  1 4 1 3 8 3 9 3 3 . 1 7 3
TRL 8 8 . 6 2 5 0 0 0 0 0 0 . 1 2 5 0 0 0 0 0 0 . 1 2 5 0 0 0 0 0 4 . 0 9 9
BCB 8 1 9 . 2 3 7 5 0 0 0 0 0 . 2 3 6 3 6 9 4 9 0 . 4 4 6 9 6 4 2 9 3 . 4 6 6
BUL 8 9 . 3 5 6 2 5 0 0 0 0 . 0 7 2 2 3 3 1 9 0 . 0 4 1 7 4 1 0 7 2 . 1 8 4
BUB 8 7 . 6 0 6 2 5 0 0 0 0 . 0 9 4 2 2 4 9 9 0 . 0 7 1 0 2 6 7 9 3 . 5 0 4
MOLW 8 2 . 2 5 6 2 5 0 0 0 0 . 0 3 7 1 2 6 1 1 0 . 0 1 1 0 2 6 7 9 4 . 6 5 4
UDL 8 1 3 . 8 5 6 2 5 0 0 0 0 . 1 5 2 1 9 7 4 5 0 . 1 8 5 3 1 2 5 0 3 . 1 0 7
PALW 8 7 . 2 1 8 7 5 0 0 0 0 . 1 4 6 3 6 5 9 5 0 . 1 7 1 3 8 3 9 3 5 . 7 3 5
OCD 8 6 . 5 1 8 7 5 0 0 0 0 . 1 8 0 7 5 6 7 2 0 . 2 6 1 3 5 3 9 3 7 . 5 4 3
SKD 8 1 8 . 4 7 5 0 0 0 0 0 0 . 1 8 9 6 8 9 6 0 0 . 2 8 7 8 5 7 1 4 2 . 9 0  4
HAUL 8 1 3 . 3 5 6 2 5 0 0 0 0 . 1 7 1 5 0 5 2 8 0 . 2 3 5 3 1 2 5 0 2 . 6 4 3
MAHD 8 1 4 . 1 8 7 5 0 0 0 0 0 . 1 3 1 5 2 6 0 7 0 . 1 3 3 3 9 2 8 6 2 . 6 2 2
FEL 0 •

FMW 0 •

FDW 0
FPW 0 .

HUL 0 •

HMW 0 .

HPW 0 •

HDW 0 .

RPW 0 •

UPW 0 •

TFW 0 •

FIW 0 •

SCL 0 •

SCW 0 .

PEVL 0 .

SACW 0 .

BDYL 8 1 8 5 . 0 0 0 0 0 0 0 0 4 . 0 2 6 6 9 6 6 3 1 2 9 . 7 1 4 2 8 5 7 1 6 . 1 5 6
TL 7 1 2 5 . 1 4 2 3 5 7 1 4 4 . 9  9 2 5 1 1 4 0 1 7 4 . 4 7 6 1 9 C 4 3 1 0 . 5 5 5
HFL 8 4 2 . 5 0 0 0 0 0 0 0 0 . 5 0 0 0 0 0 0 0 2 . 0 0 0 0 0 0 0 0 3 . 3 2 5



SPECIES=MEXICAMUS LOCATIOM=RAHGER

VARIABLE H MEAN STD ERROR 
OF MEAH

VARIAHCE C. V.

GLS 17 4 4 . 1 3 8 2 3 5 2 9 0 . 4 8 7 1 0 4 4 7 4 . 0 3 3 6 0 2 9 4 4 . 5 5 0
BASL 17 3 9 . 1 4 7 0 5 3 3 2 0 . 4 5 7 4 4 2 8 8 4 . 0 3 9 2 0 9 5 6 5 . 1 3 4
ZYB 17 2 6 . 4 4 4 1 1 7 6 5 0 . 2 8 2 7 0 8 3 7 1 . 3 5 3 7 1 3 2 4 4 . 4 0 8
ROSL 17 17 . 3 2 3 5 2 9 4 1 0 . 2 5 9 2 8 0 6 0 1 . 1 4 2 5 4 9 2 6 6 . 1 7 1
HASL 17 1 5 . 1 5 2 9 4 1 1 8 0 . 2 2 1 2 7 1 0 0 0 . 8 3 2 3 3 4 5 6 6 . 0 2 1
PMXB 17 9 . 7 7 6 4 7 0 5 9 0 . 0 9 4 6 2 7 5 3 0 . 1 5 2 2 2 4 2 6 3 . 9 9 1
JOB 17 1 0 . 1 6 4 7 0 5 8 8 0 . 1 9 5 4 3 6 9 2 0 . 6 7 6 1 7 6 4 7 3 . 0 9 0
POB 17 1 2 . 6 9 7 0 5 3 3 2 0 . 1 2 6 3 5 9 0 1 0 . 2 7 3 5 3 4 5 6 4 . 1 1 9
PPL 17 14 . 9 7 3 5 2 9 4 1 0 . 2 2 4 3 0 9 3 0 0 . 8 5 5 3 4 9 2 6 6 . 1 7 7
DAT 17 1 2 . 0 7 0 5 8 3 2 4 0 . 1 1 6 7 9 3 7 8 0 . 2 3 1 8 9 3 3 8 3 . 9 3 9
TRL 17 8 . 6 5 0 0 0 0 0 0 0 . 0 7 0 5 3 0 5 3 0 . 0 8 4 6 3 7 5 0 3 . 3 6 4
BCB 17 1 9 . 1 9 7 0 5 3 8 2 0 . 1 8 7 9 8 3 1 2 0 . 6 0 0 7 7 2 0 6 4 . 0 3 3
BUL 17 9 . 4 0 0 0 0 0 0 0 0 . 1 1 1 3 9 1 6 0 0 . 2 1 0 9 3 7 5 0 4 . 8 5 6
BUB 17 7 . 6 3 2 3 5 2 9 4 0 . 1 1 0 2 2 5 4 7 0 . 2 0 6 5 4 4 1 2 5 . 9 5 5
MOLW 17 2 . 2 4 1 1 7 6 4 7 0 . 0 2 7 1 9 5 9 4 0 . 0 1 2 5 7 3 5 3 5 . 0 0 3
UDL 17 1 4 . 5 3 3 2 3 5 2 9 0 . 2 4 1 1 8 7 6 8 0 . 9 8 3 9 1 5 4 4 6 . 3 1 7
PALW 17 7 . 4 4 7 0 5 8 8 2 0 . 0 6 6 0 7 0 1 6 0 . 0 7 4 2 0 9 5 6 3 . 6 5 3
OCD 17 7 . 3 2 9 4 1 1 7 6 0 . 1 3 6 8 0 0 2 8 0 . 3 1 8 1 4 3 3 3 7 . 6 9 6
SKD 17 1 8 . 3 3 8 2 3 5 2 9 0 . 1 3 9 8 2 1 9 3 0 . 3 3 2 3 5 2 9 4 3 . 1 3 5
MAHL 17 1 8 . 2 5 2 9 4 1 1 8 0 . 2 0 6 5 3 2 5 9 0 . 7 2 5 1 4 7 0 6 4 . 6 6 5
MAHD 17 1 3 . 7 3 2 3 5 2 9 4 0 . 2 0 4 4 5 1 4 3 0 . 7 1 0 6 0 6 6 2 6 . 1 3 9
FEL 17 3 4 . 2 4 4 1 1 7 6 5 0 . 6 8 8 3 0 6 7 8 8 . 0 5 4 0 2 5 7 4 8 . 2 6 7
FMW 17 2 . 4 2 6 4 7 0 5 9 0 . 0 5 9 3 8 9 2 4 0 . 0 6 0 9 7 4 2 6 1 0 . 1 7 6
FDW 17 5 . 9 4 7 0 5 8 8 2 0 . 1 1 4 1 1 9 9 2 0 . 2 2 1 3 9 7 0 6 7 . 9 1 2
FPW 17 7 . 5 0 8 8 2 3 5 3 0 . 1 6 4 3 9 7 0 3 0 . 4 5 9 4 4 8 5 3 9 . 0 2 7
HUL 17 26 . 5 2 3 5 2 9 4 1 0 . 4 7 3 8 3 9 3 7 3 . 8 1 6 9 1 1 7 6 7 . 3 6 6
HMW 17 2 . 5 0 5 8 8 2 3 5 0 . 0 9 0 1 2 6 7 3 0 . 1 3 3 0 8 8 2 4 1 4 . 8 2 9
HPW 17 5 . 2 8 2 3 5 2 9 4 0 . 0 7 2 8 7 9 4 3 0 . 0 9 0 2 9 4 1 2 5 . 6 3 9
HDW 17 6 . 9 9 7 0 5 8 8 2 0 . 0 9 3 5 3 7 6 6 0 . 1 4 8 3 9 7 0 6 5 . 5 1 5
RPW 17 2 . 1 0 5 3 8 2 3 5 0 . 0 2 7 0 7 6 4 0 0 . 0 1 2 4 6 3 2 4 5 . 3 0 1
UPW 17 3 . 1 0 0 0 0 0 0 0 0 . 0 6 4 3 1 1 9 7 0 . 0 7 0 3 1 2 5 0 8 . 5 5 4
TPW 17 5 . 6 0 5 3 8 2 3 5 0 . 0 9 5 9 5 5 1 8 0 .  1 5 6 5 2 5 7 4 7 . 0 5 7
FIW 17 1 . 8 7 0 5 8 8 2 4 0 . 0 4 5 1 8 3 2 1 0 . 0 3 4 7 0 5 8 8 9 . 9 5 9
SCL 17 2 1 . 3 3 5 2 9 4 1 2 0 . 4 6 2 1 6 7 3 0 3 . 6 3 1 1 7 6 4 7 8 . 9 3 2
SCW 17 3 . 6 3 5 2 9 4 1 2 0 . 0 9 5 5 5 9 9 5 0 . 1 5 5 2 3 3 9 7 1 0 . 8 3 5
PEVL 17 1 3 . 0 3 8 2 3 5 2 9 0 . 3 7 9 3 2 6 2 6 2 . 4 4 6 1 0 2 9 4 1 1 . 9 9 6
SACW 17 1 1 . 8 0 2 9 4 1 1 8 0 . 4 2 0  9 4 6 7 3 3 . 0 1 2 3 3 4 5 6 1 4 . 7 0 5
BDYL 16 1 9 2 . 5 6 2 5 0 0 0 0 4 . 5 9 3 8 3 4 6 0 3 3 3 . 3 9 5 3 3 3 3 3 9 . 5 5 3
TL 16 1 1 5 . 0 0 0 0 0 0 0 0 2 . 0 9 9 1 8 8 7 5 6 1 . 6 9 2 3 0 7 6 9 6 . 3 3 0
HFL 16 4 1 . 8 7 5 0 0 0 0 0 0 . 6 1 8 2 9 7 3 9 6 .  1 1 6 6 6 6 6 7 5 . 9 0 6



SPECIE5=MEXICAliUS LOCATIOH=ROSUEL L

VARIABLE N MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 16 6 3 . 8 7 8 1 2 5 0 0 0 . 3 6 2 9 9 6 6 3 1 . 8 8 2 3 2 2 9 2 3 . 1 2 7
BASL 16 3 3 . 3 9 0 6 2 5 0 0 0 . 3 9 2 2 2 1 7 6 2 . 6 6 1 6 0 6 2 5 6 . 0 3 7
ZYB 16 26 . 6 6 5 6 2 5 0 0 0 . 2 7 8 6 3 9 5 1 1 . 2 6 2 2 3 9 5 8 6 . 2 1 1
ROSL 16 1 6 . 9 1 5 6 2 5 0 0 0 . 1 8 3 2 6 1 5 7 0 . 5 3 7 2 3 9 5 8 6 . 3 3 3
NASL 16 1 5 . 3 2 8 1 2 5 0 0 0 . 1 6 6 8 2 1 1 6 0 . 6 3 6 6 5 6 2 5 6 . 3 0 1
PMXB 16 9 . 6 6 0 6 2 5 0 0 0 . 0 3 9 9 3 2 7 0 0 . 1 2 9 6 0 6 2 5 3 . 7 3 1
lOB 16 9 . 7 3 6 3 7 5 0 0 0 . 2 6 6 6 3 2 2 6 0 . 9 7 3 2 3 9 5 8 1 0 . 1 3 6
POB 16 1 3 . 0 6 8 7 5 0 0 0 0 . 1 5 9 2 2 1 7 6 0 . 6 0 5 6 2 5 0 0 6 . 8 7 3
PPL 16 1 6 . 9 9 0 6 2 5 0 0 0 . 1 5 9 1 1 3 3 5 0 . 6 0 5 0 7 2 9 2 6 . 2 6 6
EAT 16 1 1 . 6 1 5 6 2 5 0 0 0 . 1 2 1 1 6 7 3 2 0 . 2 3 6 9 0 6 2 5 6 . 1 7 3
TRL 16 8 . 2 7 8 1 2 5 0 0 0 . 0 9 8 6 2 1 7 9 0 . 1 5 6 9 8 9 5 8 6 . 7 5 6
BCB 16 1 9 . 1 5 3 1 2 5 0 0 0 . 1 5 5 3 6 2 2 6 0 . 6 0 1 1 5 6 2 5 3 . 3 0 7
BUL 16 9 . 1 8 1 2 5 0 0 0 0 . 1 1 9 3 6 2 6 6 0 . 2 2 7 9 5 8 3 3 5 . 2 0 0
SUB 16 7 . 2 8 1 2 5 0 0 0 0 . 0 9 2 0 6 3 2 5 0 . 1 3 5 6 2 5 0 0 5 . 0 5 3
MOLW 16 2 . 1 3 1 2 5 0 0 0 0 . 0 3 7 6 0 6 0 2 0 . 0 2 2 6 2 5 0 0 7 . 0 5 5
UDL 16 1 6 . 1 5 0 0 0 0 0 0 0 . 2 2 6 1 5 6 6 5 0 . 3 1 8 3 3 3 3 3 6 . 3 9 3
PALW 16 6 . 8 3 1 2 5 0 0 0 0 . 1 0 0 6 1 0 1 2 0 . 1 6 1 9 5 8 3 3 5 . 8 9 1
OCD 16 6 . 9 5 0 0 0 0 0 0 0 . 1 5 7 1 8 3 3 5 0 . 3 9 5 3 3 3 3 5 9 . 0 6  7
SKD 16 1 8 . 5 3 1 2 5 0 0 0 0 . 1 2 1 6 3 8 8 6 0 . 2 3 5 9 5 8 3 3 2 . 6 1 6
MANL 16 1 8 . 2 8 7 5 0 0 0 0 0 . 1 7 7 2 1 8 0 9 0 . 5 0 2 5 0 0 0 0 3 . 8 7 6
MAND 16 1 6 . 1 2 8 1 2 5 0 0 0 . 1 8 6 5 5 3 5 2 0 . 5 6 6 9 3 9 5 8 5 . 2 2 5
FEL 16 3 3 . 8 8 6 3 7 5 0 0 0 , 6 7 0 6 5 3 7 7 3 . 5 6 6 2 3 9 5 8 5 . 5 5 6
FMW 16 2 . 6 5 9 3 7 5 0 0 0 . 0 5 3 6 6 1 5 1 0 . 0 6 6 0 7 2 9 2 8 . 7 2 8
FDW 16 5 . 6 5 0 0 0 0 0 0 0 . 0 9 8 8 6 7 5 3 0 . 1 5 6 3 3 3 3 3 6 . 9 9 5
FPU 16 7 . 2 6 6 8 7 5 0 0 0 . 1 3 1 3 7 6 6 3 0 . 2 7 6 1 5 6 2 5 7 . 2 5 1
HUL 16 2 6 . 8 3 7 5 0 0 0 0 0 . 3 8 6 2 8 8 6 3 2 . 3 8 7 5 0 0 0 0 5 . 7 5 7
HMW 16 2 . 8 1 5 6 2 5 0 0 0 . 0 6 6 5 7 ( 5 7 0 . 0 7 0 9 0 6 2 5 9 . 6 5 7
HPW 16 5 . 0 7 5 0 0 0 0 0 0 . 0 8 2 5 3 1 3 7 0 . 1 0 9 0 0 0 0 0 6 . 5 0 5
HDW 16 6 . 8 6 0 6 2 5 0 0 0 . 1 1 1 1 6 ( 8 0 0 . 1 9 7 7 3 9 5 8 6 . 5 0 1
RPW 16 2 . 0 5 9 3 7 5 0 0 0 . 06163C 01 0 . 0 2 7 7 3 9 5 8 8 . 0 8 8
UPW 16 3 . 0 9 0 6 2 5 0 0 0 . 0 5 3 6 6 1 5 1 0 . 0 6 6 0 7 2 9 2 6 . 9 6 5
TPW 16 5 . 1 6 8 7 5 0 0 0 0 . 0 3 1 1 2 1 6 9 0 . 1 0 5 2 9 1 6 7 6 . 2 7 8
FIU 15 1 . 8 1 3 3 3 3 3 3 0 . 0 5 1 0 5 2 6 2 0 . 0 3 9 0 9 5 2 6 1 0 . 9 0 6
SCL 16 2 1 . 6 3 1 2 5 0 0 0 0 . 6 6 5 5 7 7 2 2 3 . 1 7 6 6 2 5 0 0 8 . 3 1 6
SCW 16 3 . 8 6 3 7 5 0 0 0 0 . 0 6 9 5 5 5 3 1 0 . 0 3 9 2 9 1 6 7 5 . 1 5 7
PEVL 16 1 3 . 6 6 0 6 2 5 0 0 0 . 3 0 7 6 5 3 0 6 1 . 5 1 6 6 0 6 2 5 9 . 1 5 6
SACW 16 1 1 . 3 3 1 2 5 0 0 0 0 . 2 6 1 6 3 1 1 6 1 . 0 9 3 9 5 3 3 3 9 . 2 3 0
BDYL 15 186 . 6 0 0 0 0 0 0 0 2 . 9 6 3 6 6 5 9 2 1 3 0 . 6 0 0 0 0 0 0 0 6 . 1 9 3
TL 16 1 1 5 . 0 7 1 6 2 8 5 7 2 . 8 7 1 7 3 6 7 2 1 1 5 . 6 5 6 0 6 3 9 6 9 . 3 3 3
HFL 15 6 0 . 5 3 3 3 3 3 3 3 0 . 6 7 5 1 8 3 6 9 6 . 8 3 3 0 9 5 2 6 6 . 6 5 1



SPECIE5=MEXICAHUS LOCATION=SEYMOUR

VARIABLE N MEAN STD ERROR 
OF MEAH

VARIAHCE C. V.

