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CHAPTER I  

INTRODUCTION

S y s te m a tic  zoology h a s  been  rem ark ab ly  enhanced by 

r e c e n t  advances and im proved te c h n iq u e s  i n  c y to g e n e t ic s ,  

b e h a v io r ,  e c o lo g y , p h y s io lo g y , and  b io c h e m is try . Through 

ju d ic io u s  u se  o i  th e  m ethods a v a i l a b l e  t o  him , th e  modern 

s y s te m a t i s t  can r e v a lu a te  p h y lo g e n e tic  r e l a t i o n s h i p s  t h a t  

w ere fo rm e r ly  d e te rm in e d  th ro u g h  m o rp h o lo g ic a l c h a r a c t e r i s ­

t i c s .  Advances in  g e n e t ic s  have  le d  t o  th e  a c c e p ta n c e  o f  

th e  one g en e-o n e  p o ly p e p tid e  th e o r y .  C r i t i c a l  a n a ly s e s  

o f  serum  p r o t e in s  h av e  d e m o n s tra te d  t h a t  d i f f e r e n c e s  in  

th e  m o b i l i ty  and co m p o s itio n  o f  t h e  p r o t e i n  f r a c t i o n s  may 

be th e  r e s u l t  o f  homozygous and h e te ro z y g o u s  e x p re s s io n  o f  

s e v e r a l  a l l e l e s  (N a d le r , 1968). S y s te m a tic  a n a ly s e s  a t  th e  

l e v e l  o f  th e  gene w i l l  u n d o u b ted ly  p ro v id e  f u r t h e r  in s ig h t  

i n to  t h e  p h y lo g e n ie s  o f  b io lo g i c a l  s p e c i e s .  I n v e s t ig a t io n s  

a t  th e  l e v e l  o f  th e  gene  o f te n  r e q u i r e  e la b o r a te  and expen­

s iv e  m eth o d s, t h e r e f o r e ,  em phasis has been  p la c e d  on th e  

p rim a ry  p ro d u c t o f  gene a c t io n ,  th e  p r o t e i n s .  Numerous 

r e l i a b l e  and in e x p e n s iv e  m ethods o f  s e p a r a t io n  and c h a ra c ­

t e r i z a t i o n  o f  p r o te in s  a r e  a v a i l a b l e .  E le c t r o p h o r e s i s ,

1



2

Im m u n o e le c tro p h o re s is , and r e l a t e d  im m unolog ical m ethods can 

be m o d if ied  t o  g iv e  bo th  q u a n t i t a t i v e  and q u a l i t a t i v e  

s e p a r a t io n  and c h a r a c t e r i z a t i o n  o f  serum  p r o t e i n s .

E le c t r o p h o r e t i c  s t u d i e s  have  been a p p lie d  t o  such 

d iv e r s e  p r o te in s  a s  hemolyraph o f  th e  d e v e lo p m e n ta l s ta g e s  

o f  le p id o p te r a n s  (L oughton  and W est, 1 9 6 5 ) , hemolyraph 

p a t t e r n s  a s  s p e c ie s  c h a r a c te r s  i n  h o lo th u r ia n s  (Manwell 

and  B aker, 1 9 6 3 ), and a v ia n  eg g -w h ite  p r o t e in s  a s  taxonom ic 

c h a r a c t e r s  ( S ib le y ,  1 9 6 0 ). E x te n s iv e  s tu d i e s  u s in g  

e l e c t r o p h o r e t i c  m ethods on  th e  serum  p r o t e i n s  o f  numerous 

s p e c ie s  o f  r e p t i l e s  and am ph ib ians have  d e m o n s tra te d  

d i f f e r e n c e s  a t  s e v e r a l  taxonom ic l e v e l s  (D essau er and 

F ox , 1956, 19 6 2 ), and (Fox, D e ssau e r, and Maumus, 1961). 

R e c e n tly ,  e l e c t r o p h o r e t i c  m ethods have been  a p p lie d  to  

s t u d i e s  in v o lv in g  serum  p r o t e i n s  o f  d i f f e r e n t  p o p u la t io n s  

o f  th e  w h i te - f o o te d  d e e r  m ouse, Perom vscus m a n ic u la tu s  

(A hl, 1968) and t o  serum  p r o t e i n  h e te ro g e n e i ty  i n  in b re d  

s t r a i n s  o f  l a b o r a to r y  r a t s  (R a tt u s s p . )  (D o leza lo v a  and 

B ra d a , 1968). T hese  s t u d i e s  r e v e a l  t h a t  e le c t r o p h o r e t i c  

m ethods a r e  h ig h ly  s e n s i t i v e  te c h n iq u e s  in  d i s t in g u i s h in g  

s u b t l e  d i f f e r e n c e s  w i th in  s p e c ie s  o r  s t r a i n s  o f  mammalian 

s p e c ie s .  A lthough  a  number o f  i n v e s t i g a t i o n s  h a v e  u t i l i z e d  

s e r o l o g i c a l  te c h n iq u e s  i n  mammalian s y s te m a t ic s  (L ev ine  and 

Moody, 1939 ), (Boyden, 1 9 4 2 ), (Leone and W iens, 1 9 5 6 ), 

(G e rb e r and B irn e y , 1968% few i n v e s t i g a t i o n s  have u t i l i z e d



3
e l e c t r o p h o r e t i c  and im m u n o e le c tro p h o re tic  p ro c e d u re s .

N ad le r and Hughes (1966) and N ad le r (1968) u s in g  s in g l e  

and tw o -d im e n s io n a l s t a r c h  g e l  e le c t r o p h o r e s is  w ere a b le  to  

d i s t i n g u i s h  a number o f  taxonom ic c h a r a c t e r i s t i c s  o f  serum  

p r o te in s  o f  some s p e c ie s  o f  th e  genus S perm onh ilus. N ad le r 

and Hughes (1966b) found n in e  m ajo r d i f f e r e n c e s  in  th e  serum  

p r o t e in  f r a c t io n s  o f  s e v e r a l  s p e c ie s  o f  ground s q u i r r e l s  o f  

th e  subgenus S p e rm o n h ilu s . These in v e s t i g a to r s  u se d  tw o- 

d im e n s io n a l e le c t r o p h o r e s i s  to  d i s t i n g u i s h  p r im a r i ly  t r a n s ­

f e r r i n ,  a lb u m in , and gamma g lo b u l in  f r a c t i o n s .

H is to c h e m ic a l c h a r a c t e r i z a t i o n s  and s p e c i f i c  s t a i n s  

(PAS) can  be u sed  to  c h a r a c t e r i z e  s p e c i f i c  f r a c t i o n s ,  as 

w e ll  a s ,  t o  d i s t i n g u i s h  taxonom ic d i f f e r e n c e s  in  th e  serum 

p r o t e in  f r a c t i o n s .  E s te r a s e  a c t i v i t y  in  dog s e r a  was u se d  

by Leone and Anthony (1966) to  i d e n t i f y  and s e p a r a te  40 

b re e d s  o f  dogs th ro u g h  a com bined te c h n iq u e  o f  immuno- 

e le c t r o p h o r e s i s  and h is to c h e m ic a l  c h a r a c t e r i z a t io n  a c c o rd in g  

to  U r ie l  (1 9 6 3 ).

Im m u n o e le c tro p h o re tic  te c h n iq u e s  have no t been  u sed  

to  a g r e a t  e x te n t  in  mammalian s y s te m a t ic s .  Form an, B aker, 

and G erber (1968) u se d  im m u n o e le c tro p h o re tic  a n a ly s i s ,  i n  

c o n ju n c tio n  w ith  k a ry o ty p e s  and sperm  morphology to  su g g e s t 

t h a t  th e  vam pire  b a ts  (Fam ily  D esm odontidae) a re  a su b fa m ily  

o f  th e  le a f - n o s e d  b a ts  (P h y l lo s to m a t id a e ) . The p r e s e n t  

i n v e s t i g a t i o n  u t i l i z e d  im m u n o e le c tro p h o res is  as  a  c o r ro b o ra -
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t i v e  m ethod.

I n t e r e s t  i n  th e  r e l a t i o n s h i p s  w i th in  th e  genus 

Sperm onhilus h a s  in c r e a s e d  r e c e n t ly  a s  a r e s u l t  o f  numerous 

c y to g e n e t ic  i n v e s t i g a t i o n s  by N ad ler (1962, 1966a, 1966b), 

N ad le r and Hughes (1 9 6 6 a ) , N ad ler and S u tto n  (1962) and 

e l e c t r o p h o r e t i c  serum  p r o te in  a n a ly se s  by N ad ler (1968) 

and N ad le r and Hughes (1966b). G erber and B irney  (1968) 

r e c e n t ly  p u b l is h e d  r e s u l t s  o f  p r e c i p i t a t i o n  a n a ly se s  

w i th in  th e  genus S p e rm o n h ilu s . The r e s u l t s  o f  th e  fo rm erly  

c i t e d  i n v e s t i g a t i o n s  compared fa v o ra b ly  w ith  e a r l i e r  

i n v e s t i g a t io n s  by How ell (1 9 3 8 ), B ryan t (1 9 4 5 ), D u rran t 

and Hansen (1 9 5 4 ) , Moore (1 9 5 9 ), and B lack  (1963) who 

so u g h t t o  d e te rm in e , th ro u g h  c r a n i a l  m orphology, baculura 

m orphology, p e la g e ,  d i s t r i b u t i o n  p a t t e r n s ,  and p a le o n to lo g ic a l  

in fo rm a tio n , t h e  p h y lo g e n e tic  i n t e r r e l a t i o n s h i p s  o f  t h i s  

g en u s, and to  r e v i s e  th e  c u r r e n t  taxonomy o f  th e  genus.

The o b je c t iv e s  o f  t h i s  i n v e s t i g a t io n  w ere to  d e te rm in e  

c h a r a c t e r i s t i c s  o f  serum  p r o te in s  h a v in g  taxonom ic or p h y lo ­

g e n e t ic  r e l a t i o n s h i p s  and to  compare th e  p h y lo g e n e tic  im p l i ­

c a t io n s  w ith  th o s e  o b ta in e d  in  p re v io u s  i n v e s t i g a t io n s  on 

t h i s  genus; 1 . )  by s e p a r a t io n  and c h a r a c t e r i z a t i o n  o f th e  

serum p r o t e in s  o f  s e v e r a l  su b g en era  o f  ground  s q u i r r e l s  o f  

th e  genus S perm onh ilu s (= C i t e l l u s )  th ro u g h  th e  u se  o f 

a g a r  g e l  e l e c t r o p h o r e s i s ;  and 2 . )  t o  i d e n t i f y  th e  serum 

p r o t e in  f r a c t i o n s  th ro u g h  im m u n o e le c tro p h o re tic  a n a ly s i s  and
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h is to c h e m ic a l  m ethods.

T h is  s tu d y  i s  an  a tte m p t t o  f u r t h e r  e lu c id a te  th e  

i n t e r r e l a t i o n s h i p s  o f  f iv e  o f  th e  e ig h t  su b g en era  o f  

S perm onhilus ( Ic t id o m v s . O to sn e rm o n h ilu s . C a llo sp e rm o p h ilu s . 

X e ro sp e rm o p h ilu s . and A m m osperm ophilus). Ammospermophilus 

i s  g iv e n  g e n e r ic  ra n k in g  a c c o rd in g  to  H a ll  and K elson  (1959) 

b u t ,  i n  t h i s  s tu d y  was c o n s id e re d  a s  a  subgenus to  f a c i l i t a t e  

d a ta  h a n d lin g  and com parisons w i th in  S p e rm o n h ilu s .



CHAPTER II

METHODS AND MATERIALS

A nim als and T h e ir  C are

Serum sam p les w ere ta k e n  from  n in e  s p e c ie s  o f  ground  

s q u i r r e l s ,  r e p r e s e n t in g  f i v e  su b g e n e r ic  g roups o f  th e  genus 

S perm onhilus (= C i t e l l u s ) . The ground s q u i r r e l s  c o l l e c t e d  

by th e  a u th o r  in c lu d e d :

Subgenus Ic tid o m v s

S perm oph ilu s m exicanus p a rv id e n s  (M earn s). Texas : 

K erm it C o u n try  C lu b , K e rm it, W inkler C ounty , 7 

fem a le s  and 4 m a le s ; Big S p rin g  C em etery , Big S p r in g , 

Howard C ou n ty , 1 fem a le  and 2 m ales; A lp in e  C ountry  

C lu b , A lp in e , B rew ste r C ounty , 2 m a le s . T o ta l ,  16.

S perm onh ilu s t r id e c e m lin e a tu s  a r e n ic o la  H ow ell. 

P o r t a le s  C oun try  C lu b , P o r t a l e s ,  R o o se v e lt  C ounty ,

New M exico, 15 fe m a le s . T o ta l ,  15.

S perm oph ilu s t r id e c e m lin e a tu s  te x e n s is  (M erriam ). 

Norman, C le v e la n d  C oun ty , Oklahoma, 7 fem ales and 

2 m a le s . T o ta l ,  9 .
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S perm oph ilus sp ilo so m a  c a n e sc e n s  (M erriam ). Las 

C ru c e s , Dona Anna C ounty , New M exico, 5 fem ales  and

7 m a le s . T o ta l ,  12.

Subgenus Ammospermophilus

S perm oph ilus le u c u ru s  e s c a la n te  (H a n se n ). 7 m i, N. W.

S t .  G eorge, W ashington C oun ty , U tah , 2 m a les . T o ta l ,  

2 .

The rem a in d e r  o f  th e  ground s q u i r r e l s  w ere p u rch a se d  from 

th e  P e t C o r r a l ,  T ucson , A rizo n a  and in c lu d e d :

Subgenus Ammospermophilus

S perm oph ilus h a r r i s i i  h a r r i s i i  (Audubon and Bachm an).

8 fem a les  and 4 m a le s . T o ta l ,  12.

Subgenus X erosperm oph ilu s

S perm oph ilus t e r e t i c a u d u s  t e r e t i c a u d u s  ( B a i r d ) .

6 fem a les and 4 m a le s . T o ta l ,  10.

Subgenus O to sp e rm o p h ilu s

Sp e rm o p h ilu s  v a r ie g a tu s  grammurus (S a y ) . 5 m a le s .

Subgenus C a llo sp e rm o p h ilu s

S perm oph ilus l a t e r a l i s  a r iz o n e n s is  (V. B a i l e y ) . 8

fem a le s  and 2 m a les . T o ta l ,  10.

T hese  specim ens w ere i d e n t i f i e d  th ro u g h  H a ll  and 

K elso n  (1 9 5 9 ).
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The ground s q u i r r e l s  w ere  i n d iv id u a l ly  caged  and p ro ­

v id ed  w ith  w a te r  ad l ib i tu m  and food  (P u rin a  L ab o ra to ry  

Chow). The la b o r a to r y  env iro n m en t was s t a b i l i z e d  a t  ab o u t 

25°C, ab o u t 70% r e l a t i v e  h u m id ity , and a d i e l  c y c le  o f  10 

ho u rs  l ig h t - 1 4  h o u rs  d a rk n e s s . A l l  an im als  w ere m a in ta in ed  

a t  th e s e  c o n d it io n s  f o r  a p e r io d  o f  s i x  weeks o r more, 

p r i o r  to  p r e p a r a t io n  o f  th e  serum  sam p les. A l l  an im als 

were a d u l t s  w i th  th e  e x c e p tio n  o f  o f f s p r in g  o f  th r e e  

t r id e c e m lin e a tu s  a r e n i c o l a . w hich  w ere rem oved from th e  

n e s t in g  burrow  fo llo w in g  c a p tu r e  o f  th e  a d u l t  fem ale . The 

g e n e ra l  p h y s ic a l  c o n d it io n  o f  th e  an im als  was observed  

c lo s e ly ,  th o s e  w ith  n o t ic e a b le  p a r a s i t i c  in f e c t io n s  o r  

i n f e c te d  wounds were r e c o rd e d . I n d iv id u a l  t e r e t ic a u d u s  

had m odera te  to  heavy i n t e s t i n a l  nem atode i n f e c t i o n s ,  

m a n ife s t  by th e  la r g e  number o f  h e lm in th s  found in  f r e s h  

f e c a l  p e l l e t s .  The ro c k  s q u i r r e l s  (^ . v a r ie g a tu s )  had 

l a r g e ,  f e s t e r i n g  wounds on th e  rump and s h o u ld e r s ,  p r e ­

sum ably cau sed  by th e  e x c e s s iv e  a c t i v i t y  o f  th e s e  la r g e  

s q u i r r e l s  i n  sm a ll  c a g e s . T hese e x c e p tio n s  to  good 

p h y s ic a l  h e a l th  were c o n s id e re d  when th e  serum  sam ples were 

t e s t e d  and a n a ly se d .

Serum C o l le c t io n  and A ntibody  P r e p a ra t io n

Blood w a s -o b ta in e d  by c a r d ia c  p u n c tu re  w ith  s t e r i l e  

d is p o s a b le  s y r in g e s . R ep ea ted  b le e d in g s  w ere n e c e s s a ry  to
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o b ta in  p lasm a, h em og lob in , and serum sam ples o f  ad eq u a te  

volum e. I n i t i a l  b le e d in g s  w ere made w ith  h e p a r in iz e d  

s y r in g e s ,  n e e d le s ,  and  c o l l e c t i n g  tu b e s . The w hole b lood 

was c e n t r i f u g e d  a t  3 ,0 0 0  rpm ( I n t e r n a t io n a l  C e n tr ifu g e )  fo r  

7 m in u te s , th e  p lasm a removed by p i p e t t e ,  and p re s e rv e d  

w ith  a m e r th io la te  s o l u t io n  (1 :1 ,0 0 0  d i l u t i o n ) .  The 

e ry th r o c y te s  w ere w ashed th r e e  tim es w ith  a 0.85% s a l in e  

s o l u t io n  and ly s e d  w ith  an e q u a l volume o f  d i s t i l l e d  w a te r . 

The hem oglob in  and p lasm a sam ples w ere s to re d  a t  -760C, t o  

be a n a ly se d  l a t e r  (n o t  in c lu d e d  in  t h i s  i n v e s t i g a t i o n ) .

The second  c a r d ia c  p u n c tu re  was perform ed a f t e r  a 

t h r e e  week r e c u p e r a t io n  p e r io d .  T h is p u n c tu re  in v o lv e d  

rem oval o f  0 .5  ml w hole  b lood  from w hich serum  was s e p a ra te d  

by c e n t r i f u g a t i o n  a t  3 ,000  rpm f o r  7 m in u te s . The serum 

was r e c e n t r i f u g e d  a t  18 ,000 rpm fo r  15 m inutes i n  a 

r e f r i g e r a t e d  c e n t r i f u g e  ( S e r v a l l ) , p re se rv e d  w ith  m e r th io ­

l a t e  and s to r e d  a t  -76°C in  a f r e e z e r .  The f i n a l  b le e d in g  

was made th r e e  weeks l a t e r .  The s q u i r r e l s  w ere e x sa g u in a te d  

a t  t h i s  b le e d in g  and th e  s e r a  was r e f in e d  and t r e a t e d  

fo llo w in g  th e  p ro c e d u re  u se d  in  th e  second  b le e d in g . The 

s e r a  o f  S. t r id e c e m l i n e a t u s . l a t e r a l i s . and t e r e t i c a u d u s  

w ere h ig h  in  l i p i d  c o n te n t ,  p ro b a b ly  due to  th e  pre~  

h ib e r n a to r y  s t a t e  o f  th e  s q u i r r e l s .

