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Chromosomes of the Asian Chipmunk Eutamias sibiricus Laxmann (Rodentia: Sciuridae) 

T a x o n o m i c  re l a t ionsh ips  of c h i p m u n k s  be long ing  to  t h e  
genera  T a m i a s  a n d  E u t a m i a s  h a v e  b e e n  e v a l u a t e d  us ing  
cranial ,  ske le ta l  a n d  pe lage  c h a r a c t e r s  1-5, a n d  more  
recent ly ,  c h r o m o s o m a l  d a t a  ~-s. Some inves t iga to r s  clas- 
sify E u t a m i a s  a n d  T a m i a s  as subgene ra  of t he  genus  
T a m i a s  1, 2, 5 while  o the r s  r ega rd  t h e m  as d i s t i nc t  generam 4. 
Differ ing op in ions  also exis t  conce rn ing  t he  r e l a t ionsh ip  
of As ian  c h i p m u n k s  to  T a m i a s  a n d  E u t a m i a s  of N o r t h  
America .  ~vVI~ITE 4 rev iewed  t h e  var ious  classif icat ions,  
e v a l u a t e d  a series of 10 charac te r s ,  a n d  conc luded  t h a t  
As ian  c h i p m u n k s  r e sembled  N o r t h  A m e r i c a n  E u t a m i a s  
m o s t  closely. Thus ,  As ian  a n d  wes t e rn  N o r t h  A m e r i c a n  
c h i p m u n k s  a re  n o w  p laced  in 2 s u b g e n e r a  of t he  genus  
E u t a m i a s  while  c h i p m u n k s  f rom ea s t e rn  N o r t h  A m e r i c a  
are  re fe rab le  to  a s epa ra t e  genus,  T a m i a s  4, 9. 

C h r o m o s o m e  s tud ies  of t h e  m o n o t y p i c  genus  T a m i a s  8, 7, 
15 of t he  16 species of N o r t h  A m e r i c a n  E u t a m i a s  ~-s an d  
As ian  E u t a m i a s  s ibir icus lo d e m o n s t r a t e  a d iploid  n u m b e r  
(2n) of 38 in all  species. 2 d i f fe ren t  k a r y o t y p e s  were 
obse rved  a m o n g  N o r t h  A m e r i c a n  E u t a m i a s ;  E u t a m i a s  
k a r y o t y p e  A cha rac t e r i zed  m o s t  subspec ies  of E.  m i n i m u s  
a n d  E.  cinereicolis, whereas  E u t a m i a s  k a r y o t y p e  ]3 was  
found  in all  o t h e r  species and  a few subspecies  of E.  m i n i -  
m u s  6-s. A t h i r d  k a r y o t y p e  was found  in T a m i a s  striatus ~. 
The  k a r y o t y p e  of E.  s ibir icus f rom Asia  ha s  no t  been  
descr ibed.  A single pe r i cen t r i c  i nve r s ion  or t r a n s l o c a t i o n  
can  a c c o u n t  for t h e  di f ferences  b e t w e e n  t he  3 A m e r i c a n  
ka ryo types .  E v o l u t i o n  of t he  3 N o r t h  A m e r i c a n  k a r y o t y p e s  
m a y  h a v e  resu l ted  f rom one  or more  s epa ra t e  ances t r a l  
Pa l ea rc t i c  c h i p m u n k  s tocks  w h i c h  sp read  e a s t w a r d  in to  
t he  Nearc t i c  7,s ,n.  A l t e rna t i ve ly ,  E.  sibivicus m a y  h a v e  
evo lved  f rom a w e s t w a r d  r ange  ex tens ion  of one of t h e  
N o r t h  A m e r i c a n  stocksl~.  

T h e  p r e s e n t  r e p o r t  descr ibes  t he  c h r o m o s o m e s  of E u t a -  
m ias  sibiricus,  corre la tes  these  d a t a  w i t h  k a r y o t y p e s  f rom 
N o r t h  A m e r i c a n  c h i p m u n k s ,  a n d  recons iders  t h e  d i f fe ren t  
concep t s  of c h i p m u n k  t a x o n o m y  and  evolu t ion .  