GLS 19 4 2 . 9 0 7 8 9 4 7 4 0 . 4 0 7 8 4 0 9 7 3 .  1 6 0 3 5 0 8 8 4 . 1 4  5
BASL 19 3 7 . 7 8 4 2 1 0 5 3 0 . 3 7 0 6 7 2 9 4 2 . 6 1 0 5 7 0 1 8 4 . 2 7 6
ZYB 19 2 5 . 7 1 3 1 5 7 8 9 0 . 2 5 7 3 4 3 6 6 1 . 2 5 8 2 0 9 4 7 4 . 3 6 2
ROSL 19 1 6 . 8 2 3 6 8 4 2 1 0 .  1 7 8 3 6 7 8 0 0 . 6 0 7 8 8 0 1 2 4 . 6 3 4
HASL 19 1 4 . 7 7 6 3 1 5 7 9 0 . 1 9 3 1 3 3 9 1 0 . 7 0 3 7 1 3 4 5 5 . 6 9 7
PMXB 19 10 . 5 5 2 6 3 1 5 8 0 . 1 3 3 4 1 4 1 0 0 . 3 3 3 1 8 7 1 3 5 . 5 1 1
lOB 19 1 0 . 0 1 0 5 2 6 3 2 0 . 1 1 7 0 7 8 1 6 0 . 2 6 0 4 3 8 6 0 5 . 0 9 3
POB 19 1 2 . 1 8 1 5 7 8 9 5 0 . 0 7 6 7 7 3 1 9 0 . 1 1 2 0 0 2 9 2 2 . 7 4 7
PPL 19 1 4 . 7 6 3 1 5 7 8 9 0 . 1 8 6 9 5 9 4 4 0 . 6 6 4 1 2 2 3 1 5 . 5 2 0
BAT 19 1 1 . 6 3 6 8 4 2 1 1 0 . 1 0 2 0 1 4 9 4 0 . 1 9 7 7 3 3 9 2 3 . 8 2 1
TRL 19 8 . 2 3 4 2 1 0 5 3 0 . 0 3 4 6 4 3 4 4 0 . 1 3 6 1 2 5 7 3 4 . 4 8 1
BCB 19 1 8 . 8 0 0 0 0 0 0 0 0 . 1 5 3 5 1 6 2 9 0 . 4 4 7 7 7 7 7 8 3 . 5 5 9
BUL 19 9 . 1 0 0 0 0 0 0 0 0 . 0 9 4 7 4 4 9 6 0 . 1 7 0 5 5 5 5 6 4 . 5 3 8
BUB 19 7 . 5 6 5 7 8 9 4 7 0 . 0 8 2 5 4 4 7 5 0 . 1 2 9 4 5 9 0 6 4 . 7 5 6
MOLW 19 2 . 0 3 6 3 4 2 1 1 0 . 0 3 6 0 3 9 7 2 0 . 0 2 4 6 7 8 3 6 7 . 5 2 3
UDL 19 1 3 . 7 7 6 3 1 5 7 9 0 . 1 3 2 3 0 3 4 3 0 . 6 3 1 4 9 1 2 3 5 . 7 6 3
PALW 19 7 . 0 4 7 3 6 8 4 2 0 . 0 8 7 7 3 2 4 6 0 . 1 4 6 2 4 2 6 9 5 . 4 2 6
OCD 19 6 . 6 1 8 4 2 1 0 5 0 . 1 1 0 8 3 2 2 1 0 . 2 3 3 3 9 1 8 1 7 . 2 9 9
SKD 19 1 7 . 7 4 7 3 6 3 4 2 0 . 1 7 9 0 7 6 3 2 0 . 6 0 9 2 9 8 2 5 4 . 3 9 3
MAHL 19 1 7 . 7 9 2 1 0 5 2 6 0 . 1 5 3 5 8 7 6 6 0 . 4 7 7 0 5 0 8 8 3 . 8 3 5
MAHD 19 1 3 . 7 8 4 2 1 0 5 3 0 . 1 7 9 7 5 1 8 0 0 . 6 1 3 9 0 3 5 1 5 . 6 8 4
FEL 19 3 2 . 7 8 1 5 7 8 9 5 0 . 3 9 2 3 2 7 9 3 2 .  9 2 4 5 0 2 9 2 5 . 2 1 7
FMW 19 2 . 3 9 4 7 3 6 8 4 0 . 0 4 2 2 1 4 7 7 0 . 0 3 3 5 5 9 6 5 7 . 6 8 4
FDW 19 5 . 3 8 9 4 7 3 6 3 0 . 0 8 0 1 6 6 0 3 0 .  1 2 2 1 0 5 2 6 6 . 4 8 4
FPW 19 7 . 0 1 5 7 8 9 4 7 0 . 0 9 0 7 2 9 0 7 0 . 1 5 6 4 0 3 5 1 5 . 6 3 7
HUL 19 2 5 . 6 6 8 4 2 1 0 5 0 . 2 6 3 4 2 1 0 5 1 . 3 6 8 9 4 7 3 7 4 . 5 5 8
HMW 19 2 . 8 1 0 5 2 6 3 2 0 . 0 7 6 9 0 8 3 7 0 . 1 1 2 3 3 3 0 4 1 1 . 9 2 3
HPW 19 5 . 0 2 8 9 4 7 3 7 0 . 0 5 9 6 4 2 6 7 0 . 0 6 7 5 8 7 7 2 5 . 1 7 0
HDW 19 6 . 7 3 1 5 7 8 9 5 0 . 0 8 6 5 3 5 3 8 0 . 1 4 2 2 8 0 7 0 5 . 6 0 3
RPW 19 2 . 0 2 6 3 1 5 7 9 0 . 0 3 5 7 3 9 5 6 0 . 0 2 4 2 6 9 0 1 7 . 6 8  5
UPW 19 2 . 9 6 0 5 2 6 3 2 0 . 0 5 8 5 6 2 0 8 0 . 0 6 5 1 6 0 3 2 3 . 6 2 2
TPW 19 5 . 0 3 4 2 1 0 5 3 0 . 0 8 6 5 2 2 5 4 0 .  1 4 2 2 3 6 8 4 7 . 4 9 2
FIW 19 1 . 8 0 0 0 0 0 0 0 0 . 0 3 7 2 6 7 8 0 0 . 0 2 6 3 3 3 3 9 9 . 0 2 5
SCL 19 2 1 . 4 7 1 0 5 2 6 3 0 . 3 5 9 6 4 8 0 5 2 . 4 5 7 5 3 7 7 2 7 . 3 0 1
SCW 19 3 . 6 3 4 2 1 0 5 3 0 . 0 4 8 6 7 4 3 3 0 . 0 4 5 0 1 4 6 2 5 . 5 3 3
PEVL 19 1 3 . 2 2 3 6 8 4 2 1 0 . 1 3 0 0 0 3 4 6 0 . 6 1 5 6 5 7 3 9 5 .  934
SACW 19 1 1 . 1 7 3 6 3 4 2 1 0 .  1 7 1 7 3 7 2 7 0 . 5 6 0 3 8 0 1 2 6 . 7 0 0
BDYL 19 1 3 3 . 5 2 6 3 1 5 7 9 1 . 9 9 1 7 4 9 6 8 7 5 . 3 7 4 2 6 9 0 1 4 . 7 3 1
TL 17 1 1 1 . 7 0 5 8 8 2 3 5 2 . 3 1 8 0 3 1 4 7 91 . 3 4 5 5 8 5 2 4 3 . 5 5 6
HFL 19 3 9 . 2 1 0 5 2 6 3 2 0 . 5 7 0 1 0 7 9 6 6 . 1 7 5 4 3 8 6 0 6 . 3 3 8



SPECIES=MEXICAHUS LOCATIOH=SHEFFIELD

VARIABLE H MEAH STD ERROR 
OF MEAH

VARIAHCE C . V.

GLS 16 6 1 . 7 3 7 5 0 0 0 0 0 . 3 2 7 8 2 6 2 7 1 . 7 1 9 5 0 0 0 0 3 . 1 6 2
BASL 16 3 6 . 9 0 0 0 0 0 0 0 0 . 3 6 6 1 0 9 3 3 1 . 9 1 6 6 6 6 6 7 3 . 7 5 2
ZYB 16 2 6 . 7 2 1 8 7 5 0 0 0 . 2 6 7 3 1 5 7 0 1 . 1 6 3 3 2 2 9 2 6 . 3 2 5
ROSL 16 1 5 . 6 9 0 6 2 5 0 0 0 . 2 5 7 1 5 6 6 8 1 . 0 5 3 0 7 2 9 2 6 . 5 5 6
HASL 16 1 3 . 7 3 6 3 7 5 0 0 0 . 2 7 1 6 6 3 6 2 1 . 1 7 3 9 0 6 2 5 7 . 9 0 6
PMXB 16 8 . 8 2 5 0 0 0 0 0 0 . 0 9 2 8 7 0 8 0 0 . 1 3 8 0 0 0 0 0 6 . 2 0 9
lOB 16 9 . 2 2 5 0 0 0 0 0 0 . 1 6 3 7 6 6 7 5 0 . 3 5 6 0 0 0 0 0 6 . 6 5 0
POB 16 1 3 . 0 7 5 0 0 0 0 0 0 .  1 1 8 5 8 5 6 1 0 . 2 2 5 0 0 0 0 0 3 . 6 2 8
PPL 16 1 6 . 3 9 3 7 5 0 0 0 0 . 1 2 6 6 8 8 5 6 0 . 2 6 7 9 5 8 3 3 3 . 6 6 0
BAT 16 1 1 . 3 3 6 3 7 5 0 0 0 . 1 0 2 8 6 6 8 5 0 . 1 6 9 2 3 9 5 8 3 . 6 1 6
TRL 16 8 . 3 2 5 0 0 0 0 0 0 . 0 3 1 9 0 6 6 2 0 . 1 0 7 3 3 3 3 3 3 . 9 3 5
BCB 16 1 8 . 8 3 1 2 5 0 0 0 0 . 1 0 7 0 3 1 6 6 0 . 1 8 3 2 9 1 6 7 2 . 2 7 3
BUL 16 9 . 2 7 1 8 7 5 0 0 0 .  0 9 3 3 7 1 6 5 0 . 1 6 0 9 8 9 5 8 6 . 0 5 0
BUB 16 7 . 3 5 6 2 5 0 0 0 0 . 0 6 6 6 5 8 5 5 0 . 0 3 1 6 2 5 0 0 2 . 6 1 7
MOLW 16 2 . 1 1 2 5 0 0 0 0 0 . 0 3 6 3 0 8 6 5 0 . 0 1 8 3 3 3 3 3 6 . 6 9 6
UDL 16 1 3 . 1 5 9 3 7 5 0 0 0 . 1 9 3 8 6 2 3 2 0 . 6 3 2 7 3 9 5 8 6 . 0 6 5
PALW 16 7 . 1 7 8 1 2 5 0 0 0 . 0 9 7 3 5 7 6 7 0 . 1 5 1 6 5 6 2 5 5 . 6 2 5
OCD 16 6 . 5 1 5 6 2 5 0 0 0 . 1 1 8 2 9 6 3 3 0 . 2 2 3 9 0 6 2 5 7 . 2 6 2
SKD 16 1 7 . 9 0 9 3 7 5 0 0 0 .  1 0 7 0 6 6 3 9 0 . 1 8 3 6 0 6 2 5 2 . 3 9 1
MAHL 16 1 7 . 6 0 6 2 5 0 0 0 0 . 1 5 6 9 1 5 2 5 0 . 3 9 3 9 5 3 3 3 3 . 5 6 5
MAHD 16 1 3 . 3 5 0 0 0 0 0 0 0 . 1 7 8 6 5 2 3 6 0 . 5 1 0 6 6 6 6 7 5 . 3 5 3
FEL 0 .
FMW 0 •
FDW 0 • •
FPW 0 •
HUL 0 «
HMW 0 *
HPW 0 •
HDW 0 •

RPW 0 .
UPW 0 •
TPW 0
FIW 0 «
SCL 0 •
SCW 0 .
PEVL 0 •
SACW 0 .
BDYL 16 1 7 0 . 8 1 2 5 0 0 0 0 3 . 3 5 6 3 7 3 7 0 180 . 0 2 9 1 6 6 6 7 7 . 8 5 5
TL 16 1 2 3 . 0 6 2 5 0 0 0 0 2 . 1 5 9 2 2 1 9 9 7 6 . 5 9 5 3 3 3 3 3 7 . 0 1 3
HFL 16 6 0 . 8 7 5 0 0 0 0 0 0 . 3 1 6 5 7 6 6 3 1 . 5 8 3 3 3 3 3 3 3 . 0 7 3



VARIABLE N

SPECIES=MEX1CAHUS

MEAN

LOCATION:  

STD ERROR

SNYDER

VARIANCE C. V.

GLS 17 4 4 . 8 7 3 5 2 9 4 1

OF MEAN 

0 . 4 2 1 2 8 8 2 4 3 . 0 1 7 2 2 4 2 6 3 . 8 7 1
BASL 17 4 0 . 0 0 2 9 4 1 1 8 0 . 4 5 5 5 7 1 5 3 3 . 5 2 3 2 7 2 0 6 4 . 6 9 6
ZYB 17 2 7 . 3 5 8 8 2 3 5 3 0 . 2 6 6 2 4 5 5 2 1 . 2 0 5 0 7 3 5 3 4 . 0 1 2
ROSL 17 1 7 . 2 1 7 6 4 7 0 6 0 . 2 0 2 7 3 5 9 4 0 . 6 9 8 7 3 1 6 2 4 . 8 5 5
HASL 17 1 5 . 0 3 8 2 3 5 2 9 0 . 1 3 8 1 3 7 6 1 0 . 6 0 1 7 2 7 9 4 5 . 1 5 8
PMXB 17 9 . 9 5 0 0 0 0 0 0 0 . 1 0 7 5 2 9 0 7 0 . 1 9 6 5 6 2 5 0 4 . 4 5 6
l üB 17 1 0 . 4 6 7 6 4 7 0 6 0 . 2 1 2 3 4 6 0 2 0 . 7 6 6 5 4 4 1 2 8 . 3 6 4
POB 17 1 2 . 7 3 8 2 3 5 2 9 0 . 1 3 3 4 3 7 8 3 0 . 5 7 2 0 4 0 4 4 5 . 9 3 8
PPL 17 1 5 . 3 4 7 0 5 3 8 2 0 . 1 7 3 1 2 3 9 0 0 . 5 0 9 5 2 2 0 6 4 . 6 5 1
BAT 17 1 2 . 2 1 7 6 4 7 0 6 0 . 0 8 3 0 6 9 7 0 0 . 1 3 1 8 5 6 6 2 2 . 9 7 2
TRL 17 8 . 6 6 1 7 6 4 7 1 0 . 0 9 2 7 0 5 4 0 0 . 1 4 6 1 0 2 9 4 4 . 4 1 3
BCB 17 1 9 . 3 7 0 5 8 8 2 4 0 . 1 8 5 2 5 9 1 0 0 . 5 8 3 4 5 5 8 8 3 . 9 4 3
BUL 17 9 . 5 2 0 5 8 8 2 4 0 . 1 0 8 7 2 4 1 2 0 . 2 0 0 9 5 5 8 8 4 . 7 0 9
BUB 17 7 . 6 8 5 2 9 4 1 2 0 . 1 0 1 4 3 8 6 1 0 .  1 7 4 9 2 6 4 7 5 . 4 4 2
MOLU 17 2 . 2 7 9 4 1 1 7 6 0 . 0 3 4 0 4 6 5 3 0 . 0 1 9 7 0 5 3 8 6 . 1 5 9
UDL 17 1 4 . 9 6 4 7 0 5 8 8 0 . 2 6 6 0 9 1 1 5 1 . 2 0 3 6 7 6 4 7 7 . 3 3 1
PALU 17 7 . 3 3 5 2 9 4 1 2 0 . 0 3 4 7 5 3 6 1 0 . 1 2 2 1 1 3 9 7 4 . 7 6 4
OCD 17 7 . 2 1 1 7 6 4 7 1 0 . 1 1 2 5 0 2 4 0 0 . 2 1 5 1 6 5 4 4 6 . 4  32
SKD 17 1 8 . 5 5 8 8 2 3 5 3 0 . 1 9 5 0 3 1 8 3 0 . 6 4 6 6 3 6 0 3 4 . 3 3 5
MAHL 17 1 8 . 7 6 4 7 0 5 3 3 0 . 1 7 0 5 1 8 4 9 0 . 4 9 4 3 0 1 4 7 3 . 7 4 7
MAHD 17 1 4 . 2 8 2 3 5 2 9 4 0 . 1 8 6 2 9 2 2 5 0 . 5 3 9 9 8 1 6 2 5 . 3 7 8
FEL 16 3 4 . 9 3 7 5 0 0 0 0 0 . 3 9 6 4 8 1 9 2 2 . 5 1 5 1 6 6 6 7 4 . 5 3 9
FMU 16 2 . 4 7 8 1 2 5 0 0 0 . 0 5 2 0 3 5 3 9 0 . 0 4 3 3 2 2 9 2 8 . 3 9 9
F DU 16 5 . 9 9 6 8 7 5 0 0 0 . 1 0 2 0 0 7 8 4 0 . 1 6 6 4 8 9 5 3 6 . 8 0 4
FPU 16 7 . 6 4 0 6 2 5 0 0 0 . 1 3 5 3 0 1 5 4 0 . 2 9 5 0 7 2 9 2 7 . 1 0 9
HUL 17 2 7 . 9 0 5 8 8 2 3 5 0 . 3 1 2 3 9 3 5 8 1 . 6 5 9 0 2 5 7 4 4 . 6 1 6
HMU 17 2 . 6 9 4 1 1 7 6 5 0 . 0 8 9 6 1 5 4 3 0 . 1 3 6 5 2 5 7 4 1 3 . 7 1 5
HPU 17 5 . 3 5 2 9 4 1 1 3 0 . 0 6 9 9 3 8 2 6 0 . 0 8 3 2 7 2 0 6 5 . 3 9 1
HDU 17 7 . 0 8 2 3 5 2 9 4 0 . 0 3 8 1 7 4 0 0 0 .  1 3 2 1 6 9 1 2 5 . 1 3 3
RPU 17 2 . 1 6 4 7 0 5 3 8 0 . 0 3 1 1 4 3 8 5 0 . 0 1 6 4 3 8 9 7 5 . 9 3 2
UPU 17 3 . 2 0 2 9 4 1 1 8 0 . 0 4 6 0 7 1 9 1 0 . 0 3 6 0 3 4 5 6 5 . 9 3 1
TPU 17 5 . 6 0 2 9 4 1 1 8 0 . 0 8 5 9 0 6 7 8 0 . 1 2 5 4 5 9 5 6 6 . 3 2 2
FIU 17 1 . 9 0 8 8 2 3 5 3 0 . 0 3 3 2 7 5 6 1 0 . 0 1 8 8 2 3 5 3 7 . 1 8 8
SCL 17 2 2 . 2 7 6 4 7 0 5 9 0 . 3 9 3 6 0 9 7 5 2 . 6 3 3 7 8 6 7 6 7 . 2 8 5
SCU 17 3 . 8 1 1 7 6 4 7 1 0 . 0 7 0 2 5 8 1 1 0 . 0 8 3 9 1 5 4 4 7 . 6 0 0
PEVL 17 1 3 . 9 3 8 2 3 5 2 9 0 . 2 1 0 2 3 3 8 3 0 . 7 5 1 7 2 7 9 4 6 . 2 2 0
SACU 17 1 1 . 8 7 3 5 2 9 4 1 0 . 2 6 9 3 6 4 6 4 1 . 2 3 3 4 7 4 2 6 9 . 3 5 4
BDYL 16 1 9 1 . 1 8 7 5 0 0 0 0 3 . 1 7 8 3 3 6 5 0 1 6 1 . 6 2 9 1 6 6 6 7 6 . 6 5 0
TL 16 1 1 4 . 1 8 7 5 0 0 0 0 2 . 7 8 3 6 9 5 5 6 1 2 4 . 4 2 9 1 6 6 6 7 9 . 7 6 9
HFL 16 4 1 . 7 5 0 0 0 0 0 0 0 . 4 2 3 2 3 0 3 4 2 . 8 6 6 6 6 6 6 7 4 . 0 5 5



SPECIES=TRIDECEMLIHEATUS LOCATIOH=DEHTOH

VARIABLE H MEAH STD ERROR 
OF MEAH

VARIANCE C. V.

GLS 16 6 0 . 1 7 5 0 0 0 0 0 0 . 2 6 8 2 6 3 8 3 0 . 9 8 6 0 0 0 0 0 2 . 6 7 2
BASL 16 3 6 , 7 0 0 0 0 0 0 0 0 . 2 3 1 9 7 5 2 1 0 . 8 6 1 0 0 0 0 0 2 . 6 7 6
ZYB 16 2 3 . 1 5 9 3 7 5 0 0 0 . 2 0 8 6 2 7 6 0 0 . 6 9 6 6 0 6 2 5 3 . 6 0 3
ROSL 16 1 5 . 5 9 6 8 7 5 0 0 0 . 1 6 1 0 3 1 5 5 0 . 6 1 5 1 5 6 2 5 6 . 1 3 1
HASL 16 1 3 . 6 7 1 8 7 5 0 0 0 . 1 6 1 8 2 3 5 1 0 . 6 1 8 9 3 9 5 8 6 . 8 0 5
PMXB 16 9 . 2 7 5 0 0 0 0 0 0 . 0 9 0 8 2 9 5 1 0 . 1 3 2 0 0 0 0 0 3 . 9 1 7
lOB 16 8 . 8 1 2 5 0 0 0 0 0 . 1 2 6 6 1 6 5 7 0 . 2 5 6 5 0 0 0 0 5 . 7 6 7
FOB 16 1 2 . 5 7 8 1 2 5 0 0 0 . 1 1 6 6 5 2 6 6 0 . 2 1 0 3 2 2 9 2 3 . 6 6 6
PPL 16 1 3 . 1 8 6 3 7 5 0 0 0 . 1 5 5 1 0 2 0 3 0 . 3 8 6 9 0 6 2 5 6 . 7 0 6
BAT 16 1 0 . 9 0 0 0 0 0 0 0 0 . 0 6 3 7 3 7 7 6 0 . 0 6 5 0 0 0 0 0 2 . 3 3 9
TRL 16 7 . 7 1 8 7 5 0 0 0 0 . 0 6 5 9 6 6 3 7 0 . 0 6 9 6 2 5 0 0 3 . 6 1 9
BCB 16 1 7 . 6 1 2 5 0 0 0 0 0 . 1 0 8 6 3 7 3 9 0 . 1 8 3 3 3 3 3 3 2 . 6 9 6
BUL 16 8 . 5 2 5 0 0 0 0 0 0 . 0 8 1 5 2 1 9 8 0 . 1 0 6 3 3 3 3 3 3 . 8 2 5
BUB 16 6 . 9 2 8 1 2 5 0 0 0 . 0 6 2 9 1 0 1 1 0 . 0 6 3 3 2 2 9 2 3 . 6 3 2
MOLW 16 1 . 9 2 1 8 7 5 0 0 0 . 0 2 6 5 6 6 5 6 0 . 0 0 9 6 5 6 2 5 5 . 1 1 3
UDL 16 1 2 . 8 5 6 2 5 0 0 0 0 . 1 0 6 2 7 0 7 8 0 . 1 7 3 9 5 8 3 3 3 . 2 6 6
PALW 16 6 . 6 8 6 3 7 5 0 0 0 . 0 8 5 8 6 3 7 0 0 . 1 1 7 9 0 6 2 5 5 . 1 3 7
OCD 16 6 . 0 7 5 0 0 0 0 0 0 . 1 2 3 0 6 8 6 1 0 . 2 6 2 3 3 3 3 3 8 . 1 0 3
SKD 16 1 7 . 0 5 9 3 7 5 0 0 0 . 0 9 6 5 2 6 9 1 0 . 1 6 9 0 7 2 9 2 2 . 2 5 3
MAHL 16 1 6 . 6 5 9 3 7 5 0 0 0 . 1 0 1 3 6 7 6 0 0 .  1 6 6 6 0 6 2 5 2 . 6 3 6
MAHD 16 1 2 . 5 7 1 8 7 5 0 0 0 . 1 5 5 3 8 7 2 0 0 . 3 8 6 3 2 2 9 2 6 . 9 6 6
FEL 0 .
FMW 0 .
FDW 0 .
FPW 0 .
HUL 0 • .
HMW 0 . .
HPW 0 • .
HDW 0 .
RPW 0 .
UPW 0 .
TPW 0 .
FIW 0 .
SCL 0 .
SCW 0 .
PEVL 0 .
SACW 0
BDYL 16 1 6 5 . 6 2 5 0 0 0 0 0 1 . 9 1 2 6 0 6 6 8 5 8 . 5 1 6 6 6 6 6 7 6 . 6 1 9
TL 16 8 2 . 8 7 5 0 0 0 0 0 1 . 8 8 1 6 5 6 8 6 56 . 6 5 0 0 0 0 0 0 9 . 0 3 2
HFL 16 3 6 . 0 6 2 5 0 0 0 0 0 . 6 6 2 2 3 6 2 7 3 . 1 2 9 1 6 6 6 7 5 . 1 9 3



SPECIES=TRIDECEMLIMEATUS LOCATION=GRUVER

VARIABLE H MEAH STD ERROR 
OF MEAH

VARIAHCE C. V.