Serum sam ples from  th e  fo llo w in g  an im als w ere u sed  in  

th e  p ro d u c tio n  o f  w hole  serum  a n tib o d ie s  in  r a b b i t s  ( l i t t e r
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m ates o f  D utch s t r a i n )

S p e c ie s
Animal
Number Sex A ntiserurn

S . m exicanus 3 m ale Ab 12

8 fem ale Ab 2

S. t . a r e n ic o la 20 fem ale Ab 3

S, sn ilo so m a 51 fem ale Ab 4

52 m ale Ab 5

S. h a r r i s i i 66 fem ale Ab 6

60 m ale Ab 7

S. t e r e t i c a u d u s 73 fem ale Ab 8

72 m ale Ab 9

S . v a r ie g a tu s 83 m ale Ab 10

S. l a t e r a l i s 90 fem ale Ab 11

A 2 ml volume o f  a 1% s o lu t io n  o f  s q u i r r e l  serum , in  0.85% 

s a l i n e  s o l u t i o n ,  was i n j e c t e d  i n to  th e  l a t e r a l  e a r  v e in  o f  

th e  r a b b i t  e v e ry  o th e r  day u n t i l  a t o t a l  o f  n in e  i n j e c t i o n s  

w ere made. The r a b b i t s  w ere e a r  b le d  on day  25 a f t e r  th e  

i n i t i a l  i n j e c t i o n  and a  t i t e r  o f  serum  a n t ib o d ie s  was 

d e te rm in e d  by th e  r in g  p r e c i p i t a t i o n  t e s t  o f  A s c o li  (1902). 

The t i t e r s  o f  a l l  th e  r a b b i t s  w ere found t o  be 1 :1600 o r 

h ig h e r .  The r a b b i t s  w ere e x sa n g u in a te d  on day 31 and th e  

t i t e r s  w ere d e te rm in ed  a g a in . The f i n a l  t i t e r s  w ere 

i d e n t i c a l  to  th o s e  of th e  p re v io u s  t e s t .  The r a b b i t  s e r a  

w ere c e n t r i f u g e d  a t  18,000 rpm f o r  15 m in u te s  i n  a r e f r i g e ­
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r a t e d  c e n t r i f u g e ,  p re s e rv e d  w ith  m e r th io la te ,  s e p a ra te d  i n to  

one dram sc rew -cap  v i a l s ,  and  s to r e d  a t  -76°C .

P oo led  sam ples w ere o b ta in e d  by rem oving an e q u a l 

volume (0 .1  ml) from  each  sam ple  o f  s q u i r r e l  serum and 

c o l l e c t e d  in  a  serum  tu b e .  T h is  p ro c e d u re  a llow ed  f o r  

com parisons t o  be made betw een p o o led  and in d iv id u a l  s e r a .

E le c t r o p h o r e s is

The e l e c t r o p h o r e t i c  m ethod u sed  was t h a t  d e s c r ib e d  

by Wierae (1959). The s a l i e n t  f e a tu r e s  o f  t h i s  method 

a r e :  1 ) u l t r a m ic r o - e l e c t r o p h o r e s i s  on an  a g a r  medium

c o a t in g  a g la s s  m ic ro sco p e  s l i d e ;  2 ) r e d u c t io n  o f  e l e c t r o -  

osm otic  f lo w  by fo rm a tio n  o f  an  a g a r  t o  a g a r  b rid g e  

betw een th e  e l e c t r o p h o r e t i c  b lo ck  and a g a r  w ith in  th e  

e le c t r o d e  cham bers ; 3) p r e v e n t io n  o f  e v a p o ra t io n  o f  w a te r  

from th e  medium by s e a l in g  w ith  p e tro le u m  e th e r  w hich 

a llo w s f o r  m a in ta in in g  a c o o lin g  a c t io n  on th e  a g a r  p l a t e  

th ro u g h  i t s  v o l a t i l i t y ;  4) n a rro w  a p p l i c a t io n  s l i t s  p e rm it 

a g r e a t e r  d e g re e  o f  r e s o l u t i o n ;  and 5) d i f f u s i o n  o f  th e  

s e p a r a t in g  p r o t e in s  i s  c o n s id e r a b le ,  s e p a r a t io n  m ust be 

r a p id ,  t h e r e f o r e ,  a  h ig h  v o l ta g e  i s  a p p l ie d  t o  th e  a g a r  

p l a t e .  The method may a l s o  be c h a r a c te r iz e d  by th e  f e a tu r e s  

o f th e  a g a r  medium, a s  i t  i s  in e x p e n s iv e ,  homogenous, 

f irm  y e t  f l e x i b l e ,  p o s s e s s e s  good t r a n s p a re n c y ,  can  be 

d r ie d  q u ic k ly  i n t o  a  c l e a r  s t a b l e  f i lm ,  and i s  e a s i l y
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i n t e g r a t e d  i n to  im m u n o e le c tro p h o re tic  and im m u n o d iffu sio n  

a n a ly s e s .

Serum p r o te in s  w ere e le c tro p h o re s e d  in  a 0.9% a g a r  

(D ifco  S p e c ia l  Agar) medium u s in g  a sodium  b a r b i t a l -  

b a r b i t u r a t e  b u f f e r  (pH 8 . 6 ; io n ic  s t r e n g th  0 .0 5 )  ( F i s h e r ) ,  

in  a  Wieme cham ber ( V i t a t r o n ) . A c u r r e n t  o f  25 m iil ia m -  

p e re s  p e r  s l i d e  was a p p l ie d  (Gelman Power Supply) and 

m a in ta in e d  th ro u g h o u t a  25 m in u te  s e p a r a t io n  p e r io d .  The 

te m p e ra tu re  o f  th e  cham ber was m a in ta in e d  a t  7 -10°C . 

I n d iv id u a l  and p o o led  serum  sam ples w ere e le c t r o p h o r e s e d ;  

w ith  r e p e a te d  s e p a r a t io n s  made u n t i l  each  sam ple  showed 

good r e s o l u t i o n ,  w ith  no a b e r r a n c ie s  due t o  sam ple  a p p l i ­

c a t io n  o r  s l i t  d i s t o r t i o n .

The e l e c t r o p h o r a t i c a l l y  s e p a ra te d  serum  p r o t e i n  f r a c ­

t io n s  w ere f ix e d  i n  an  a c e t i c  a c id - a lc o h o l  s o l u t i o n ,  th e  

a g a r  f i lm  d r ie d  o n to  th e  m ic ro sco p e  s l i d e  o v e rn ig h t  i n  a 

37°C in c u b a to r ,  and s t a in e d  w ith  Am idoblack 10-B s t a i n .  

P h o to d e n s ito m e tr ic  r e c o rd in g s  w ere made o f  each  sam ple  by 

a P h o to v o lt  s c a n n in g - re c o rd in g  d e n s ito m e te r  (D e n sico rd  #542) 

w ith  an  i n t e g r a t o r  ( In te g ra p h  # 4 9 ) . The s l i d e s  w ere 

scanned  a t  th e  most s e n s i t i v e  re s p o n s e  l e v e l  (D-3) th ro u g h  

a  r e d  f i l t e r  (610 m u).

Each sam ple was a n a ly se d  f o r :  1) th e  number o f

f r a c t i o n s ,  2 ) m ig ra to ry  d i s ta n c e  o f  each  f r a c t i o n  from  

th e  p o in t  o f  a p p l i c a t i o n ,  3) th e  d e n s i ty  o f  each  f r a c t i o n
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( r e l a t i v e  t o  th e  b lank  s l i d e ) , and 4) th e  p e rc e n ta g e  c o n t r i ­

b u t io n  o f  e ac h  f r a c t i o n .

Ground s q u i r r e l  serum  p r o te in  f r a c t i o n s  w ere c l a s s i ­

f i e d  by a r b i t r a r i l y  a s s ig n in g  them t o  one o f  th e  c la s s e s  

o f  human serum  p r o t e in  f r a c t i o n s  a c c o rd in g  to  t h e i r  m o b i l i t i e s  

( i . e . ,  f r a c t i o n s  o f s q u i r r e l  serum m ig ra tin g  to  th e  human 

a lp h a  re g io n  w ere c a l l e d  a lp h a  lA, IB , o r a lp h a  2;  th o s e  

s e p a r a t in g  to  th e  b e ta  r e g io n ,  B2 , o r  B3) . T hus, th e  

serum  p r o t e i n  f r a c t io n s  o f  each  s p e c ie s  co u ld  be i d e n t i f i e d  

a c c o rd in g  to  m o b i l i ty ,  th e  absence  o r  p re s e n c e  o f  a  p a r t i c ­

u l a r  f r a c t i o n ,  o r  by  v a r i a t i o n s  in  th e  m o b il i ty  o f  th e  

f r a c t i o n s .

S in g le  c l a s s i f i c a t i o n ,  one way a n a ly s is  o f  v a r ia n c e  

(ANOVA) t e s t s  were perfo rm ed  on each  f r a c t i o n  o f th e  i n d i ­

v id u a l ly  t r e a t e d  serum  sa m p le s . The r e s u l t s  o f th e s e  t e s t s  

w ere th e n  s u b je c te d  to  Student-N ew m an-K uhls and D uncan 's 

M u lt ip le  Range t e s t s  f o r  n o n s ig n i f ic a n t  d i f f e r e n c e s .  These 

t e s t s  p e rm it te d  c l a s s i f i c a t i o n  of th e  serum  p r o t e i n  f r a c ­

t i o n s  a s  taxonom ic c h a r a c t e r i s t i c s .

The mean m o b i l i t i e s  and r e l a t i v e  d e n s i t i e s  o f  th e  

f r a c t i o n s  o f  th e  in d iv id u a l  sam ples w ere com pared w ith  th e  

f r a c t i o n  m o b i l i t i e s  and r e l a t i v e  d e n s i t i e s  o f  th e  p o o led  

s a m p le s .

The p o o led  serum sam ples w ere s e p a r a te d  in  a  tw o- 

d im e n s io n a l e le c t r o p h o r e t i c  system  w hich  in c o rp o r a te d  th e
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u s e  o f  sq u a re  a g a r  p l a t e s  8 c e n t im e te r s  on th e  s l i d e .  The 

c u r r e n t ,  te m p e ra tu re , and d u r a t io n  o f  th e  ru n s  w ere k e p t 

c o n s ta n t  in  b o th  d im e n s io n s . These a r e  n o t th e  c r i t e r i a  

f o r  t r u e  tw o -d im e n sio n a l e l e c t r o p h o r e s i s ,  how ever, t h i s  

m ethod was u sed  to  c o r r o b o r a te  th e  p re se n c e  o f  double  

a lbum in  f r a c t io n s  in  th r e e  o f  th e  su b g e n e ric  g roups s tu d ie d ,  

a s  w e ll  a s ,  th e  a p p a re n t  m u l t ip le  f r a c t io n s  in  th e  a lp h a  

and  b e ta  r e g io n s .  The r e s u l t i n g  p a t t e r n s  were t r a c e d  by 

h a n d , as  th e  sc a n n in g  s ta g e  o f  th e  p h o to d e n s ito m e te r  co u ld  

n o t  accom odate th e  sq u a re  s l i d e .

Im m u n o e le c tro p h o re s is

Im m u n o e le c tro p h o re tic  a n a ly s e s  w ere perfo rm ed  on b o th  

i n d iv id u a l  and p o o led  sa m p le s . The m ethod d e v ise d  by 

S c h e id e g g e r  (1955) was u sed  w ith  m o d if ic a t io n s  o f  th e  

e l e c t r o p h o r e t i c  s e p a r a t io n  o c c u r r in g  i n  th e  Wieme cham ber, 

and  s t a i n i n g  o f  th e  p r e c i p i t i n  a r c s .  I n d iv id u a l  serum 

sam p les w ere s e p a ra te d  e l e c t r o p h o r a t i c a l l y ,  fo llo w ed  by 

i n t r o d u c t io n  o f  0 .2  ml o f  a n tis e ru m  i n to  th e  tro u g h  c u t  

p a r a l l e l  to  th e  l i n e  o f  m ig ra t io n .  The p r e c i p i t i n  a rc s  

d ev e lo p ed  f o r  16-24 h o u r s ,  a t  w hich tim e , th e  u n re a c te d  

serum  was washed from  th e  s l i d e  w ith  two 10-h o u r r in s e s  in

0.85%  s a l in e  s o lu t io n  fo llo w e d  by a 5 -h o u r r i n s e  in  d i s t i l l e d  

w a te r .  The s l i d e s  w ere d r ie d  o v e rn ig h t  and th e  r e s u l t i n g  

a r c s  w ere s ta in e d  w ith  A m idoblack 10-B s t a i n  r a t h e r  th a n
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Ponceau Red as used  by S ch e id eg g er (1955). The s l i d e s  w ere 

d r ie d  and s to r e d  su b seq u e n t to  a n a l y s i s .

The p ro ce d u re  f o r  d e te rm in g  th e  p h y lo g e n e tic  r e l a ­

t io n s h ip s  by im m u n o e le c tro p h o re tic  a n a ly se s  was :

1 .)  I n d iv id u a l  serum  sam ples were t e s t e d  a g a in s t  

each  o f  th e  e le v e n  a n t i s e r a ,  th u s  c o n s t i t u t i n g  

a  s e r i e s  o f  c ro s s  r e a c t i v i t y  t e s t s .

2 . )  The r e s u l t i n g  p r e c i p i t i n  a rc s  o f each  t e s t  were 

com pared w ith  th e  a rc s  o b ta in e d  when th e  serum 

u se d  f o r  a n tib o d y  p ro d u c tio n  was r e a c te d  w ith  i t s  

hom ologous a n tis e ru m . F or exam ple, m exicanus 

#3 r e a c te d  w ith  a n tise ru m  Ab 12 was a  r e f e r e n c e  

f o r  a l l  r e a c t io n s  from th e  u se  o f  a n tise ru m  Ab 12 . 

The r e l a t i v e  d e n s i ty  o f  th e  a r c s ,  th e  number o f  

a r c s ,  and th e  serum f r a c t io n  e l i c i t i n g  th e  a rc  

w ere com pared.

3 .)  P r e c i p i t i n  a r c s  were i d e n t i f i e d  by su p e rim p o sin g  

t h e  im m u n o e le c tro p h o re tic  p ro d u c t upon th e  e l e c t r o -  

p h o r e t i c a l l y  s e p a ra te d  and s ta in e d  s l i d e ,  th u s  th e  

a r c  c o u ld  be i d e n t i f i e d  a s  th e  p ro d u c t o f  a r e ­

a c t io n  o c c u r r in g  betw een a d i s t i n c t  f r a c t i o n  and 

t h e  a n tise ru m  u sed  in  th e  t e s t .

4 . )  The number o f  in d iv id u a ls  showing a p a r t i c u l a r  

a rc  was re c o rd e d  as a p ro p o r t io n  o f  th e  t o t a l  

number o f  in d iv id u a ls  o f  each s p e c i e s . The
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number o f  a n t i s e r a  e l i c i t i n g  a p a r t i c u l a r  a rc  

was e x p re s se d  as  a  p r o p o r t io n  o f  th e  t o t a l  number 

o f  a n t i s e r a  u se d . M u lt ip ly in g  th e  two r a t i o s  

r e s u l t e d  i n  an  e s t im a te  o f  th e  p r o b a b i l i t y  o f  a 

p a r t i c u l a r  a n tise ru m  e l i c i t i n g  a r e s p o n s e  t o  a  

p a r t i c u l a r  f r a c t i o n .  The fo rm u la ;

Number o f  in d iv id u a ls  Number o f a n t i s e r a
w ith  p r e c i p i t i n  a rc  x e l i c i t i n g  a rc  
T o ta l  number o f  i n d i -  T o ta l  number o f
v id u a ls  i n  th e  sam ple a n t i s e r a

was named th e  a n tise ru m  c o r r e l a t i o n  in d e x  (ASCI) 

by th e  a u th o r  and th e  ra n g e  o f  v a lu e s  o b ta in e d  f o r  

any  s p e c i f i c  f r a c t i o n  was betw een 0 and  1 .

5 .)  P h y lo g e n e tic  r e l a t i o n s h i p s  w ere d e m o n s tra te d  by

ad d in g  th e  ASCI v a lu e s  o f  a l l  th e  p r o t e i n  f r a c t i o n s  

o f  each  s p e c ie s .  T hese sums were ran k e d  from 

h ig h e s t  ( in d ic a t in g  th e  g r e a t e s t  d e g re e  o f  a n t ig e n -  

a n tib o d y  r e a c t i v i t y )  to  lo w e s t ( in d ic a t in g  th e  

l e a s t  a n t ig e n -a n t ib o d y  r e a c t i v i t y )  .

The ASCI fo rm u la  was m o d ified  t o  show r e l a t i o n s h i p s  

betw een p o o le d  s e r a  by u s in g  th e  r a t i o  o f  th e  number o f  

s p e c ie s  e x h ib i t in g  a  p a r t i c u l a r  a rc  to  th e  t o t a l  number o f 

s p e c ie s  u se d  and m u lt ip ly in g  t h i s  r a t i o  by th e  r i g h t  hand  

s i d e  o f  t h e  o r i g i n a l  fo rm u la .
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H is to c h e m ic a l A na ly ses

P oo led  s e r a  w ere  r e a c te d  a g a in s t  s p e c ie s  s p e c i f i c  

a n t i s e r a  and  th e  r e s u l t i n g  p r e c i p i t i n  a rc s  w ere t e s t e d  fo r  

th e  p re s e n c e  o f  b e ta  n a p th y l  e s t e r a s e  and c h o l in e s te r a s e  

a c t i v i t i e s  a c c o rd in g  to  th e  p ro c e d u re s  d e v e lo p ed  by U r ie l  

(1 9 6 3 ). S p e c if ic  se ru ra -a n tise ru m  p r e c i p i t i n  a r c s  w ere 

s t a in e d  w i th  P e r io d ic  A c id -S c h if f  r e a g e n t  (PAS) ( U r ie l  

and G ra b a r, 1961) t o  i d e n t i f y  g ly c o p ro te in  com plexes and 

w ith  O il Red 0 to  i d e n t i f y  l i p o p r o t e i n s .