Mater ia l s  and  methods. 4 female  a n d  4 ma le  ~ u t a m i a s  
s ibir icus L a x m a n n  were o b t a i n e d  f rom a n  u n k n o w n  
local i ty,  p r o b a b l y  Korea .  The  c h r o m o s o m e s  of these  
spec imens  were  ana lyzed  f rom bone  m a r r o w  cell suspen-  
sions us ing  a colcemide,  h y p o t o n i c  c i t ra te ,  f l ame d ry  
t e c h n i q u e  s. K a r y o t y p e s  were c o n s t r u c t e d  us ing  a s y s t e m  
devised  for  N o r t h  A m e r i c a n  c h i p m u n k s 6 :  G r o u p  (Gr.) I 
c h r o m o s o m e s  inc lude  large  m e t a c e n t r i c s ;  Gr.  I I  i n c l u d e s  
large s u b m e t a c e n t r i c s ;  Gr. I I I  is composed  of large  acro- 
cen t r ics ;  Gr. IV  con t a in s  t he  smal les t  pa i r  of m e t a c e n t r i c s  ; 
a n d  Gr. V con t a in s  sma l l  ac rocen t r i c  a n d  s u b m e t a c e n t r i c  

chromosomes .  T h e  X a n d  Y of N o r t h  A m e r i c a n  chip-  
m u n k s  be long  to  GroUps I I  a n d  V respect ively .  

Resul ts .  E .  s ibir icus h as  a 2n of 38 a n d  k a r y o t y p e  con-  
t a i n i n g  3 pa i rs  of c h r o m o s o m e s  in  Gr. I, 4 pa i rs  in  Gr. II, 
6 pa i r s  in  Gr. III,  1 p a i r  in  Gr. I V  a n d  4 pa i rs  in  Gr. V 
(Figures 1 a n d  2). Males h a v e  a s u b m e t a c e n t r i c  X resem-  
b l ing  t h e  smal le r  pa i r s  of Gr.  I I  an d  a smal l  m e t a c e n t r i c  Y 
t h a t  is s l ight ly  larger  t h a n  t h e  Gr. I V  c h r o m o s o m e s  
(Figure 1). 2 s u b m e t a c e n t r i c  X c h r o m o s o m e s  are found  
in cells f rom t h e  females  (Figure  2). 