GLS 8 3 8 . 4 9 3 7 5 0 0 0 0 . 2 5 3 2 7 1 0 1 0 . 5 1 3 1 6 9 6 4 1 . 8 6 1
BASL 8 3 3 . 6 1 2 5 0 0 0 0 0 . 2 8 4 6 9 1 2 5 0 . 6 4 8 3 9 2 8 6 2 . 3 9 6
ZYB 8 2 2 . 8 2 5 0 0 0 0 0 0 . 2 5 9 9 7 9 3 9 0 . 5 4 0 7 1 4 2 9 3 . 2 2 2
ROSL 8 1 5 . 0 1 8 7 5 0 0 0 0 . 1 5 8 6 5 9 9 9 0 . 2 0 1 3 3 3 9 3 2 . 9 8 8
HASL 8 1 2 . 9 3 7 5 0 0 0 0 0 . 1 8 7 2 6 1 7 5 0 . 2 8 0 5 3 5 7 1 4 . 0 9 4
PMXB 8 8 . 6 0 6 2 5 0 0 0 0 . 1 0 3 3 3 0 4 7 0 . 0 9 3 8 8 3 9 3 3 . 5 6 0
lOB 8 8 . 0 6 8 7 5 0 0 0 0 . 1 7 2 4 1 3 9 3 0 . 2 3 7 8 1 2 5 0 6 . 0 4 4
POB 8 1 1 . 7 3 1 2 5 0 0 0 0 . 3 4 2 2 5 3 2 3 0 . 9 3 7 0 9 8 2 1 8 . 2 5 2
PPL 8 1 3 . 0 6 2 5 0 0 0 0 0 . 1 9 3 3 2 4 6 7 0 . 3 1 6 2 5 0 0 0 4 . 3 0 5
BAT 8 1 0 . 4 5 6 2 5 0 0 0 0 . 0 7 3 4 5 8 8 7 0 . 0 4 3 1 6 9 6 4 1 . 9 8 7
TRL 8 7 . 3 3 7 5 0 0 0 0 0 . 0 8 0 5 9 4 8 9 0 . 0 5 1 9 6 4 2 9 3 . 0 8 6
BCB 8 1 7 . 1 1 8 7 5 0 0 0 0 . 1 6 9 5 4 1 7 9 0 . 2 2 9 9 5 5 3 6 2 . 8 0 1
BUL 8 8 . 2 6 2 5 0 0 0 0 0 . 1 8 2 6 7 6 0 4 0 . 2 6 6 9 6 4 2 9 6 . 2 5 3
BUB 8 6 . 8 0 6 2 5 0 0 0 0 . 1 2 0 7 9 9 9 7 0 . 1 1 6 7 4 1 0 7 5 . 0 2 0
MOLU 8 1 . 9 3 1 2 5 0 0 0 0 . 0 3 3 9 8 7 2 6 0 . 0 0 9 2 4 1 0 7 4 . 9 7 8
UDL 8 1 2 . 4 6 2 5 0 0 0 0 0 . 1 7 9 7 1 9 5 2 0 . 2 5 8 3 9 2 8 6 4 . 0 7 9
PALW 8 6 . 2 3 7 5 0 0 0 0 0 . 1 4 6 0 0 3 3 0 0 . 1 7 0 3 3 5 7 1 6 . 5 6 8
OCD 8 5 . 4 2 5 0 0 0 0 0 0 . 1 2 2 1 0 9 4 4 0 . 1 1 9 2 8 5 7 1 6 . 3 6 6
SKD 8 1 6 . 5 6 8 7 5 0 0 0 0 . 1 7 1 1 1 4 3 9 0 . 2 3 4 2 4 1 0 7 2 . 9 2 1
MAHL 8 1 5 . 9 9 3 7 5 0 0 0 0 . 0 8 8 3 5 6 7 7 0 . 0 6 2 4 5 5 3 6 1 . 5 6 3
MAHD 7 1 2 . 1 9 2 8 5 7 1 4 0 . 1 5 0 1 9 7 8 3 0 . 1 3 3 6 9 0 4 8 2 . 9 9 9
FEL 0 .
FMU 0 .
F DU 0 . .
FPU 0 . .
HUL 0 .
HMU 0 .
HPW 0 .
HDU 0 .
RPW 0 .
UPW 0 .
TPU 0 .
FIW 0 .
SCL 0 .
SCU 0 . .
PEVL 0 . .
SACU 0 . .
BDYL 8 1 5 5 . 1 2 5 0 0 0 0 0 2 . 0 3 1 1 3 7 9 1 6 4 . 1 2 5 0 0 0 0 0 5 . 1 6 2
TL 7 8 6 . 4 2 8 5 7 1 4 3 2 . 3 8 9 0 3 3 9 0 3 9 . 9 5 2 3 3 0 9 5 7 . 3 1 3
HFL 8 3 2 . 2 5 0 0 0 0 0 0 0 . 3 1 3 3 9 1 5 9 0 . 7 8 5 7 1 4 2 9 2 . 7 4 9



SPECIES=TRIDECEHLINEATU5 LOCATIOH=HILLSBORO

VARIABLE N MEAH STD ERROR 
OF MEAH

VARIAHCE C . V.

GLS 16 4 0 . 0 1 5 6 2 5 0 0 0 . 3 3 3 0 6 1 8 4 1 . 8 2 8 5 7 2 9 2 3 . 3 7  9
BASL 16 3 5 . 0 3 4 3 7 5 0 0 0 . 4 1 6 3 5 1 1 3 2 . 7 7 3 5 7 2 9 2 4 . 7 5 4
ZYB 16 2 3 . 1 9 3 7 5 0 0 0 0 . 2 5 1 2 8 3 1 7 1 . 0 1 0 2 9 1 6 7 4 . 3 3 4
ROSL 16 1 5 . 5 0 0 0 0 0 0 0 0 . 1 9 0 5 5 8 3 9 0 . 5 8 1 0 0 0 0 0 4 . 9 1 3
HASL 16 1 3 . 4 6 8 7 5 0 0 0 0 . 1 7 8 1 1 9 5 2 0 . 5 0 7 6 2 5 0 0 5 . 2 9 0
PÎ1XB 16 9 . 6 8 4 3 7 5 0 0 0 . 1 3 0 1 2 1 6 4 0 . 2 7 0 9 0 6 2 5 5 . 3 7 4
JOB 16 3 . 6 0 9 3 7 5 0 0 0 . 1 8 9 3 0 8 9 3 0 . 5 7 3 4 0 6 2 5 8 . 7 9 5
POB 16 1 2 . 4 7 1 8 7 5 0 0 0 . 1 2 0 5 3 6 1 3 0 . 2 3 2 6 5 6 2 5 3 . 8 6 7
PPL 16 1 3 . 3 8 7 5 0 0 0 0 0 . 1 7 8 0 9 7 5 9 0 . 5 0 7 5 0 0 0 0 5 . 3 2 1
BAT 16 1 0 . 9 2 8 1 2 5 0 0 0 . 0 8 6 1 1 6 2 9 0 . 1 1 0 6 5 6 2 5 3 . 1 5 2
TRL 16 7 . 7 0 9 3 7 5 0 0 0 . 0 6 1 9 5 0 7 1 0 . 0 6 1 4 0 6 2 5 3 . 2 1 4
BCB 16 1 7 . 1 0 6 2 5 0 0 0 0 . 1 0 3 2 6 6 9 5 0 . 1 7 0 6 2 5 0 0 2 . 4 1 5
BUL 16 8 . 1 0 0 0 0 0 0 0 0 . 0 8 6 6 0 2 5 4 0 . 1 2 0 0 0 0 0 0 4 . 2 7 7
BUB 16 6 . 4 3 7 5 0 0 0 0 0 . 1 0 2 8 2 4 6 9 0 . 1 6 9 1 6 6 6 7 6 . 3 8 9
MOLW 16 1 . 9 2 8 1 2 5 0 0 0 . 0 2 8 8 5 6 2 3 0 . 0 1 3 3 2 2 9 2 5 . 9 3 6
UDL 16 1 2 . 8 9 0 6 2 5 0 0 0 . 2 1 2 9 7 5 3 8 0 . 7 2 5 7 3 9 5 8 6 . 6 0 9
PALW 16 6 . 7 0 3 1 2 5 0 0 0 . 0 9 2 2 4 8 3 9 0 . 1 3 6 1 5 6 2 5 5 . 5 0 5
OCD 16 5 . 8 0 3 1 2 5 0 0 0 . 1 0 9 6 8 4 0 9 0 . 1 9 2 4 5 9 5 8 7 . 5 6 0
SKD 16 1 6 . 9 5 3 1 2 5 0 0 0 . 0 7 3 9 4 6 6 0 0 . 0 8 7 4 3 9 5 8 1 . 7 4 5
MAHL 16 1 6 . 6 5 0 0 0 0 0 0 0 . 1 5 2 2 7 4 4 2 0 . 3 7 1 0 0 0 0 0 3 . 6 5 3
MAHD 16 1 2 . 2 0 3 1 2 5 0 0 0 . 1 3 1 6 1 4 0 3 0 . 2 7 7 1 5 6 2 5 4 . 3 1 4
FEL 16 2 8 . 1 1 8 7 5 0 0 0 0 . 4 4 4 7 5 8 2 4 3 . 1 6 4 9 5 3 3 3 6 . 3 2 7
FMW 16 1 . 9 7 1 3 7 5 0 0 0 . 0 3 2 9 0 4 1 4 0 . 0 1 7 3 2 2 3 2 6 . 6 7 5
FDW 16 4 . 7 8 1 2 5 0 0 0 0 . 0 6 0 1 8 6 3 4 0 . 0 5 7 9 5 8 3 3 5 . 0 3 5
FPW 16 6 . 1 4 3 7 5 0 0 0 0 . 0 8 6 5 3 7 5 0 0 . 1 1 9 9 5 8 3 3 5 . 6 3 7
HUL 16 2 3 . 0 0 6 2 5 0 0 0 0 . 3 0 6 1 1 3 9 2 1 . 4 9 9 2 9 1 6 7 5 . 3 2 2
HMW 16 2 . 1 6 2 5 0 0 0 0 0 . 0 5 2 9 3 4 7 1 0 . 0 4 4 8 3 3 3 3 9 . 7 9 1
HPW 16 4 . 3 9 3 7 5 0 0 0 0 . 0 3 9 2 3 0 8 9 0 . 0 2 4 6 2 5 0 0 3 . 5 7 2
HDW 16 5 .  9 1 8 7 5 0 0 0 0 . 0 6 7 0 6 2 6 3 0 . 0 7 1 9 5 8 3 3 4 . 5 3 2
RPW 16 1 . 8 5 3 1 2 5 0 0 0 . 0 2 7 5 6 3 8 5 0 . 0 1 2 1 5 6 2 5 5 . 9 5 0
UPW 16 2 . 6 6 2 5 0 0 0 0 0 . 0 3 5 7 9 4 5 5 0 . 0 2 0 5 0 0 0 0 5 . 3 7 3
TPW 16 4 . 4 5 3 1 2 5 0 0 0 . 0 5 7 9 9 9 4 2 0 . 0 5 3 8 2 2 9 2 5 . 2 1 0
FIW 16 1 . 5 3 1 2 5 0 0 0 0 . 0 4 5 1 5 5 9 3 0 . 0 3 2 6 2 5 0 0 1 1 . 7 9 6
SCL 16 1 7 . 8 9 0 6 2 5 0 0 0 . 3 6 9 5 4 9 8 0 2 .  1 8 5 0 7 2 9 2 8 . 2 6 2
SCU 16 3 . 2 6 2 5 0 0 0 0 0 . 0 4 0 6 9 7 0 5 0 . 0 2 6 5 0 0 0 0 4 . 9 9 0
PEVL 16 10 . 8 3 4 3 7 5 0 0 0 . 1 9 7 9 9 6 1 5 0 . 6 2 7 2 3 9 5 3 7 . 2 7 6
SACW 16 9 .  9 0 3 1 2 5 0 0 0 . 2 3 2 0 4 1 1 6 0 . 8 6 1 4 5 9 5 3 9 . 5 7 2
BDYL 16 1 6 1 . 6 2 5 0 0 0 0 0 3 . 6 2 1 5 5 0 0 3 2 0 9 . 8 5 0 0 0 0 0 0 8 . 9 6 3
TL 16 8 9 . 8 7 5 0 0 0 0 0 1 . 9 9 1 3 8 7 7 1 6 3 . 4 5 0 0 0 0 0 0 5 . 3 6 3
HFL 16 3 3 . 8 1 2 5 0 0 0 0 0 . 2 6 1 7 0 5 1 5 1 . 0 9 5 3 3 3 3 3 3 . 0 9 6



SPECIES =TRIDECEMLIHEATUS LOCATIOH =HOBBS-HORTH

VARIABLE N MEAH STD ERROR 
OF MEAH

VARIAHCE C. V.

GLS 18 3 9 . 2 7 2 2 2 2 2 2 0 . 2 6 3 4 0 5 9 9 1 . 2 4 8 8 3 3 8 9 2 . 8 4 6
BASL 18 3 4 . 3 2 5 0 0 0 0 0 0 . 2 8 7 5 4 7 9 5 1 . 4 8 3 3 0 3 8 2 3 . 5 5 4
ZYB 17 2 3 . 5 6 4 7 0 5 8 3 0 . 1 6 7 6 3 7 3 8 0 . 4 7 7 7 3 3 9 7 2 . 9 3 3
ROSL 18 1 5 . 0 7 2 2 2 2 2 2 0 . 1 4 3 9 1 3 8 3 0 . 3 9 9 1 8 3 0 1 4 . 1 9 2
HASL 18 1 3 . 3 0 0 0 0 0 0 0 0 . 1 2 4 1 3 0 9 7 0 . 2 7 7 3 5 2 9 4 3 . 9 6 0
PMXB 18 9 . 2 9 4 4 4 4 4 4 0 . 0 7 6 4 7 1 2 9 0 . 1 0 5 2 6 1 4 4 3 . 4 9 1
lOB 18 8 . 5 2 2 2 2 2 2 2 0 . 1 2 2 8 8 8 3 5 0 . 2 7 1 5 3 0 0 7 6 . 1 1 8
POB 18 1 2 . 1 6 9 4 4 4 4 4 0 . 1 0 4 4 0 7 6 7 0 . 1 9 6 2 1 7 3 2 3 . 6 4 0
PPL 18 1 3 . 1 5 0 0 0 0 0 0 0 . 1 5 3 2 3 6 4 4 0 . 4 2 2 9 4 1 1 8 4 . 9 4 6
BAT 18 1 0 . 7 4 1 6 6 6 6 7 0 . 0 4 9 0 5 1 4 6 0 . 0 4 3 3 0 8 8 2 1 . 9 5 7
TRL 18 7 . 5 1 1 1 1 1 1 1 0 . 0 5 4 1 6 5 6 2 0 . 0 5 2 3 1 0 4 6 3 . 0 6 0
BCB 17 1 7 . 5 6 7 6 4 7 0 6 0 . 1 0 4 1 3 6 9 6 0 . 1 8 4 3 5 5 6 2 2 . 4 4 4
BUL 13 8 . 5 6 9 4 4 4 4 4 0 . 0 4 7 5 0 9 7 0 0 . 0 4 0 6 2 9 0 8 2 . 3 5 2
BUB 18 6 . 9 0 5 5 5 5 5 6 G . 0 6 8 7 0 5 2 2 0 . 0 8 4 9 6 7 3 2 4 . 2 2 1
MOLW 18 1 . 9 1 9 4 4 4 4 4 0 . 0 2 9 4 6 6 6 3 0 . 0 1 5 6 2 9 0 5 6 . 5 1 3
UDL 18 1 2 . 5 3 3 3 3 3 3 3 0 . 1 4 4 1 1 0 9 3 0 . 3 7 3 8 2 3 5 3 4 . 8 5 9
PALW 18 6 . 4 0 8 3 3 3 3 3 0 . 0 6 2 1 3 1 2 7 0 . 0 6 9 4 8 5 2 9 4 . 1 1 3
OCD 18 5 . 6 3 8 8 8 8 8 9 0 . 1 4 8 6 6 2 6 4 0 . 3 9 7 8 1 0 4 6 1 1 . 1 3 5
SKD 18 1 7 . 1 4 1 6 6 6 6 7 0 . 0 7 7 9 9 0 4 9 0 . 1 0 9 4 5 5 2 9 1 . 9 3 0
MAHL 18 1 6 . 8 6 1 1 1 1 1 1 0 . 0 9 7 8 9 9 1 4 0 . 1 7 2 5 1 6 3 4 2 . 4 6 3
MAHD 18 1 2 . 4 0 5 5 5 5 5 6 0 . 0 9 4 7 8 9 3 3 0 . 1 6 1 7 3 2 0 3 3 . 2 4 2
FEL 18 2 8 . 4 4 4 4 4 4 4 4 0 . 2 8 0 9 3 4 7 6 1 . 4 2 1 1 4 3 7 9 4 . 1 9 1
FMW 18 2 . 0 1 6 6 6 6 6 7 0 . 0 2 6 8 1 3 3 2 0 . 0 1 2 9 4 1 1 8 5 . 6 4 1
FDW 13 4 . 8 5 0 0 0 0 0 0 0 . 0 6 0 7 6 8 5 0 0 . 0 6 6 4 7 0 5 9 5 . 3 1 6
FPW 18 6 . 4 1 6 6 6 6 6 7 0 . 0 5 8 7 1 7 2 2 0 . 0 6 2 0 5 8 8 2 3 . 8 8 2
HUL 18 2 2 . 8 1 9 4 4 4 4 4 0 . 1 9 4 4 5 4 9 5 0 . 6 8 0 6 2 9 0 8 3 . 6 1 5
HMW 18 2 . 1 3 3 3 3 3 3 3 0 . 0 5 0 3 1 0 4 3 0 . 0 4 6 4 7 0 5 9 1 0 . 1 0 5
HPW 18 4 . 5 1 9 4 4 4 4 4 0 . 0 2 5 9 2 6 9 0 0 . 0 1 2 0 9 9 6 7 2 . 4 3 4
HDW 18 6 . 1 6 9 4 4 4 4 4 0 . 0 5 0 0 2 2 6 9 0 . 0 4 5 0 4 0 8 5 3 . 4 4 0
RPW 18 1 . 8 9 1 6 6 6 6 7 0 . 0 1 8 1 9 0 1 7 0 . 0 0 5 9 5 5 8 5 4 . 0 8 0
UPW 18 2 . 5 4 4 4  4 444 0 . 0 3 5 2 1 3 8 4 0 . 0 2 2 3 2 0 2 6 5 . 8 7 2
TPW 18 4 . 3 9 7 2 2 2 2 2 0 . 0 5 4 6 0 3 7 8 0 . 0 5 3 6 6 3 3 0 5 . 2 6 3
FIW 18 1 . 5 0 8 3 3 3 3 3 0 . 0 2 5 9 6 1 8 9 0 . 0 1 2 1 3 2 3 5 7 . 3 0 3
SCL 13 1 7 . 7 6 6 6 6 6 6 7 0 . 3 2 3 1 5 3 3 3 1 . 8 7 9 7 0 5 8 8 7 . 7 1 7
SCW 13 3 . 2 3 3 3 3 3 3 3 0 . 0 5 7 1 6 6 2 0 0 . 0 5 8 8 2 3 5 3 7 . 5 0 1
PEVL 13 1 1 . 1 2 5 0 0 0 0 0 0 . 1 2 2 3 2 4 2 0 0 . 2 7 1 5 4 4 1 2 4 . 6 8 4
SACW 18 9 . 1 3 6 1 1 1 1 1 0 . 1 8 6 6 9 9 6 1 0 . 6 2 8 7 6 6 3 4 8 . 6 7 9
BDYL 18 1 5 9 . 4 4 4 4 4 4 4 4 2 . 6 7 0 6 1 2 5 5 1 2 8 . 3 7 9 0 3 4 9 7 7 . 1 0 6
TL 18 8 4 . 4 4 4 4 4 4 4 4 1 . 2 9 6 6 0 7 4 9 3 0 . 2 6 1 4 3 7 9 1 6 . 5 1 4
HFL 18 3 4 . 9 4 4 4 4 4 4 4 0 . 2 0 5 6 7 4 7 6 0 . 7 6 1 4 3 7 9 1 2 . 4 9 7



5PECIES=TRIDECEMLIHEATUS LOCATIOH=LEVELLAHD

VARIABLE N MEAN STD ERROR 
OF MEAH

VARIAHCE C . V.