Q u a n t i t a t i v e  P r e c i p i t a t i o n

A q u a n t i t a t i v e  p r e c i p i t a t i o n  t e s t  was p e rfo rm ed  a s  an 

a d ju n c t  t o  th e  e l e c t r o p h o r e t i c  a n a ly s e s .  A c o n s ta n t  amount 

o f  sp ilo so m a  a n tis e ru m  Ab 5 , (0 .2  m l) was added to  each 

o f  10 t e s t  tu b e s  o f  a  d o u b lin g  d i l u t i o n  s e r i e s  o f  p o o led  

serum  (a n t ig e n )  f o r  each  o f th e  e ig h t  s p e c ie s  u se d  in  th e  

e le c t r o p h o r e s i s  a n a ly s e s .  D i lu t io n s  w ere made i n  0 .5  ml o f

0.85% s a l i n e  s o l u t i o n ,  pH 7 .0 .  F o llo w in g  a d d i t io n  o f  a n t i ­

se rum , th e  tu b e s  w ere  shaken  and r e f r i g e r a t e d  a t  4°C f o r  48 

h o u r s ,  d u r in g  w hich  t im e , th e  tu b e s  w ere i n t e r m i t a n t l y  sh ak en . 

The p r e c i p i t a t e s  w ere  c e n t r i f u g e d  a t  3 ,000 rpm fo r  15 

m in u te s  and w ere w ashed in  t h r e e  changes o f  0.85% s a l i n e .

The p r e c i p i t a t e s  w ere  a llo w ed  to  d ry  o v e rn ig h t ,  th e n  w ere 

d ig e s te d  and  N e s s le r iz e d  a c c o rd in g  to  L an n i, D i l lo n ,  and 

B eard  (1 9 5 0 ). The f i n a l  s o lu t io n s  w ere scanned  i n  a
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s p e c tro p h o to m e te r  (S p e c tro n ic  2 0 , Bausch and Lomb) a t  a 

w a v e le n g th  o f  440 mu. The amount o f  p r o t e in  n i t r o g e n  o f  

each  tu b e  was c a lc u la t e d  by com paring  th e  o p t i c a l  d e n s i ty  

o f  a r e f e r e n c e  s ta n d a rd  (0 .10  mg N) to  t h a t  o f  th e  unknown. 

The p r o t e i n  n i t r o g e n  v a lu e s  o f  a l l  tu b e s  w ere e x p re s se d  as 

a p e rc e n ta g e  o f  th e  e q u iv a le n c e  d i l u t i o n  tu b e  number ( th e  

d i l u t i o n  a t  w hich th e  q u a n t i ty  o f  a n t ig e n  i s  p r o p o r t io n a l  

to  th e  q u a n t i ty  o f  a n tib o d y )  o f  th e  c o n t r o l  s p e c ie s ,  

s p i lo s o m a .



CHAPTER I I I  

RESULTS

M easures w ere  t a k e n  t o  a s s u r e  t h a t  t h e  p r o t e i n  f r a c ­

t i o n s  w ere g e n e t i c a l l y  c o n t r o l l e d  and o f  a p o t e n t i a l  t a x o ­

nomic v a lu e .  To e l i m in a t e  p h y s i o l o g i c a l  o r  en v iro n m en ta l  

e f f e c t s  on t h e  serum p r o t e i n s ,  t h e  ground s q u i r r e l s  were 

m a in ta in e d  i n  a  n e a r l y  c o n s t a n t  env ironm ent f o r  6-15 weeks.

No d i f f e r e n c e s  in  th e  serum p r o t e i n  f r a c t i o n s  were observed  

i n  r e s p e c t  t o  age o r  s e x  o f  t h e  a n im a l .  No p re g n a n t  an im als  

were u s e d ,  a l th o u g h  some o f  t h e  Sperm ophilus t r id e c e m l in e a tu s  

a r e n i c d l a  fem ales  were l a c t a t i n g  vÆien c o l l e c t e d ,  l a c t a t i o n  

was n o t  o b se rv e d  wiien serum was ta k e n  from th e s e  fem ales .

The serum p r o t e i n s  o f  i n f e c t e d  an im a ls  d id  n o t  d e v ia te  

from th o s e  o f  h e a l t h y  s q u i r r e l s  and were in c lu d e d  i n  t h e  

a n a l y s e s .

E le c t r o p h o r e s i s  o f  I n d i v id u a l  S e ra

A ccord ing  t o  t h e  n o m en c la tu re  and m o b i l i t i e s  o f  human 

serum p r o t e i n s ,  t h e  e i g h t  s e p a r a t e  f r a c t i o n s  t h a t  e x h ib i t e d  

q u a l i t a t i v e  v a r i a t i o n  w ere : a lb u m in , a lp h a  1 A, a lp h a  1 B,

a lp h a  2 , b e ta  1 , b e ta  2 ,  b e ta  3 , and gamma.
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The mean m o b i l i t i e s  and r e l a t i v e  d e n s i t i e s  of t h e  

g rouped  i n d i v i d u a l  serum p r o t e i n  f r a c t i o n s  (F igu re  1 . )  

r e v e a l  t h e  fo l lo w in g  in fo r m a t io n :

1 . )  The a lbum in  f r a c t i o n  i s  t h e  most r a p i d  anod a lly  

m ig r a t in g  serum p r o t e i n .  The a lbum in  m o b i l i t i e s  and 

d e n s i t i e s  a r e  s i m i l a r  i n  th e  n in e  s p e c i e s  s t u d i e d .  S.  

l a t e r a l i s . S. h a r r i s i i . and S. le u c u ru s  e x h ib i t e d  a 

d o u b le  a lbum in f r a c t i o n ;  th e  re m a in in g  s p e c ie s  showed 

a s i n g l e  f r a c t i o n .  _S. m exicanus and _S. t e r e t i c a u d u s  

e x h ib i t e d  s lo w er  a lbum in  m o b i l i t i e s .

2 . )  The a lp h a  1 A f r a c t i o n  was n o t  e x h ib i t e d  by _S. 

m ex ica n u s . t e r e t i c a u d u s . and l a t e r a l i s . There 

i s  a d i f f e r e n c e  i n  t h e  m o b i l i t i e s  o f  t h e  a lpha  1 A 

f r a c t i o n  between th e  two s u b s p e c ie s  o f  t r i d e c e m l i n e a t u s .

t.. a r e n i c o l a  a lp h a  1 A i s  more r a p i d  th a n  t h a t  of 

_S. t . t e x e n s i s . L i t t l e  d i f f e r e n c e  between the  m o b i l i ­

t i e s  o f  t h e  a lp h a  1 A f r a c t i o n s  o f  h a r r i s i i  and 

le u c u ru s  i s  o b se rv ed .

3 . )  The a lp h a  1 B f r a c t i o n  i s  p r e s e n t  i n  a l l  o f  th e  

s e r a  s t u d i e d ,  t.. a r e n i c o l a  and t e x e n s i s  e x h ib i te d  

i n d i v i d u a l  v a r i a t i o n  o f  m o b i l i t i e s .  The degree  o f  

v a r i a t i o n  i n  th e  m o b i l i t y  o f  t h i s  f r a c t i o n  does n o t  

p e rm i t  d i s t i n c t i o n s  t o  be made betw een any of th e  

s p e c i e s  s t u d i e d .

4 . )  The a lp h a  2 r e g i o n  i s  r e p r e s e n te d  i n  a l l  s p e c ie s



F ig u r e  1. C om posite  e l e c t r o p h o r e t i c  p a t t e r n s  o f  n in e  S p e rm o p h ilu s  s p e c i e s .  to
The s o l i d  v e r t i c a l  b a r  i s  t h e  mean m o b i l i t y  o f  t h e  i n d i v i d u a l  f r a c t i o n .
S had ing  i s  r e p r e s e n t a t i v e  o f  t h e  r e l a t i v e  d e n s i t i e s  o f  each  f r a c t i o n ( b l a c k ,
100%; f o u r  g r a d e s  o f  s h a d in g :  80%, 60%, 40%, and  20%).
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e x c e p t  v a r i e g a t u s . l a t e r a l i s . and l e u c u r u s . The 

f r a c t i o n  l a b e le d  " A p p l ic a t io n "  (F ig u re  1 . )  i n  th e s e  

fo rm s i s  p ro b a b ly  t h e  a lp h a  2 f r a c t i o n ,  which f a i l s  to  

m ig r a te  any a p p r e c ia b le  d i s t a n c e  from th e  p o in t  o f  

a p p l i c a t i o n  (0 ) .  The m o b i l i t i e s  o f  th e  a lp h a  2 f r a c ­

t i o n s  o f  t h e  fo u r  s p e c ie s  o f  th e  subgenus Ic t idom vs 

(S.  t . t e x e n s i s . t.. a r e n i c o l a . m ex ican u s . and

sp ilosom a')  a r e  q u i t e  s i m i l a r .  t e r e t i c a u d u s  and _S. 

h a r r i s i i  m o b i l i t i e s  a r e  i d e n t i c a l .

5 . )  The b e t a  I  f r a c t i o n  i s  e x h ib i t e d  by t h e  

t r i d e e e m l i n e a t u s  s p e c ie s  group (S. t r id e c e m l i n e a t u s  

s u b s p e c i e s  and _S. mexicanus") b u t  n o t  i n  s p i lo s o m a .

S. t e r e t i c a u d u s  and both  S. h a r r i s i i  and _S. le u c u ru s  

e x h i b i t  t h e  b e ta  f r a c t i o n ,  w h e reas , S_. l a t e r a l i s  and

5. v a r i e g a t u s  do n o t .  T h e r e fo r e ,  t h e  Ic t id o m v s  excep­

t i n g  S. sp ilosom a"), X ero sp e rm o p h ilu s . and Ammospermonhilus 

s u b g e n e ra  s h a r e  t h i s  f r a c t i o n  i n  common. The b e ta  1 

f r a c t i o n  m o b i l i t i e s  o f  t h e  two Ammospermonhilus s p e c ie s

i s  i d e n t i c a l .

6 . )  The b e t a  2 f r a c t i o n  i s  p r e s e n t  i n  a l l  s p e c ie s  

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

t i o n  i n  t h i s  s tu d y .  T h is  f r a c t i o n  i s  r e f e r r e d  t o  a s  a 

g e n e r i c  t r a i t ,  l a c k in g  com parisons w i th  o th e r  S c i u r id s .

7 . )  The b e t a  3 f r a c t i o n  i s  p r e s e n t  i n  on ly  t h r e e  su b -
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g e n e r ic  g ro ups  ( 'Ic t id o m v s . O to sp e rm o p h ilu s . and 

C a l lo s p e rm o p h i lu s ’) , W ith in  th e  Ic t id o m v s o n ly  t h e  two 

t r i d e c e m l i n e a t u s  s u b s p e c ie s  e x h ib i t  t h i s  f r a c t i o n .

8 . )  The gamma f r a c t i o n  o f  ground s q u i r r e l  s e r a  i s  

p r e s e n t  i n  a l l  s p e c i e s  and r e p r e s e n t s  t h e  m ost c a th o -  

d a l l y  m ig ra t in g  f r a c t i o n .  I t  i s  h ig h ly  v a r i a b l e ,  and 

no r e l a t i o n s h i p s  a r e  i n d i c a t e d .

The r e s u l t s  o f  a one  way 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  

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

ences i n  th e  a p p l i c a t i o n  and b e ta  3 f r a c t i o n s .  The mean 

f r a c t i o n  m o b i l i t i e s  o f  t h e  o t h e r  f r a c t i o n s  were s i g n i f i c a n t l y  

(P = .05) to  h ig h ly  s i g n i f i c a n t l y  (P = .01) d i f f e r e n t  

a c c o rd in g  to  t h i s  a n a l y s i s  (T ab le  1 ) .

The Student-Newman-Kuhls and D uncan 's  t e s t s  f o r  non­

s i g n i f i c a n t  d i f f e r e n c e s  betw een means y i e ld e d  i d e n t i c a l  

r e s u l t s ,  a l th o u g h  th e  D uncan 's  t e s t  i s  more s e n s i t i v e  ( S t e e l  

and T o r r i e ,  1960). These t e s t s  p ro v id ed  l i t t l e  taxonom ic 

in f o r m a t io n  when t h e  s p e c i e s  r e p r e s e n te d  w ere h a n d le d  i n d i ­

v i d u a l l y .  However, when s u b s p e c ie s  (S. _t. a r e n i c o l a  and 

t e x e n s i s ) , s p e c i e s  g roups ( t r i d e e  e m lin e a tu s  and sp i lo so m a)  

s p e c ie s  (S_. l e u c u ru s  and h a r r i s i i ) , and s u b g e n e r ic  ta x a  

were t r e a t e d  s e p a r a t e l y ,  p h y lo g e n e t ic  r e l a t i o n s h i p s  w ere  

i n d i c a t e d .  The b e ta  2 f r a c t i o n s  e x h ib i t  t h e  l e a s t  v a r i a ­

b i l i t y .  Only S.  v a r i e g a t u s  (O tospe rm oph ilu s)  d i f f e r s  from 

th e  o t h e r  su b g e n e ra  in  t h i s  t r a i t .  mexicanus d i f f e r s



TABLE 1

A n a ly s i s  o f  v a r i a n c e  o f  m o b i l i t i e s  o f  each  serum  p r o t e i n  f r a c t i o n .

F r a c t i o n S o u rc e  o f  D eg rees  o f  
V a r i a t i o n  Freedom

Sum o f  
S q u a res

Mean
S qu a re

C a l c u l a t e d  
F v a lu e

T a b u la r  
F v a lu e

Albumin Among s p e c i e s  
W ith in  s p e c i e s

8
71

5 1 9 .8 5
2 3 3 .5 4

6 4 .9 8
3 .2 9

19 .9 8 3 .0 4

T o t a l 79 7 5 3 .3 9

A lpha  1 A Among s p e c i e s  
W ith in  s p e c i e s

5
42

2 3 8 .2 1
165 .2 7

4 7 .6 4
3 .9 3

1 2 . 12** 4 .4 6

T o t a l 47 4 0 3 .4 8

A lpha  1 B Among s p e c i e s  
W ith in  s p e c i e s

8
66

3 3 5 .7 9
1 9 4 .1 3

4 1 .9 7
2 .9 4

14 .2 8 * * 3 .0 4

T o t a l 74 5 2 9 .9 2

A lpha  2 Among s p e c i e s  
W ith in  s p e c i e s

5
49

10 9 .17
9 3 .7 4

2 1 .8 3
1 .9 1

1 1 .4 3 * * 4 .4 6

T o t a l 54 2 0 2 .9 1

A p p l i c a t i o n
P o in t

Among s p e c i e s  
W ith in  s p e c i e s

3
22

2 2 .4 5
2 4 .0 1

7 .4 8
1 .0 9

6 .8 6  n . s . 8 .6 5

T o t a l 25 4 6 .4 6

ho



B e ta  1 Among s p e c i e s  
W ith in  s n e c i e s

5
51

1 87 .56
4 5 .2 8

3 7 .5 1
.88

4 2 .6 2 * * 4 .4 3

T o t a l 56 2 3 2 .8 4

B e ta  2 Among s p e c i e s  
W ith in  s p e c i e s

8 
71..

6 1 .4 2
5 6 .7 8

7 .6 8
.80

9 .6 0** 3 .0 4

T o t a l 79 1 1 8 .2 0

B e ta  3 Among s p e c i e s  
W ith in  s n e c i e s

3
22

2 2 .3 1
3 8 .8 1

7 .4 4
1 .7 6

4 .2 2  n . s . 8 .6 5

T o t a l 25 6 1 .1 2

Gamma Among s p e c i e s  
W ith in  s n e c i e s

8
54

3 0 6 .7 6
1 7 0 .8 9

3 8 .3 4
3 .1 6

12 .13* * 3 .0 4

T o t a l 62 4 7 7 .6 5

Nî
L n

T a b u la te d  F v a lu e s  a r e  t a k e n  a t  t h e  95% c o n f id e n c e  l e v e l .  

**  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  (P = .05)  

n . s .  n o n s i g n i f i c a n t  d i f f e r e n c e  (F > .05)
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from t h e  o th e r  r e p r e s e n t a t i v e s  o f  th e  t r i d e e  em1 i n e a tu  s 

s p e c ie s  g ro u p  by t h i s  f r a c t i o n .  These t e s t s  would s u g g e s t  

t h e  b e ta  2 f r a c t i o n  t o  be a g e n e r i c  t r a i t .

I c t i d o m v s . O to sp e rm o p h i lu s . and C a llo sp e rm o p h ilu s  

e x h ib i t  n o n s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  mean m o b i l i ty  o f  

th e  a lp h a  1 B f r a c t i o n .  Ammospermophilus and X erosperm oph ilus  

a lp h a  1 B f r a c t i o n  m o b i l i t i e s  a r e  n o n s i g n i f i c a n t l y  d i f f e r e n t  

from e ac h  o t h e r ,  bu t a r e  s i g n i f i c a t n l y  d i f f e r e n t  from th e  

o th e r  t h r e e  su b g e n e ra .  The a lp h a  1 B and a lp h a  2 f r a c t i o n  

m o b i l i t i e s  a r e  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  w i t h in  t h e  

Ic t id o m v s  subg enus . These f r a c t i o n s  a r e  c o n s id e r e d  to  be 

s u b g e n e r ic  t r a i t s  o f  t h i s  g roup  when compared t o  t h e  o th e r  

s u b g e n e ra .  The b e ta  1 f r a c t i o n  m o b i l i ty  o f  m ex ica n u s .

t.. a r e n i c o l a . and £ .  t.. t e x e n s i s  a re  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 . T h is f r a c t i o n  may be re g a rd e d  as a s p e c i e s  

group t r a i t  f o r  t h e  t r i d e c e m l i n e a t u s  s p e c ie s  group as 

sp i lo so m a  does n o t  e x h i b i t  t h i s  f r a c t i o n .  The b e ta  3 

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

s u b s p e c ie s  w i th in  th e  subgenus Ic t id o m v s  and i s  r e g a rd e d  as 

a s p e c i e s  s p e c i f i c  t r a i t .  The a lp h a  1 A f r a c t i o n s  o f  

t .  a r e n i c o l a  and t e x e n s i s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  

and may be a  s u b s p e c i f i c  t r a i t .  D e s ig n a t io n  o f  t h i s  f r a c ­

t i o n  as  a  t r a i t  f o r  d i s t i n g u i s h i n g  between th e  two s u b s p e c ie s  

i s  r a t h e r  te n u o u s ,  as b o th  s u b s p e c ie s  show some v a r i a t i o n  

in  t h i s  f r a c t i o n .
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The Ammo s permo p h i lu  s su b g en u s ,  r e p r e s e n te d  by two 

s p e c i e s ,  had c e r t a i n  serum p r o t e i n  f r a c t i o n  m o b i l i t i e s  

h a v in g  taxonomic r e l e v a n c e .  Two a lbum in  f r a c t i o n s ,  a 

m ajo r and minor f r a c t i o n ,  a r e  e x h ib i t e d  by t h i s  subgen us .

The a lp h a  1 B f r a c t i o n  m o b i l i t y  i s  s i g n i f i c a n t l y  d i f f e r e n t  

from t h a t  o f  th e  o th e r  s u b g e n e ra ,  w i th  th e  e x c e p t io n  of 

X e ro sp e rm o p h ilu s . The m o b i l i t i e s  o f  t h e  a lp h a  1 B f r a c t i o n  

and  th e  p re s e n c e  o f  two a lbu m in  f r a c t i o n s  may be c o n s id e re d  

c o l l e c t i v e l y  to  be s u b g e n e r ic  t r a i t s ,  t o  d i s t i n g u i s h  

Ammospermophilus from t h e  o th e r  su b g e n e ra .  The a lp h a  2 

m o b i l i t i e s  a re  s i g n i f i c a n t l y  d i f f e r e n t  between le u c u ru s  

and h a r r i s i i  and may be c o n s id e r e d  to  be s p e c ie s  s p e c i f i c  

c h a r a c t e r i s t i c s .  T here  a r e  n o n s i g n i f i c a n t  d i f f e r e n c e s  

betw een th e  m o b i l i t i e s  o f  b e ta  1 , b e ta  2 , and gamma f r a c t i o n s  

w i t h i n  t h i s  subgenus.

