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bees. Fo r  t he  per iod  in  be tween ,  KUtIN6 found  a correla-  
t i on  b e t w e e n  t he  com pos i t i on  of R N A  a n d  behav iou r .  
Our  resu l t s  can  n o t  be  c o m p a r e d  to  these  f indings ,  
because  t he  t e c h n i q u e  of gel -e lec t rophores is  used b y  
KUHN did  no t  give q u a n t i t a t i v e  d a t a  conce rn ing  t he  
t o t a l  R N A  va lue  of t h e  b ra in .  

A u t o r a d i o g r a p h i c a l  i nves t iga t ions  h a v e  suggested,  t h a t  
newly  emerged  bees  h a v e  a h ighe r  r a t e  of syn thes i s  
t h a n  foraging  bees. There fore  t he  decrease  of R N A  m u s t  
be  due  to  a h ighe r  r a t e  of d e g r a d a t i o n  of long-life or  
p recurso r  R N A  r a t h e r  t h a n  to  a decrease  0f t he  r a t e  of 
r ecen t ly  syn thes i zed  RNA.  40-51 day-o ld  s u m m e r  bees  
show a second decrease  in t he  a m o u n t  of R N A  of a b o u t  
20%, whereas  t he  D N A  r e m a i n s  c o n s t a n t  (Table).  

These  f ind ings  lead to  t h r ee  m a i n  ques t ions :  1. W h y  is 
t he  b igges t  a m o u n t  of 1RNA found  on  day  - -2  ? No more  
cell d iv is ions  t a k e  place a t  th i s  t i m e  5. 2. I m m e d i a t e l y  
a f t e r  emergence  (day 0 to  1) t h e  decrease  of R N A  appea r s  

Summer bees compared, to winter bees 

Summer bees Winter bees 
Age (days) (Nov.-March 
15-20 21-30 40-51 

to slow down.  A u t o r a d i o g r a p h i c a l  i nves t iga t ions  m i g h t  
show w h e t h e r  t he  d e s t r u c t i o n  of R N A  is delayed,  or 
w h e t h e r  t he  r a t e  of syn thes i s  of t h e  R N A  is s l igh t ly  
increased.  3. W h y  does t he  R N A  decrease  aga in  in old 
s u m m e r  bees?  I n  J u l y  1972, 2% of 350 m a r k e d  bees  
r eached  an  age of 50 days .  The  a m o u n t  of R N A  found  in 
w i n t e r  bees  n e v e r  showed  a level  as low as t he  one of 
40-50-day-o ld  s u m m e r  bees (Table).  Is t h e  nea r  end  of 
life a r eason  for t h i s  second decrease  of t he  R N A  ? Or is 
t he  second decrease  a r eason  for t he  d e a t h  of t he  bees  ? 
W e  h a v e  no  con t ro l  e x p e r i m e n t s  on  w i n t e r  bees, because  
we do no t  k n o w  t h e i r  exac t  l i fespan.  W e  sugges t  t h a t  t h e  
course  is a b o u t  t h e  same  w i t h  a m u c h  longer  per iod  of 
more  or less c o n s t a n t  a m o u n t s  of R N A L  

Zusammen/assung. Aus G e h i r n e n  yon  B i e n e n  verschiede-  
ner  A l t e r s s tu fen  w u r d e n  D N S  u n d  R N S  e x t r a h i e r t  u n d  
de ren  Mengen  s p e k t r o p h o t o m e t r i s c h  b e s t i m m t .  
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C h r o m o s o m e s  and G i e m s a - B a n d s  of the Idaho Spotted  Ground Squirre l ,  
Spermophilus brunneus (Howel l )  