GLS 14 3 9 . 9 3 5 7 1 4 2 9 0 . 3 3 4 0 3 2 5 0 1 . 5 6 2 0 8 7 9 1 3 . 1 3 0
BASL 14 3 5 . 0 5 0 0 0 0 0 0 0 . 2 5 3 3 2 2 9 9 0 . 9 3 4 2 3 0 7 7 2 . 7 5 5
ZYB 14 2 3 . 6 2 8 5 7 1 4 3 0 . 1 8 5 8 0 9 3 6 0 . 4 8 3 3 5 1 6 5 2 . 9 4 2
ROSL 15 1 5 . 5 0 0 0 0 0 0 0 0 . 1 6 9 8 0 3 3 1 0 . 4 3 2 5 0 0 0 0 4 . 2 4 3
NASL 15 1 3 . 3 4 3 3 3 3 3 3 0 . 1 9 6 9 9 3 2 7 0 . 5 8 2 0 9 5 2 4 5 . 7 1 8
PMXB 14 9 . 3 5 7 1 4 2 6 6 0 . 0 7 6 2 9 0 5 7 0 . 0 8 1 4 8 3 5 2 3 . 0 5 1
lOB 14 8 . 4 1 7 8 5 7 1 4 0 . 1 4 2 4 4 7 9 0 0 . 2 8 4 0 7 9 5 7 6 . 3 3 2
PCB 14 1 2 . 0 2 5 0 0 0 0 0 0 . 1 5 1 0 7 2 1 0 0 . 3 1 9 5 1 9 2 3 4 . 7 0 1
PPL 14 1 3 . 4 6 4 2 8 5 7 1 0 . 1 7 1 7 2 5 9 3 0 . 4 1 2 5 5 7 1 4 4 . 7 7 2
BAT 15 1 0 . 9 8 3 3 3 3 3 3 0 . 1 0 4 5 0 1 8 4 0 . 1 6 3 8 0 9 5 2 3 . 6 3 5
TRL 15 7 . 4 6 6 6 6 6 6 7 0 . 0 5 6 4 1 4 0 0 0 . 0 4 7 7 3 8 1 0 2 . 9 2 6
BCB 14 17 . 3 7 5 0 0 0 0 0 0 . 1 3 1 3 2 3 5 7 0 . 2 4 1 4 4 2 3 1 2 . 8 2 3
BUL 14 8 . 4 5 7 1 4 2 8 6 0 . 0 9 5 6 2 6 5 0 0 . 1 2 8 0 2 1 9 3 4 . 2 3 1
BUB 14 6 . 9 1 4 2 8 5 7 1 0 . 0 5 0 6 6 2 8 0 0 . 0 3 5 9 3 4 0 7 2 . 7 4 2
MOLW 15 1 , 9 3 3 3 3 3 3 3 0 . 0 3 2 9 7 4 2 6 0 . 0 1 6 3 0 9 5 2 6 . 6 0 6
UDL 15 1 2 . 9 5 0 0 0 0 0 0 0 . 1 6 9 1 7 1 6 5 0 . 4 2 9 2 3 5 7 1 5 . 0 5 9
PALW 14 6 . 7 5 7 1 4 2 8 6 0 . 0 7 4 2 8 3 6 0 0 . 0 7 7 2 5 2 7 5 4 . 1 1 3
OCD 14 6 . 1 0 3 5 7 1 4 3 0 . 1 1 0 6 2 5 6 3 0 . 1 7 1 3 3 2 4 2 6 . 7 3 2
SKD 14 1 6 . 9 2 1 4 2 3 5 7 0 . 1 2 4 2 2 4 4 4 0 . 2 1 6 0 4 3 9 6 2 . 7 4 7
MAHL 15 1 6 . 5 0 3 3 3 3 3 3 0 . 1 3 2 0 5 9 3 9 0 . 2 6 1 5 9 5 2 4 3 .  099
MAHD 15 1 2 . 0 4 3 3 3 3 3 3 0 . 1 6 2 9 2 4 6 6 0 . 3 9 5 1 6 6 6 7 5 . 2 3 9
FEL 15 2 8 . 5 8 6 6 6 6 6 7 0 . 3 3 0 3 8 4 5 3 1 . 6 3 7 3 0 9 5 2 4 . 4 7 6
FMW 15 2 . 1 1 3 3 3 3 3 3 0 . 0 4 5 3 7 3 2 3 0 . 0 3 0 8 8 0 9 5 3 . 3 1 5
FDW 15 4 . 9 4 6 6 6 6 6 7 0 . 0 8 2 8 7 4 9 3 0 . 1 0 3 0 2 3 8 1 6 . 4 8 9
FPW 15 6 . 3 3 0 0 0 0 0 0 0 . 0 5 4 2 9 1 9 8 0 . 0 4 4 2 1 4 2 9 3 . 3 2 2
HUL 15 2 3 . 0 4 0 0 0 0 0 0 0 . 1 9 6 8 9 2 5 3 0 . 5 8 1 5 0 0 0 0 3 . 3 1 0
HMW 15 2 . 3 1 3 3 3 3 3 3 0 . 0 4 7 1 7 4 1 1 0 . 0 3 3 3 8 0 9 5 7 . 3 9 3
HPW 15 4 . 4 5 6 6 6 6 6 7 0 . 0 4 0 7 8 5 9 3 0 . 0 2 4 9 5 2 3 8 3 . 5 4 4
HDW 15 6 . 0 9 3 3 3 3 3 3 0 . 0 8 7 4 0 5 2 8 0 . 1 1 4 5 9 5 2 4 5 . 5 5 6
RPW 15 1 . 8 3 3 3 3 3 3 3 0 . 0 2 7 4 5 3 4 8 0 . 0 1 1 3 0 9 5 2 5 . 8 0 1
UPW 15 2 . 6 5 0 0 0 0 0 0 0 . 0 4 7 0 5 6 2 0 0 . 0 3 3 2 1 4 2 9 6 . 8 7 7
TPW 15 4 . 5 2 3 3 3 3 3 3 0 . 0 6 3 4 0 8 4 3 0 . 0 6 0 3 0 9 5 2 5 . 4 2 9
FIW 15 1 . 4 8 0 0 0 0 0 0 0 . 0 3 4 0 3 6 7 2 0 . 0 1 7 4 2 8 5 7 8 . 9 2 0
SCL 15 1 8 . 3 0 6 6 6 6 6 7 0 . 3 6 1 7 0 4 5 2 1 . 9 6 2 4 5 2 3 8 7 . 6 5 2
SCW 15 3 . 1 6 0 0 0 0 0 0 0 . 0 3 2 6 9 2 7 3 0 . 1 0 2 5 7 1 4 3 1 0 . 1 3 5
PEVL 14 1 1 . 1 6 7 8 5 7 1 4 0 . 2 1 5 7 6 6 4 0 0 . 6 5 1 7 7 1 9 8 7 . 2 2 9
SACW 15 9 . 9 3 6 6 6 6 6 7 0 . 2 3 1 8 5 0 4 6 1 . 1 9 1 5 9 5 2 4 1 0 .  936
BDYL 15 1 6 1 . 5 3 3 3 3 3 3 3 3 . 6 2 3 8 1 8 9 1 1 9 6 . 9 8 0 9 5 2 3 8 8 . 6 3 9
TL 14 8 2 . 5 7 1 4 2 3 5 7 1 . 4 0 9 2 0 9 4 5 2 7 . 8 0 2 1 9 7 8 0 6 . 3 8 6
HFL 15 3 3 . 9 3 3 3 3 3 3 3 0 . 3 9 6 0 1 1 8 6 2 . 3 5 2 3 8 0 9 5 4 . 5 2 0



SPECIES=TRIDECEMLIHEATU5 LOCATIOH = LEIJISVILLE

VARIABLE N MEAN STD ERROR 
OF MEAH

VARIAHCE C. V.

GLS 7 3 9 . 5 5 7 1 4 2 2 6 0 . 5 8 2 7 3 0 5 0 2 . 3 7 7 0 2 3 3 1 3 . 3 9 3
BASL 7 3 4 . 4 2 1 4 2 3 5 7 0 . 5 4 3 6 7 1 0 7 2 . 0 6 9 0 4 7 6 2 4 . 1 7 9
ZYB 7 2 3 . 3 9 2 8 5 7 1 4 0 . 2 6 3 7 7 0 4 1 0 . 4 8 7 0 2 3 8 1 2 . 9 3 3
ROSL 7 1 5 . 3 2 8 5 7 1 4 3 0 . 2 3 4 7 3 8 2 4 0 . 3 8 5 7 1 4 2 9 4 . 0 5 2
HASL 7 1 3 . 1 0 7 1 4 2 8 6 0 . 1 5 6 3 8 3 4 5 0 . 1 7 1 1 9 0 4 3 3 . 1 5 7
PMXB 7 9 . 3 7 1 4 2 8 5 7 0 . 0 9 1 8 4 4 2 9 0 . 0 5 9 0 4 7 6 2 2 . 5 9 3
JOB 7 8 . 6 0 0 0 0 0 0 0 0 . 0 9 9 4 0 2 9 3 0 . 0 6 9 1 6 6 6 7 3 . 0 5 8
POB 7 1 2 . 5 6 4 2 8 5 7 1 0 .  1 6 3 2 2 4 0 2 0 . 1 9 8 0 9 5 2 4 3 . 5 4 2
PPL 7 1 2 . 8 2 8 5 7 1 4 3 0 . 3 2 6 9 3 6 9 3 0 . 7 4 3 2 1 4 2 9 6 . 7 4 3
BAT 7 1 0 . 9 6 4 2 8 5 7 1 0 . 1 3 5 2 7 4 9 8 0 . 1 2 8 0 9 5 2 4 3 . 2 6 4
TRL 7 7 . 5 5 7 1 4 2 8 6 0 . 0 7 1 9 0 3 1 9 0 . 0 3 6 1 9 0 4 8 2 . 5 1 7
BCB 7 1 7 . 5 3 5 7 1 4 2 9 0 . 1 0 4 4 9 0 9 9 0 . 0 7 6 4 2 8 5 7 1 . 5 7 2
BUL 7 8 . 2 4 2 8 5 7 1 4 0 . 1 3 4 7 0 8 0 5 0 . 1 2 7 0 2 3 3 1 4 . 3 2 4
BUB 7 6 . 7 3 5 7 1 4 2 9 0 . 0 6 3 3 5 3 0 2 0 . 0 2 3 0 9 5 2 4 2 . 4 3 3
MOLW 7 1 . 9 5 0 0 0 0 0 0 0 . 0 3 0 3 6 0 6 7 0 . 0 0 6 6 6 6 6 7 4 . 1 3 7
UDL 7 1 2 . 6 7 8 5 7 1 4 3 0 . 2 3 9 0 1 0 1 5 0 . 3 9 9 3 8 0 9 5 4 . 9 3 3
PALU 7 6 . 9 5 7 1 4 2 8 6 0 . 1 0 2 0 2 0 4 1 0 . 0 7 2 3 5 7 1 4 3 . 8 3 0
OCD 7 6 . 2 4 2 8 5 7 1 4 0 . 1 9 1 6 1 8 6 0 0 . 2 5 7 0 2 3 8 1 8 . 1 2 1
SKD 7 1 6 . 7 2 1 4 2 8 5 7 0 . 1 5 4 6 3 3 6 5 0 . 1 6 7 3 3 0 9 5 2 . 4 4 7
MAHL 7 1 6 . 5 2 8 5 7 1 4 3 0 . 2 5 4 4 5 0 1 9 0 . 4 5 3 2 1 4 2 9 4 . 0 7 3
MAHD 7 1 2 . 6 2 1 4 2 8 5 7 0 . 2 0 9 2 6 6 6 2 0 . 3 0 6 5 4 7 6 2 4 . 3 8 7
FEL 0 •
FMW 0 •
FDW 0 .
FPW 0 .
HUL 0 •
HMW 0 •
HPW 0 .
HDW 0 •
RPW 0 • .
UPW 0 • «
TPU 0 • .
FIU 0 •
SCL 0 •
SCW 0 •
PEVL 0 .
SACW 0 •
BDYL 7 1 6 1 . 1 4 2 8 5 7 1 4 2 . 4 4 3 9 2 9 0 3 4 1 . 8 0 9 5 2 3 3 1 4 . 0 1 3
TL 4 8 8 . 2 5 0 0 0 0 0 0 1 . 6 5 2 0 1 3 9 7 1 0 . 9 1 6 6 6 6 6 7 3 . 7 4 4
HFL 7 3 3 . 8 5 7 1 4 2 8 6 1 . 0 5 6 2 4 1 5 7 7 . 8 0 9 5 2 3 8 1 8 . 2 5 4



SPECIES=TRIDECEMLIHEATUS LOCATIOH=LOVIHGTOH

VARIABLE N MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 15 3 9 . 9 7 3 3 3 3 3 3 0 . 2 6 2 3 5 5 0 2 1 . 0 3 2 4 5 2 3 8 2 . 5 4 2
BASL 15 3 5 . 0 0 0 0 0 0 0 0 0 . 2 7 6 4 1 4 1 1 1 . 1 4 6 0 7 1 4 3 3 . 0 5 9
ZYB 15 2 3 . 8 9 0 0 0 0 0 0 0 . 1 8 2 7 8 2 7 2 0 . 5 0 1 1 4 2 8 6 2 . 9 6 3
ROSL 15 1 5 . 4 9 6 6 6 6 6 7 0 . 1 6 5 3 6 1 5 6 0 . 4 1 0 1 6 6 6 7 4 . 1 3 3
NASL 15 1 3 . 3 6 0 0 0 0 0 0 0 . 1 3 1 1 3 0 6 1 0 . 2 5 7 9 2 8 5 7 3 . 3 0 1
PMXB 15 9 . 7 3 0 0 0 0 0 0 0 . 1 2 7 7 8 3 3 0 0 . 2 4 4 9 2 8 5 7 5 . 0 8 6
lOB 15 8 . 5 3 6 6 6 6 6 7 0 . 0 9 0 5 6 2 6 2 0 . 1 2 3 0 2 3 8 1 4 . 1 0 9
POB 15 1 2 . 7 1 6 6 6 6 6 7 0 . 1 6 6 0 9 4 2 6 0 . 4 1 3 8 0 9 5 2 5 . 0 5 9
PPL 15 1 3 . 3 3 6 6 6 6 6 7 0 . 1 4 5 6 0 7 6 5 0 . 3 1 8 0 2 3 8 1 4 . 2 2 3
BAT 15 1 0 . 5 7 3 3 3 3 3 3 0 . 0 9 9 5 0 6 7 2 0 . 1 4 8 5 2 3 3 1 3 . 6 4 5
TRL 15 7 . 5 1 0 0 0 0 0 0 0 . 0 5 1 2 2 3 1 3 0 . 0 3 9 3 5 7 1 4 2 . 6 4 2
BCB 15 1 7 . 6 4 6 6 6 6 6 7 0 . 1 3 9 8 5 2 5 3 0 . 2 9 3 3 8 0 9 5 3 . 0 6 9
BUL 15 8 . 6 5 0 0 0 0 0 0 0 . 0 8 8 6 4 0 5 3 0 .  1 1 7 8 5 7 1 4 3 .  969
BUB 15 7 . 1 8 3 3 3 3 3 3 0 . 0 9 5 2 0 2 5 7 0 . 1 3 5 9 5 2 3 8 5 . 1 3 3
MOLU 15 1 . 9 1 3 3 3 3 3 3 0 . 0 3 1 0 4 0 1 7 0 . 0 1 4 4 5 2 3 8 6 . 2 8 3
UDL 15 1 2 . 9 3 0 0 0 0 0 0 0 . 1 4 7 9 0 6 0 2 0 . 3 2 8 1 4 2 8 6 4 . 4 3 0
PALW 15 6 . 6 6 3 3 3 3 3 3 0 . 0 8 3 0 1 8 4 5 0 . 1 0 3 3 5 0 9 5 4 . 8 2 5
OCD 15 6 . 0 6 3 3 3 3 3 3 0 .  1 1 0 9 9 8 3 6 0 . 1 8 4 6 0 9 5 2 7 . 0 9 0
SKD 15 1 7 . 1 9 3 3 3 3 3 3 0 . 1 3 9 3 0 1 4 5 0 . 2 9 3 1 6 6 6 7 3 . 1 4 9
MAUL 15 1 6 . 5 6 0 0 0 0 0 0 0 . 1 3 4 4 4 7 7 2 0 . 2 7 1 1 4 2 8 6 3 . 1 4 4
MAND 15 1 2 . 2 9 3 3 3 3 3 3 0 . 1 4 1 1 5 7 3 5 0 . 2 9 8 8 5 0 9 5 4 . 4 4 7
FEL 13 2 9 . 7 0 0 0 0 0 0 0 0 . 3 5 3 5 5 3 3 9 1 . 6 2 5 0 0 0 0 0 4 . 2 9 2
FMW 13 ■ 2 . 2 2 3 0 7 6 9 2 0 . 0 5 0 8 3 1 3 5 0 . 0 3 3 5 8 9 7 4 5 . 2 4 4
FDW 13 4 . 9 4 6 1 5 3 8 5 0 . 0 8 3 2 9 3 3 8 0 . 0 9 0 1 9 2 3 1 6 . 0 7 2
FPW 13 6 . 2 8 0 7 6 9 2 3 0 . 0 7 3 2 7 9 0 7 0 . 0 6 9 3 0 7 6 9 4 . 2 0 7
NUL 14 2 3 . 7 1 7 8 5 7 1 4 0 . 2 6 9 7 9 8 8 2 1 . 0 1 9 0 7 9 6 7 4 . 2 5 6
HMW 14 2 . 3 0 7 1 4 2 8 6 0 . 0 6 6 8 3 8 6 9 0 . 0 6 2 6 3 7 3 6 1 0 . 3 4 3
HPW 14 4 . 5 2 8 5 7 1 4 3 0 . 0 4 7 0 3 9 5 5 0 . 0 3 1 0 4 3 9 6 3 . 8 9 1
HDW 14 6 . 2 5 7 1 4 2 8 6 0 . 0 6 0 8 6 7 6 2 0 . 0 5 1 5 6 5 1 3 3 . 6 4 0
RPW 14 1 . 9 2 5 0 0 0 0 0 0 . 0 2 2 6 9 6 0 3 0 . 0 0 7 2 1 1 5 4 4 . 4 1 1
UPW 14 2 . 7 4 6 4 2 8 5 7 0 . 0 4 8 4 5 5 3 4 0 . 0 3 2 8 7 0 8 8 6 . 6 0 1
TPW 14 4 . 6 2 5 0 0 0 0 0 0 . 0 4 7 9 6 6 9 1 0 . 0 3 2 2 1 1 5 4 3 . 8 3 1
FIW 14 1 . 5 3 5 7 1 4 2 9 0 . 0 2 0 5 3 7 9 1 0 . 0 0 5 9 3 4 0 7 5 . 0 1 6
SCL 14 1 9 . 0 0 3 5 7 1 4 3 0 . 3 2 8 8 5 3 5 0 1 . 5 1 4 0 2 4 7 3 6 . 4 7 5
SCW 14 3 . 2 3 2 1 4 2 8 6 0 . 0 4 8 7 7 8 2 4 0 . 0 3 3 3 1 0 4 4 5 . 6 4 7
PEVL 15 1 1 . 5 7 6 6 6 6 6 7 0 . 1 7 2 7 8 3 0 1 0 . 4 4 7 8 0 9 5 2 5 . 7 8 0
SACW 14 1 0 . 7 3 5 7 1 4 2 9 0 . 1 5 0 7 6 9 8 7 0 . 3 1 3 2 4 1 7 6 5 . 2 5 5
BDYL 15 1 6 4 . 7 3 3 3 3 3 3 3 3 . 5 0 8 4 4 7 3 5 1 8 4 . 6 3 3 0 9 5 2 4 8 . 2 4 9
TL 12 86 . 5 0 0 0 0 0 0 0 1 . 4 0 6 1 5 5 3 0 2 3 . 7 2 7 2 7 2 7 3 5 . 6 3 1
HFL 15 3 5 . 8 0 0 0 0 0 0 0 0 . 2 2 2 5 3 9 4 6 0 . 7 4 2 8 5 7 1 4 2 . 4 0 5



SPECIES=TRIDECEMLIHEATU5 L0CATI0H=LUB30CK

VARIABLE N MEAH STD ERROR 
OF MEAH

VARIANCE C. V.