Discuss ion.  T h e  Tab le  compare s  t h e  k a r y o t y p e s  of 
E.  s ibir icus a n d  N o r t h  A m e r i c a n  E u t a m i a s  a n d  Tami as .  
I n t e r c o n v e r s i o n  b e t w e e n  t h e  E.  s ibir icus k a r y o t y p e  and  
each  of t h e  3 A m e r i c a n  k a r y o t y p e s  requi res  3 a u t o s o m a l  
r e a r r a n g e m e n t s  a n d  a f o u r t h  i nvo lv ing  r emode l ing  of t he  
Y c h r o m o s o m e  f rom t h e  m e t a c e n t r i c  Y of E.  sibiricus 
to  t h e  smal le r  dot - l ike  or s u b m e t a c e n t r i c  Y of A m e r i c a n  
species. 2 a~ltosomal r e a r r a n g e m e n t s  d i f f e r en t i a t i ng  As ian  
f rom A m e r i c a n  k a r y o t y p e s  a p p a r e n t l y  i nvo lved  t h e  same  
c h r o m o s o m e  pairs .  Thus ,  2 pe r icen t r i c  invers ions  bes t  
exp la in  t h e  conve r s ion  of t h e  la rger  2 pa i rs  of  Gr. I I I  in  
E.  s ibir icus to  t h e  la rger  2 pa i rs  of Gr. I I  c h r o m o s o m e s  
t h a t  cha rac te r i ze  al l  A m e r i c a n  pa t t e rn s .  T h e  t h i r d  rear-  
r a n g e m e n t ,  however ,  differs w i t h  each  k a r y o t y p e  in ter -  
convers ion .  E v o l u t i o n  f rom E.  sibir icus to  T a m i a s  karyo-  
t ypes  is be s t  exp la ined  b y  a n  a d d i t i o n a l  pe r icen t r i c  inver -  
s ion w i t h i n  a pa i r  of Gr. I I I  ac rocen t r ics  in  t h e  fo rmer  w i t h  
c o n s e q u e n t  p r o d u c t i o n  of t h e  e x t r a  pa i r  of Gr. I m e t a c e n -  
t r ics  found  in t h e  l a t t e r .  A t r a n s l o c a t i o n  or  de le t ion  m i g h t  
a c c o u n t  for  t h e  smal le r  size of Gr. I V  ch ro mo s o mes  in 
E: sibir icus as c o m p a r e d  w i t h  t h e  same  pa i r  in  E u t a m i a s  
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Fig. 1. A karyotype of a male Eutamias sibiricus. • 2700. Fig. 2. A karyotype of a female Eutamias sibirieus. • 2700. 
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k a r y o t y p e  A. Las t ly ,  a pe r icen t r i c  i nve r s ion  c o n v e r t i n g  
a pa i r  of ac rocen t r i cs  in Gr. V of E. sibiricus to  t he  e x t r a  
pa i r  of Gr. I m e t a c e n t r i c s  seen in Eutamias k a r y o t y p e  13 
bes t  exp la ins  t he  t h i r d  a u t o s o m a l  r e a r r a n g e m e n t  in  th i s  
in te rconvers ion .  These  h y p o t h e t i c a l  e x p l a n a t i o n s  a s sume  
t h a t  N o r t h  A m e r i c a n  k a r y o t y p e s  are  de r ived  f rom t he  E.  
sibirieus k a r y o t y p e .  I t  is possible,  a l t h o u g h  less likely, 
t h a t  t h e  reverse  of a n y  of t h e  a b o v e  convers ions  m a y  h a v e  
occur red  w i t h  evoh l t i on  of t h e  E. sibiricus k a r y o t y p e  f rom 
a N o r t h  A m e r i c a n  p a t t e r n .  Also, b o t h  As i an  a n d  N o r t h  
A m e r i c a n  fo rms  m i g h t  h a v e  d ive rged  f rom a n  ex t i nc t  
ances to r  w i t b  k a r y o t y p e  d i f fe ren t  f rom a n y  of t h e  r ecen t  
p a t t e r n s .  

The  close karyologica l  s imi la r i ty  b e t w e e n  N o r t h  Amer i -  
can  Tamias a n d  Eutamias a n d  t h e i r  equa l  degree of cytol-  
ogical  d ive rgence  f rom As ian  Eutamias suppor t s  t he  
v iews x, 2, ~ t h a t  r a n k e d  the se  t a x a  as s u b g e n e r a  of a s ingle 
genus  Tamias. Thus ,  c h i p m u n k s  f rom Asia, wes t e rn  
N o r t h  America ,  a n d  eas te rn  N o r t h  Amer ica  are r e fe rab le  
to  t h e  s u b g e n e r a  Eutamias, Neotamias, a n d  Tamias 
respect ive ly .  Reconc i l i a t ion  oi t h e  c h r o m o s o m a l  f ind ings  
w i t h  t h e  morpho log ica l  d a t a  of WIIITE 4, wh ich  recognized 
Tamias a n d  Eutamias as d i s t i nc t  genera,  c an  on ly  be  
ach ieved  if d i f fe r ing  ra t e s  of evo lu t ion  b e t w e e n  chromo-  
somes  a n d  morpho log ica l  f ea tu res  are pos tu l a t ed .  