The  g r o u n d  squi r re l  subgenus  Spermophilus in  N o r t h  
A m e r i c a  consis ts  of 8 species : S. townsendii, S. washingtoni, 
S. brunneus, S. richardsonii, S. armatus, S. undulatus 
( ~  parryii), S. columbianus, a n d  S. beldingi 1. E a r l i e r  
i nves t i ga to r s  a r r ived  a t  d i f fe ren t  v iews conce rn ing  t h e  
subspecif ic  or specific s t a t u s  of t a x a  now r a n k e d  w i t h i n  
S. townsendii a n d  S. richardsonii, a n d  t h e  compos i t i on  of 
va r ious  supraspeci f ic  groups2,8. R e l e v a n t  to  t h i s  repor t ,  
DAVIS 3 recognized 2 species-groups w i t h i n  t h e  subgenus  
Spermophilus occur r ing  in I d a h o :  1. b ig-eared  g round  
squir re ls ;  S. beldingi, S. richardsonii aureus, S. columbianus, 
S. armatus, a n d  S. brunneus; 2. sho r t - ea red  squi r re ls ;  
S. mollis ( =  townsendii). DAvis  3 d i f f e r en t i a t ed  S. brun- 
neus f rom S. townsendii on t h e  bas is  of i t s  s ho r t e r  a n d  
coarser  pelage, absence  of a w h i t e  v e n t r o l a t e r a l  s tr ipe,  
c e r t a i n  c ran ia l  charac te rs ,  t he  consp icuous ly  larger  ears, 
a n d  spo t t ed  b r o w n  dorsa l  co lora t ion .  However ,  HOWELL 2 
p rev ious ly  conc luded  t h a t  S. brunneus, desp i te  i t s  m u c h  
larger  ears, e x h i b i t e d  ex t e rna l  a n d  c ran ia l  cha rac t e r s  s imi-  
la r  t o ' t h e  S. washingtoni group,  wh ich  he  in  t u r n  r ega rded  
as c o m p a r i n g  m o s t  closely w i t h  S. idahoensis ( ~  town- 
sendii). R e c e n t l y  NADLER 4 ana lyzed  ch r om os om es  f rom all 
species of t h e  subgenus  excep t  S. brunneus a n d  found  
t h a t  d ip lo id  n u m b e r s  con fo rmed  to t h e  b ig-eared  (2n  
30-36) a n d  shor t - ea red  (2n ~ 36-46) g roups ;  t h e  possi-  
b i l i t y  t h a t  S. brunneus m i g h t  be long  to  t he  sho r t - ea red  
g roup  or occupy  a n  i n t e r m e d i a t e  pos i t ion  w i t h i n  t he  sub-  
genus  was pos tu l a t ed .  

The  p r e sen t  p a p e r  descr ibes  t h e  ch r om os om es  of S. 
brunneus, compare s  t h e  g i e m s a - b a n d  p a t t e r n  of t h a t  spe- 

t ies  w i t h  S. townsendii mollis which  shares  a s imi la r  2n 
of 38 w i t h  S. brunneus, a n d  discusses the  e v o l u t i o n a r y  
imp l i ca t i ons  of t h e  da ta .  

Materials and methods. The  fol lowing spec imens  were 
e x a m i n e d :  1. Spermophilus brunneus (Howell),  Idaho ,  
A d a m s  Co., 3 miles  s o u t h  a n d  1.5 miles  eas t  of Bea r  Pos t  
Office, 3 females  a n d  5 males ;  Spermophilus townsendii 
mollis (Kennico t t ) ,  Idaho,  Cassia  Co., Bur ley ,  3 females  
a n d  3 males.  

Chromosomes  were ana lyzed  f rom femora l  bone  m a r r o w  
a n d  g i e m s a - b a n d  p r e p a r a t i o n s  were m a d e  f rmn  m a r r o w  
cell suspens ions  accord ing  to  SEABRIGHT 5. G i e m s a - b a n d  
pa t t e rn s ,  based  on  5 m i t o t i c  f igures  f rom a male  S. brun- 
neus, one cell f rom a female  S. t. mollis, and  5 f rom a ma le  
S. t. mollis, were d i a g r a m e d  to  r ep resen t  t he  compos i t e  
resu l t s  for each  species. The  b a n d s  were c o n s i s t e n t  f rom 
cell to  cell w i t h i n  a species, a l t h o u g h  b a n d s  of ce r t a in  
ch romosomes  somet imes  s t a ined  l i gh t l y  or were i n d i s t i n c t  
in  i n d i v i d u a l  cells. 