GLS 15 3 9 . 4 4 0 0 0 0 0 0 0 . 4 3 6 4 6 8 5 1 2 . 8 5 7 5 7 1 4 3 4 . 2 8 6
BASL 15 3 4 . 0 3 0 0 0 0 0 0 0 . 4 4 0 6 9 2 1 0 2 . 9 1 3 1 4 2 8 6 5 . 0 1 6
ZYB 14 2 3 . 5 9 6 4 2 8 5 7 0 . 3 3 8 1 6 1 8 2 1 . 6 0 0 9 4 7 3 0 5 . 3 6 2
ROSL 15 1 5 . 2 2 0 0 0 0 0 0 0 . 2 5 8 0 5 1 3 1 0 . 9 9 8 3 5 7 1 4 6 . 5 6 7
HASL 15 1 3 . 3 6 3 3 3 3 3 3 0 . 2 7 4 3 1 5 3 9 1 . 1 2 8 7 3 8 1 0 7 . 9 5 0
PMXB 15 9 . 7 3 0 0 0 0 0 0 0 . 1 8 6 6 2 4 1 4 0 . 5 2 2 4 2 3 5 7 7 . 4 2 3
IGB 15 8 . 1 6 3 3 3 3 3 3 0 . 1 3 0 5 7 2 2 3 0 . 4 3 9 0 9 5 2 4 8 . 5 6 7
POB 15 1 2 . 1 1 3 3 3 3 3 3 0 . 1 7 2 9 6 2 0 6 0 . 4 4 8 7 3 3 1 0 5 . 5 3 0
PPL 15 1 3 . 2 3 3 3 3 3 3 3 0 . 2 5 1 4 5 6 0 8 0 . 9 4 8 4 5 2 3 8 7 . 3 3 2
BAT 15 1 0 . 9 7 0 0 0 0 0 0 0 . 0 9 6 0 9 0 2 4 0 . 1 3 8 5 0 0 0 0 3 . 3 9 2
TRL 15 7 . 6 9 0 0 0 0 0 0 0 . 1 6 5 4 1 4 3 4 0 . 4 1 0 4 2 8 5 7 8 . 3 3 1
BCB 15 17 . 6 7 3 3 3 3 3 3 0 . 1 3 7 6 5 6 1 2 0 . 2 8 4 2 3 8 1 0 3 . 0 1 7
BUL 15 9 . 1 4 3 3 3 3 3 3 0 . 1 7 0 2 8 4 5 4 0 . 4 3 4 9 5 2 3 3 7 . 2 1 3
BUB 15 7 . 1 8 3 3 3 3 3 3 0 . 1 0 1 4 9 6 7 4 0 . 1 5 4 5 2 3 3 1 5 . 4 7 2
MOLU 15 1 . 9 6 3 3 3 3 3 3 0 . 0 1 4 1 9 8 1 4 0 . 0 0 3 0 2 3 8 1 2 . 8 0 1
UDL 15 1 2 . 5 3 0 0 0 0 0 0 0 . 2 4 4 5 0 1 4 4 0 . 3 9 6 7 1 4 2 9 7 . 5 5 7
PALW 15 6 . 6 3 3 3 3 3 3 3 0 .  1 1 8 7 9 0 2 0 0 . 2 1 1 6 6 6 6 7 6 . 9 3 6
OCD 15 5 . 8 3 0 0 0 0 0 0 0 . 1 3 3 4 3 4 4 9 0 . 2 6 7 0 7 1 4 3 8 . 8 6 4
SKD 15 1 7 . 2 1 6 6 6 6 6 7 0 . 1 4 5 9 7 9 7 2 0 . 3 1 0 9 5 2 3 3 3 . 2 3 9
HAUL 15 1 6 .  1 6 6 6 6 6 6 7 0 . 1 5 8 3 8 9 7 1 0 . 3 7 6 3 0 9 5 2 3 . 7 9 4
MAHD 15 1 2 . 3 1 3 3 3 3 3 3 0 . 2 1 0 5 3 1 2 1 0 . 6 6 5 1 6 6 6 7 6 . 6 2 4
FEL 15 2 3 . 0 1 3 3 3 3 3 3 0 . 6 4 3 9 1 7 8 2 6 . 2 1 9 4 5 2 3 8 8 . 9 0 2
FMW 15 2 . 0 6 6 6 6 6 6 7 0 . 0 4 0 1 3 8 6 5 0 . 0 2 4 1 6 6 6 7 7 . 5 2 2
FDW 15 4 . 9 2 3 3 3 3 3 3 0 . 1 4 8 1 5 2 6 5 0 . 3 2 9 2 3 8 1 0 1 1 . 6 5 5
FPW 15 6 . 0 6 6 6 6 6 6 7 0 . 1 1 8 9 9 0 4 6 0 . 2 1 2 3 3 0 9 5 7 . 5 9 6
HUL 15 2 2 . 2 3 3 3 3 3 3 3 0 . 3 1 9 2 1 2 8 2 1 . 5 2 3 4 5 2 3 3 5 . 5 4 8
HMW 15 2 . 2 8 6 6 6 6 6 7 0 . 0 7 6 9 1 4 7 1 0 . 0 3 3 7 3 3 1 0 1 3 . 0 2 7
HPW 15 4 . 5 2 3 3 3 3 3 3 0 . 0 7 5 5 7 1 8 9 0 . 0 3 5 6 6 6 6 7 6 . 4 7 1
HDW 15 6 . 0 7 0 0 0 0 0 0 0 . 0 8 6 7 1 2 4 4 0 . 1 1 2 7 3 5 7 1 5 . 5 3 3
RPW 15 1 . 9 1 0 0 0 0 0 0 0 . 0 3 0 1 5 3 3 1 0 . 0 1 3 6 4 2 8 6 6 . 1 1 5
UPW 15 2 . 6 1 0 0 0 0 0 0 0 . 0 5 7 3 6 2 6 7 0 . 0 4 9 3 5 7 1 4 8 . 5 1 2
TPM 15 4 . 4 6 6 6 6 6 6 7 0 . 0 9 0 3 2 5 6 9 0 . 1 2 2 3 5 0 9 5 7 . 8 3 2
FIW 15 1 . 5 5 0 0 0 0 0 0 0 . 0 6 3 0 5 7 0 4 0 . 0 5 9 6 4 2 8 6 1 5 . 7 5 6
SCL 15 1 7 . 7 6 0 0 0 0 0 0 0 . 4 7 4 7 9 8 2 0 3 . 3 8 1 5 0 0 0 0 1 0 . 3 5 4
SCW 15 3 . 2 1 3 3 3 3 3 3 0 . 0 9 6 1 7 2 7 9 0 . 1 3 8 7 3 3 1 0 1 1 . 5 9 2
PEVL 15 1 1 . 3 4 6 6 6 6 6 7 0 . 2 1 5 9 4 0 1 7 0 . 6 9 9 4 5 2 3 8 7 . 3 7 1
SACW 15 9 . 9 7 3 3 3 3 3 3 0 . 3 2 3 0 0 1 7 9 1 . 5 6 4 9 5 2 3 3 1 2 . 5 4 3
BDYL 13 1 5 5 . 5 3 8 4 6 1 5 4 4 . 7 1 7 1 4 7 3 7 2 8 9 . 2 6 9 2 3 0 7 7 1 0 . 9 3 5
TL 12 87 . 4 1 6 6 6 6 6 7 2 . 1 5 4 8 3 3 6 6 5 5 . 7 1 9 6 9 6 9 7 8 . 5 3 9
HFL 13 3 4 . 1 5 3 8 4 6 1 5 0 . 4 2 1 3 2 5 0 4 2 . 3 0 7 6 9 2 3 1 4 . 4 4 8



SPECIES=TRIDECEMLIHEATUS LOCATIOH=MATADOR

VARIABLE N MEAN STD ERROR 
OF MEAH

VARIANCE C. V.

GLS 19 3 9 . 3 5 2 6 3 1 5 8 0 . 2 3 6 7 0 7 2 4 1 . 0 6 4 5 7 6 0 2 2 . 6 2 2
BASL 19 3 4 . 2 1 0 5 2 6 3 2 0 . 2 4 9 1 0 8 9 1 1.  1 7 9 0 4 9 7 1 3 . 1 7 4
ZYB 18 2 3 . 1 9 7 2 2 2 2 2 0 . 2 1 7 7 0 0 1 1 0 . 8 5 3 0 3 0 0 7 3 . 9 8 2
ROSL 19 1 5 . 4 4 4 7 3 6 8 4 0 . 1 5 5 8 2 7 1 1 0 . 4 6 1 3 5 9 6 5 4 . 3 9 3
HASL 19 1 3 . 5 8 6 8 4 2 1 1 0 . 1 9 7 7 1 5 1 0 0 . 7 4 2 7 3 3 9 2 6 . 3 4 3
PMXB 19 8 . 9 4 4 7 3 6 8 4 0 . 0 7 7 5 0 6 3 4 0 . 1 1 4 1 3 7 4 3 3 . 7 7 7
IÜB 19 8 . 4 0 5 2 6 3 1 6 0 . 0 7 6 3 6 6 1 9 0 . 1 1 0 3 0 4 0 9 3 . 9 6 0
POB 19 1 2 . 2 4 2 1 0 5 2 6 0 . 1 0 4 7 3 1 8 5 0 . 2 0 8 4 0 6 4 3 3 . 7 2 9
PPL 19 1 2 . 9 9 4 7 3 6 3 4 0 . 0 8 1 3 7 1 1 7 0 . 1 2 5 3 0 4 0 9 2 . 7 2 9
BAT 19 1 0 . 5 3 6 8 4 2 1 1 0 . 0 8 1 1 8 6 5 7 0 . 1 2 5 2 3 3 9 2 3 . 3 5 9
TRL 19 7 . 5 7 1 0 5 2 6 3 0 . 0 5 9 8 8 7 3 0 0 . 0 6 8 1 4 3 2 7 3 . 4 4 3
BCB 17 1 7 . 4 2 6 4 7 0 5 9 0 . 1 1 3 9 0 4 1 3 0 . 2 4 0 3 4 9 2 6 2 . 8 1 3
BUL 19 8 . 2 9 2 1 0 5 2 6 0 . 0 3 2 2 0 8 4 7 0 . 1 2 8 4 0 6 4 3 4 . 3 2 1
BUB 19 6 . 8 3 1 5 7 8 9 5 0 . 0 5 6 9 9 7 3 0 0 . 0 6 1 7 2 5 1 5 3 . 6 3 7
MOLW 19 1 . 9 9 7 3 6 3 4 2 0 . 0 2 1 4 5 0 9 1 0 . 0 0 3 7 4 2 6 9 4 . 6 3 1
UDL 19 1 2 . 7 7 3 6 8 4 2 1 0 . 1 2 6 4 3 9 2 8 0 . 3 0 3 9 9 1 2 3 4 . 3 1 5
PALW 19 6 . 3 8 4 2 1 0 5 3 0 . 0 5 6 8 5 9 8 2 0 . 1 4 3 3 4 7 9 5 5 . 9 3 0
OCD 18 5 . 7 3 0 5 5 5 5 6 0 . 0 8 6 3 3 2 2 1 0 . 1 3 4 1 5 8 5 0 6 . 3 9 2
SKD 19 1 7 . 1 7 3 6 8 4 2 1 0 . 1 4 3 8 4 3 9 1 0 . 4 2 0 9 3 5 6 7 3 . 7 7 5
MAHL 19 1 6 . 4 9 4 7 3 6 8 4 0 . 1 2 9 6 5 5 5 0 0 . 3 1 9 4 1 5 2 0 3 . 4 2 6
MAHD 19 1 2 . 3 2 3 6 8 4 2 1 0 . 1 1 9 7 8 1 0 1 0 . 2 7 2 6 0 2 3 4 4 . 2 3 7
FEL 19 2 8 . 6 5 5 2 6 3 1 6 0 . 3 1 3 8 1 2 0 3 1 . 8 7 1 0 8 1 8 7 4 . 7 7 4
FMW 19 2 . 1 5 5 2 6 3 1 6 0 . 0 3 4 1 7 6 7 7 0 . 0 2 2 1 9 2 9 3 6 . 9 1 2
FDW 19 4 . 8 3 1 5 7 8 9 5 0 . 0 6 0 9 6 3 3 3 0 . 0 7 0 6 1 4 0 4 5 . 5 0 0
FPW 19 6 . 3 2 6 3 1 5 7 9 0 . 0 7 2 5 8 4 7 4 0 . 1 0 0 1 0 2 3 4 5 . 0 0 1
HUL 18 2 3 . 0 4 1 6 6 6 6 7 0 . 3 7 6 4 3 5 1 6 2 . 5 5 0 6 6 1 7 6 6 . 9 3 1
HMW 18 2 . 1 7 7 7 7 7 7 8 0 . 0 3 9 4 4 5 1 3 0 . 0 2 8 0 0 6 5 4 7 . 6 8 5
HPW 19 4 . 4 4 2 1 0 5 2 6 0 . 0 4 7 1 8 1 2 4 0 . 0 4 2 2 9 5 3 2 4 . 6 3 0
HDW 19 6 . 0 5 5 2 6 3 1 6 0 . 0 7 1 1 1 2 1 7 0 . 0 9 6 0 3 1 8 7 5 . 1 1 9
RPW 19 1 . 8 7 8 9 4 7 3 7 0 . 0 2 5 1 6 4 3 9 0 . 0 1 2 0 3 2 1 6 5 . 3 3 5
UPW 19 2 . 6 1 3 1 5 7 8 9 0 . 0 2 9 0 7 9 9 7 0 . 0 1 6 0 6 7 2 5 4 . 8 5 1
TPW 19 4 . 4 3 9 4 7 3 6 8 0 . 0 4 1 2 8 4 0 2 0 . 0 3 2 3 3 3 0 4 4 . 0 5 3
FIW 19 1 . 5 0 5 2 6 3 1 6 0 . 0 2 8 0 7 0 1 8 0 . 0 1 4 9 7 0 7 6 8 . 1 2 3
SCL 19 1 7 . 7 4 7 3 6 3 4 2 0 . 2 3 0 6 0 6 6 3 1 . 0 1 0 4 0 9 3 6 5 . 6 6 4
SCW 19 3 . 1 7 1 0 5 2 6 3 0 . 0 5 2 3 3 1 0 1 0 . 0 5 2 0 3 2 1 6 7 .  193
PEVL 19 1 1 . 0 2 1 0 5 2 6 3 0 . 1 3 5 4 1 7 6 9 0 . 3 4 8 4 2 1 0 5 5 . 3 5 6
SACW 19 9 . 7 2 6 3 1 5 7 9 0 . 2 1 1 4 1 9 3 9 0 . 8 4 9 2 6 9 0 1 9 . 4 7 5
BDYL 19 1 6 4 . 2 1 0 5 2 6 3 2 2 . 2 5 5 0 5 1 4 4 9 6 . 6 1 9 8 3 3 0 4 5 . 4 3 6
TL 17 8 3 . 4 1 1 7 6 4 7 1 1 . 5 2 4 4 5 4 6 4 3 9 . 5 0 7 3 5 2 9 4 7 . 5 3 5
HFL 19 3 4 . 5 2 6 3 1 5 7 9 0 . 2 6 8 9 4 2 2 8 1 . 3 7 4 2 6 9 0 1 3 . 3 9 5



SPECIES=TRIDECEMLIHEATUS LOCATIOH=HORHAH

VARIABLE N MEAH STD ERROR 
OF MEAH

VARIANCE c . v .

GLS 17 4 0 . 3 0 0 0 0 0 0 0 0 . 3 7 2 7 1 3 6 2 2 . 3 6 1 5 6 2 5 0 3 . 8 1 3
BA5L 17 3 5 . 2 8 8 2 3 5 2 9 0 . 3 3 0 3 1 6 5 1 1 . 8 5 4 8 5 2 9 4 3 . 3 5 9
ZYB 17 2 3 . 6 9 7 0 5 3 8 2 0 . 2 0 9 7 1 2 2 8 0 . 7 4 7 6 4 7 0 6 3 . 6 4 9
ROSL 17 1 5 . 5 5 5 8 8 2 3 5 0 . 2 2 6 1 3 6 1 2 0 . 3 6 9 3 3 8 2 4 5 . 9 9 4
HASL 17 1 3 . 6 2 3 5 2 9 4 1 0 . 1 7 9 2 6 1 0 3 0 . 5 4 6 2 3 6 7 6 5 . 4 2 5
PI1X3 17 8 . 6 6 1 7 6 4 7 1 0 . 0 3 9 5 7 9 2 3 0 . 1 3 6 4 1 5 4 4 4 . 2 6 4
lOB 17 8 . 6 6 7 6 4 7 0 6 0 . 1 2 2 7 6 9 9 0 0 . 2 5 6 2 3 1 6 2 5 . 8 4 0
POB 17 1 2 . 0 7 3 5 2 9 4 1 0 . 1 6 1 6 3 4 4 7 0 . 4 4 4 4 1 1 7 6 5 . 5 2 2
PPL 17 1 3 . 6 4 7 0 5 8 8 2 0 . 1 1 2 0 0 6 3 2 0 . 2 1 3 2 7 2 0 6 3 . 3 3 4
BAT 17 1 0 . 8 0 0 0 0 0 0 0 0 . 1 0 6 8 4 3 0 7 0 . 1 9 4 0 6 2 5 0 4 . 0 7 9
TRL 17 7 . 8 3 2 3 5 2 9 4 0 . 1 0 0 0 8 6 4 7 0 . 1 7 0 2 9 4 1 2 5 . 2 6 9
BCB 17 1 7 . 3 5 5 8 8 2 3 5 0 . 1 1 2 2 8 5 9 4 0 . 2 1 4 3 3 8 2 4 2 . 6 6 7
BUL 17 8 . 2 2 0 5 8 3 2 4 0 . 0 6 4 0 3 3 9 4 0 . 0 6 9 7 0 5 3 8 3 . 2 1 2
BUB 17 6 . 5 9 1 1 7 6 4 7 0 . 0 6 9 6 9 4 0 9 0 . 0 8 2 5 7 3 5 3 4 . 3 6 0
no LU 17 1 . 9 5 2 9 4 1 1 8 0 . 0 2 9 2 2 7 3 6 0 . 0 1 4 5 2 2 0 6 6 . 1 7 1
UDL 17 1 3 . 0 5 5 8 3 2 3 5 0 . 1 8 7 2 7 3 5 1 0 . 5 9 6 2 1 3 2 4 5 . 9 1 4
PALW 17 6 . 4 2 6 4 7 0 5 9 0 . 0 6 6 9 8 8 4 3 0 . 0 7 6 2 8 6 7 6 4 . 2 9 8
CCD 17 6 . 0 6 7 6 4 7 0 6 0 . 0 7 3 1 3 1 2 0 0 . 0 9 0 9 1 9 1 2 4 . 9 5 9
SKD 17 1 6 . 9 3 2 3 5 2 9 4 0 . 1 5 3 0 2 9 5 3 0 . 3 9 8 1 0 6 6 2 3 . 7 2 6
MAUL 17 1 6 . 6 0 0 0 0 0 0 0 0 . 1 5 1 6 4 5 3 9 0 . 3 9 0 9 3 7 5 0 3 . 7 6 7
MAUD 17 1 2 . 3 4 1 1 7 6 4 7 0 . 1 2 9 4 2 4 3 0 0 . 2 8 4 7 6 1 0 3 4 . 3 2 4
PEL 0 .
FMM 0 .
F DU 0 .
FPU 0 .
HUL 0 .
HMU 0 .
HPU 0 .
HDU D .
RPU 0 .
UPU 0 .
TPU 0 .
FIU 0 .
SCL 0 .
SCU 0 .
PEVL 0 .
SACU 0
BDYL 17 1 6 6 . 2 9 4 1 1 7 6 5 3 . 0 0 4 6 1 0 0 7 1 5 3 . 4 7 0 5 8 8 2 4 7 . 4 5 0
TL 15 8 9 . 4 6 6 6 6 6 6 7 1 . 9 0 7 0 4 6 2 5 5 4 . 5 5 2 3 8 0 9 5 3 . 2 5 6
HFL 17 3 3 . 5 3 8 2 3 5 2 9 0 . 4 6 2 2 4 2 1 7 3 . 6 3 2 3 5 2 9 4 5 . 6 7 4



SPECIES=TRIDECEMLINEATUS L0CATI0H=PARI5

VARIABLE U MEAN STD ERROR 
OF MEAN

VARIAUCE C. V.