Pooled  S e ra  E le c t r o p h o r e s i s

P o o led  serum e l e c t r o p h o r e s i s  o f  e i g h t  s p e c ie s  o f  ground 

s q u i r r e l s  (^ . le u c u ru s  was n o t  a n a ly s e d )  y ie ld e d  p r o t e i n  

p a t t e r n s  t h a t  were e s s e n t i a l l y  i d e n t i c a l  t o  th o se  o b ta in e d  

from i n d i v i d u a l  serum p r o t e i n  s e p a r a t i o n s  (F ig u re  2 . ) ,  t h e  

o n ly  d i f f e r e n c e  be in g  t h e  p re s e n c e  o f  t h e  b e ta  1 f r a c t i o n  i n  

_S. v a r i e g a t u s  i n  th e  p o o le d  p a t t e r n .  M o b i l i ty  d i f f e r e n c e s  

o f  f r a c t i o n s  a re  c o n s id e r e d  t o  be due t o  v a r i a t i o n s  i n  t h e  

c o n d i t i o n s  under w hich t h e  po o led  serum p r o t e i n s  w ere  s e p a r a te d .



F ig u r e  2 ,  E l e c t r o p h o r e t i c  p a t t e r n s  o f  serum  p r o t e i n s  o f  t h e  p o o le d  s e r a  ^
o f  e i g h t  S perm o ph ilu s  s p e c i e s .  The s o l i d  v e r t i c a l  b a r  i s  t h e  a c t u a l  
m o b i l i t y  o f  each  f r a c t i o n .  Shad ing  i s  r e p r e s e n t a t i v e  o f  t h e  r e l a t i v e  
d e n s i t i e s  o f  each  f r a c t i o n  ( b l a c k ,  100%; f o u r  g ra d e s  o f  s h a d in g ,  80%,
60%, 40%, and 20%).
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The serum p r o t e i n  p a t t e r n s  shown by tw o -d im en sio n a l  

e l e c t r o p h o r e s i s  (F ig u re  3 . )  a r e  s i m i l a r  t o  th o s e  o b ta in e d  

by o n e -d im e n s io n a l  s e p a r a t i o n s .  The a lp h a  2 (o r  a p p l i c a t i o n  

f r a c t i o n  due t o  la c k  o f  s e n s i t i v i t y  i n  t h i s  method) f r a c t i o n  

e x h i b i t s  a  t a i l i n g  i n  S.. t.. a r e n i c o l a . t .  t e x e n s i s . S. 

t e r e t i c a u d u s . v a r i e g a t u s . and  S.- l a t e r a l i s . The b e ta

f r a c t i o n s  o b se rv e d  i n  o n e -d im e n s io n a l  s e p a r a t io n  o f  

m exicanus and t r i d e e  e m l in e a tu s  a r e n i c o l a  do n o t  ap p ea r

fo l lo w in g  tw o -d im e n s io n a l  e l e c t r o p h o r e s i s .  The doub le  

a lbum in  f r a c t i o n s  o f  h a r r i s i i  and l a t e r a l i s  a r e  

s e p a r a t e  and d i s t i n c t .  The b e t a  2 f r a c t i o n  o f  sp ilo som a  

and th e  b e ta  1 f r a c t i o n  o f  v a r i e g a t u s  a r e  shown t o  be 

two s e p a r a t e  f r a c t i o n s ,  how ever, t h i s  i s  p ro b ab ly  an 

a b e r r a t i o n  c a u se d  by im pro per  a p p l i c a t i o n  o f  serum i n t o  th e  

a p p l i c a t i o n  s l i t .  T h is  ty p e  o f  s e p a r a t i o n  i s  always ex ­

h i b i t e d  i n  e l e c t r o p h o r e t i c  p r e p a r a t i o n s  i n  vdiich t h e  agar  

a p p l i c a t i o n  s l i t  i s  d i s t o r t e d  d u r in g  a p p l i c a t io n s  (Wierae, 

1965).

The a p p a r e n t  a b sen c e  o f  any s i g n i f i c a n t  d i f f e r e n c e s  i n  

th e  m o b i l i t i e s  o f  i n d i v i d u a l  and p o o led  s p e c ie s  f r a c t i o n s  le d  

t o  t e s t i n g  t h e  d i f f e r e n c e s  i n  m o b i l i t i e s  by th e  " t "  t e s t  

p ro c e d u re  o f  S oka l and R o h lf  (1969) f o r  comparing a s i n g l e  

o b s e r v a t io n  w i th  t h e  mean o f  a  sam ple  (Appendix I ) . The 

a lp h a  1 B f r a c t i o n  o f  t h e  p o o led  s e r a  o f  t e r e t i c a u d u s  

was th e  o n ly  f r a c t i o n  t h a t  showed a  s i g n i f i c a n t  d i f f e r e n c e
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F ig u r e  3 . T w o-d im ensio na l  e l e c t r o p h o r e t i c  p a t t e r n s  o f  p o o led  
s e r a  o f  e i g h t  s p e c i e s  o f  S p e rm o p h ilu s . The open r e c t a n g l e  i s  
th e  p o i n t  o f  a p p l i c a t i o n .  S had ing  r e p r e s e n t s  t h e  a c t u a l  den ­
s i t i e s  o f  each  f r a c t i o n .
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(P = 0 .0 5 ) .

The f r a c t i o n  m o b i l i t i e s ,  t h e  p re s e n c e  o r  a b sen ce  o f  a 

f r a c t i o n ,  and d o u b le  f r a c t i o n s  a r e  s u g g e s t iv e  o f  r e l a t i o n ­

s h ip s  among t h e  su b g en era  in c lu d e d  i n  t h i s  s tu d y .  The 

subgenus O tosperm oph ilus  i s  s i m i l a r  t o  C a llo sp e rm o p h ilu s  

i n  t h e  m o b i l i t i e s  and d e n s i t i e s  o f  th e  gamma, b e ta  3 , b e ta  

2 ,  a p p l i c a t i o n  (a lp h a  2) and a lp h a  1 B f r a c t i o n s  (F ig u re s

1. and 2 . ) .  The p re s e n c e  o f  th e  a lp h a  1 A f r a c t i o n  in  

O tospe rm op h ilu s  r e p r e s e n t a t i v e  s p e c i e s  i s  n o t  e x h ib i t e d  by 

t h e  Ca1lo sp e rm o p h il u s s p e c i e s .  The C a l lo sp e rm o p h i lu s  s p e c i e s  

has a double  a lbum in  f r a c t i o n  t h a t  i s  n o t  e x h i b i t e d  by th e  

O tosp erm o ph ilu s  s p e c ie s  b u t  i s  p r e s e n t  i n  b o th  Ammospermophilus 

s p e c i e s  s t u d i e d  (F ig u re s  1. and 2 . ) .  The Ammospermonhilus 

serum p r o t e i n  f r a c t i o n s :  gamma, b e ta  2 , b e ta  1 , a p p l i c a ­

t i o n  (a lp h a  2 ) ,  and a lp h a  1 B a r e  s i m i l a r  i n  m o b i l i t y  t o  

th o s e  o f  th e  X erosperm ophilus  s p e c i e s  (F ig u re s  1. and 2 . ) .

The r e p r e s e n t a t i v e s  o f  t h e  Ic t id o m v s  subgen us , t a k e n  c o l l e c ­

t i v e l y ,  a p p e a r  to  be more s i m i l a r  t o  Ammospp.rmonhil u s and 

X erospe rm op h ilu s  i n  m o b i l i ty  and d e n s i t y  o f  t h e  gamma and 

b e ta  2 f r a c t i o n s .  C lo se  s i m i l a r i t y  i s  e x h i b i t e d  by th e  

m o b i l i t i e s  o f  a lp h a  1 B f r a c t i o n s  betw een I c t id o m v s . 

O to sp e rm o p h ilu s . and C a llo sp e rm o p h i lu s  (F ig u re  1 . ) .  The 

a lbum in  f r a c t i o n  m o b i l i t i e s  o f  a r e n i c o l a . t..

t e x e n s i s . S. sp i lo so m a  ( Ic t id o m v s) and v a r i e g a t u s  

(O tosp erm op h ilu s)  a r e  s i m i l a r ,  w h e rea s ,  t h e  a lbu m in  f r a c t i o n s



32
of  _S. mexicanus (’Ic t id o m v s)  and _S. t e r e t i c a u d u s  

(X erosperm oph ilus) a r e  d i s s i m i l a r  (F ig u re s  1. and 2 . ) .

The subgenus Ic t id o m v s i s  w e l l  r e p r e s e n te d  by b o th  

s p e c i e s  groups and two s u b s p e c ie s  o f  t r i d e c e m l i n e a t u s .

The r e p r e s e n t a t i v e  s p e c ie s  o f  t h i s  subgenus show s i m i l a r i t y  

o f m o b i l i t i e s  i n  th e  gamma, b e ta  2 ,  a lp h a  2 , and a lp h a  1 B 

f r a c t i o n s .  The t r id e c e m l i n e a t u s  s p e c ie s  group d i f f e r s  from 

th e  sp ilo so m a  group  by t h e  p re s e n c e  and i d e n t i t y  o f  t h e  

b e ta  1 f r a c t i o n  (F ig u re s  1. and 2 . ) .  The t r id e c e m l in e a tu s  

s p e c i e s  d i f f e r  from o th e r s  o f  th e  subgenus by th e  p re s e n c e  

of a  b e ta  3 f r a c t i o n .  The t r id e c e m l i n e a t u s  and mexicanus 

s p e c ie s  d i f f e r  in  th e  b e ta  3 , a lp h a  1 A, and th e  a lbum in  

f r a c t i o n s .

I n d i v id u a l  Serum Im m uno e lec troph o res is

The r e s u l t s  o f  im m u n o e le c tro p h o re t ic  c h a r a c t e r i z a t i o n  

o f  t h e  serum p r o t e i n  f r a c t i o n s  o f  i n d iv i d u a l  s e r a  were 

t r e a t e d  by u s in g  th e  A n tise rum  C o r r e l a t i o n  Index (ASCI) 

(C hap te r  2) (T ab le  2 ) .  The p r o b a b i l i t y  t h a t  a lp h a  1 B 

f r a c t i o n  would e l i c i t  a  p r e c i p i t i n  a rc  a g a i n s t  any o f  th e  

e le v e n  a n t i s e r a  i s  0 .9 5 4  o r  95% o f  th e  t im e .  T his f r a c t i o n  

i s  c o n s id e re d  t o  be t h e  most r e a c t i v e  f r a c t i o n  i n  t h e  an tigen*  

a n t ib o d y  r e a c t i o n s  o b se rv ed  by t h i s  m ethod. The secon d  most 

r e a c t i v e  f r a c t i o n  i s  t h e  b e ta  2 (o .529) and th e  t h i r d  i s  

a lp h a  2 (0 .4 1 3 ) .  The a d d i t i o n  o f  th e  ASCI v a lu e s ,  o f  a l l



TABLE 2
A ntise ru m  C o r r e l a t i o n  In d e x  V a lu es  o f  E ach  Serum P r o t e i n  F r a c t i o n  

T h a t  D em o n stra ted  a  P r e c i p i t i n  A r c .

S p e c ie s  Serum P r o t e i n  F r a c t i o n s

___________________ B e ta  3 B e ta  2 B e ta  1 A p p l i c a t i o n  A loha 2 A lpha  1 B A lpha 1 A Albumin

S. m ex icanus .182 .581 .091 .104 .364 .983 .273 .273

S. t .  a r e n i c o l a .091 .527 .000 .012 .339 .885 .273 .326

S. t .  t e x e n s i s .000 .538 .081 .091 .429 .940 .252 .242

S. s o i lo s o m a .000 .542 .174 .114 .454 1 .0 0 0 .265 .182

S. h a r r i s i i .182 .364 .083 . 129 .436 .949 .265 .076

S . t e r e t i c a u d u s .091 .511 .091 .124 .455 1 .000 .265 .076

S. v a r i e g a t u s .091 .535 .091 .234 .455 .969 .236 .091

S . l a t e r a l i s .091 .636 .091 .273 .370 .906 .182 .091

Mean v a lu e  
f o r  each  
f r a c t i o n .091 .529 .088 .135 .413 .954 .251 .170

LOLO
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serum  p r o t e i n s  e l i c i t i n g  r e s p o n s e  t o  a n t i s e r a ,  f o r  each 

s p e c i e s  i n d i c a t e s  t h e  d e g re e  o f  c r o s s - r e a c t i v i t y  (T able  3 ) .  

The l a r g e r  th e  ASCI sum, t h e  g r e a t e r  th e  c r o s s - r e a c t i v i t y  

o f  t h e  s p e c i e s  v â th  th e  e le v e n  a n t i s e r a  u se d ;  th e  s m a l le r  

t h e  sum, t h e  l e s s e r  t h e  c r o s s - r e a c t i v i t y .  Ranking  th e  

su b g e n e ra ,  a c c o rd in g  t o  summed ASCI v a lu e s ,  r e s u l t s  in :  

O tosperm oph ilus  2 .6 1 1

Ic t id o m v s  2 .584  (mean v a lu e  o f  a l l  s p e c ie s )

C a llo sp e rm o p h i lu s  2 .549

X erosperm oph ilus  2 .522

Ammospermophilus 2 .302

Pooled  Serum Im m u n o e le c tro p h o re s is

The p r e c i p i t i n  a rc  p a t t e r n s  p roduced  by p o o le d  s e r a  

sam ples  were s i m i l a r  t o  th o s e  produced  by i n d i v i d u a l  s e r a .  

The most p rom in en t f e a t u r e  o f  t h e  po o led  s e r a - a n t i s e r a  r e ­

a c t i o n s  i s  t h a t  each a n t is e ru m  i s  a  s e p a r a t e  and i n d i v i d u a l  

t e s t  a s  d e m o n s tra te d  in  F ig u re s  4 ,  7, and 8 , w hereas  a n t i ­

s e r a  p rod uced  a g a i n s t  t h e  serum p r o t e i n s  o f  d i f f e r e n t  i n d i ­

v i d u a l s  o f  t h e  same s p e c i e s  o f  ground s q u i r r e l  p ro d u ce  r a d i ­

c a l l y  d i f f e r e n t  p r e c i p i t i n  a rc  p a t t e r n s .

The p r e c i p i t i n  a r c s  e x h i b i t e d  by r e a c t i n g  Ab 12 ( a n t i -  

m exicanus a n t is e ru m )  w i th  th e  serum p r o t e i n s  o f  each  of t h e  

Sperm o ph ilu s  s p e c i e s  (F ig u re  4 . )  shows:

1 . )  B eta  2 a rc  in  a l l  e i g h t  s p e c i e s .



TABLE 3
A n tise ru m C o r r e l a t i o n  In d ex v a lu e s  added  w i t h i n each  s p e c i e s

S p e c ie s ASCI v a lu e s  o f  
each  s p e c i e s

ASCI v a lu e s  f o r  
each  subgenus

Subgenus

S. m exicanus 2 .6 6 9

S. t .  a r e n i c o l a  

S. t .  t e x e n s i s

2 .3 6 2

2 . 5 7 3
2 .5 8 4 Ic t id o m v s

S. s p i lo s o m a 2 .7 3 1

S. h a r r i s i i 2 .3 0 2 2 .3 0 2 Aramosoermonhilus

S. t e r e t i c a u d u s 2 .5 2 2 2 .5 2 2 X er os p e rm o n h ilu  s

S. v a r i e g a t u s 2 .6 1 1 2 .6 1 1 O to sp e rm o p h ilu s

S. l a t e r a l i s 2 .5 4 9 2 .5 4 9 C a l lo s n e r m o n h i lu s

OJ
Ln



F ig u r e  4 .  Im m u n o e le c tro p h o re t ic  p r e c i p i t i n  a r c  p a t t e r n s  e x h i b i t i n g  c r o s s -  
r e a c t i v i t i e s  be tw een  e i g h t  s p e c i e s  s e r a  and a n t im e x ic a n u s  a n t i s e r a .  The cr'
s o l i d  v e r t i c a l  b a r s  i n d i c a t e  e l e c t r o p h o r e t i c  m o b i l i t y .  The b la c k  d o t  i s  
t h e  p o i n t  o f  a p p l i c a t i o n  o f  serum .
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2„) A p p l i c a t io n  p o i n t  a rc  (u n la b e le d )  i n  a l l  but

_S. h a r r i s i i . S_. t e r e t i c a u d u s . and S. m ex ican u s .

3 . )  Alpha 2 a rc  i n  a l l  s p e c i e s .

4 . )  A lpha 1 B a r c  i n  a l l  s p e c i e s  b u t  a r e n i c o l a .

5 . )  Alpha 1 A a rc  i n  o n ly  t h e  two t r id e c e m l in e a tu s

s u b s p e c ie s  and l a t e r a l i s .

6 . )  Albumin a r c  i n  S. m exicanus o n ly .

Serum p r o t e i n s  r e a c t e d  w i th  Ab 2 (F ig u re  4 . )  show:

1 . )  B e ta  2 a rc  i n  a l l  bu t  .S. v a r i e g a t u s .

2 . )  A p p l i c a t io n  p o i n t  a rc  ( u n la b e le d )  i n  b o th

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

and l a t e r a l i s .

3 . )  Alpha 2 a r c  i n  a l l  bu t  h a r r i s i i  and

s p i lo s o m a .

4 . )  Alpha 1 B a rc  i n  a l l  b u t  _S. t.. a r e n i c o l a .

5 . )  A lpha 1 A a r c  i n  _S. t.. a r e n i c o l a . S.  h a r r i s i i .

and _S. l a t e r a l i s .

6 . )  Albumin a r c  i n  _S. m ex ica n u s . t .  a r e n i c o l a

and _S. t.. t e x e n s i s .

The p r e c i p i t i n  a r c  p a t t e r n s  p roduced  by Ab 3 ( a n t i -  

a r e n i c o l a )  (F ig u re  5 . )  show:

1 .)  B e ta  3 a rc  i n  _S. m exicanus and v a r i e g a t u s .

2 . )  B e ta  2 a rc  i n  a l l  e ig h t  s p e c i e s .

3 . )  B e ta  1 a rc  i n  o n ly  j t.  t e x e n s i s .