Results. All S. brunneus h a d  a 2n ~ 38 a n d  k a r y o t y p e  
c o n t a i n i n g  14 me tacen t r i c ,  16 s u b m e t a c e n t r i c ,  a n d  6 sub- 
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te locen t r ic  au tosomes ,  a s u b m e t a c e n t r i c  2( and  a smal l  
ac rocen t r ic  Y c h r o m o s o m e  (Figure  1). A r r a n g e d  in t h a t  

m a n n e r  (Figure 1) t h e  k a r y o t y p e  closely r e sembled  t h a t  
of S. townsendii mollis a n d  S. townsendii idahoensis w i t h  
2n = 38 ' ,  6 excep t  for t he  p resence  of s l igh t ly  longer  shor t  
a rms  (subte locentr ic)  in  2 of t he  3 pa i r s  of ch romosomes  
(16, 18) of S. brunneus t h a t  are  c o m p a r a b l e  to  t h e  3 pa i rs  
of acrocent r ics  r epo r t ed  in S. townsendii. 

Compar i son  of g i e m s a - b a n d i n g  in S. brunneus a n d  
S. t. mollis (Figure  2) i nd i ca t ed  s imi la r  p a t t e r n s  in  pa i r s  
1-5 and  8-13. A m o n g  t h e  smal le r  chromosomes ,  w h i c h  
were more  di f f icul t  to  ana lyze  due  to a n  a p p a r e n t  g rea te r  
ch romosoma l  con t r ac t ion ,  pa i r s  14, 15, and  18 e x h i b i t e d  
differences  in  t h e  n u m b e r  of b a n d s  in t he  long arms.  T h e  
absence  of b a n d s  in  a u t o s o m e  pa i r s  6 a n d  7, and  t h e  Y 
c h r o m o s o m e  of S. brunneus m a y  ref lect  less i n t ense  
s t a in ing  of t he  cells  in  t h a t  species. T h u s  based  on  G- 
bands ,  c h r o m o s o m a l  homology  is d e m o n s t r a b l e  in  13 of 
18 a u t o s o m a l  pa i rs  a n d  t h e  X chromosome.  

Fig. 1. Karyotype of a male S. brunneus (2 n = 38), x 2800. 
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Fig. 2. Comparison of Giemsa-band patterns of S. brunneus and 
S. townsendii mollis. The left and right members of each diagramed 
pair represent S. brunneus and S. t. raollis respectively. 

Discussion. The  gross c h r o m o s o m a l  s imi l a r i t y  a n d  degree  
of G - b a n d  homology  now shown  to exis t  b e t w een  S. 
brunneus a n d  those  t a x a  of S. townsendii (mollis, idahoensis) 
con t iguous ly  d i s t r i b u t e d  to  t h e  s o u t h  p rov ides  new 
ev idence  for r eapp ra i s ing  in terspeci f ic  r e l a t ionsh ips  in  t h e  
subgenus  Spermophilus. Despi te  some c ran ia l  an d  pelage  
s imi lar i t ies  w i t h  S. washingtoni, chromosomes  do n o t  
s u p p o r t  t h e  close r e l a t ionsh ip  HOWELL ~ p o s t u l a t e d  
b e t w e e n  t h a t  species a n d  S. brunneus because  t i le  fo rmer  
h a s  a 2n = 36 an d  a d i f fe ren t  k a r y o t y p e  4. Ch ro mo s o ma l  
c h a r a c t e r s  also fai l  to  s u p p o r t  t h e  v iew of DAvis  3 t h a t  
S. brunneus belongs  to  t h e  b ig-eared  group of g r o u n d  
squirre ls  because  t h e  l a t t e r  e x h i b i t  2ns of 30-364, 