GLS 10 3 8 . 9 3 5 0 0 0 0 0 0 . 4 2 1 8 3 7 9 1 1 . 7 7 9 4 7 2 2 2 3 . 4 2 6
BA5L 10 3 4 . 2 6 0 0 0 0 0 0 0 . 4 1 3 9 7 7 9 9 1 . 7 1 3 7 7 7 7 8 3 . 8 2 1
ZYB 10 2 3 . 0 7 5 0 0 0 0 0 0 . 3 9 4 8 4 5 2 6 1 . 5 5 9 0 2 7 7 8 5 . 4 1 1
ROSL 10 1 4 . 9 6 5 0 0 0 0 0 0 . 2 9 8 2 4 0 2 1 0 . 8 8 9 4 7 2 2 2 6 . 3 0 2
NASL 10 1 2 . 6 9 0 0 0 0 0 0 0 . 2 4 0 8 0 8 8 2 0 . 5 7 9 3 8 3 5 9 6 . 0 0 1
PI1XB 10 8 . 7 6 5 0 0 0 0 0 0 . 1 3 8 8 5 4 4 4 0 . 1 9 2 8 0 5 5 6 5 . 0 1 0
JOB 10 8 . 9 4 0 0 0 0 0 0 0 . 1 5 4 3 4 4 4 9 0 . 2 3 8 2 2 2 2 2 5 . 4 6 0
POB 10 1 2 . 0 2 5 0 0 0 0 0 0 . 1 7 2 7 6 3 4 9 0 . 2 9 8 4 7 2 2 2 4 . 5 4 3
PPL 10 1 2 . 6 4 5 0 0 0 0 0 0 . 2 1 5 4 3 8 8 3 0 . 4 6 4 1 3 8 3 9 5 . 3 8 3
BAT 10 1 0 . 9 5 5 0 0 0 0 0 0 . 0 9 5 5 8 3 0 1 0 . 0 9 1 3 6 1 1 1 2 . 7 5 9
TRL 10 7 . 9 4 0 0 0 0 0 0 0 . 0 5 9 5 3 5 2 4 0 . 0 3 5 4 4 4 4 4 2 . 3 7 1
BCB 10 1 7 . 3 3 5 0 0 0 0 0 0 . 1 3 4 7 9 4 0 3 0 . 1 8 1 6 9 4 4 4 2 . 4 5 9
BUL 10 8 . 0 3 5 0 0 0 0 0 0 . 0 6 0 5 7 5 9 4 0 . 0 3 6 6 9 4 4 4 2 . 3 3 4
BUB 10 6 . 6 8 0 0 0 0 0 0 0 . 1 1 5 2 7 7 4 4 0 . 1 3 2 8 8 8 8 9 5 . 4 5 7
MOLM 10 1 . 9 7 0 0 0 0 0 0 0 . 0 4 0 2 7 6 8 2 0 . 0 1 6 2 2 2 2 2 6 . 4 6 5
UDL 10 1 2 . 0 7 0 0 0 0 0 0 0 . 2 4 4 1 7 6 6 2 0 . 5 9 6 2 2 2 2 2 6 . 3 9 7
PALW 10 6 . 9 8 0 0 0 0 0 0 0 . 0 9 7 2 3 9 6 3 0 . 0 9 4 5 5 5 5 6 4 . 4 0 5
OCD 10 5 . 6 3 0 0 0 0 0 0 0 . 1 2 5 2 1 0 9 3 0 . 1 5 6 7 7 / 7 8 7 . 0 3 3
SKD 10 1 6 . 6 5 0 0 0 0 0 0 0 . 1 1 0 5 5 4 1 6 0 . 1 2 2 2 2 2 2 2 2 . 1 0 0
MAUL 10 1 6 . 3 6 5 0 0 0 0 0 0 . 1 7 5 2 3 5 4 5 0 . 3 0 7 2 5 0 0 0 3 . 3 8 7
MAUD 10 1 2 . 4 2 0 0 0 0 0 0 0 . 2 0 9 3 9 0 6 5 0 . 4 3 8 4 4 4 4 4 5 . 3 3 1
PEL 0
FMW 0
FDW 0
FPU 0
HUL 0
HMU 0
HPU 0 .
HDU 0 •
RPU 0 .
UPU 0 •
TPU 0 .
FIU 0 •
SCL 0 .
SCU 0 .
PEVL 0 .
SACU 0 .
BDYL 10 1 5 7 . 6 0 0 0 0 0 0 0 3 . 7 1 2 4 4 1 5 4 1 3 7 . 8 2 2 2 2 2 2 2 7 . 4 4 9
TL 10 9 1 . 2 0 0 0 0 0 0 0 2 . 7 3 1 7 0 6 3 3 7 4 . 6 2 2 2 2 2 2 2 9 . 4 7 2
HFL 10 3 5 . 5 0 0 0 0 0 0 0 0 . 3 7 2 6 7 8 0 0 1 . 3 8 3 8 8 8 8 9 3 . 3 2 0



SPECIES=TRIDECEMLINEATUS LOCATIOH=PLAIHVIEW

VARIABLE N MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 16 4 0 . 2 7 8 1 2 5 0 0 0 . 2 6 0 2 0 7 0 0 1 . 0 5 3 3 2 2 9 2 2 . 5 8 4
BASL 16 3 5 . 4 8 4 3 7 5 0 0 0 . 2 2 6 0 0 3 2 6 0 . 8 1 7 2 3 9 5 8 2 . 5 4 8
ZYB 16 2 4 . 0 6 8 7 5 0 0 0 0 . 1 8 2 8 5 2 1 1 0 . 5 3 4 9 5 8 3 3 3 . 0 3 9
ROSL 16 1 5 . 4 8 7 5 0 0 0 0 0 . 1 4 8 2 8 8 8 5 0 . 3 5 1 3 3 3 3 3 3 . 2 3 0
NASL 16 1 3 . 7 2 5 0 0 0 0 0 0 . 2 1 5 3 9 6 9 2 0 . 7 4 2 3 3 3 3 3 6 . 2 7 3
PriXB 16 9 . 3 2 5 0 0 0 0 0 0 . 0 7 7 9 9 5 7 3 0 . 0 9 7 3 3 3 3 3 3 . 3 4 6
JOB 16 8 . 8 2 3 1 2 5 0 0 0 . 1 2 8 7 7 3 7 6 0 . 2 6 5 3 2 2 9 2 5 . 8 3 5
POB 16 1 1 . 9 8 4 3 7 5 0 0 0 . 1 2 9 5 6 0 0 5 0 . 2 6 8 5 7 2 9 2 4 . 3 2 4
PPL 16 1 3 . 8 5 6 2 5 0 0 0 0 . 1 6 3 5 4 6 3 1 0 . 4 2 7 9 5 3 3 3 4 . 7 2 1
BAT 16 1 0 . 8 6 2 5 0 0 0 0 0 . 0 7 8 0 6 2 4 7 0 . 0 9 7 5 0 0 0 0 2 . 8 7 5
TRL 16 7 . 7 2 5 0 0 0 0 0 0 . 0 5 3 2 2 9 0 6 0 . 0 4 5 3 3 3 3 3 2 . 7 5 6
BCB 16 1 7 . 5 1 5 6 2 5 0 0 0 . 1 1 7 1 4 6 5 2 0 . 2 1 9 5 7 2 9 2 2 . 6 7 5
BUL 16 8 . 4 5 6 2 5 0 0 0 0 . 0 7 0 3 9 6 9 4 0 . 0 7 9 2 9 1 6 7 3 . 3 3 0
BUB 16 7 . 1 9 3 7 5 0 0 0 0 . 0 4 9 3 4 4 6 6 0 . 0 3 3 9 5 8 3 3 2 . 7 4 4
noLW 16 1 . 9 9 3 7 5 0 0 0 0 . 0 2 6 9 5 4 8 2 0 . 0 1 1 6 2 5 0 0 5 . 4 0 3
UDL 16 1 2 . 9 9 6 8 7 5 0 0 0 . 1 0 7 6 7 1 2 5 0 . 1 8 5 4 8 9 5 3 3 . 3 1 4
PALW 16 6 . 4 1 5 6 2 5 0 0 0 . 1 0 8 6 5 8 3 7 0 . 1 8 3 9 0 6 2 5 6 . 7 7 5
OCD 16 6 . 3 4 0 6 2 5 0 0 0 . 1 1 5 3 9 9 5 5 0 . 2 1 3 0 7 2 9 2 7 . 2 8 0
SKD 16 1 7 . 0 9 6 3 7 5 0 0 0 . 1 3 2 5 6 0 4 2 0 . 2 8 1 1 5 6 2 5 3 . 1 0 1
MANL 16 1 6 . 8 5 6 2 5 0 0 0 0 . 0 9 6 0 5 5 0 0 0 . 1 4 7 6 2 5 0 0 2 . 2 7 9
MAUD 16 1 2 . 7 6 2 5 0 0 0 0 0 . 1 0 8 4 4 5 4 5 0 . 1 8 8 1 6 6 6 7 3 . 3 9 9
PEL 16 2 9 . 5 3 7 5 0 0 0 0 0 . 2 2 2 5 0 9 3 6 0 . 7 9 2 1 6 6 6 7 3 . 0 0 3
FfiW 16 2 . 1 3 4 3 7 5 0 0 0 . 0 3 2 1 8 3 9 6 0 . 0 1 6 5 7 2 9 2 6 . 0 3 2
FDW 16 5 . 0 9 3 7 5 0 0 0 0 . 0 6 4 5 2 9 5 5 0 . 0 6 6 6 2 5 0 0 5 . 0 6 7
FPW 16 6 . 5 5 3 1 2 5 0 0 0 . 0 5 2 3 3 4 8 1 0 . 0 4 3 3 2 2 9 2 3 . 1 9 4
HUL 16 2 3 . 9 0 3 1 2 5 0 0 0 . 1 6 2 6 2 6 1 5 0 . 4 2 3 1 5 6 2 5 2 . 7 2 1
HMW 16 2 . 5 9 0 6 2 5 0 0 0 . 1 1 0 7 0 0 3 0 0 . 1 9 6 0 7 2 9 2 1 7 . 0 9 2
HPW 16 4 . 6 7 1 8 7 5 0 0 0 . 0 4 2 8 0 9 8 4 0 . 0 2 9 3 2 2 9 2 3 . 6 6 5
HDW 16 6 . 3 1 5 6 2 5 0 0 0 . 0 7 8 4 9 0 3 1 0 . 0 9 8 5 7 2 9 2 4 . 9 7 1
RPW 16 1 . 9 3 7 5 0 0 0 0 0 . 0 2 3 9 3 5 6 3 0 . 0 0 9 1 6 6 6 7 4 . 9 4 2
UPU 16 2 . 8 6 2 5 0 0 0 0 0 . 0 4 1 7 0 3 3 1 0 . 0 2 7 3 3 3 3 3 5 . 8 2 8
TPU 16 4 . 6 0 6 2 5 0 0 0 0 . 0 4 1 8 0 1 8 6 0 . 0 2 7 9 5 5 3 3 3 . 6 3 0
FIU 16 1 . 5 5 0 0 0 0 0 0 0 . 0 1 3 6 9 3 0 6 0 . 0 0 3 0 0 0 0 0 3 . 5 3 4
SCL 16 1 9 . 6 4 0 6 2 5 0 0 0 . 2 8 5 3 0 7 5 4 1 . 3 0 2 4 0 6 2 5 5 . 5 1 1
SCU 16 3 . 3 3 7 5 0 0 0 0 0 . 0 4 6 2 1 0 5 7 0 . 0 3 4 1 6 6 6 7 5 . 5 3 3
PEVL 16 1 1 . 9 6 5 6 2 5 0 0 0 . 1 3 0 1 2 1 6 4 0 . 2 7 0 9 0 6 2 5 4 . 3 5 0
SACU 16 1 0 . 8 3 7 5 0 0 0 0 0 . 2 5 1 5 1 6 2 4 1 . 0 1 2 1 6 6 6 7 9 . 2 5 5
BDYL 16 1 6 9 . 8 7 5 0 0 0 0 0 1 . 6 1 7 2 3 9 4 0 4 1 . 8 5 0 0 0 0 0 0 3 . 8 0 5
TL 15 9 0 . 8 0 0 0 0 0 0 0 1 . 8 1 8 4 2 4 2 3 4 9 . 6 0 0 0 0 0 0 0 7 . 7 5 6
HFL 16 3 5 . 1 8 7 5 0 0 0 0 0 . 2 6 1 7 0 5 1 5 1 . 0 9 5 3 3 3 3 3 2 . 9 7 5



SPECIE5=TRIDECEMLIMEATÜS LOCATIOH=PORTALES

VARIABLE N MEAH STD ERROR 
OF MEAH

VARIAHCE C. V.

GLS 31 3 3 . 8 6 4 5 1 6 1 3 0 . 2 5 2 9 6 3 0 2 1 . 9 3 3 6 9 3 9 2 3 . 6 2 4
BASL 31 3 3 . 9 5 6 4 5 1 6 1 0 . 2 6 7 0 2 0 0 1 2 . 2 1 0 2 9 0 3 2 4 . 3 7 3
ZYB 31 2 3 . 4 3 7 0 9 6 7 7 0 . 2 1 4 7 7 6 3 0 1 . 4 2 9 9 9 4 6 2 5 . 1 0 2
ROSL 31 1 4 . 8 6 2 9 0 3 2 3 0 . 1 6 4 3 7 1 5 3 0 . 8 4 2 6 6 1 2 9 6 . 1 7 6
HASL 31 1 3 . 1 4 5 1 6 1 2 9 0 . 1 9 5 1 1 9 9 6 1 . 1 8 0 2 2 5 8 1 8 . 2 6 5
PHXB 31 8 . 8 6 2 9 0 3 2 3 0 . 0 7 6 3 3 9 9 2 0 . 1 3 0 6 6 1 2 9 4 . 7 9 6
lüB 31 8 . 2 3 3 8 7 0 9 7 0 . 0 9 2 5 5 5 9 1 0 . 2 6 5 5 6 4 5 2 6 . 2 2 1
POB 31 1 2 . 0 8 5 4 8 3 8 7 0 . 0 7 8 2 2 6 0 8 0 . 1 8 9 6 9 8 9 2 3 . 6 0 4
PPL 31 1 3 . 0 3 0 6 4 5 1 6 0 . 1 4 3 7 3 4 3 2 0 . 6 4 0 4 4 6 2 4 6 . 1 1 8
BAT 31 1 0 . 7 3 2 2 5 3 0 6 0 . 0 6 7 3 2 1 2 5 0 . 1 4 2 5 9 1 4 0 3 . 5 1 3
TRL 31 7 . 6 8 3 3 7 0 9 7 0 . 0 4 9 3 7 1 7 0 0 . 0 7 5 5 6 4 5 2 3 . 5 7 7
BCB 31 1 7 . 5 3 8 7 0 9 6 8 0 . 1 0 2 1 7 2 8 9 0 . 3 2 3 6 1 8 2 8 3 . 2 4 4
BUL 31 8 . 4 9 8 3 8 7 1 0 0 . 0 4 8 3 3 1 5 1 0 . 0 7 2 4 1 3 9 3 3 . 1 6 6
BUB 31 6 . 7 5 6 4 5 1 6 1 0 . 0 4 4 0 3 9 4 5 0 . 0 6 0 1 2 3 6 6 3 . 6 2 9
MOLU 31 1 . 9 3 3 3 7 0 9 7 0 . 0 2 0 2 6 5 3 2 0 . 0 1 2 7 3 1 1 8 5 . 8 3 5
UDL 31 1 2 . 3 7 5 8 0 6 4 5 0 . 1 4 2 0 3 2 6 5 0 . 6 2 5 3 1 1 3 3 6 . 3 9 2
PALW 31 6 . 7 4 5 1 6 1 2 9 0 . 0 6 3 5 1 5 0 8 0 . 1 2 5 0 5 9 1 4 5 . 2 4 3
OCD 31 5 . 7 9 5 1 6 1 2 9 0 . 0 7 3 6 6 5 7 2 0 . 1 6 6 2 2 5 8 1 7 . 0 7 3
SKD 31 1 6 . 8 9 8 3 8 7 1 0 0 , 0 8 2 2 5 5 9 6 0 . 2 0 9 7 4 7 3 1 2 . 7 1 0
MAHL 31 1 6 . 4 0 4 8 3 8 7 1 0 . 1 1 7 6 2 3 3 0 0 . 4 2 8 8 9 2 4 7 3 . 9 9 2
MAHD 31 1 2 . 0 3 7 0 9 6 7 7 0 . 1 0 3 0 3 6 4 3 0 . 3 6 1 8 2 7 9 6 4 . 9 7 7
FEL 16 2 7 . 7 8 1 2 5 0 0 0 0 . 5 4 4 0 5 6 4 3 4 . 7 3 5 9 5 8 3 3 7 . 8 3 3
FMW 16 1 . 9 5 3 1 2 5 0 0 0 . 0 3 3 3 7 5 6 2 0 . 0 1 7 3 2 2 9 2 6 . 8 3 5
FDW 16 4 . 9 8 4 3 7 5 0 0 0 . 1 0 4 3 5 5 0 4 0 . 1 7 4 2 3 9 5 8 3 . 3 7 5
FPW 16 6 . 0 4 6 8 7 5 0 0 0 . 1 3 8 4 0 3 7 5 0 . 3 0 6 4 3 9 5 8 9 . 1 5 5
HUL 16 2 2 . 3 3 4 3 7 5 0 0 0 . 4 0 6 6 3 0 4 3 2 . 6 4 5 5 7 2 9 2 7 . 2 6 3
HdW 16 2 . 4 7 5 0 0 0 0 0 0 . 0 9 1 2 8 7 0 9 0 . 1 3 3 3 3 3 3 3 14 . 7 5 3
HPW 16 4 . 4 2 1 8 7 5 0 0 0 . 0 8 9 6 7 1 7 1 0 . 1 2 8 6 5 6 2 5 8 . 1 1 2
HDW 16 6 . 0 8 4 3 7 5 0 0 0 . 1 0 0 2 8 2 3 0 0 . 1 6 0 9 0 6 2 5 6 . 5 9 3
RPW 16 1 . 7 7 8 1 2 5 0 0 0 . 0 3 5 3 4 6 1 3 0 . 0 1 9 9 8 9 5 5 7 . 9 5 1
UPW 16 2 . 5 9 6 8 7 5 0 0 0 . 0 3 2 7 4 5 4 7 0 . 0 1 7 1 5 6 2 5 5 . 0 4 4
TRW 16 4 . 4 7 5 0 0 0 0 0 0 . 0 7 5 0 0 0 0 0 0 . 0 9 0 0 0 0 0 0 6 . 7 0 4
FIW 16 1 . 4 6 8 7 5 0 0 0 0 . 0 3 6 4 7 9 1 6 0 . 0 2 1 2 9 1 6 7 9 . 9 3 5
SCL 16 1 7 . 0 7 8 1 2 5 0 0 0 . 4 3 2 7 7 1 3 2 2 . 9 9 6 6 5 6 2 5 1 0 . 1 3 6
SCW 16 3 . 2 0 3 1 2 5 0 0 0 . 0 7 0 7 7 9 7 0 0 . 0 3 0 1 5 6 2 5 8 . 3 3 9
PEVL 16 1 0 . 6 0 0 0 0 0 0 0 0 . 2 2 7 9 4 3 7 1 0 . 8 3 1 3 3 3 3 3 8 . 6 0 2
SACW 16 9 . 3 1 8 7 5 0 0 0 0 . 2 4 6 7 6 5 5 3 0 . 9 7 4 2 9 1 6 7 1 0 . 5 9 2
BDYL 31 1 6 0 . 3 8 7 0 9 6 7 7 2 . 1 0 1 5 4 9 5 7 1 3 6 . 9 1 1 3 2 7 9 6 7 . 2 9 5
TL 28 8 6 . 0 0 0 0 0 0 0 0 1 . 8 1 9 2 0 9 6 7 9 2 . 6 5 6 6 6 6 6 7 1 1 . 1 9 3
HFL 31 3 3 . 5 1 6 1 2 9 0 3 0 . 3 0 3 6 3 7 5 3 2 . 8 5 3 0 6 4 5 2 5 . 0 4 4



VARIABLE

SPECIES=TRIDECEMLINEATUS 10CATI0N=TAH0KA 

H MEAN STD ERROR VARIANCE C . V.