The  or ig in  a n d  t he  d ispersa l  p a t t e r n  of c h i p m u n k s  across 
t h e  Be r ing  l a n d  b r idge  h a v e  been  i n t e r p r e t e d  d i f ferent ly .  
Accord ing  to  MOORE 11 a n c e s t r a l  E. sibiricus, w i t h  a t t r i -  
b u t e s  of a d o m i n a n t  species, o r ig ina ted  in  t h e  Pa lea rc t i c  
a n d  sp read  e a s t w a r d  r e p e a t e d l y  across t h e  Be r ing  l and  
b r idge  to  occupy  t h e  Nea rc t i c  Region.  T h e  oppos i te  in te r -  
p r e t a t i o n  was l a t e r  p roposed  b y  13LACK 12 a n d  t he  Nearc t i c  
Reg ion  was  r ega rded  a m a j o r  a rea  of squ i r re l  r a d i a t i o n  
wi~tl m i g r a t i o n  occur r ing  s u b s e q u e n t l y  w e s t w a r d  in to  t h e  
Pa learc t ic .  

Fossi l  ev idence  is s o m e w h a t  a m b i g u o u s  on  t h i s  po in t .  
I so la t ed  t ee th ,  t e n t a t i v e l y  iden t i f i ed  as Tamias (sensu 
lato), are  k n o w n  f rom ear ly  to  l a t e  Miocene  depos i t s  in  
N o r t h  A m e r i c a  t~,la, a n d  f r o m  la t e  Miocene  of S iber ia  5. 
BLACK 12 c o m m e n t s  t h a t  ' t h e  m a t e r i a l  ha s  been  p laced  in 
Tamias as a pu re ly  a r b i t r a r y  a s s i g n m e n t ' .  T he  f i r s t  more  
comple t e  c h i p m u n k  fossils are  Eutamias orlovi, p r o b a b l y  
of mid -P l iocene  age, f rom P o l a n d ' %  a n d  Tamias (Euta- 
mias?) wimani f rom t h e  mid -P le i s tocene  a n d  poss ib ly  
l a t e  P l iocene  of Ch ina  15. These  fo rms  p r o b a b l y  r e p r e s e n t  
t h e  subgenus  Eutamias. I n  N o r t h  America ,  fossils assign- 
ab le  to  m o d e r n  Tamias a n d  Eutamias do n o t  a p p e a r  un t i l  
t h e  la te  P le i s tocene  ~6-48. 

Th i s  sugges ts  t h a t  e v e n  if p r i m i t i v e  fo rms  of t h e  chip-  
m u n k  t r i b e  T a m i i n i  were p r e s en t  in  b o t h  Old a n d  New 
W o r l d  as  ea r ly  as  t h e  Miocene,  m o d e r n  c h i p m u n k s  are  
p r o b a b l y  d e s c e n d e n t  f rom a E u r a s i a n  Eutamias s tock  
w h i c h  d i spersed  e a s t w a r d  across  t h e  B e r i n g  l and  b r idge  
in t h e  P l iocene  or ea r ly  Ple is tocene.  Eutamias sibiricus, 
a morpho log ica l ly  va r i ab l e  a n d  ecological ly p las t ic  species, 
m a y  be  a d e s c e n d a n t  of t h a t  P l iocene  form. T he  ch romo-  
some p a t t e r n s  also sugges t  t h a t  E. sibiricus sp read  eas t -  
w a r d  i n to  t h e  Nearc t ic .  Thus ,  if E. sibiricus compr i sed  
t he  a n c e s t r a l  s tock  i t  u n d e r w e n t  2 pe r i cen t r i c  i nve r s ions  
a n d  loss of Y c h r o m o s o m e  m a t e r i a l  to  p roduce  a p r i m i t i v e  
N o r t h  A m e r i c a n  c h i p m u n k  stock.  A p o i n t  in  f avor  of t h e  
ea s twa rd  sp read  of c h i p m u n k s  m a y  be  der ived  f rom t h e  
Y c h r o m o s o m e  changes ;  i t  seems more  I ikely t h a t  losses 
of Y c h r o m o s o m e  m a t e r i a l  occur red  r a t h e r  t h a n  add i t i ons  
to  t h e  func t i ona l l y  eff ic ient  m i n u t e  Y of N o r t h  A m e r i c a n  
c h i p m u n k s  wh ich  would  need  to  occur  if a wes twa rd  
sp read  were correct .  