4 . )  A lpha 2 a r c  i n  _S. t . a r e n i c o l a  and t e x e n s i s . and



F ig u r e  5. P r e c i p i t i n  a r c  p a t t e r n s  e x h i b i t i n g  c r o s s - r e a c t i o n  betw een  e i g h t  wspecies sera and antiarenlcola (left) and antlspilosoma (right), antisera. °°
V e r t i c a l  b a rs  i n d i c a t e  f r a c t i o n  m o b i l i t i e s . The s o l i d  d o t  i s  t h e  p o i n t  o f  
a p p l i c a t i o n  o f  serum .
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S_. h a r r i s l i . A p p l ic a t io n  a r c s  o f  sp i lo so m a  

and l a t e r a l i s  a r e  c o n s id e re d  to  be a lp h a

2 a r c s ,  a s  they  a re  n o t  c o n tig u o u s  w i th  t h e  

a p p l i c a t i o n  p o i n t .

5 . )  A lpha 1 B a rc  i n  a l l  s p e c i e s .

6 . ) A lpha 1 A a rc  i n  S.  t . t e x e n s i s . S_. t e r e t i c a u d u s .

and l a t e r a l i s .

7 . )  Albumin a rc  in  S_. mexicanus o n ly .

The a r c  p a t t e r n s  of a n t i s p i lo s o m a  a n tis e ru m  (Ab 4) a r e  

i l l u s t r a t e d  i n  F ig u re  5 and i n d i c a t e  few , i f  any , r e l a t i o n ­

s h ip s  e x c e p t  t h a t  t h e  a p p l i c a t i o n  a rc  i s  p r e s e n t  i n  a l l  b u t  

h a r r i s l i . T h is  a n t ise ru m  was c o n s id e re d  to  be f a u l t y  

and was n o t  e v a lu a t e d  any f u r t h e r .

The a n t i s p i l o s o m a  Ab 5 a n t ise ru m  produced  a number o f  

p r e c i p i t i n  a r c s  a g a i n s t  a l l  s p e c ie s  o f  ground s q u i r r e l s ,  

w i th  t h e  e x c e p t io n  o f  S. h a r r i s l i  (F ig u re  6 . ) :

1 . )  â .  h a r r i s l i  i s  t h e  on ly  s p e c i e s  t h a t  does n o t  

show a  b e ta  2 a r c .

2 . ) £ .  m ex ica n u s . S_. t.. a r e n i c o l a . and S_. t.. t e x e n s i s

show a  b e ta  1 a r c .

3 . )  A p p l i c a t i o n  p o in t  a r c  i n  m exicanus and S.

s n i lo s o m a .

4 . )  A lpha 2 a r c  in  a l l  e ig h t  s p e c ie s  s t u d i e d .

5 . )  A lpha 1 B a rc  i n  a l l  e ig h t  s p e c i e s .

6 . ) A lpha 1 A a rc  i n  o n ly  t.. a r e n i c o l a  and



F ig u r e  6 . P r e c i p i t i n  a rc  p a t t e r n s  e x h i b i t i n g  c r o s s - r e a c t i o n  betw een e i g h t  o
s p e c i e s  s e r a  and a n t i s p i l o s o m a  a n t i s e r a .  V e r t i c a l  b a r s  r e p r e s e n t  e l e c t r o ­
p h o r e t i c  m o b i l i t i e s  o f  each  f r a c t i o n .  S o l i d  d o t  i s  p o i n t  o f  a p p l i c a t i o n  o f  
serum .
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t e x e n s i s  and _S. t e r e t i c a u d u s .

7 . )  Albumin a rc  i n  m ex ican u s . s p i lo s o m a .

and  t e r e t i c a u d u s .

The p r e c i p i t i n  a r c s  produced  by a n t i h a r r i s i i  a n t i s e r a  

(F ig u re  7 . )  show l i t t l e  s i m i l a r i t y  i n  a rc  p r o d u c t io n .  Few 

r e l a t i o n s h i p s  can  be i n f e r r e d  from th e  r e s u l t s  and th e  

o p in io n  o f  t h i s  i n v e s t i g a t o r  i s  t h a t  t h e  l a c k  o f  r e l a t i o n ­

s h ip s  may be o f  taxonom ic  v a lu e .  The subgenus Ammospermophilus 

a c c o rd in g  t o  t h e s e  r e s u l t s  i s  o n ly  d i s t a n t l y  r e l a t e d  to  th e  

o th e r  su b g e n e ra  s t u d i e d  and t h e r e f o r e ,  t h e  a n t i s e r a  r e ­

a c t i v i t y  i s  n e g l i g i b l e .

The r e d u c e d  r e a c t i v i t y  o b se rv ed  i n  t h e  a n t i h a r r i s i i  a n t i ­

s e r a  i s  a l s o  e x h i b i t e d  by th e  a n t i t e r e t i c a u d u s  a n t i s e r a  

(F ig u re  8 . ) .  The o n ly  a r c s  produced when t h i s  s p e c i f i c  a n t i ­

serum i s  r e a c t e d  w i th  t h e  s p e c i f i c  a n t i g e n i c  s e r a  ( a n t i -  

t e r e t i c u a d u s  v s .  S.  t e r e t i c a u d u s  serum) a r e  t h e  a lp h a  1 

a r c s .  The a lp h a  1 B a r c  i s  d e m o n s tra te d  i n  a l l  s p e c i e s  

by b o th  a n t i s e r a  (Ab 8 and Ab 9 ) ,  e x c e p t  f o r  th e  

m exicanus v e r s u s  Ab 8 r e a c t i o n .

The p r e c i p i t i n  a r c  r e s o l u t i o n  by a n t i v a r i e g a t u s  a n t i ­

serum (F ig u re  9 . )  shows:

1. B e ta  2 a r c  i n  a l l  but v a r i e e a t u s . which e x ­

h i b i t s  a  b e ta  1 p o s i t i o n  a r c .

2 .  A lpha 2 a r c  i n  a l l  s p e c ie s  e x c e p t  S_. m exicanus

and  S.  s p i lo s o m a .



F ig u r e  7. P r e c i p i t i n  a r c  p a t t e r n s  e x h i b i t i n g  c r o s s - r e a c t i o n  betw een  e i g h t  ^
s p e c i e s  s e r a  and a n t i h a r r i s i i  a n t i s e r a .  V e r t i c a l  b a r s  r e p r e s e n t  e l e c t r o ­
p h o r e t i c  m o b i l i t i e s  o f  each  f r a c t i o n .  The s o l i d  d o t  i s  t h e  p o i n t  o f  a p p l i ­
c a t i o n .
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F ig u r e  8 . P r e c i p i t i n  a r c  p a t t e r n s  e x h i b i t i n g  c r o s s - r e a c t i o n  be tw een  e i g h t  -P-
s p e c i e s  s e r a  and a n t i t e r e t i c a u d u s  a n t i s e r a .  V e r t i c a l  b a r s  r e p r e s e n t  e l e c t r o -  ^
p h o r e t i c  m o b i l i t i e s  o f  each  f r a c t i o n .  The s o l i d  d o t  i s  t h e  p o i n t  o f  a p p l i c a ­
t i o n .
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F ig u r e  9 . P r e c i p i t i n  a r c  p a t t e r n s  e x h i b i t i n g  c r o s s - r e a c t i o n  betw een  e i g h t  
s p e c i e s  s e r a  and a n t i v a r i e g a t u s  ( l e f t )  and a n t i l a t e r a l i s  ( r i g h t )  a n t i s e r a .  
V e r t i c a l  b a r s  i n d i c a t e  f r a c t i o n  m o b i l i t y .  The s o l i d  d o t  i s  t h e  p o i n t  o f  
a p p l i c a t i o n .
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3 . )  Alpha 1 B a r c  i n  a l l  members o f  th e  Ic tidom vs

subgenus and l a t e r a l i s , b u t  n o t  i n  t h e  o th e r

s p e c i e s .

4 . )  Alpha 1 A a rc  i n  a l l  b u t S. m ex ican u s .

5 . )  Albumin a r c  i n  o n ly  S.  mexicanus and S. 

t e r e t i c a u d u s .

The r e s p o n se  o f  th e  a n t i l a t e r a l i s  a n t i s e r a  (F igure  

9 . )  shows :

1 . )  Beta 2 a r c  i n  a l l  s p e c i e s  e x ce p t  h a r r i s i i  and 

Sr v a r i e g a t u s .

2 . )  Beta 1 a r c  i n  v a r i e g a tu s  o n ly .

3 . )  Alpha 2 a r c  i n  a l l  bu t S.. m ex icanus. sp i lo so m a , 

and t e r e t i c a u d u s .

4 . )  Alpha 1 B a rc  i n  a l l  s p e c ie s  bu t S. h a r r i s i i  and 

th e  two S.  t r id e c e m l in e a tu s  s u b s p e c ie s .

5 . )  Alpha 1 A a rc  i n  a l l  s p e c ie s  b u t  S. m exicanus .

S. v a r i e g a t u s  and l a t e r a l i s .

6 . )  Albumin a r c  i n  m exicanus o n ly .

The d e g re e  o f  r e a c t i v i t y  o b se rv ed  w i th  a n t i l a t e r a l i s  a n t i ­

s e r a  i n d i c a t e s  t h a t  t h i s  su b g e n e r ic  g roup  i s  n o t  c l o s e l y  

r e l a t e d  t o  th e  o t h e r  su b g e n e ra  u t i l i z e d  i n  t h i s  s tu d y . The 

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

v a r i e g a t u s  and a n t i l a t e r a l i s  a n t i s e r a  i n d i c a t e  a c lo s e r  r e ­

l a t i o n s h i p  between O to sne rm onh ilus  and C a llo sp e rm o p h ilu s  

su b g e n e ra ,  th a n  betw een e i t h e r  o f  th e s e  su b g en era  and t h e
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o th e r s  r e p r e s e n t e d  i n  t h i s  s tu d y .  .

H is to c h em ic a l  A nalyses

D e te c t i o n  o f  g ly c o p r o te in s  by t h e  PAS t e s t  has  a two­

f o ld  p u rp o se ;  p a r t i c u l a r  p r e c i p i t i n  a r c s  c o u ld  be d i s t i n g u i s h ­

ed as  h a v in g  a c a rb o h y d ra te  m oie ty , and p h y lo g e n e t ic  im p l i ­

c a t i o n s  c o u ld  be i n f e r r e d .  F ig u re  10 i l l u s t r a t e s  t h e  PAS 

t e s t  r e s u l t s .  The a lp h a  1 B a rc  o f  th e  e i g h t  s p e c ie s  

t e s t e d ,  c o n t a in s  g ly c o p r o te in .  The b e ta  2 a r c  o f  

m ex ican u s . S.. t .  a r e n i c o l a  and t e x e n s i s  and th e  b e ta  1 f r a c ­

t i o n  o f  v a r i e g a t u s  show a  p o s i t i v e  r e a c t i o n  t o  t h e  PAS 

r e a g e n t s ,  as  does t h e  a lp h a  2 a rc  o f  m exicanus and 

h a r r i s i i . The r e s u l t s  o f  th e  PAS t e s t  i n d i c a t e  o n ly  t h a t  

c a rb o h y d ra te  r e a c t i v i t y  i s  seen  i n  t h e s e  f r a c t i o n s .

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

a lp h a  1 B i s  an  u b iq u i to u s  serum f r a c t i o n  and may be a 

g e n e r i c  t r a i t  o f  th e  s p e c ie s  s e l e c t e d  f o r  t h i s  s tu d y .  The 

t r i d e c e m l i n e a t u s  s p e c ie s  group can be d i s t i n g u i s h e d  from 

th e  sp i lo so m a  s p e c i e s  group by th e  p r e s e n c e  o f  c a rb o h y d ra te  

i n  t h e  b e ta  2 f r a c t i o n .  S_. mexicanus can  be d i s t in g u i s h e d  

from £ .  t r i d e c e m l i n e a t u s  and _S. sp i lo so m a  by th e  a lp h a  2 

f r a c t i o n .  L i t t l e  can  be s t a t e d  as t o  t h e  r e l a t i v e  im portance  

o f  t h e  a lp h a  2 f r a c t i o n  o f  h a r r i s i i  and th e  b e ta  1 f r a c ­

t i o n  o f  £ .  v a r i e g a t u s . as s i m i l a r  com pariso ns  would have  to  

be made w i th  o t h e r  c l o s e l y  r e l a t e d  s p e c ie s  p r i o r  t o  any



■p'F ig u re  10. PAS r e a c t i o n s  i n d i c a t i v e  o f  c a r b o h y d r a t e  m o ie t i e s  i n  serum  
p r o t e i n  f r a c t i o n s  e x h i b i t e d  by s p e c i f i c  im m u n o p re c ip i t in  r e a c t i o n s .  The 
a r c s  e x h i b i t i n g  a  p o s i t i v e  r e a c t i o n  a r e  l a b e l e d .
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judgem ent on t h e  taxonom ic r e l e v a n c e  o f  th e s e  f r a c t i o n s .

D e te c t io n  o f  t h e  p r e s e n c e  o f  c a r b o x y l ic  e s t e r a s e  

enzymes i n  t h e  p r o t e i n  f r a c t i o n s  by c h a r a c t e r i z a t i o n  w ith  

a b e ta - n a p h th y l  e s t e r  s u b s t r a t e  a l s o  r e v e a l s  taxonomic 

c h a r a c t e r i s t i c s  (F ig u re  1 1 . ) .  A gain , a l l  s p e c ie s  s tu d ie d  

e x h i b i t  enzym atic  a c t i v i t y  i n  t h e  a lp h a  1 B f r a c t i o n ,  e x ce p t  

f o r  t.. t e x e n s i s . T h is  s u b s p e c ie s  was n o t  a v a i l a b l e  f o r  

s tu d y  vhen a n t i s e r a  were p ro d u c e d ,  t h e r e f o r e ,  t h e  a n t i ­

serum u sed  i n  t h i s  t e s t  i s  n o t  s p e c i e s  s p e c i f i c .  T h is  may 

ac c o u n t  f o r  t h e  la c k  o f  enzyme a c t i v i t y  i n  th e  a lp h a  1 B 

f r a c t i o n .  Both it. a r e n i c o l a  and t e x e n s i s  show an 

e s t e r a s e  a c t i v i t y  i n  th e  b e t a  2 f r a c t i o n .  The a lp h a  2 

f r a c t i o n s  o f  S,. m ex ican u s . S. s p i lo s o m a . and S. h a r r i s i i  

e x h i b i t  e s t e r a s e  a c t i v i t y .  S.  v a r i e g a t u s  shows e s t e r a s e  

a c t i v i t y  i n  t h e  b e ta  1 f r a c t i o n .  The r e l a t i o n s h i p s  i n f e r r e d  

by th e  PAS t e s t  a r e  n o t  a s  e v id e n t  i n  t h i s  h i s to c h e m ic a l  

t e s t .  The 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  Ic tidom vs 

subgenus by t h i s  t e s t  i s  c o n c e iv a b le ,  how ever, w i th o u t  o th e r  

r e p r e s e n t a t i v e s  o f  t h e  re m a in in g  su b g e n e ra  no c o n c r e te  

taxonom ic c h a r a c t e r i s t i c s  can  be d e te rm in e d .

H is to c h e m ic a l  c h a r a c t e r i z a t i o n  u s in g  O i l  Red 0 s t a i n  

f o r  l i p o p r o t e i n s  and c h o l i n e s t e r a s e  a c t i v i t y  produced n eg a ­

t i v e  r e s u l t s .  T hese  t e s t  p ro c e d u re s  w ere n o t  r e p e a t e d .



F ig u r e  11. B e ta - n a p h th y l  e s t e r a s e  a c t i v i t i e s  d e m o n s t r a t in g  en zy m a tic  
com ponents o f  t h e  serum  p r o t e i n  f r a c t i o n s  th ro u g h  s p e c i f i c  immuno­
p r e c i p i t i n  r e a c t i o n s .  A rcs e x h i b i t i n g  a  r e a c t i o n  a r e  l a b e l e d .
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Q u a n t i t a t i v e  P r e c i p i t a t i o n

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

i n  F ig u r e s  12 and 13. Only a n t i s p i lo s o m a  Ab 5 a n t i s e ru m  was 

u se d  a s  a  t e s t  r e a g e n t ,  f o r  i t  gave t h e  h i g h e s t  t i t e r s  i n  

t h e  p r e c i p i t i n  r i n g  t e s t ,  t h e  g r e a t e s t  im m u n o e le c tro p h o re t ic  

r e a c t i v i t y ,  and was a v a i l a b l e  i n  an a d eq u a te  volume. The 

amount o f  p r o t e i n  n i t r o g e n  i n  each  d i l u t i o n  tu b e  o f  each  

s p e c i e s  i s  e x p re s s e d  as  a p e rc e n ta g e  o f  th e  amount p r e s e n t  

i n  t h e  e q u iv a le n c e  tu b e  o f  t h e  a n t i s p i lo s o m a -s p i lo s o m a  

p r e c i p i t i n  r e a c t i o n .  The e q u iv a le n c e  p o in t  i s  th e  p o i n t  i n  

t h e  d i l u t i o n  s e r i e s  where t h e  p r o p o r t io n s  o f  a n t ig e n  (serum 

p r o t e i n s )  a r e  e q u a l  t o  th e  p r o p o r t io n s  o f  a n t ib o d y  ( a n t i ­

serum Ab 5 ) ,  and i s  r e p r e s e n te d  as d i l u t i o n  tu b e  number 7 i n

S. sp i lo so m a  (F ig u re s  12. and 1 3 . ) .  D i l u t i o n  tu b e  numbers 

low er th a n  t h a t  o f  e q u iv a le n c e  r e p r e s e n t  an  ex ce ss  o f  t h e  

a n t i g e n ;  tu b e  numbers h ig h e r  r e p r e s e n t  a n t ib o d y  e x c e s s .  The 

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

u s in g  t h e  p e r c e n t  p r o t e i n  n i t r o g e n  and d i l u t i o n  tu b e  number 

o f  t h e  e q u iv a le n c e  p o in t  o f  each  sp e c ie s  and com paring  th e s e  

v a l u e s . The sp i lo so m a . S. t . a r e n i c o l a  and S. t.. t e x e n s i s  

e q u iv a le n c e  p o i n t s  a r e  se en  t o  be a t  tu b e  number 7 , w h e rea s ,  

m exicanus e q u iv a le n c e  f a l l s  a t  tube number 4 (F ig u re  1 2 . ) .  

The p r o t e i n  n i t r o g e n  a t  e q u iv a le n c e  o f  m exicanus and th e



F ig u r e  12. P r e c i p i t a t i o n  c u rv e s  i n d i c a t i n g  im m u n o lo g ic a l  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  o f  t h e  subgenus I c t i d o m v s . O r d in a te  v a lu e s  a r e  e x p re s s e d  a s  
p e r c e n t a g e s  o f  t h e  o b se rv e d  v a lu e s  r e l a t i v e  t o  t h e  r e f e r e n c e  p r e c i p i t a t i o n  
t e s t  (S_. s n i l o s o m a ) . The a b s c i s s a  v a lu e s  a r e  t h e  d i l u t i o n  tu b e  num bers o f  
a  d o u b l in g  d i l u t i o n  s e r i e s .
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F ig u re  13. P r e c i p i t a t i o n  c u rv e s  i n d i c a t i n g  im m unological 
r e l a t i o n s h i p s  o f  s i x  s p e c i e s  r e p r e s e n t i n g  f i v e  su b g en era  
o f  ground s q u i r r e l s .  O rd in a te  v a lu e s  a r e  e x p re s s e d  as  p e r ­
c e n ta g e s  o f  t h e  o b se rv ed  v a lu e s  r e l a t i v e  t o  th e  r e f e r e n c e  
p r e c i p i t a t i o n  t e s t  (S. sp ilosom a"). The a b s c i s s a  v a lu e s  
a r e  d i l u t i o n  tu b e  numbers o f  a  d o u b l in g  d i l u t i o n  s e r i e s .