GLS 18 AO. 2 0 0 0 0 0 0 0

OF MEAN 

0 . 3 4 6 3 8 6 5 8 2 . 1 5 9 7 0 5 8 8 3 . 6 5 6
BASL 18 3 5 . 2 8 8 8 8 8 8 9 0 . 3 1 0 7 6 9 5 4 1 . 7 3 3 3 9 8 6 9 3 . 7 3 6
ZYB 18 2 4 . 1 0 0 0 0 0 0 0 0 . 2 3 1 1 5 2 2 7 0 . 9 6 1 7 6 4 7 1 4 . 0 6 9
ROSL 18 1 5 . 7 6 1 1 1 1 1 1 0 . 1 7 2 9 9 5 3 1 0 . 5 3 3 6 9 2 8 1 4 . 6 5 7
NASL 18 1 3 . 6 6 3 8 8 8 8 9 0 . 1 8 5 1 8 6 9 6 0 . 6 1 7 2 9 5 7 5 5 . 7 5 0
PMXB 18 9 . 3 9 7 2 2 2 2 2 0 . 0 8 5 4 2 0 4 4 0 . 1 4 0 7 2 7 1 2 3 . 9 9 2
lOB 18 8 . 9 0 8 3 3 3 3 3 0 . 1 3 9 0 4 7 3 0 0 . 3 4 8 0 1 4 7 1 6 . 6 2 2
POB 18 1 2 . 0 3 0 5 5 5 5 6 0 . 1 3 3 5 2 5 5 3 0 . 3 2 0 9 2 3 2 0 4 . 7 0 9
PPL 18 1 3 . 5 6 6 6 6 6 6 7 0 . 1 3 1 1 7 1 1 9 0 . 3 0 9 7 0 5 8 8 4 . 1 0 2
BAT 18 1 1 . 0 6 6 6 6 6 6 7 0 . 0 8 9 3 0 7 9 0 0 . 1 4 3 8 2 3 5 3 3 . 4 2 7
TRL 15 7 . 4 1 1 1 1 1 1 1 0 . 0 6 5 7 4 8 0 3 0 . 0 7 7 8 1 0 4 6 5 . 7 6 4
BCB 18 1 7 . 7 3 6 1 1 1 1 1 0 . 1 2 1 5 9 1 1 4 0 . 2 6 6 1 1 9 2 3 2 . 9 0 0
BUL 18 8 . 4 1 1 1 1 1 1 1 0 . 0 8 1 2 0 3 7 3 0 .  1 1 3 6 9 2 8 1 4 . 0 9 6
BUB 18 7 . 0 1 9 4 4 4 4 4 0 . 0 7 0 2 6 3 1 5 0 . 0 8 0 3 6 4 3 8 4 . 2 4 7
MOLW 18 2 . 0 1 1 1 1 1 1 1 0 . 0 2 4 1 0 3 3 3 0 . 0 1 0 4 5 7 5 2 5 . 0 8 5
UDL 13 1 3 . 3 9 7 2 2 2 2 2 0 . 1 4 0 3 4 6 9 2 0 . 3 5 4 5 5 0 6 5 4 . 4 4 5
PALW 18 6 . 5 2 7 7 7 7 7 8 0 . 0 7 8 8 2 1 2 0 0 . 1 1 1 8 3 0 0 7 5 . 1 2 3
OCD 18 5 . 9 3 8 8 8 8 8 9 0 . 1 0 7 2 9 5 6 0 0 . 2 0 7 2 2 2 2 2 7 . 6 6 5
SKD 18 1 7 . 1 8 3 3 3 3 3 3 0 . 1 2 0 2 5 3 0 0 0 . 2 6 0 2 9 4 1 2 2 . 9 6 9
MANL 18 1 6 . 5 4 1 6 6 6 6 7 0 . 1 2 3 9 4 9 8 4 0 . 2 7 6 5 4 4 1 2 3 . 1 7 9
MAND 18 1 2 . 6 6 1 1 1 1 1 1 0 . 1 1 1 6 9 7 8 0 0 . 2 2 4 5 7 5 1 6 3 . 7 4 3
FEL 18 2 9 . 4 1 9 4 4 4 4 4 0 . 2 1 7 6 5 0 0 6 0 . 3 5 2 6 8 7 9 1 3 . 1 3 9
F f ; w 18 2 . 2 8 3 3 3 3 3 3 0 . 0 4 3 8 4 2 5 2 0 . 0 4 2 9 4 1 1 8 9 . 0 7 5
FDW 18 4 . 9 1 6 6 6 6 6 7 0 . 0 5 5 7 1 8 7 1 0 . 0 5 5 8 3 2 3 5 4 . 8 0 3
FPW 18 6 . 3 8 3 3 3 3 3 3 0 . 0 8 6 5 0 8 1 5 0 .  1 3 4 7 0 5 3 8 5 . 7 5 0
HUL 18 2 3 . 2 5 8 3 3 3 3 3 0 . 2 4 6 3 5 4 1 3 1 . 0 9 2 4 2 6 4 7 4 . 4 9 4
HMW 18 2 . 4 1 9 4 4 4 4 4 0 . 0 7 4 0 0 0 8 5 0 . 0 9 8 5 7 0 2 6 1 2 . 9 7 6
HPW 18 4 . 5 8 3 8 8 8 8 9 0 . 0 5 3 4 0 6 1 3 0 . 0 5 1 3 3 9 3 7 4 . 9 3 8
HDW 18 6 . 2 0 8 3 3 3 3 3 0 . 0 8 7 5 6 4 1 7 0 . 1 3 8 0 1 4 7 1 5 . 9 8 4
RPW 18 1 . 8 9 4 4 4 4 4 4 0 . 0 3 6 3 5 5 3 8 0 . 0 2 3 7 9 0 8 5 8 . 1 4 2
UPW 18 2 . 7 3 6 1 1 1 1 1 0 . 0 4 0 9 8 5 7 2 0 . 0 3 0 2 3 6 9 3 6 . 3 5 5
TPW 18 4 . 5 2 7 7 7 7 7 8 0 . 0 6 8 7 4 4 8 4 0 . 0 8 5 0 6 5 3 6 6 . 4 4 2
FIW 18 1 . 5 6 1 1 1 1 1 1 0 . 0 2 4 4 3 9 9 9 0 . 0 1 0 7 5 1 6 3 6 . 6 4 2
SCL 18 1 9 . 1 5 2 7 7 7 7 8 0 . 3 1 9 2 4 8 3 1 1 . 3 3 4 5 5 0 6 5 7 . 0 7 2
SCW 18 3 . 3 0 0 0 0 0 0 0 0 . 0 5 1 7 6 6 1 9 0 . 0 4 3 2 3 5 2 9 6 . 6 5 5
PEVL 18 1 1 . 7 6 9 4 4 4 4 4 0 . 1 5 4 8 3 1 7 1 0 . 4 3 1 5 1 1 4 4 5 . 5 8 1
SACW 18 1 0 . 0 5 0 0 0 0 0 0 0 . 1 9 9 3 8 6 3 1 0 . 7 1 5 5 3 8 2 4 8 . 4 1 7
BDYL 17 1 7 2 . 6 4 7 0 5 8 8 2 2 . 4 9 6 9 7 0 4 8 1 0 5 . 9 9 2 6 4 7 0 6 5 . 9 5 3
TL 16 80 . 8 7 5 0 0 0 0 0 1 . 7 9 0 8 9 1 3 1 5 1 . 3 1 6 6 6 6 6 7 3 . 8 5 8
HFL 17 3 5 . 2 3 5 2 9 4 1 2 0 . 2 5 0 4 3 2 1 5 1 . 0 6 6 1 7 6 4 7 2 . 9 3 0



SPECIES=TRIDECEMLINEATUS LOCATIOU=VERNOH

VARIABLE N MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 17 3 8 . 3 7 3 5 2 9 4 1 0 . 3 5 0 8 4 2 4 1 2 . 0 9 2 5 3 6 7 6 3 . 7 7 0
BASL 17 3 3 . 4 7 3 5 2 9 4 1 0 . 3 ^ 9 8 0 0 6 3 1 . 6 3 1 5 9 9 2 6 3 . 8 1 6
ZYB 17 2 2 . 7 4 4 1 1 7 6 5 0 . 2 3 2 5 8 7 8 4 0 . 9 1 9 6 5 0 7 4 4 . 2 1 6
ROSL 17 1 4 . 6 1 7 6 4 7 0 6 0 . 1 8 2 8 5 6 2 8 0 . 5 6 8 4 1 9 1 2 5 . 1 5 8
NASL 17 1 2 . 8 6 4 7 0 5 8 3 0 . 2 4 0 5 4 7 9 6 0 . 9 8 3 6 7 6 4 7 7 . 7 1 0
PMXB 17 8 . 9 6 1 7 6 4 7 1 0 . 0 8 2 6 4 1 3 0 0 . 1 1 6 1 0 2 9 4 3 . 8 0 2
JOB 17 8 . 4 2 0 5 8 3 2 4 0 . 1 0 3 7 0 5 1 5 0 . 1 3 2 8 3 0 8 8 5 . 0 7 8
POB 17 1 2 . 0 2 3 5 2 9 4 1 0 . 1 1 5 4 5 2 3 8 0 . 2 2 6 5 9 9 2 6 3 . 9 5 9
PPL 17 1 2 . 8 6 4 7 0 5 3 8 0 . 1 4 5 1 2 7 0 2 0 . 3 5 8 0 5 1 4 7 4 . 6 5 1
BAT 17 1 0 . 6 1 1 7 6 4 7 1 0 . 0 6 1 4 6 6 3 7 0 . 0 6 4 2 2 7 9 4 2 . 3 8 8
TRL 17 7 . 7 5 0 0 0 0 0 0 0 . 0 7 8 4 7 3 4 9 0 . 1 0 4 6 8 7 5 0 4 . 1 7 5
BCB 17 1 6 . 8 7 6 4 7 0 5 9 0 . 1 4 2 0 1 2 6 9 0 . 3 4 2 3 4 9 2 6 3 . 4 7 0
BUL 17 8 . 1 8 2 3 5 2 9 4 0 . 0 8 2 7 9 8 1 7 0 . 1 1 6 5 4 4 1 2 4 . 1 7 2
BUB 17 6 . 7 7 0 5 8 8 2 4 0 . 0 6 8 6 0 7 3 1 0 . 0 8 0 0 1 8 3 3 4 . 1 7 5
MOLW 17 1 . 9 2 3 5 2 9 4 1 0 . 0 2 8 1 5 3 2 2 0 . 0 1 3 4 7 4 2 6 6 . 0 3 5
UDL 17 1 2 . 1 7 9 4 1 1 7 6 0 . 1 6 4 4 6 3 5 9 0 . 5 7 8 4 5 5 8 8 6 . 2 4 5
PALW 17 6 . 6 8 5 2 9 4 1 2 0 . 0 7 9 2 6 1 8 4 0 . 1 0 6 3 0 1 4 7 4 . 8 8 8
OCD 17 5 . 7 6 4 7 0 5 8 8 0 . 0 7 9 2 6 1 8 4 0 . 1 0 6 3 0 1 4 7 5 . 6 6 9
SKD 17 1 6 . 4 3 8 2 3 5 2 9 0 . 1 3 0 6 4 6 6 8 0 . 2 9 0 1 6 5 4 4 3 . 2 7 7
MANL 17 1 6 . 0 2 9 4 1 1 7 6 0 . 1 1 8 2 0 1 8 2 0 . 2 3 7 5 1 3 3 8 5 . 0 4 0
MAND 17 1 1 . 6 9 7 0 5 8 8 2 0 . 1 6 0 3 3 4 5 9 0 . 4 3 7 0 2 2 0 6 5 . 6 5 2
FEL 17 2 7 . 3 4 7 0 5 8 8 2 0 . 4 0 5 3 2 9 1 7 2 . 7 9 2 9 5 9 5 6 6 . 1 1 1
FMM 17 1 . 9 7 9 4 1 1 7 6 0 . 0 3 7 8 3 0 1 4 0 . 0 2 4 3 9 3 3 3 7 . 8 9 0
FDW 17 4 . 4 6 4 7 0 5 8 8 0 . 0 6 8 0 2 9 6 1 0 . 0 7 8 6 7 6 4 7 6 . 2 8 2
FPW 17 6 . 0 0 2 9 4 1 1 8 0 . 0 9 1 0 9 9 3 5 0 . 1 4 1 0 8 4 5 5 6 . 2 5 7
HUL 17 2 2 . 0 3 8 2 3 5 2 9 0 . 2 8 8 9 6 7 7 8 1 . 4 1 9 5 4 0 4 4 5 . 4 0 6
Hi:w 17 2 . 2 2 9 4 1 1 7 6 0 . 0 5 9 4 1 7 9 5 0 . 0 6 0 0 1 3 3 8 1 0 . 9 3 9
HPW 17 4 . 1 4 7 0 5 3 8 2 0 . 0 5 8 2 3 2 3 2 0 . 0 5 7 6 4 7 0 6 5 . 7 9 0
HDW 17 5 . 7 5 2 9 4 1 1 8 0 . 0 7 7 1 1 1 2 9 0 . 1 0 1 0 8 4 5 6 5 . 5 2 7
RPU 17 1 . 7 2 3 5 2 9 4 1 0 . 0 2 7 8 2 4 8 4 0 . 0 1 3 1 6 1 7 6 6 . 6 5 6
UPW 17 2 . 4 9 4 1 1 7 6 5 0 . 0 4 6 1 5 3 9 8 0 . 0 3 6 2 1 3 2 4 7 . 6 3 0
TPW 17 4 . 1 5 8 3 2 3 5 3 0 . 0 5 5 2 7 9 2 5 0 . 0 5 1 9 4 3 5 3 5 . 4 3 0
FIU 17 1 . 4 0 0 0 0 0 0 0 0 . 0 4 2 0 0 8 4 0 0 . 0 3 0 0 0 0 0 0 1 2 . 3 7 2
SCL 17 1 7 . 1 2 0 5 8 8 2 4 0 . 4 4 3 4 4 5 2 3 3 . 4 1 8 7 6 8 3 8 1 0 . 8 0 0
SCW 17 3 . 1 1 7 6 4 7 0 6 0 . 0 6 8 3 2 3 0 3 0 . 0 7 9 3 5 6 5 2 9 . 0 3 5
PEVL 17 1 0 . 6 3 2 3 5 2 9 4 0 . 1 8 2 0 5 0 2 7 0 . 5 6 3 4 1 9 1 2 7 . 0 6 0
SACW 17 9 . 1 0 5 3 8 2 3 5 0 . 2 0 6 4 1 7 3 7 0 . 7 2 4 3 3 0 2 4 9 . 3 4 6
BDYL 17 1 5 7 . 0 0 0 0 0 0 0 0 2 . 4 7 4 8 7 3 7 3 1 0 4 .  1 2 5 0 0 0 0 0 6 . 4 9 9
TL 13 87 . 3 4 6 1 5 3 8 5 2 . 1 1 4 8 0 1 7 3 5 8 . 1 4 1 0 2 5 6 4 8 . 6 8 0
HFL 17 3 4 . 0 5 8 8 2 3 5 3 0 . 3 0 2 8 1 2 6 5 1 . 5 5 8 8 2 3 5 3 3 . 6 6 6



SPECIE5=TRIDECEMLIHEATU5 LOCATIOH=UACO

VARIABLE N MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 15 4 1 . 5 6 3 3 3 3 3 3 0 . 2 6 0 0 1 2 2 1 1 . 0 1 4 0 9 5 2 4 2 . 4 2 3
BASL 15 3 6 . 4 2 0 0 0 0 0 0 0 . 2 7 5 0 6 7 0 9 1 . 1 3 4 9 2 8 5 7 2 . 9 2 5
ZYB 15 2 3 . 9 3 0 0 0 0 0 0 0 . 1 8 4 2 4 8 3 0 0 . 5 0 9 2 1 4 2 9 2 .  976
ROSL 15 1 6 . 1 2 3 3 3 3 3 3 0 . 1 6 7 1 0 8 9 4 0 . 4 1 8 8 3 0 9 5 4 . 0 1 4
NASL 15 1 3 . 6 4 6 6 6 6 6 7 0 . 1 3 5 7 0 5 1 0 0 . 2 7 6 2 3 3 1 0 3 . 8 5 1
PMXB 15 9 . 5 9 3 3 3 3 3 3 0 . 1 1 9 4 0 9 9 2 0 . 2 1 3 8 3 0 9 5 4 . 3 2 1
IGB 15 9 . 0 0 6 6 6 6 6 7 0 . 1 0 4 6 3 3 4 6 0 . 1 6 4 2 3 8 1 0 4 . 5 0 0
POB 15 1 2 . 0 4 6 6 6 6 6 7 0 . 1 6 9 1 3 4 1 2 0 . 4 2 9 0 9 5 2 4 5 . 4 3 8
PPL 15 1 3 . 7 9 3 3 3 3 3 3 0 . 1 2 6 5 7 2 6 5 0 . 2 4 0 3 0 9 5 2 3 . 5 5 4
BAT 15 1 1 . 2 1 0 0 0 0 0 0 0 . 1 3 3 6 4 8 4 4 0 . 2 6 7 9 2 8 5 7 4 . 6 1 7
TRL 15 7 . 7 1 0 0 0 0 0 0 0 . 0 6 2 7 1 6 2 9 0 . 0 5 9 0 0 0 0 0 3 . 1 5 0
BCB 15 1 7 . 7 8 6 6 6 6 6 7 0 . 1 0 2 9 8 7 1 3 0 . 1 5 9 0 9 5 2 4 2 . 2 4 3
BUL 15 8 . 7 3 6 6 6 6 6 7 0 . 0 8 3 2 9 9 6 3 0 .  1 1 6 9 5 2 3 8 3 . 9 1 4
BUB 15 7 . 2 4 3 3 3 3 3 3 0 . 0 7 9 7 1 1 7 8 0 . 0 9 5 3 0 9 5 2 4 . 2 6 2
MOLW 15 2 . 1 3 6 6 6 6 6 7 0 . 0 3 2 5 3 8 1 3 0 . 0 1 5 8 8 0 9 5 5 . 8 9 8
UDL 15 1 3 . 5 9 0 0 0 0 0 0 0 . 1 6 5 9 3 9 1 0 0 . 4 1 3 2 5 5 7 1 4 . 7 3 0
PALW 15 6 . 7 3 3 3 3 3 3 3 0 . 1 1 4  9 1 3 8 8 0 . 1 9 5 0 9 5 2 4 6 . 6 1 0
OCD 15 6 . 3 0 6 6 6 6 6 7 0 . 0 9 7 8 1 7 4 5 0 . 1 4 3 5 2 3 8 1 6 . 0 0 7
SKD 15 1 7 . 0 7 0 0 0 0 0 0 0 . 0 9 4 9 6 8 6 7 0 . 1 3 5 2 8 5 7 1 2 . 1 5 5
MANL 15 1 6 . 9 9 0 0 0 0 0 0 0 . 1 2 3 6 5 6 0 6 0 . 2 4 5 2 3 5 7 1 2 . 9 3 3
MAND 15 1 2 . 6 9 0 0 0 0 0 0 0 . 1 2 2 6 8 3 1 5 0 . 2 2 5 7 3 5 7 1 3 . 7 4 4
FEL 14 3 0 . 3 3 9 2 8 5 7 1 0 . 3 1 5 5 8 3 3 0 1 . 3 9 4 2 9 9 4 5 3 . 3 9 2
FMW 14 2 . 1 3 2 1 4 2 3 6 0 . 0 3 3 3 0 9 0 7 0 . 0 1 6 0 0 2 7 5 5 . 9 3 3
FDW 14 5 . 0 1 0 7 1 4 2 9 0 . 0 7 5 6 2 5 3 4 0 . 0 8 0 0 6 3 6 3 5 . 6 4 7
FPW 14 6 . 4 9 6 4 2 3 5 7 0 . 0 7 3 3 5 2 5 9 0 . 0 3 5 9 4 7 8 0 4 . 5 1 3
HUL 14 2 4 . 4 0 7 1 4 2 8 6 0 . 2 6 5 3 4 5 3 7 0 . 9 3 5 7 1 4 2 9 4 . 0 6 8
HMW 14 2 . 3 8 5 7 1 4 2 9 0 . 0 6 6 8 0 0 6 2 0 . 0 6 2 4 7 2 5 3 1 0 . 4 7 7
HPW 14 4 . 6 5 7 1 4 2 8 6 0 . 0 5 8 5 6 7 4 1 0 . 0 4 8 0 2 1 9 8 4 . 7 0 5
HDW 14 6 . 2 3 5 7 1 4 2 9 0 . 0 5 4 8 2 9 5 5 0 . 0 4 2 0 8 7 9 1 3 . 2 9 0
RPW 14 1 . 9 6 7 8 5 7 1 4 0 . 0 3 0 3 3 5 4 1 0 . 0 1 2 9 2 5 8 2 5 . 7 7 7
UPW 14 2 . 7 5 7 1 4 2 3 6 0 . 0 4 7 1 3 1 2 0 0 . 0 3 1 0 9 8 9 0 6 . 3 9 6
TPW 14 4 . 6 3 9 2 8 5 7 1 0 . 0 7 1 1 3 2 6 3 0 . 0 7 0 3 3 7 9 1 5 . 7 3 7
FIW 14 1 . 6 6 4 2 3 5 7 1 0 . 0 2 5 9 0 5 5 8 0 . 0 0 9 3 9 5 6 0 5 . 8 2 4
SCL 14 1 9 . 2 1 0 7 1 4 2 9 0 . 2 9 4 4 1 5 9 1 1 . 2 1 3 5 3 0 2 2 5 . 7 3 4
SCW 14 3 . 4 6 7 3 5 7 1 4 0 . 0 6 2 5 9 2 1 6 0 . 0 5 4 3 4 3 9 0 6 . 7 5 3
PEVL 14 1 1 . 6 3 9 2 3 5 7 1 0 . 1 1 9 6 5 8 2 3 0 . 2 0 0 4 5 3 3 0 3 . 5 4 7
SACW 14 1 0 . 5 0 3 5 7 1 4 3 0 . 1 6 5 4 5 5 1 1 0 . 3 5 3 2 5 5 4 9 5 . 5 9 4
BDYL 15 1 7 0 . 0 6 6 6 6 6 6 7 2 . 0 1 2 9 7 3 7 9 6 0 . 7 3 0 9 5 2 3 8 4 . 5 5 4
TL 14 8 3 . 7 8 5 7 1 4 2 9 2 .  9 9 3 4 9 5 1 7 1 2 5 . 8 7 3 6 2 6 3 7 1 2 . 6 3 6
HFL 15 3 4 . 8 0 0 0 0 0 0 0 0 . 4 5 9 8 1 3 6 3 3 . 1 7 1 4 2 5 5 7 5 . 1 1 7



SPECIES =TRIDECEMLÏHEATUS LOCATION: WICHITA FALLS

VARIABLE N MEAN STD ERROR 
OF MEAN

VARIANCE C. V.