Compar i sons  b y  s ta rch-ge l  e lec t rophores i s  of p ro t e in s  
t h a t  exh ib i t ed  v a r i a t i o n  b e t w e e n  t h e  b i g - a n d  shor t -  
ea red  groups  also bea r  on  these  r e l a t ionsh ips  (in m a n u -  
script) .  S. brunneus h a d  G 6 P D  a n d  h e m o g l o b i n  f r ac t ions  
iden t ica l  w i t h  squir re ls  of t h e  b ig-eared  group,  a n d  un l ike  
all subspecies  of S, townsendii. T h e  t r a n s f e r r i n  (Tf) of 
S. brunneus was e lec t rophore t i ca l ly  s imi la r  to  Tf  5 of 
S. parryii (big-eared group) an d  n o t  Tf  1 or 3 of S. 
townsendii a n d  S. washingtoni. Leuc ine  a m i n o p e p t i d a s e  of 
S. brunneus differed f rom t h e  r ap i d l y  m i g r a t i n g  f r ac t ion  
of all  o the r  Nearc t i e  Spermophilus a n d  i n s t ead  r e sembled  
t h e  s lower f r ac t ion  seen in some As ian  species. O t h e r  
enzymes  (LDH,  MDFI, aldolase,  c~ GPD)  were mono-  
mo rp h i c  in  all  Nearc t i c  t axa .  B iochemica l  cha rac t e r s  
t h u s  ind ica te  a closer a f f in i ty  to  t h e  b ig-eared  species 
group.  

The  c o n t r a d i c t o r y  morphologica l ,  b iochemica l ,  a n d  
cytological  evidence,  coupled  w i t h  t h e  small ,  re l ic t  
d i s t r i b u t i o n  of S. brunneus leads  us  to  p o s t u l a t e  t h a t  thi, s 
species m a y  be  a l ink  b e t w een  t h e  2 r a t h e r  d iverse  big-  an d  
shor t - ea red  groups  of squirrels .  I f  f u r t h e r  b iochemica l  an d  
morpholog ica l  ana lyses  s u b s t a n t i a t e  t h i s  h y p o t h e s i s  of 
i n t e rmed iacy ,  t h e  poss ib i l i ty  t h a t  a n  S. brunneus-like 
g r o u n d  squi r re l  w i t h  2n = 38 is ances t r a l  w i t h i n  t h e  sub-  
genus  m u s t  be  e n t e r t a i n e d ;  ear l ier  an  ances t r a l  2n of 38 
was also p o s t u l a t e d  for t h e  s u b f a m i l y  Sc iur inae  as a 
whole  ~. I n  t h a t  case k a r y o t y p e  evo lu t ion  in Spermophilus 
m a y  h a v e  p roceeded  ill 2 d i rec t ions  f rom 38 to 36-30 in 
t h e  b ig-eared  group  a n d  f rom 38 to 36 a n d  to 46 in  t h e  
sho r t - ea red  group.  

B b I B O ~ b I .  Xp0M0C0MI~I I4 F-n0Jl0cb! Spermophilus brunneus 
HayqaJIbt. XoTfl I<apHOTHIIM CXO/1HVle~ H roMoJiorI4a MeH<Ay 13 
H3 18 rlapaMH ayT0C0MOB~ S. brunneus 0TJIHNaeTctt 0T S. townsendii 
motlis (2n = 38) S ApyrHx ~opOoaormiecKnx, MeXOBblX, n 6H0- 
XHMHqeCKHX IIpH3HB.Kax; 9TH IIpH3HaKH c0eAHHfItOT S. brunneus 
C 6oJiblgeyxe~ ryynnofi.  I-Ip0NeX4yT0qH0CT npn3HaKoB y S. 
brunneus npeJIaaraeT qT0 3TOT peJIHKTOBbI~ BH~ HeMHOFO pac- 
X0AalIIH~C~ Ha paHHoro ilpapoAvlTeJla y noapoAa Spermophilus. 
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