100, s. spilotoma

90

80

70

6 0

50

4 0

30

20

1 2 3 4 5 6 7 8 9  10

100 S. tara t ica u du s

9 0

8 0

7 0

6 0

50

4 0

3 0

20

1 2 3 4 5 6 7 8 9  10

100 S.horrisii

9 0

80

7 0

6 0

5 0

4 0

3 0

20

I 2 3 4  5 6  7 9 10

too S. variegatus

9 0

8 0

7 0

6 0

50

4 0

3 0

20

2 3 4 5 6 7 8 9  10

100 S.leucurus

9 0

7 0

6 0

5 0

40,
30

20

100 S.lateralis

9 0

8 0

7 0

60

50

40

30

20



53
two s u b s p e c ie s  o f  t r id e c e m l i n e a t u s  i s  a p p ro x im a te ly  

807o t h a t  o f  s p i lo s o m a .

When sp i lo so m a  s p e c i f i c  p r e c i p i t a t i o n  i s  compared 

to  th e  s p e c ie s  r e p r e s e n t i n g  t h e  o t h e r  f o u r  su b g e n e ra ,  some 

r e l a t i o n s h i p s  a r e  i n d i c a t e d  (F ig u re  1 3 . ) .  The p o in t s  o f  

e q u iv a le n c e  o f  t h e  r e p r e s e n t a t i v e s  o f  t h e  subgenus 

Ammospermophilus f a l l  between tu b e s  5 and 6 a t  75% and 

55% f o r  S.  l e u c u ru s  and S. h a r r i s i i  r e s p e c t i v e l y .  

t e r e t i c a u d u s  (X erosperm ophil u s ) e x h i b i t s  a  97% e q u iv a le n c e  

a t  tu b e  5 . S.  v a r i e g a t u s  and S. l a t e r a l i s  (O tosperm ophilu s  

and C a llo sp e rm o p h ilu s  r e s p e c t i v e l y )  show an e q u iv a le n c e  a t  

tu b e  6 w ith  a p r o t e i n  n i t r o g e n  v a lu e  r a n g in g  between 80 

and 90 p e r c e n t  t h a t  o f  s p i lo s o m a . None o f  th e  o th e r  

su b g enera  show an  e q u iv a le n c e  p o in t  a t  tu b e  7, which i n d i ­

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

t h a t  i s  two t o  fo u r  t im e s  l e s s  i n  t h e s e  su bg en era  th a n  t h a t  

r e p r e s e n te d  w i t h in  th e  Ic t id o m v s  subgenus. The su b genera  

Ammospermophilus and Xer os perm ophilu  s a p p e a r  t o  be more 

c l o s e l y  r e l a t e d  to  each  o th e r  th a n  t o  any  o f  th e  o th e r  s u b ­

g en era  r e p r e s e n te d .  The su b g en era  O tosperm ophilus  and 

C a llo sp e rm o p h ilu s  a l s o  ap p ea r  t o  be more c l o s e l y  r e l a t e d  to  

each  o th e r  by t h e  r e s u l t s  o f  t h i s  t e s t .  The taxonomic i m p l i ­

c a t io n s  c f  t h i s  t e s t  a r e  a l s o  d e m o n s tra te d  w i th in  th e  

Ic tidom vs subgenus. The t r id e c e m l in e a tu s  and sp ilo som a 

s p e c ie s  g roup s  c an  be s e p a r a t e d  by p e rc e n ta g e s  o f  p r o t e i n
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n i t r o g e n ,  and S. m exicanus can  be s e p a r a te d  from S. 

t r i d e c e m l i n e a t u s  s u b s p e c ie s  by e q u iv a le n c e  tu b e  number. 

The s u b s p e c ie s  o f  t r i d e c e m l i n e a t u s  c an n o t  be i n d i v i d u a l l y  

c h a r a c t e r i z e d  by t h i s  m ethod.



CHAPTER IV 

DISCUSSION

H ow ell (1938) r e v i s e d  th e  genus Sperm ophilus  (=

C i t e l l u s )  to  i n c lu d e  e ig h t  su b g e n e ra ;  C i t e l l u s . I c t id o m v s . 

P o l i o c i t e l l u s . O to sp e rm o p h i lu s . N o t o c i t e l l u s . Ammospermophilus. 

X e ro sp e rm o p h ilu s  and G a llo sp e rm o p h il u s . S in c e  t h i s  work, 

Ammospermophilus has been r a i s e d  to  g e n e r i c  r a n k  and th e  

a c c e p te d  genus name i s  S p e rm o p h ilu s . t h e  ty p e  subgenus i s  

Sperm oph ilus  (H a l l  and K e lson , 1959). How ell (1938) 

u t i l i z e d  p e la g e ,  c r a n i a l  and b a c u la r  m orphology as  th e  

b a se s  f o r  t h i s  r e v i s i o n .  Taxonomic r e l a t i o n s h i p s  o f  th e s e  

su b g e n e ra  were n o t  c l e a r l y  d e f in e d  u n t i l  B ry an t  (1945) and 

B lack  (1 9 6 3 ) ,  u s in g  a number o f  m o rp h o lo g ic a l  f e a t u r e s  

o b ta in e d  from f o s s i l  and R ecent sp ec im en s , r e v e a l e d  a 

number o f  taxonom ic r e l a t i o n s h i p s  w i t h in  t h i s  g e n u s . Both 

i n v e s t i g a t o r s  c o n s id e r  O tosperm ophilus  t o  be t h e  o l d e s t  and 

l e a s t  s p e c i a l i z e d  o f  th e  ground s q u i r r e l  l i n e .  B ryan t (1945) 

c o n s i d e r s  O to spe rm oph ilu s  and C a l lo sp e rm o p h i lu s  to  be more 

c l o s e l y  r e l a t e d  t h a n  th ey  a r e  to  th e  o th e r  su b g e n e ra  o f  

g round  s q u i r r e l s . Ic t id o m v s  and S p e rm o p h ilu s . a c c o rd in g  

to  B ry a n t  a r e  th e  most r e c e n t l y  evo lved  and t h e  most h ig h ly

55
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s p e c i a l i z e d  o f  t h e  su b g e n e ra  and a re  c l o s e l y  r e l a t e d ,

B ryant (1945) s t a t e s  t h a t  th e  s p e c ie s  a s s ig n e d  t o  th e  

Ic t id o m v s  subgenus a r e  n o t  as c lo s e l y  r e l a t e d  to  each  o th e r  

as t h e  s p e c ie s  o f  t h e  o t h e r  subg en era  a r e .  He s u g g e s ts  

t h a t  t r i d e c e r o l i n e a t u s  and â -  mexicanus a r e  more s i m i l a r  

to  each  o th e r  th a n  e i t h e r  i s  to  s p i lo s o m a . a c c o rd in g  to  

baculum and p e la g e  c h a r a c t e r i s t i c s .  B ryan t (1945) su g g e s ts  

t h a t  X erospe rm oph ilu s  i s  r e l a t e d  i n  an i n t e r m e d i a t e  f a s h io n  

between t h e  more p r i m i t i v e  and th e  more s p e c i a l i z e d  g ro u p s ,  

and a l th o u g h  h e  p l a c e s  Ammospermophilus i n  g e n e r i c  r a n k ,  he 

i n t i m a t e s  t h a t  t h e s e  two groups s h a re  a  number o f  f e a t u r e s  

i n c lu d in g  d e n t i t i o n  (F ig u re  1 4 . ) .  Black (1963), i n  a  t r e a t i s e  

on t h e  T e r t i a r y  S c i u r i d a e ,  r e g a rd s  O tosperm oph ilus  t o  be th e  

a n c e s t r a l  s to c k  o f  t h e  X erosoerm ophilus and C a llo sp e rm o p h ilu s  

su b g e n e ra .  B lack (1963) concurs  w ith  t h e  view t h a t  Ic t id om vs 

i s  more c l o s e l y  r e l a t e d  to  Sperm ophilus th a n  to  t h e  o th e r  

su b g en era  and h e  i n f e r s  t h a t  Ammospermophilus ( g e n e r ic  ran k )  

a ro s e  i n  e a r l y  P l io c e n e  tim es from a Sperm o ph ilu s  a n c e s t r a l  

s t o c k ,  how ever, h e  o f f e r s  l i t t l e  f o s s i l  e v id e n c e .

R e c e n t  taxonom ic  i n v e s t i g a t i o n s  by N a d le r  (1966b) 

u s in g  m i t o t i c  chromosome morphology and num bers, d e m o n s tra te  

t h a t  O to sp erm oph ilu s  w i th  a low d i p l o i d  number and no 

a c r o c e n t r i c  chromosomes does n o t  d i s p la y  a " p r i m i t iv e "  

k a ry o ty p e ,  nam ely , a  h ig h  d i p lo i d  number and numerous 

a c r o c e n t r i c  chromosomes. The s t a t u s  o f  O to spe rm oph ilus  as



F ig u r e  14. B r y a n t ' s  scheme o f  t h e  p h y lo g e n e t i c  r e l a t i o n s h i p s  o f  f i v e  ^
su b g e n e ra  o f  t h e  genus S p e rm o p h i lu s . Those  s u b g e n e ra  n o t  in c lu d e d  i n  
t h e  p r e s e n t  s tu d y  a r e  e x c lu d e d  (from  B ry a n t ,  1 9 4 5 ) .
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th e  a n c e s t r a l  s to c k  o f  t h e  genus i s  q u e s t io n e d .  However, 

t h e  fu n d am en ta l  number (F .N .)  o f  chromosomes i n d i c a t e s  

c lo s e  r e l a t i o n s h i p s  between O tosperm ophilus  and 

C a l lo s p e rm o p h i lu s  (F ig u re  1 5 . ) .  The F.N. v a lu e s  f o r  

X erosperm oph ilus  i n d i c a t e  t h a t  t h i s  subgenus i s  n o t  c l o s e l y  

r e l a t e d  t o  C a l lo sp e rm o p h i lu s  as  d e te rm in e d  by Black (19 63 ) .  

N a d le r  (1966) s u p p o r t s  t h e  views o f  both  B ryan t (1945) and 

Black (1963) t h a t  Ic t id o m v s  i s  more c lo s e l y  r e l a t e d  t o  

Sperm ophilus  t h a n  t o  th e  o th e r  su b g en era  on th e  b a s i s  o f  

fu n d am en ta l  and d i p l o i d  chromosomal num bers.

N ad le r  and Hughes (1966a) d e m o n s tra te d  c lo s e  s i m i l a r i t y  

between th e  t h r e e  s p e c i e s  o f  th e  Ic t id o m v s subgenus th ro u g h  

m o rp h o lo g ic a l  s i m i l a r i t i e s  o f  s u b m e ta c e n t r ic  and meta~ 

c e n t r i c  chromosomes, a s  w e l l  a s ,  s i m i l a r i t y  in  th e  number 

o f  s u b m e ta c e n t r ic  chromosomes. T hese a u th o r s  o f f e r  s u p p o r t in g  

e v id e n c e  f o r  th e  p re s e n c e  o f  two s p e c ie s  g roups w i t h in  t h i s  

g e n u s . N a d le r  (1962) was a b le  t o  d i f f e r e n t i a t e  betw een th e  

k a ry o ty p e s  o f  S_. t r i d e c e m l i n e a t u s  and _S. m exicanus w h i le  s t i l l  

showing c l o s e  r e l a t i o n s h i p s  between th e  two s p e c ie s  (F ig u re

1 5 . ) .

G erber and B irn ey  (1968) found O tosperm ophilus serum 

p r o t e i n  r e a c t i v i t i e s ,  i n  q u a n t i t a t i v e  p r e c i p i t a t i o n  a n a l y s e s ,  

i n d i c a t e d  t h a t  t h i s  subgenus a p p a r e n t ly  d iv e rg e d  e a r l i e r  i n  

t h e  g e n e t i c  l in e a g e  o f  t h e  genus and has been e v o lv in g  

in d e p e n d e n t ly  f o r  a lo n g e r  p e r io d  o f  t im e  th a n  t h e  o t h e r



F ig u r e  15. A p h y lo g e n e t i c  scheme c o m p i le d ,  by t h i s  a u t h o r ,  from t h e  toresults o f  karyotypic studies by Charles F. Nadler showing relation­
s h i p s  be tw een  t h e  f i v e  su b g e n e ra  u se d  i n  t h e  p r e s e n t  s t u d y .  F .N . i s  
t h e  fu n d a m e n ta l  number o f  chromosomes; 2n i s  t h e  d i p l o i d  number.



Spermophilus spilosoma 
F. N. = 6 0  2n = 32

Spermophilus mexiconus 
F.N. * 6 4  2 n s  3 4

Spermophilus tridecemllneotus 
F N." 6 4  2 n s  3 4

ICTIOOMYS

XEROSPERMOPHILUS 
F .N .S 68  2 n * 3 6

o t o s p e r m o p h i l u s
F. N. s 72 2 n s  38

CALLOSPERMOPHILUS 
F.N.s 7 8  2n = 42

ANCESTRAL STOCK
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ground s q u i r r e l  su b g e n e ra .  These I n v e s t i g a t o r s  su p p o r t  

th e  v iew s o f  p re v io u s  r e s e a r c h e r s  t h a t  C a l lo sp e rm o p h i lu s  

and Oto sp e rm o p h i lu s  a r e  more c l o s e l y  r e l a t e d  th a n  e i t h e r  

i s  t o  Ic t id o m v s  o r  S p e rm o p h ilu s . Ic t id o m v s  and Sperm ophilus 

were shown to  be r e l a t e d  t o  each o th e r  th ro u g h  d a ta  from 

p r e c i p i t i n  t e s t s .  However, G erber and B irney  a g re e  w ith  

B ryan t (1945) t h a t  th e  two su b g e n e ra  must be t h e  r e s u l t  o f  

s e p a r a t i o n  o f  two e v o lu t io n a r y  l i n e s  i n  t h e  P l io c e n e .

The b io c h e m ic a l  s e p a r a t io n  and c h a r a c t e r i z a t i o n  o f  

serum p r o t e i n s  u t i l i z i n g  s e v e r a l  m o d i f i c a t io n s  o f  m ic ro ­

e l e c t r o p h o r e s i s  r e v e a l  taxonom ic c h a r a c t e r s ,  by w hich 

p h y lo g e n e t ic  r e l a t i o n s h i p s  o f  g round s q u i r r e l s  may be 

p o s t u l a t e d .  The v a l i d  u se  o f  serum p r o t e i n s  a s  taxonom ic 

c h a r a c t e r s  i s  t h e o r e t i c a l ,  and i s  based  on th e  a ssu m p tio n  

t h a t  t h e  p r o t e i n s  a r e  u n d e r  g e n e t i c  c o n t r o l .  T hus, d i f f e r ­

ences i n  g en o typ e  w i l l  be r e f l e c t e d  by an  a l t e r a t i o n  i n  th e  

c h e m ic a l  s t r u c t u r e  and b e h a v io r  o f  t h e  serum p r o t e i n s .  The 

a c c e p ta n c e  o f  t h e s e  c h a r a c t e r s  a s  r e l i a b l e  i n d i c a t o r s  o f  

taxonom ic r e l a t i o n s h i p s  i s  d epend en t upon e x c lu s io n  o f  any 

p r o t e i n  d i f f e r e n c e s  b ro u g h t ab o u t  by d e v e lo p m e n ta l  s t a g e s  

o r  p h y s i o l o g i c a l  s t a t e s  o f  t h e  s p e c i e s  b e in g  s t u d i e d  

(D essauer and Fox, 1964). In  t h e  p r e s e n t  s tu d y ,  i n  an 

e f f o r t  t o  m inim ize  n o n g e n e t ic  v a r i a t i o n ,  no p re g n a n t  an im als  

were u s e d ,  a l l  specim ens were c l a s s e d  a s  a d u l t s ,  and no 

d i f f e r e n c e s  i n  serum p r o t e i n s  w ere a t t r i b u t a b l e  t o  s e x u a l
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d i f f e r e n c e s .

The i m p l i c a t i o n  th ro u g h o u t t h i s  s tu d y  i s  t h a t  each 

method o f  p r o t e i n  c h a r a c t e r i z a t i o n  must be e v a lu a te d  

s e p a r a t e l y  and any taxonom ic i n f e r e n c e s  m ust be drawn from 

th e s e  t e s t s  i n d i v i d u a l l y .  The serum p r o t e i n  f r a c t i o n s  

e x h i b i t i n g  m ajo r  s i m i l a r i t i e s  and d i f f e r e n c e s  bo th  i n  

e l e c t r o p h o r e t i c  m o b i l i ty  and iram u n o e le c tro p h o re t ic  

r e a c t i v i t y  a r e  a lp h a  1 B, a lp h a  2 ,  and b e ta  2 . However, a 

d e f i n i t e  d i f f e r e n c e  i s  observed  betw een th e  two methods 

when th o s e  f r a c t i o n s  o r  a rc s  t h a t  appear  t o  be s h a re d  by 

a l l  e ig h t  s p e c ie s  a r e  compared. The b e ta  2 f r a c t i o n  

(F ig u re s  1. and 2 . )  i s  sh a red  by a l l  s p e c i e s  i n  t h i s  i n v e s t i ­

g a t i o n  when m o b i l i t i e s  a re  used  a s  taxonom ic c h a r a c t e r s ,  

w h e rea s ,  t h e  a lp h a  1 B a rc  i s  s h a re d  by a l l  t h e  s p e c ie s  

when r e a c t i v i t i e s  a r e  compared (F ig u re s  4 .  th ro u g h  9 . )

E le c t r o p h o r e t i c  m o b i l i t i e s  o f  t h e  serum p r o t e i n  f r a c ­

t i o n s  e x h i b i t  d i f f e r e n c e s  t h a t  a r e  o f  taxonom ic im p o r ta n c e .  

The b e ta  2 f r a c t i o n  i s  p r e s e n t  i n  a l l  t e s t e d  s p e c ie s  and i s  

h e r e  c o n s id e re d  to  be a  g e n e r ic  t r a i t .  W ith in  t h e  subgenus 

I c t id o m v s . th e  s i g n i f i c a n c e  o f  f r a c t i o n  m o b i l i t i e s  i s  most 

c l e a r l y  d e m o n s tra te d .  The a lp h a  1 B and a lp h a  2 f r a c t i o n s  

a r e  c l e a r l y  s u b g e n e r ic  t r a i t s  o f  t h i s  g roup  when compared t o  

th e  o th e r  su b g e n e ra .  The t r id e c e m l in e a tu s  s p e c ie s  g ro u p , 

by th e  p re s e n c e  o f  t h e  b e ta  1 f r a c t i o n  can  be d i s t i n g u i s h e d  

from th e  sp i lo so m a  g rou p . The b e ta  3 f r a c t i o n  i s  a  common
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t r a i t  w i th in  t h e  s p e c i e s  t r i d e c e m l in e a tu s  and i s  n o t  s h a re d  

w i th  t h e  o th e r  members o f  th e  subgenus I c t id o m v s . The a lp h a  

1 B and do u b le  a lbum in  f r a c t i o n  m o b i l i t i e s  a r e  q u i r e  s i m i l a r  

i n  b o th  S.  h a r r i s i i  and le u c u ru s  and a re  p ro b ab ly  s u b g e n e r ic  

t r a i t s . The a lp h a  2 f r a c t i o n  i s  p ro b ab ly  a taxonom ic 

d i f f e r e n c e  betw een th e  two s p e c ie s  r e p r e s e n te d  in  t h i s  

s tu d y .