La ter ,  d u r i n g  d ivergence  of ances t r a l  As ian  s tock  w i t h i n  
t he  Nearc t i c  a f o u r t h  r e a r r a n g e m e n t  m a y  h a v e  a r i sen  in  
each  of 3 popu l a t i ons  to  a c c o u n t  for  t h e  3 d i f fe ren t  ka ryo-  

t ypes  now obse rved  in N o r t h  A m e r i c a n  c h i p m u n k s :  
A l t e rna t ive ly ,  one ances t r a l  s tock  m a y  h a v e  d ive rged  to 
fo rm c h i p m u n k s  w i t h  Eutamias k a r y o t y p e  13 a n d  t he  
Tamias ka ryo type .  Eutamias k a r y o t y p e  A m a y  h a v e  
evo lved  f rom a second mid - to - l a t e -P le i s tocene  (Mindel-  
K a n s a n ? )  sp read  of E. sibiricus e a s t w a r d  across  t h e  
Ber ing  l and  br idge.  S u p p o r t  for  t h i s  a l t e r n a t i v e  is p rov ided  
b y  t he  ecological and  zoogeographic  af f in i t ies  b e t w e e n  
E. sibiricus a n d  t he  borea l  a n d  m o n t a n e  popu l a t i ons  of 
E. minimus h a v i n g  k a r y o t y p e  A. 

Chromosomal ,  pa leonto logica l ,  a n d  morpholog ica l  evi-  
dence  t o g e t h e r  s u p p o r t  t h e  fol lowing conclus ions :  (1) all 
c h i p m u n k s  m a y  be  p laced  in a single genus ;  (2) ances to r s  
of m o d e r n  c h i p m u n k s  arose in  t h e  Pa lea rc t i c  a n d  sp read  
in to  t h e  Nea rc t i c  across t he  Be r ing  l and  b r idge  once a n d  
poss ib ly  twice ;  (3) P le i s tocene  specia t ion ,  inc lud ing  t h e  
d e v e l o p m e n t  of severa l  k a r y o t y p e s  a n d  m a n y  species 
w i t h i n  N o r t h  America ,  was  a ided  b y  t h e  m a n y  ava i l ab le  
ecological  n iches  a n d  ba r r i e r s  such  as t h e  g rass l and  ba r r i e r  
of t he  G r e a t  P la ins  7,~9. 

Comparison of chipmunk karyotypes 

Number of autosome pairs 
Gr.I Gr. II Gr. III  Gr. IV Gr.V 

Asia 
E. sibiricus (2n= 38) 3 4 ~ 6 1 b 4 

North America a-8 
Eutamias Karyotype A (2n=38) 3 6 ~ 4 1 4 b 
Eutamias Karyotype B (2n=38) 4 6 ~ 4 l 3 b 
Tamias Karyotype (2n= 38) 4 6 ~ 3 1 4 b 

The X chromosome, not included in the table, belongs to Gr. II. 
b The Y of North American species is a minute chromosome that  is 
classified in Gr. V; the Y of E. sibiricus is slightly larger than the 
chromosomes of Gr. IV. 

Zusammen/assung. Der  K a r y o t y p  v o n  Eutamius sibi- 
ricus L a x m a n n  (2n = 38) is t  ein n e u e r  Typus ,  de r  yon  den  
frf iher  b e s c h r i e b e n e n  IKaryotypen  yon  Eutamias- u n d  
Tamias-Arten abweich t .  De r  K a r y o t y p  yon  E. sibiricus 
weich t  yon  den  t ( a r y o t y p e n  ande re r  T a m i i n i  d u t c h  das  
V o r k o m m e n  v o n  4 (~Rearrangements~) ab,  w i ih r end  die 
K a r y o t y p e n  der  T a m i i n i  aus  N o r d a m e r i k a  n u r  in  e inem 
<~ R e a r r a n g e m e n t  ~ v o n e i n a n d e r  differ ieren.  
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