GLS 14 3 8 . 4 5 0 0 0 0 0 0 0 . 4 3 2 5 3 6 6 0 2 . 6 1 9 2 3 0 7 7 4 . 2 0 9
BASL 14 3 3 . 5 8 2 1 4 2 8 5 0 . 4 1 0 9 2 9 2 3 2 . 3 6 4 0 7 9 6 7 4 . 5 7 3
ZYB 14 2 3 . 1 2 1 4 2 8 5 7 0 . 2 4 6 6 0 9 6 6 0 . 8 5 1 4 2 8 5 7 3 . 9 9 1
ROSL 14 1 4 . 9 4 6 4 2 8 5 7 0 . 2 1 7 0 2 6 8 8 0 . 6 5 9 4 0 9 3 4 5 . 4 3 3
HASL 14 1 3 . 1 0 0 0 0 0 0 0 0 . 3 0 2 7 8 0 1 6 1 . 2 8 3 4 6 1 5 4 8 . 6 4 8
PMXB 14 8 . 8 5 3 5 7 1 4 3 0 . 0 9 0 2 4 7 5 7 0 . 1 1 4 0 2 4 7 3 3 . 8 1 4
JOB 14 8 . 6 1 4 2 8 5 7 1 0 . 1 4 2 7 1 9 7 1 0 . 2 3 5 1 5 4 3 4 6 . 1 9 9
POB 14 1 2 . 6 0 7 1 4 2 3 6 0 . 1 4 7 5 3 6 5 5 0 . 3 0 4 9 4 5 0 5 4 . 3 8 0
PPL 14 1 2 . 6 9 2 8 5 7 1 4 0 . 2 0 0 4 7 0 4 0 0 . 5 6 2 6 3 7 3 6 5 . 9 1 0
BAT 14 1 0 . 5 7 5 0 0 0 0 0 0 . 1 1 5 1 6 2 3 3 0 . 1 8 5 6 7 3 0 3 4 . 0 7 5
TRL 14 7 . 5 7 1 4 2 8 5 7 0 . 0 5 9 9 2 5 3 9 0 . 0 5 0 2 7 4 7 3 2 . 9 6 1
BCB 14 1 7 . 2 2 8 5 7 1 4 3 0 . 1 2 5 6 5 3 7 1 0 . 2 2 1 0 4 3 9 6 2 . 7 2 9
BUL 14 7 . 9 6 7 3 5 7 1 4 0 . 1 0 4 5 1 4 4 6 0 . 1 5 2 9 2 5 8 2 4 . 9 0 8
BUB 14 6 . 5 5 3 5 7 1 4 3 0 . 0 8 6 0 3 9 9 0 0 . 1 0 3 6 4 0 1 1 4 . 9 1 2
MOLW 14 2 . 0 3 2 1 4 2 8 6 0 . 0 1 7 3 5 7 1 4 0 . 0 0 4 4 6 4 2 9 3 . 2 8 8
UDL 14 1 2 . 4 7 1 4 2 3 5 7 0 . 2 8 4 4 7 5 3 4 1 . 1 3 2 9 6 7 0 3 8 . 5 3 5
PALW 14 6 . 5 6 0 7 1 4 2 9 0 . 0 7 2 4 7 1 7 8 0 . 0 7 3 5 3 0 2 2 4 . 1 3 3
OCD 14 5 . 2 3 2 1 4 2 3 6 0 . 1 8 7 9 3 3 1 7 0 . 4 9 4 4 6 4 2 9 1 3 . 4 4 0
SKD 14 1 6 . 9 5 3 5 7 1 4 3 0 . 1 1 0 7 4 9 7 3 0 . 1 7 1 7 1 7 0 3 2 . 4 4 4
MAHL 14 1 5 . 9 3 5 7 1 4 2 9 0 . 1 9 2 1 8 4 4 2 0 . 5 1 7 0 3 7 9 1 4 . 5 1 2
MAHD 14 1 1 . 2 7 1 4 2 3 5 7 0 . 2 2 2 6 6 5 3 1 0 . 6 9 4 1 2 0 8 8 7 . 3 9 2
FEL 0
FMW 0
FDW 0
FPW 0
HUL 0
HMW 0
HPW 0
HDW 0
RPW 0
UPW 0
TPW 0
FIW 0
SCL 0
SCW 0
PEVL 0
SACW 0
BDYL 14 1 6 1 . 4 2 8 5 7 1 4 3 3 . 8 7 9 6 6 5 6 2 2 1 0 . 7 2 5 2 7 4 7 3 8 . 9 9 2
TL 13 9 2 . 5 3 8 4 6 1 5 4 2 . 5 6 6 0 3 8 9 7 8 5 . 6 0 2 5 6 4 1 0 9 .  998
HFL 14 3 3 . 3 5 7 1 4 2 8 6 0 . 7 0 0 1 3 4 5 5 6 . 8 6 2 6 3 7 3 6 7 . 8 5 3



r; i

Apprtu l ix  1 1 1 .  Hr ja i l l i ;  o f  SS-STI' (:iumr-i o f  iraul I . inrou:.  t r ; . t

p r o c r d o f r )  I r I Ü f o r  'IH c r a n i a l  , : ; k r l r t a l ,  and r x l r r n . i l  

c h n r a c l c r : ;  o f  S .  mrx i c.mu;; and S .  t . r id c c c m l  i n c a lu r .  from 

3.3 ( f o r  c r . i n i . l l  .ind e x t e r n a l  me.iMirc!;)  o r  23 ( f o r  

i : ke lc L . i l  mca!;ure:;)  l o c a l  i t i c j ; .  L o c a l i t y  a b b r e v i a t i o n ! ;  

a r c  ai: in  T a b l e  1 o f  s e c t i o n  I I I .  N o n s i g n i f i c a n t
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ZYIt NAS ion

S U Y  1 AND I AUS
KKH 11 n i  G I ANT)
ART 11 ART I KEN
A»i n HER 11 SNY
DIG 11 RON 111 AH I
HUN 11 HUN 1 1 1 KER
AND 111 AH I I I I PEC
PEC 1 1 I I RAN 111 ART
KEN 1 1 I I PER I I I  I BIG
nos I I I I SNY m i HUN
RAN 1111 KEN I I I  11 lUN
AUS I I I I SEY m m SEY
ROM m i l HOM m i  I I I HOM
SEY m i l AUS I I I  I I I  I NEW
SUE 1 1 I I I NEW m i  I I I KOS
NEW m i l SHE m m SHW
TAU I I I I PLA I I I  11 WAC
PLA 111 TAH m i PAR
WAC I I I WAC m i TAH
LOV I I I NOR I I I PLA
NCR I I I H,\T I I I DEN
LEV I I DEN I I I NOR
LUB I I HIL  I I I WIC
HOT I I LUB I I HIL
POR I I LOV I I LEU'
LEW I I LEV I I LOV
HAT I I HOT I I HOT
HIL I I POR I I VER
DEN I I LEW I I LEV
WIC I I WIC I I HAT
PAR I I CRU I I POR
CRU I VER I I LUB
VER I PAR I CRU



i ? r .

ni.s BAS OCD

AND I AND I RAN 1
AHT I SNY I SNY II
SNY 11 ART 11 ART I I
KKH 11 ABl I I I ABl I I
AHI I I MUN I I I I MUN II
BIG I I I KER I I I I KEN I I
MUN n i l RAN I I I  I HOM I I
RAN 11111 BIG m i l ROS II
ki:n 1 1 1 1 1 1 KEN I I I I  I AND I I
ROS 1 1 1 1 I I PEC m i l KER I I
PEC m i l l ROS m m BIG I I
SEY 1111111 SEY m m SEY I I
HOM m i l l HOM m m PEC I I
AUS m m AUS I I I I  11 SHE
NEW I I I  I I I NEW m m AUS
SHE m i l I SHE m i l I PLA
WAC I I I  I I I  WAC m i l 11 WAC
NOR 111 I I I  PLA m i I I I  LEW
PLA I I I I I  TAH I I I I I I  LEV
T;\H 11 I I I  NOR I I I I I  DEN
DEN I I I I  LEV I I I I I  NEW
HIL I I I I  HIL I I I I  NOR
LOV I I I I  LOV I I I I  LOV
LEV I I I I  DEN I I I I  TAH
LEW I I I I  LEW I I I I  LUB
LUB I I I I  HOT I I I I  HIL
MAT I I I I  PAR I I I  POR
HOT I I I  MAT I I  VER
PAR I I  LUB I I  MAT
POR I I  POR I I  HOT
CRU I GRU I PAR
WIC I WIC I GRU
VER I VER I  WIC



1

BCB Bill!

SKY 1 KER I KER 1
AND 1 1 ABl I MUN I
AHl 111 MUN I AND I I
MUN n i l SNY I I ABl I I
SNY I I I I 1 AND I I I ART I I
KEN 11111 PEC I I I KEN I I
ART m i l l BIG I I I SNY I I
RAN I I I I I I I KEN I I I RAN I I
LUB I I I I I I I RAN I I I PEC I I
LOV I I I I I I I ART I I I SEY I I
HIL I I I I I I I ROS I I I BIG I I
HOM I I I I I I I SHE I I I I HOM
ROS I I I I I I I I SEY I I I I SHE
BIG I I I I I I I I I AUS I I I AUS
WAC I I I I I I I I I HOM I I I I ROS
KER I I I I I I I I I NEW I I I I WAC
TAH I I I I I I I I I  WAC I I I NEW
LEW I I I I I I I 111 TAH I I I PLA
LEV I I I I I I I I I I  LUB I I LOV
NEW m i l l I I I I  LOV I I LUB
PLA m i l I I I I  LEW I I TAH
AUS I I I I I I I I  HOT I I DON
HOT I I I m i l  POR I I LEV
DEN I I I m i l  PLA I I HOT
PEC I I m i l  MAT I I MAT
VER I m i l  DEN I I GRU
MAT m i l  LEV I I VER
POR I I I I  NOR I I POR
WIC I I I  PAR I I LEW
SHE I I  WIC I I PAR
PAR I I  GRU I I NOR
NOR I HIL I I WIC
GRU I VER I HIL



Kps POB PPL

AKI) I ART I AST) I
AHT 11 AUS 11 SNY II
HUN 1 1 NEW 1 11 KER 11
AH I 11 BIG 111 ART 11
KKH 111 KEN 11 1 PEC 11
BIG 111 SHE 1111 KEN II
RAN 1111 ROS 1111 ABl 11
KEN 1111 PEC 111 11 BIG II
SNY m i l KER m m MUN I I
PEC m i l l HOM I I I  I I I ROS 11
ROS m i n i MUN m m RAN 11
SEY 111 I I I  1 1 AND m i n i SEY 11
HOM m u m ABi l i m n I AUS 11
AUS 111 m i l SNY 111 111 111 HOM
WAC 111 111 11 LOV l i m n I I I  SHE
NEW m u m RvYN m i n i I I I I  NEW
TAH m m i WIC I I I I I I I n i l  PLA
SHE m m DEN I I I I I I I I I I I  WAC
DEN m i l LEW I I I I I I I I I I I  NOR
NOR I I I I HIL m i l l n i l  TAH
LEV I I I MAT I I I I I I I I I  LEV
HIL I I I SEY I I I I I I I I  HIL
LOV I I I HOT I I I I I I I  LEV
PLA I I I LUB I I I I I I  LUB
MAT I I I POR I I I I I  DEN
LEW I I I NOR I I I I  HOT
LUB I I WAC I I I I  POR
HOT I I TAH I I I  GRU
GRU I I PAR I I I  MAT
PAR I I LEV I I  VER
WIC I VER I I  LEW
POR I PLA I I  WIC
VER GRU I PAR



ï / !

MAL HUL MOL
KKR 1 KER 1 MUN
AFU II MUN I SNY
MUN 11 SNY I ABI
AND 11 ABI I PEC
SNY 111 AND I NEW
BIG IIII RAN I RAN
ART IIII BIG II BIG
PEC IIII ART 11 AND
ROS IIII PEC 111 KER
KEN IIII KEN 111 ART
RAN IIII SHE III AUS
AUS IIII ROS IIII KEN
NEW IIII HOM IIII WAC
HOM IIII LUB III 11 ROS
SEY m il SEY III III SHE
SHE m i l NEW III III I HOM
WAC m il AUS IIIIIII SEY
HOT m i WAC I I I I I I I WIC
PLA III LOV m m TAH
DEN III HOT m i l IL\T
HIL II DEN m i l I PLA
NOR II PAR IIII 1 PAR
LOV II LEV IIII I LUB
TAH II PLA III I NOR
LEW II TAH III I LEW
LEV II MAT I I I I POR
MAT II GRU III I LEV
POR I LEW III I GRU
PAR I NOR II I HIL
LUB I VER I I VER
VER I HIL I DEN
GRU I PAR I HOT
WIC WIC I LOV



7'f

PAW Ŝ Kj)

RAN I KER I ART I
HUN 11 AND II KER I
SNY 111 ART 111 AND 1
AUS I I I HUN I I I I ABI I
KER III ABI I I I I BIG I
PEC 111 SNY I I  I I I MUN I
KEN I I I KEN i n n ROS I
AND I I I I BIG m i l SNY' I
ABI m i l PEC I I I  I I I PEC I
NEW m i l l ROS I I I I I  I KEN I
SHE m m AUS I I I I 1 1 RAN I
BIG m i n i NEW m i l l HOM I
SEY I I I I I I I I SEY i n n SHE
ART I I I I I I I I I RAN I I I  I I I AUS
ROM I I I I I I I I I HOM m i l l SEY
PAR I I I I I I I I I I SHE i n n I NEW
LEW I I I I I I I I I I PLA n i l n LUB
ROS I I I I I I I I I I  WAC I I I I I  LOV
LEV m i n i I I I  TAH I I I I  TAH
POR m m I I I  LEW I I I  MAT
WAC i n n I I I  DEN I I I I  HOT
HIL I I I I I I I  PAR I I I  PLA
VER I I I I I I  HOT I I I  WAC
DEN i n I I I  NOR I I I  DEN
LOV I I I I I I  H.AT I I I  WIC
LUB I I I I I  LUB I I I  HIL
WIC I I I I  LOV I I I  NOR
TAH I I I I  HIL I I I  LEV
NOR I I I  GRU I I I  POR
PLA I I I  POR I I  LEW
HOT I I I  LEV I I  PAR
MAT I I  VER I I  GRU
GRU I WIC I VER



IHO

E l- UDL

HUN I SKY I
Ain 11 AND I
PEC 11 ART I
ART 111 RAN I
RAN III MUN I
SNY IIII ABI I
AND IIII KEN I
SHE m i l KER I
ROS m i l BIG I
BIG m i l ROS I
NEW m m PEC I
KEN m m AUS I
AUS m m SEY
SEY m m HOM
KER m m WAC
HOM m m NEW
LOV m m TAH
PAR m i l SHE
TAH m i PLA
PLA III LOV
HOT III NOR
WAC III DEN
MAT III LEW
LUB III LEV
DEN II HIL
VER II HOT
LEV I MAT
LEW I WIC
HIL I LUB
NOR I POR
POR I GRU
WIC I VER
GRU I PAR



Ifil

M T TRI.

SHY 1 ABI
KKR 1 1 MUN
RAN 11 KER
AND 111 SNY
HUN I I I RAN
ABI I I I PEC
BIG I I I I BIG
PEC I I I I ART
ART I I I I AND
KEN I I I I HOM
HOM I I I I KEN
AUS 11111 SHE
SEY m i l AUS
ROS m i l l ROS
NEW I I I I I I I NEW
SHE m i n i SEY
WAC I I I I I I I PAR
TAH I I I I I I I NOR
LEV I I I I I I I VER
LUB m m PLA
LEW m m DEN
PAR m m WAC
HIL m i l HIL
DEN m i l LUB
PLA m i l POR
NOR m i l WIC
HOT m i l MAT
POR I I I I LEW
VER I I I HOT
WIC I I I LOV
LOV I I LEV
MAT I I TAH
GRU I GRU



IjPW TRW KIW FEL

MUN I KAN I SNY I RAN
ART 11 SNY 11 AND 11 ART
AKI) 11 AND 11 ART 11 AND
SKY 111 ART 111 RAN I I I SNY
DIG I I I BIG I I I ABI 111 MUN
AUI I I I I AUI I I I I BIG I I I BIG
RAN I I I I MUN I I I I ROS I I I I ABI
ROS I I I I KEN 11 I I I KEN I I I I ROS
KEN m i l ROS I I I I SEY m i l KEN
HOM m i l AUS I I I I MUN H i m AUS
SEY I I I I HOM I I I HOM H I  111 SEY
AUS I I I I SEY I I I WAC H H I I HOM
PLA 111 I WAC I I I AUS I I I I I WAC
WAC II I I  LOV I I TAH 111 I LOV
LOV I 11 PLA I LUB 11 I PLA
TAH I 11 TAH I PLA II I T/\H
HIL I I  LEV I LOV I I MAT
LEV II  POR I HIL I I LEV
MAT I I  LUB I HOT I I HOT
LUB II  HIL I MAT I I HIL
POR I I  MAT I LEV I LUB
HOT I HOT I POR I POR
VER I VER I VER I VER



1H :s

KHW FDW RPW

• UN I SNY 1 MUN I
AKT 11 HUN 11 ART II
ABl 11 ART 11 AND II
AND I I 1 RAN II SNY II
BIC> I I I 1 BIG 111 RAN II
SNY 1I I I ART 111 BIG II
ROS 1111 AND I I I I ABI II
RAN m i l ROS I I I  11 HOM II
SEY m i l KEN I I I  I I I ROS II
HOM 1 1 I I I I HOM I I I  11 SEY II
KEN I I I I I I SEY m i l AUS
AUS I I I I I I I AUS m i l KEN
TAH I I I I I I I PLA m i l WAC
LOV I I I I I I I WAC I I I I PLA
HAT I I I 1 1 I I  POR I I I LOV
PLA I I I I I I  LEV I I I LUB
WAC 111 I I  LOV I I I TAH
LEV I I I I  LUB I I I HOT
LUB I I I I  TAH I I MAT
HOT I I I  HOT I I HIL
VER I I  HAT I I LEV
HIL I I  HIL I I POR
FOR I VER I VER



IK.'.

SCI, SCW PKV

AND I AND I AND
ART I ART I I ABI
SNY 1 1 ADI I I SNY
MUN I I MUN I I I ART
KEN 11 ROS 111 MUN
BIG I I I BIG I I I BIG
SEY I I I SNY I I I  I ROS
ABI I I I HOM 111 11 SEY
ROS I I I I RAN 111 111 KEN
RAN m i l SEY m i n i RAN
AUS 1 1 1 1 1 1 KEN m i n i HOM
UGH I I I I I I I WAC I I I I I I I AUS
PLA I I I I I I I AUS m i l l PLA
WAC I I I I I I I PLA m i l TAH
TAH 1 1 I I 1 1 TAH 1 111 WAC
LOV m i l H IL  111 LOV
LEV I I I  I HOT 11 LUB
H IL  I I I LOV 11 LEV
HOT I I I LUB 11 HOT
LUB I I I POR 11 M,\T
MAT I I HAT I H IL
VER I I LEV I VER
POR I VER I POR



IH-j

FPW HUL HMW
AND 1 SNY I ART
MUN I ART 11 ROS
SNY 11 AND II BIG
ART 111 MUN 11 SEY
AHI I I I I BIG I I HOMRAN IIII ABI II ABIBIG m i l ROS II SNY
ROS m i l KEN II AND
KEN m m RAN II MUN
AUS I III I AUS II PLA
SEY m i l SEY I I KEN
HOM m i l HOM II RAN
PLA m i l WAC II POR
WAC III I PLA II TAH
HOT III LOV II WAC
TAH II TAH II AUSLEV II MAT II LEV
MAT II LEV I LOV
LOV II HIL I LUB
HIL I HOT I VER
LUB I POR I MAT
POR I LUB I HIL
VER I VER I HOT



3 H()

SAW HDW HPW

AND I AND I AND
AKT 1 ABI I HUN
AKI II SNY I SNY
BIG II RAN I ABI
SNY I I I HUN I ART
RAN I I I ART II RAN
KEN I I I I BIG I I BIG
HUN m i l ROS II KEN
ROS m i l l KEN I I ROS
SEY I I I I I I I AUS I I I SEY
AUS I I I I I I I I HOM 111 AUS
PLA I I I I I I I I I SEY I I I I HOM
LOV m m m i PLA I I I I PLA
WAC I I I I I I I I I LOV I I I WAC
HOM I I I I I I I I WAC 11 T/\H
TAH I I I I I I I T,UI 11 LOV
LUB I I I I I I I HOT I I LUB
LEV m m LEV I HOT
HIL m i l POR I LEV
HAT I I I I LUB I MAT
POR I I I MAT I POR
HOT I I HIL I HIL
VER I VER I VER