The r e l a t i o n s h i p s  o f  t h e  f i v e  sub genera  i n d i c a t e d  by 

th e  e l e c t r o p h o r e t i c  m o b i l i t i e s  o f  th e  f r a c t i o n s  may be 

summarized c o l l e c t i v e l y .  O tosperm ophilus  and C a l lo sp e rm o p h i lu s  

show c lo s e  s i m i l a r i t y  i n  t h e  gamma, b e ta  3, b e ta  2 ,  a p p l i c a t i o n  

(a lp h a  2) and a lp h a  1 B f r a c t i o n s .  C a llo sp e rm o p h ilu s  and  

Ammospermophilus a r e  s i m i l a r  i n  th e  p re sen c e  o f  a doub le  

a lb um in  f r a c t i o n .  The d o u b le  a lbum in f r a c t i o n  i s  p r e s e n t  

i n  th e  s p e c i e s  o f  t h e  subgenus Sperm ophilus a c c o rd in g  t o  

N ad le r  (1968). Ammospermophilus and X erosperm ophilus  s h a r e  

f r a c t i o n  m o b i l i t i e s  o f  t h e  gamma, b e ta  2 , b e ta  1 , a lp h a  2 , 

and a lp h a  1 B f r a c t i o n s ;  o f  which th e  gamma and b e ta  2 

f r a c t i o n s  a re  s i m i l a r  i n  m o b i l i t y  to  th o s e  o f  th e  s p e c i e s  

i n  t h e  subgenus I c t i d o m v s . Ic t id o m v s  sh a re s  t h e  m o b i l i t y  

o f  t h e  a lp h a  1 B f r a c t i o n  w i th  both O tosperm ophilus  and 

C a l lo s p e r m o p h i lu s . T hus, O tosperm ophilus  and C a l lo sp e rm o p h i lu s  

a r e  ju d g e d  t o  be more c l o s e l y  r e l a t e d  t o  each o th e r  th a n  

t o  th e  o th e r  t h r e e  su b g e n e ra .  X erosperm ophilus and 

Ammospermophilus serum  p r o t e i n  m o b i l i t i e s  i n f e r  a c lo s e
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r e l a t i o n s h i p  between th e s e  two s u b g e n e ra .  Ic t id o m v s  does 

n o t  e x h i b i t  c lo s e  s i m i l a r i t y  t o  any o f  th e  o th e r  su b g en era  

i n  t h i s  s tu d y  and i t  i s  assumed t h a t  t h i s  subgenus i s  th e  

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

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

t h e  two s p e c i e s  groups r e p r e s e n te d  i n  t h e  subgenus I c t id o m v s . 

The two s u b s p e c ie s  o f  t r i d e c e m l i n e a t u s  can  be d i s t i n g u i s h e d  

by t h i s  method.

The r e l a t i o n s h i p s  o f  th e  f i v e  su b g e n e ra  u se d  i n  t h i s  

s tu d y  a r e  diagrammed in  F ig u re  16. The b a s is  o f  t h i s  

p h y lo g e n e t i c  scheme i s  th e  p re s e n c e  o f  th e  b e ta  2 f r a c t i o n  

i n  a l l  t h e  s p e c i e s  s tu d i e d .  The u b iq u i to u s  r e p r e s e n t a t i o n  

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

c h a r a c t e r ,  and t h a t  i t  has  been r e t a i n e d  w i th  only  s l i g h t  

c h e m ic a l  m o d i f i c a t io n s  r e s u l t i n g  i n  d i f f e r e n c e s  i n  n e t  

c h a rg e  and m o le c u la r  s i z e .  The r e l a t i v e  d e n s i t i e s  o f  each  

f r a c t i o n  a r e  i n d i c a t i o n s  o f  th e  q u a n t i t y  o f  p r o t e i n  p r e s e n t  

i n  each  f r a c t i o n ,  a c c o rd in g  to  t h e  p r o p e r t i e s  o f  t h e  s t a i n  

u s e d .  When d e n s i t i e s  o f  t h e  b e ta  2 f r a c t i o n  a r e  compared, 

C a l lo s p e rm o p h i lu s  and O to sperm oph ilus  a r e  th e  on ly  su b g enera  

d e m o n s tr a t in g  t h i s  f r a c t i o n  in  t h e  g r e a t e s t  q u a n t i t y  (F ig u re  

1 6 . ) .  The o t h e r  subgenera  d e m o n s tra te  b e ta  1 t o  be p r e s e n t  

i n  a  g r e a t e r  q u a n t i t y  th a n  b e ta  2 . S. sp i lo so m a  o f  th e  

genus Ic t id o m v s  i s  an e x c e p t io n ,  as i t  e x h i b i t s  o n ly  th e  

b e ta  2 f r a c t i o n  i n  e q u a l  q u a n t i t y  w i th  C a llo sp e rm o p h i lu s



F ig u r e  16. A p ro p o se d  scheme o f  t h e  r e l a t i o n s h i p s  o f  t h e  f i v e  su b g e n e ra  ^
o f  gound s q u i r r e l s  u se d  i n  t h i s  s t u d y ,  b a sed  on t h e  e l e c t r o p h o r e t i c  
p a t t e r n s  and p a r t i c u l a r l y  on f r a c t i o n  m o b i l i t i e s  and  d e n s i t i e s .
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and O tosperm oph ilus  (F ig u re  1 6 . ) .  The sh a re d  b e ta  3 f r a c ­

t i o n  between _S. t r i d e c e m l i n e a t u s . C a l lo s p e rm o p h i lu s . and 

O tosperm ophilus  i n d i c a t e s  t h a t  th e  subgenus Ic t id o m v s  may 

have been d e r iv e d  from a f i m i l a r ,  i f  n o t  th e  same, a n c e s t r a l  

s to c k .  _S. m exicanus and _S. sp i lo so m a  have s e c o n d a r i ly  

l o s t  th e  b e t a  3 f r a c t i o n  and a re  c o n s id e r e d  t o  be more 

s p e c i a l i z e d  th a n  t r id e c e m l in e a tu s  (F ig u re  1 6 . ) .  

Ammospermophilus i s  c o n s id e re d  to  be more s p e c i a l i z e d  th a n  

th é  o th e r  su b g e n e ra  examined i n  t h i s  s tudy  by v i r t u e  o f  t h e  

doub le  a lbum in  f r a c t i o n  and th e  b e ta  2- b e ta  1 q u a n t i t y  

d i f f e r e n c e  (F ig u re  1 6 . ) .  X erosperm ophilus  i s  c o n s id e re d  to  

be a  m o d e ra te ly  s p e c i a l i z e d  subgenus by t h e  b e ta  2 - b e t a  1 

q u a n t i t y  d i f f e r e n c e  and th e  lo s s  o f  t h e  a lp h a  1 A f r a c t i o n .  

X e ro sp e rm o p h ilu s . Ammospermophilus. and Ic t id cm v s  sh a re  

s e v e r a l  f e a t u r e s  ( in c lu d in g  gamma m o b i l i t y ,  a lp h a  2 m o b i l i ty ,  

b e ta  1 m o b i l i ty  and q u a n t i t y ,  and a lp h a  1 B m o b i l i ty )  and may 

have been d e r iv e d  from a s i m i l a r  a n c e s t r a l  s p e c ie s  (F ig u re

1 6 . ) .

C a llo sp e rm o p h i lu s  i s  c o n s id e re d  to  be m odera te ly  

s p e c i a l i z e d  th ro u g h  lo s s  o f  t h e  a lp h a  1 A f r a c t i o n  and th e  

p re s e n c e  o f  a  d o u b le  a lbum in  f r a c t i o n ,  and was p ro b ab ly  

d e r iv e d  from th e  same a n c e s t r a l  s p e c i e s  t h a t  gave r i s e  t o  

O tosperm ophilus  (F ig u re  1 6 . ) .

The subgenus Ic t id o m v s  poses a  p h y lo g e n e t ic  problem  as 

each  s p e c ie s  d e m o n s tra te s  a d iv e r g e n t  p a t t e r n  when compared
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t o  o t h e r  s p e c ie s  o f  t h i s  subgenus. However, S. 

t r i d e c e m l i n e a t u s  a p p e a rs  t o  be th e  more g e n e r a l i z e d  

s p e c i e s ,  w i th  _S. m exicanus b e in g  d e r iv e d  from a s i m i l a r  

a n c e s t o r  s p e c i e s .  S.. sp i lo so m a  ap p ea rs  t o  be c l o s e r  to  

t h e  a n c e s t r a l  s t o c k  o f  t h i s  subgenus.

The im m u n o e le c t ro p h o re t ic  p ro ce d u re  r e l a t e s  d i r e c t l y  

t o  t h e  e l e c t r o p h o r e t i c  m o b i l i t i e s  o f  th e  serum f r a c t i o n s  

f o r  i d e n t i f i c a t i o n  p u r p o s e s ,  bu t i s  d i s t i n c t  i n  r e s p e c t  to  

t h e  immunologic a f f i n i t i e s  o f  both t h e  s e r a  and a n t i s e r a  

u se d  (Crow le, 1961 ) .  The r e l a t i o n s h i p s  e lu c i d a t e d  by 

im m u n o e le c t ro p h o re t ic  a n a l y s i s  a re  e x p re s s e d  by th e  ASCI 

v a l u e s ,  which a r e  i n d i c a t i v e  o f  th e  im m unolog ical c r o s s ­

r e a c t i v i t i e s  betw een th e  s p e c ie s  s t u d i e d ,  01osperm oph il u s 

e x h i b i t s  th e  g r e a t e s t  d e g re e  o f  c r o s s - r e a c t i v i t y  o f  any 

o f  t h e  su b g e n e ra  t e s t e d .  S. m exicanus and S_. sp i lo so m a  

a l s o  show h ig h  r e a c t i v i t i e s  when th e  s p e c ie s  a r e  e v a lu a te d  

i n d i v i d u a l l y .  T h is  e v id e n c e  i s  in  agreem ent w i th  th e  r e ­

s u l t s  o f  G erber  and B irney  (1968) t h a t  O tosperm oph ilus  i s  

c l o s e  t o  th e  a n c e s t r a l  s t o c k  o f  th e  genus S p e rm o p h ilu s . 

O to s p e rm o p h i lu s . C a l lo s p e r m o p h i lu s . and Ic t id o m v s  e x h i b i t  

s i m i l a r  c r o s s - r e a c t i v i t i e s  and co u ld  be c o n s id e r e d  t o  be 

c l o s e l y  r e l a t e d ,  how ever, t h e  im m u n o e le c tro p h o re t ic  a rc  

p a t t e r n s  o f  O to sp e rm o p h ilu s  and C a llo sp e rm o p h ilu s  show a 

g r e a t e r  s i m i l a r i t y  t o  each  o th e r  th a n  e i t h e r  does t o  

I c t i d o m v s . Ammospermophilus. a c c o rd in g  to  b o th  a rc  p a t t e r n s
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and c r o s s - r e a c t i v i t y  v a lu e ,  i s  n o t  c lo s e ly  r e l a t e d  t o  any 

o f  th e  o t h e r  s u b g e n e ra  bu t shows a d i s t a n t  r e l a t i o n s h i p  

t o  Xer os p e rm onhil u s by v i r t u e  o f  th e  two c r i t e r i a  employed.

Im m u n o e le c tro p h o re t ic  a rc  p a t t e r n s  and c r o s s - r e a c t i v i ­

t i e s  i n d i c a t e  t h e  s u g g e s te d  d i f f e r e n c e s  betw een th e  

t r i d e c e m l i n e a t u s  and sp ilo so m a  s p e c ie s  g rou ps  o f  I c t id o m v s . 

The two s u b s p e c ie s  o f  t r id e c e m l in e a tu s  e x h i b i t  taxonom ic

d i f f e r e n c e s  by b o th  a r c  p a t t e r n  and ASCI v a lu e s .

T ax o n o m ica lly  s i g n i f i c a n t  i m p l i c a t io n s  o f  t h e  PAS 

t e s t  f o r  g l y c o p r o t e i n s  a r e  d em o n s tra ted  by t h e  members o f  

t h e  s u b s p e c ie s  I c t id o m v s . The t r id e c e m l in e a tu s  s p e c ie s  

g roup  e x h i b i t s  a c a rb o h y d ra te  component i n  t h e  b e ta  2 

f r a c t i o n  w hich  i s  n o t  p r e s e n t  i n  t h i s  f r a c t i o n  i n  _S. 

sp i lo so m a  serum . m exicanus does n o t  e x h i b i t  a  c a rb o ­

h y d r a t e  m o ie ty  i n  t h e  a lp h a  2 f r a c t i o n ,  W ie re a s , _S. 

t r i d e c e m l i n e a t u s  and S_. sp i lo so m a  a lp h a  2 f r a c t i o n s  show a 

p o s i t i v e  PAS r e a c t i o n .  The a lp h a  1 B f r a c t i o n  o f  a l l  e ig h t  

s p e c i e s  c o n ta in s  a c a rb o h y d ra te  component and i s  s i g n i f i ­

c a n t  a s  a  g e n e r i c  t r a i t .  T here  a r e  no o t h e r  c h a r a c t e r i s t i c  

g l y c o p r o t e i n  com ponents o f  serum p r o t e i n  f r a c t i o n s  t h a t  can 

be s a i d  t o  be o f  taxonom ic im p o rtan c e .  The PAS t e s t  r e s u l t s  

i n  t h i s  i n v e s t i g a t i o n  do n o t  p ro v id e  a d e q u a te  in f o r m a t io n  t o  

p e rm i t  c h a r a c t e r i z a t i o n  o r  s e p a r a t io n  o f  t h e  f i v e  su b g e n e ra .  

Based on t h e  r e s u l t s  o b ta in e d  from th e  Ic t id o m v s  s p e c i e s ,  

a s su m p tio n s  c an  be made t h a t  i f  a  g r e a t e r  number o f  s p e c ie s
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w i t h in  each  subgenus were a n a ly s e d ,  t h i s  t e s t  m ight se rv e  

a s  a  u s e f u l  method f o r  taxonom ic d i s t i n c t i o n  i n  th e  lower 

t a x a .

Taxonomic s e p a r a t io n  b ased  on  c a r b o x y l ic  e s t e r a s e  

enzyme c h a r a c t e r i z a t i o n s  i n  t h i s  i n v e s t i g a t i o n  do no t p ro v id e  

c o n c lu s iv e  in fo rm a t io n  as t o  th e  r e l a t i o n s h i p s  o f  th e  s p e c ie s  

o r  su b g e n e ra  s tu d i e d .  The s e p a r a t i o n  o f  th e  s p e c i e s  o f  

Ic t id o m v s  i s  t e n a b le ,  however, t h e  ab sen ce  o f  a  sh a re d  

component i n  th e  t r id e c e m l in e a tu s  s p e c i e s  g roup  r a i s e s  th e  

q u e s t i o n  o f  th e  r e l i a b i l i t y  o f  t h i s  ty p e  o f  c h a r a c t e r i z a t i o n  

a s  ta x o n o m ic a l ly  f e a s i b l e .  P e rh ap s  more a n a l y s i s  w i th  a 

g r e a t e r  number o f  r e p r e s e n t a t i v e  s p e c i e s  c o u ld  p ro v id e  th e  

taxonom ic  r e l a t i o n s h i p s  n o t  o b se rv e d  i n  t h i s  s tu d y .

Q u a n t i t a t i v e  p r e c i p i t a t i o n  t e s t s  r e s u l t s  a r e  q u i t e  

s i m i l a r  t o  th o se  o f  t h e  o th e r  m ethods u se d  i n  t h i s  i n v e s t i ­

g a t i o n .  The r e l a t i o n s h i p s  be tw een  th e  sp i lo so m a  and 

t r i d e c e m l i n e a t u s  s p e c ie s  g roups a r e  d e m o n s tra te d  when th e  

amount o f  p r o t e i n  n i t r o g e n  w i th in  t h e  p r e c i p i t a t e  i s  compared. 

T h e o r e t i c a l l y ,  t h e  e q u iv a le n c e  p o i n t  o f  a l l  t h e  s p e c ie s  o f  

Ic t id o m v s  sh ou ld  have been a t  d i l u t i o n  tu b e  7 , however, t h i s  

was n o t  th e  case  i n  S. m ex ica n u s . s p u t t e r i n g  i n  t h e  d i g e s t i o n  

tu b e s  c o u ld  have caused  such  a d iv e r g e n t  v a lu e .  The 

e q u iv a le n c e  p o in ts  and p e rc e n ta g e  p r o t e i n  n i t r o g e n  p r o ­

v id e d  two p a ra m ete rs  f o r  d e te r m in in g  taxonom ic r e l a t i o n s h i p s  

w i t h i n  t h e  sub genera  r e p r e s e n t e d .  Ammospermophilus and
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X erosperm ophilus a r e  q u i t e  s i m i l a r  to  each o th e r  i n  r e s p e c t  

t o  both p a ra m e te r s .  There i s  no s i m i l a r i t y  between th e s e  

g roups and th e  o t h e r  t h r e e  su b genera  a c c o rd in g  to  t h i s  

a n a l y s i s . C a llo sp e rm o p h i lu s  and O tosperm oph ilu s  a r e  q u i t e  

s i m i l a r  i n  b o th  p a ra m e te rs  u se d .  As sp ilo so m a  (Ic t id o m v s)  

was used a s  th e  t e s t  a n t i s e ru m ,  Ic t idom vs can  no t be com­

p a re d  to  t h e  o t h e r  f o u r  su b g e n e ra .  T h is  method o f  taxonomic 

s e p a r a t io n  i s  n o t  u s e f u l  below th e  s p e c ie s  ta x o n ,  as 

d em o n s tra te d  by la c k  o f  a p p r e c i a b le  d i f f e r e n c e s  between 

_t. a r e n i c o l a  and t e x e n s i s .



CHAPTER V 

SUMMARY AND CONCLUSIONS

The serum p r o t e i n s  o f  e i g h t  s p e c ie s  r e p r e s e n t i n g  

f i v e  su b g en era  o f  t h e  ground s q u i r r e l  genus Snermonh i l u s  

a r e  e v a lu a te d  as i n d i c a t o r s  o f  taxonomic r e l a t i o n s h i p s .

The p r i n c i p l e  a n a l y s i s  in v o lv e s  s e p a r a t i o n  and c h a r a c t e r i z a ­

t i o n  o f  th e  serum p r o t e i n s  by a g a r - g e l  e l e c t r o p h o r e s i s .

E le c t r o p h o r e t i c  p a t t e r n s  o f  t h e  serum p r o t e i n s  a r e  

d i a g n o s t i c  a t  th e  su b g e n e r ic  l e v e l  i n  O to sp e rm o p h ilu s . 

C a l lo s p e rm o p h i lu s . I c t id o m v s . X e ro sp e rm o p h ilu s . and 

Ammospermophilus. These p a t t e r n s  p ro v id e  d i a g n o s t i c  

f e a t u r e s  a t  th e  s p e c i e s  group and s p e c ie s  l e v e l s  as  demon­

s t r a t e d  w i th in  th e  subgenus I c t id o m v s . The u s e  o f  e l e c t r o ­

p h o r e s i s  as a s y s te m a t ic  method i s  a l s o  i n d i c a t e d  a t  th e  

s u b s p e c ie s  l e v e l  by two s u b s p e c ie s  o f  Sperm ophilus 

t r i d e c e m l i n e a t u s . Pooled  serum sam ples o f  each  s p e c i e s  and 

i n d i v i d u a l  serum sam ples p ro v id e  i d e n t i c a l  p a t t e r n s .

The subgenera  O tosperm ophilus  and C a llo sp e rm o p h ilu s  

e x h i b i t  s i m i l a r  p r o t e i n  p a t t e r n s  which i n d i c a t e  c lo s e  r e ­

l a t i o n s h i p s  between th e s e  fo rm s . O tosperm ophil u s i s  c o n ­

s i d e r e d  to  have t h e  more g e n e r a l i z e d  p r o t e i n  p a t t e r n  o f  th e

70



71
su b g e n e ra  exam ined, w h i le  C a l lo sp e rm o p h i lu s  shows some 

s p e c i a l i z a t i o n  i n  th e  a lbum in  and a lp h a  p r o t e i n  f r a c t i o n s .

Ammospermophilus serum p r o t e i n  e l e c t r o p h o r e t i c  

p a t t e r n s  a r e  s i m i l a r  t o  t h a t  o f  X erospe rm op h ilu s  w ith  

s p e c i a l i z a t i o n  o f  th e  a lbum in  and a lp h a  f r a c t i o n s .  These 

su b g e n e ra  a r e  d i s t i n c t l y  d i f f e r e n t  from O tosperm oph ilus  

and C a l lo s p e r m o p h i lu s . p a r t i c u l a r l y  i n  t h e  b e ta  f r a c t i o n  

m o b i l i t i e s  and d e n s i t i e s .

The subgenus Ic t id om vs i s  r e p r e s e n t e d  by th e  t h r e e  

s p e c ie s  o f  g round  s q u i r r e l  a s s ig n e d  to  t h i s  ta x o n .  

Sperm ophilus  m exicanus and t r i d e c e m l i n e a t u s  p a t t e r n s  a re  

s i m i l a r ,  how ever, d i s t i n c t  d i f f e r e n c e s  i n  t h e  b e ta  p r o t e i n  

f r a c t i o n  i n d i c a t e  t r i d e c  e m l in e a tu s  to  be t h e  more

g e n e r a l i z e d  o f  t h e  two s p e c i e s .  sp i lo so m a  p r o t e i n

p a t t e r n s  i n d i c a t e  t h a t  t h i s  s p e c i e s  s h a r e s  a  common a n c e s ­

t r a l  r e l a t i o n s h i p  w i th  th e  t r i d e c  e m lin e a tu s  s p e c i e s  g roup , 

and i n  f a c t ,  may be c l o s e r  t o  t h e  a n c e s t r a l  s to c k  o f  t h i s  

su bgen us . The subgenus Ic t id o m v s  s h a r e s  c e r t a i n  c h a r a c t e r ­

i s t i c s  w i th  t h e  o th e r  f o u r  su b g e n e ra  and r e p r e s e n t s  an 

i n t e r m e d i a t e  form i n  t h e  p h y lo g e n e t i c  h i s t o r y  o f  t h e  genus 

S p e rm o p h ilu s .

Im m u n o e le c tro p h o re t ic ,  h i s t o c h e m i c a l ,  and q u a n t i t a t i v e  

p r e c i p i t a t i o n  a n a ly s e s  a r e  u se d  a s  a d ju n c t  methods t o  c o r r o b ­

o r a t e  t h e  r e l a t i o n s h i p s  d e te rm in e d  by th e  serum p r o t e i n  

p a t t e r n s .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  compare
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f a v o r a b ly  w ith  p r e v io u s ly  p u b l i s h e d  s y s te m a t i c  i n v e s t i g a ­

t i o n s  c o n c e rn in g  th e  genus S p e rm o p h ilu s .

C o n c lu s io n s  based  on t h e  r e s u l t s  o f  t h i s  s tu d y  a re :

1 . )  A g a r -g e l  e l e c t r o p h o r e s i s  o f  serum p r o t e i n s ,  under 

c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s ,  can  y i e l d  p a t t e r n s  which may 

be u se d  a s  taxonom ic  c h a r a c t e r i s t i c s .

2 . )  Serum p r o t e i n  f r a c t i o n  m o b i l i t i e s  can  be sub­

j e c t e d  t o  s t a t i s t i c a l  t r e a tm e n t  and  a r e  o f  taxonom ic v a lu e .

.3.) I m m u n o e le c t r o p h o r e t i c a l ly  d e r iv e d  p r e c i p i t i n  a r c  

p a t t e r n s  can  be u s e d  t o  i n d i c a t e  p h y lo g e n e t ic  r e l a t i o n s h i p s .

4 . )  The u se  o f  an A n tise rum  C o r r e l a t i o n  In d e x ,  

dev e lo p ed  by t h e  a u th o r ,  can  p r o v id e  i n f o r m a t io n  con ce rn in g  

im m uno log ica l c r o s s - r e a c t i v i t y  betw een homologous and 

h e te r o lo g o u s  a n t i s e r a  and serum p r o t e i n s ,  p r o b a b i l i t i e s  o f 

t h e  d eg ree  o f  r e a c t i v i t y  e x p re s s e d  by each  serum p r o t e i n ,  

and a n u m e r ic a l  in d e x  t h a t  can  e l u c i d a t e  taxonom ic r e l a t i o n ­

s h ip s  .

5 . )  Q u a n t i t a t i v e  p r e c i p i t a t i o n  t e s t s  d i s t i n g u i s h  

r e l a t i o n s h i p s  betw een s p e c i e s  and s u b g e n e ra ,  b u t  a r e  no t  

s e n s i t i v e  o r  r e l i a b l e  below th e  s p e c i e s  tax o n .

6 .)  H is to c h e m ic a l  c h a r a c t e r i z a t i o n  o f  serum p r o t e in  

f r a c t i o n s  o b ta in e d  by e l e c t r o p h o r e t i c  o r  im m unoelectro­

p h o r e t i c  t e c h n iq u e s  may be o f  taxonom ic  v a lu e ,  p rov ided  a 

s e r i e s  o f  t h e s e  t e s t s  a r e  u se d .

7 . )  The subgenus O to sp e rm o p h ilu s  i s  d em o ns tra ted  to
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be c l o s e r  t o  t h e  a n c e s t r a l  s to c k  o f  th e  genus Sperm ophilus 

t h a n  th e  o t h e r  su b g en era  s t u d i e d ,  from th e  in fo rm a t io n  

o b ta in e d  i n  t h i s  i n v e s t i g a t i o n .

8 . )  The su b g e n e ra  O tospe rm oph ilu s  and C a llo sp e rm o p h i lu s  

show c lo s e  r e l a t i o n s h i p  by s h a r in g  a  number o f  c h a r a c t e r i s ­

t i c s  o f  t h e  serum p r o t e i n  f r a c t i o n s .

9 . )  Ammospermophil u s e x h i b i t s  c l o s e r  serum p r o t e i n  

s i m i l a r i t i e s  t o  X erosperm oph ilus  th a n  t o  t h e  o th e r  su b g e n e ra  

s t u d i e d .  The g e n e r i c  ra n k  acc o rd e d  to  Ammospermophilus i s  

q u e s t io n e d  on th o  b a s i s  o f  th e  r e l a t i o n s h i p s  ob se rv ed  in  

t h i s  i n v e s t i g a t i o n .

1 0 .)  Xer os p erm ophilu  s e x h i b i t s  serum p r o t e i n  c h a r a c t e r ­

i s t i c s  t h a t  a r e  i n t e r m e d i a t e  to  I c t id o m v s . C a l lo s p e r m o p h i lu s . 

and O to sp e rm o p h i lu s .

1 1 .)  I c t id o m v s  e x h i b i t s  few s i m i l a r i t i e s  t o  t h e  o th e r  

su b g e n e ra  s t u d i e d ,  but i s  c o n s id e r e d  to  be more c l o s e l y  

r e l a t e d  to  O to sp e rm o p h ilu s .

1 2 .)  The subgenus Ic t id o m v s  can  be s e p a r a t e d  i n t o  two 

s p e c i e s  g roup "  (t r i d e c  e m lin e a tu s  i n c lu d in g  S. m exicanus and

t r i d e c e m l i n e a t u s . and sp i lo so m a  c o n ta in i n g  S. sp i lo so m a)  

a c c o rd in g  t o  t h e  methods u t i l i z e d .

1 3 .)  The r e l a t i o n s h i p s  i n d i c a t e d  by t h e  methods employ­

ed do n o t  i n c l u d e  in f o r m a t io n  o f  t h e  i n t e r r e l a t i o n s h i p s  o f  

t h e  P o l i o c i t e l l u s . N o t o c i t e l l u s . o r  Sperm ophilus su b g e n e ra ,  

a s  t h e s e  g ro u p s  w ere  n o t  s t u d i e d .
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APPENDIX I

D i f f e r e n c e s  i n  
betw een

m o b i l i t i e s  o f  serum  p r o t e i n  f r a c t i o n s  
p o o le d  and i n d i v i d u a l  s a m p le s .

F r a c t i o n S p e c ie s I n d i v i d u a l
V a lu es

P o o led
V a lu es

ll^ll
C a lc u l a t e d

HJ-II
T a b u la r

Albumin £ • t . i r e n i c o l a 2 9 .9 2 3 0 .0 0 .045 2 .1 7 9
n= 13 , s = 1 .7 1
S. t .  t e x e n s i s 2 7 .5 7 3 0 .0 0 1 .056 2 .4 4 7
n= 7 , s  -  2 .1 5
S. sp i lo s o m a 2 8 .6 7 3 2 .0 0 .832 2 .2 0 1
n -  12 , s  = 1 .50
S. m exicanus 2 3 .1 4 2 3 .0 0 .061 2 .1 6 0
n = 14 , s  = 1 .2 9
S. t e r e t i c a u d u s 2 2 .8 8 2 7 .0 0 1 .847 2 .3 6 5
n = 8 , s  = 2 .1 0
S. v a r i e e a t u s 2 9 .2 0 34 .0 0 2 .0 2 0 2 .7 7 6 00
n = 5 , s  = 2 .1 7
S. l a t e r a l i s 2 6 .2 9 2 6 .0 0 .152 2 .4 4 7
n = 7 , s  = 1 .80
S. h a r r i s i i 2 6 .0 8 2 9 .0 0 1 .250 2 .2 0 1
n = 12 , 8 = 2 .2 4

A lpha  1 A S. t .  a r e n i c o l a 2 3 .4 0 2 3 .0 0 .196 2 .2 6 2
n = 10 , s = 1 ,95
S. t , t e x e n s i s 1 9 .0 0 19 .00 .000 2 .4 4 7
n = 7, s  = 2 . 5 8
S. s p i lo s o m a 2 2 .0 0 2 2 .0 0 .000 2 .2 0 1
n = 1 2 , s  = 1 .86
S. v a r i e e a t u s 2 1 .6 0 19 .0 0 .915 2 .7 7 6
n = 5 ,  s  = 2 .6 1
S. h a r r i s i i 18 .17 2 1 .0 0 1 .780 2 .2 0 1
n = 12 , s = 1 .5 3
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F r a c t i o n S p e c ie s I n d i v i d u a l
V a lu es

P o o led
V a lu es C a l c u l a t e d T abu la i

S. t . a r e n i c o l a  
n  = 11 , s  = 2 .0 5

1 6 .7 3 17 .0 0 .1 0 8 2 .2 2 8

S. t .  t e x e n s i s  
n = 5 ,  s  = 1 .3 4

1 3 .6 0 13 .00 .205 2 .7 7 6

S. s n i lo s o m a  
n  = 1 2 , s  = 1 .3 4

14 .17 15 .0 0 .597 2 .2 0 1

S . m ex icanus 
n = 13 , 8 = 2 .1 4

1 5 .6 2 15 .00 .2 79 2 .1 7 9

S. t e r e t i c a u d u s  
n = 8 , s  = 0 .9 2

1 0 .6 3 1 4 .0 0 3 .4 7 0 * * 2 .3 6 5

S . v a r i e e a t u s  
n = 5 ,  s  = 0 .8 9

1 3 .4 0 1 5 .0 0 1 .6 4 9 2 .7 7 6

S . l a t e r a l i s  
n = 7 ,  s  = 2 .2 9

1 5 .2 9 1 9 .0 0 1 .5 1 0 2 .4 4 7

8 . h a r r i s i i  
n  = 1 2 , s  = 1 .5 1

11 .5 0 1 3 .0 0 .955 2 .2 0 1

S. t .  a r e n i c o l a  
n  = 12 , s  = 1 .3 5

6 .0 0 5 .0 0 .714 2 .2 0 1

S. t .  t e x e n s i s  
n = 7 ,  s = l . 50

8 .2 9 9 .0 0 .4 4 1 2 .4 4 7

S. s n i lo s o m a  
n  = 8 , s  = 1 .60

8 .3 8 8 .00 .225 2 .3 6 5

S. m ex icanus 
n = 13 , s  = 1 .1 1

7 .6 9 6 .00 1 .4 6 9 2 .1 7 9

S. t e r e t i c a u d u s  
n = 8 , s  = 1 .00

5 .0 0 7 .00 1 .8 8 7 2 .3 6 5

S. h a r r i s i i  
n  = 1 2 , 8 = 1 .5 3

4 .8 3 5 .0 0 .107 2 .2 0 1

A lpha 1 B

A lpha 2

VO
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F r a c t i o n  S p e c ie s I n d i v i d u a l
Values

P o o led
Values

f i ^ i i

Calculated
lit II

Tabular
A p p l i c a t i o n  S_. s p i lo so m a

n = 12 , s  = 1 .2 4  
§.• l a t e r a l i s  
n  = 7 ,  s = 0 .9 7  

«= S. v a r i e e a t u s  
n = 5 ,  s  = 0 .4 4

B e ta  1 S.  t .  a r e n i c o l a
n  = 13, s  = 1 .0 4  
_S. t .  texensis  
n = 7 ,  s  = 0 .6 9  
S. mexicanus 
n = 14; s  = 1 .3 1  

t e r e t i c a u d u s  
n = 9 ,  s  -  0 .5 3  

h a r r i s i i  
n  = 12 , s  = 0 .6 7

B e ta  2 t.. a r e n i c o l a
n = 13 , s  = 0 .8 5  
S. t_. t e x e n s i s  
n = 7 ,  s  = 0 .8 2  
_S. s p i lo so m a  
n == 12 , s  = 0 .9 9  
S. m ex icanus 
n = 14 , s  = 0 .8 5  
S_. t e r e t i c a u d u s  
n  = 8 , s  = 1 .3 1  
_S. v a r i e e a t u s  
n = 5 ,  s = 0 .5 4

.50

2 .5 7

1 .80

5 .9 2  

6 .1 4  

5 .7 9  

2 .4 4

4 .9 2

1 0 .6 9

1 0 .0 0

1 0 .9 1

12 .5 7

11 .5 0

9 .6 0

1.00
2 .0 0

2.00

6 .00

7 .0 0

7 .0 0

3 .0 0

4 .0 0

9 .0 0  

1 1 .0 0  

12 .0 0

14 .0 0

13 .00

1 0 .0 0

.387

.54 8

.417

.074

1 ,16 2

.896

1.000

1 .322

1 .9 1 1

1 .1 4 0

1 .048

1 .632

1 .07 9

.680

2 .2 0 1

2 .4 4 7

2 .7 7 6

2 .1 7 9

2 .4 4 7

2 .1 6 0  00 O
2 .3 0 6

2 .2 0 1

2 .1 7 9

2 .4 4 7  

2.201  

2 .1 6 0  

2 .3 6 5

2 .7 7 6
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F r a c t i o n S p e c ie s I n d i v i d u a l
V a lues

P o o le d
V a lu es

" t  " 
C a lc u l a t e d T a b u la r

B e ta  2 S . l a t e r a l i s  
n  = 7 , s  = 0 .5 3

1 0 .5 / 11 .0 0 .7 5 8 2 .4 4 7

S. h a r r i s i i 1 1 .7 5 1 2 .00 .276 2 .2 0 1

B eta  3 S. t .  a r e n i c o l a  
n  = 10 , s  = 1 .5 5

15 .2 0 1 4 .0 0 .737 2 .2 6 2

S. t .  t e x e n s i s  
n  = 7 , s  = 1 .1 3

1 4 .4 3 1 8 .0 0 2 .9 5 0 * * 2 .4 4 7

S. v a r i e e a t u s  
n = 3 ,  s  = 1 .1 5

1 4 .3 3 1 4 .0 0 .250 4 .3 0 3

S. l a t e r a l i s  
n  = 6 , s  = 1 .1 7

1 6 .8 3 1 6 .0 0 .659 2 .5 7 1

Gamma S. t .  a r e n i c o l a  
n = 6 , s  = 0 . 8 2

2 6 .3 3 2 5 .0 0 1 .5 0 1 2 .5 7 1

S. t .  t e x e n s i s  
n  = 6 , s  = 1 .6 4

2 6 .5 0 2 7 .0 0 .282 2 .5 7 1

S. s n i lo s o m a  
n = 6 , s  = 1 .3 8

2 2 .5 0 2 5 .0 0 1 .6 7 8 2 .5 7 1

S . m ex icanus 
n = 12 , s  = 1 .7 3

2 4 .0 8 2 4 .0 0 .044 2 .2 0 1

S . t e r e t i c a u d u s  
n  = 8 , s  = 2 .0 5

2 5 .7 5 2 7 .0 0 .575 2 .3 6 5

S . v a r i e e a t u s  
n = 5 ,  s  = 3 .6 5

2 9 .4 0 3 2 .0 0 .655 2 .7 7 6

S . l a t e r a l i s  
n = 7 ,  s  = 1 .62

2 8 .5 7 3 0 .0 0 ,826 2 .4 4 7

S. h a r r i s i i  
n  = 11, s  = 1 .1 3

2 3 .4 5 2 5 .0 0 1 .31 9 2 .2 2 8

00t-*

T a b u la t e d  " t "  v a lu e s  a r e  t a k e n  a t  t h e  95% c o n f id e n c e  l i m i t .  
**  I n d i c a t e s  s i g n i f i c a n t  d i f f e r e n c e .


