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S y s t e m a t i c s ,  g e o g r a p h i c  v a r i a t i o n ,  a n d  e v o l u t i o n  o f  s n o w  v o le s  

(Chionomys) b a s e d  o n  d e n t a l  c h a r a c t e r s

A d a m  N A D A C H O W S K I

N a d a c h o w s k i  A . 1 9 9 1 . S y s te m a t ic s ,  g e o g r a p h ic  v a r ia t io n ,  a n d  e v o lu t io n  o f  s n o w  v o le s  
(iC h i o n o n r y s ) b a s e d  on d e n ta l c h a ra c te rs . A c ta  th e rio l. 3 6 :  1 - 4 5 .

A n a ly s is  o f  d e n ta l  c h a ra c te rs  o f  C h i o n o m y s  s u p p o r te d  by  a  c o m p a r is o n  w ith  b io c h e m ic a l  a n d  

k a ry o lo g ic a l  c r i te r ia  sh o w s i ts  is o la t io n  fro m  M i c r o t u s  ( s e n s u  s l r i c t o ) .  S n o w  v o le s  ( C h i o n o m y s ) 
c o n s is t  o f  tw o  l in e a g e s  d e v e lo p e d  s e p a ra te ly  s in c e  th e  L o w e r  B ih a ria n . T h e  firs t o n e  has a p p e a re d  
a n d  e v o lv e d  in  E u ro p e  ( C h .  n i v a l i s  l in e a g e )  w h ile  th e  se c o n d  is  p ro b a b ly  o f  th e  N e a r  E as t o r  

C a u c a s u s  o r ig in  ( C h .  r o b e r l i - g u d  l in e a g e ) . V a ria tio n  in  d e n ta l c h a ra c te rs  o f  e x ta n t C h . n i v a l i s  

p e rm it  to  re c o n s tru c t  a ff in it ie s  b e tw e e n  p a r tic u la r  p o p u la t io n s  c o m p a ra b le  in  th is  r e s p e c t  w ith  

b io c h c n i ic a l  d a ta . F o ssil sp e c ie s  tra d it io n a lly  in c lu d e d  in  th e  C h i o n o m y s  g ro u p  (M i c r o t u s  m a t e i ,

M .  t t i v a l o i d e s ,  M .  n i v a l i n n s , M . r a l l i c e p o i d e s ) se e m  to  b e lo n g  to  M i c r o t u s  s e n s u  s t r i c l o .

I n s t i tu te  o f  S y s te m a tic s  a n d  E v o lu tio n  o f  A n im a ls , P o lish  A c a d e m y  o f  S c ien c es , S ła w k o w s k a  17,
3 1 -0 1 6  K ra k ó w , P o la n d

K e y  w o r d s ',  s y s te m a tic s ,  e v o lu tio n , C h i o n o m y s ,  d e n ta l  c h a ra c te rs

I n t r o d u c t i o n

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

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

r e l a t i o n s h i p s .  A b u n d a n t  f o s s i l  r e c o r d  o f  v o l e s  (A n ’icolidae )  f r o m  O u a l c m a r y  s e d i m e n t s  o f  

E u r a s i a  a n d  N o r t h  A m e r i c a  d i s c o v e r e d  in  l a s t  d e c a d e s  ( s e e  F e j f a r  a n d  H e i n r i c h  1 9 8 3 ,  

Z a k r z e w s k i  1 9 8 5 ,  R c p c n n i n g  1 9 8 7  f o r  s u m m a r y )  p r o v i d e  t h e  o p p o r t u n i t y  t o  r e c o n s t r u c t  t h e ir  

v a r i a t i o n ,  s p c c i a t i o n  a n d  p h y l o g c n y  m o r e  p r e c i s e l y .  T h e  m a j o r  c h a n g e s  in  t h e  a r v i c o l i d s  lh a t  

h a v e  b e e n  d o c u m e n t e d  f r o m  t h e  f o s s i l  m a t e r i a l s  i n v o l v e  c h a n g e s  in  t h e  c h e e k  l e e t h  ( M i  a n d  

M 3 ) .  A l t h o u g h  f a c t o r s  r e g u l a t i n g  t h e  i n t e r s p e c i f i c  v a r i a t i o n  a n d  e v o l u t i o n  o f  a r v i c o l i d  t o o t h  

c o m p l e x i t y  a r e  r e l a t i v e l y  w e l l  r e c o g n i z e d  ( G u t h r i e  1 9 7 1 ,  C h a l i n e  1 9 8 7 ) ,  t h e  m e c h a n i s m s  o f  

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

u n d e r s t o o d ,  p a r t i c u l a r l y  in  c o m p a r i s o n  w i t h  c o m p r e h e n s i v e  s t u d i e s  b a s e d  o n  k a r y o l o g i c a l  a n d  

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

t o  b e  a  s u i t a b l e  t e c h n i q u e  t o  r e c o n s t r u c t  t h e  t a x o n o m i c  r e l a t i o n s h i p s  o n  t h e  s u b s p e c i f i c  l e v e l  

c o m p a r a b l e  in  t h i s  r e s p e c t  w i t h  t h e  b i o c h e m i c a l  m e t h o d s .

A m o n g  a r v i c o l i d s  t h e  g e n u s  Microtus (sensu lato)  i s  t h e  m o s t  d i v e r s i f i e d  r e c e n t  g r o u p  o f  

v o l e s  ( C o r b e t  a n d  H i l l  1 9 8 6 ) .  I t s  o r i g i n  i s  p r o b a b l y  r e l a t e d  w i t h  t h e  f i r s t  im p o r t a n t  c o o l i n g s  

o f  t h e  c l i m a t e  in  t h e  N o r t h e r n  H e m i s p h e r e ,  w h i c h  l o o k  p l a c e  a b o u t  2 . 0  ±  0 . 4  m . y .  B P  ( c f .  

Z a g w i j n  1 9 8 5 )  a n d  w a s  p r e s u m a b l y  m a n i f e s t e d  b y  t h e  a p p e a r a n c e  o f  w i d e l y  d i s t r i b u t e d  

o p e n  ( ?  s t e p p e )  e n v i r o n m e n t s .  T h e r e  i s  a  c o m m o n  a g r e e m e n t  a m o n g  p a l a e o n t o l o g i s t s  lh a t

til



2 À . N u d ach o w sk i

T a b le  1. K c c c n l m a te ria ls  o f  C h i o t t o m y s  n i v a l i s .  C h . g n d TC h .  r o b c n i ,  M i c r o m s  o c c o t i o t n u s  a n ü  A/, a g r e s iis  u sed  fo r  

th e  s tu d y . N  - n u m b e r  o f  sp e c im e n s  ex am in ed .

C o d e  P o p u la tio n N G e o g ra p h ic a l  re g io n
N o . o l  

s ite s

n  1 C h .  n i v a l i s  ssp . 29  S ie rra  N e v ad a , S pa in 6

n  2 C h .  n i v a l i s  a b u i e n s is  (M o ra le s  A g ac in o , 1936) 160 S ie rra  d c  G rc d o s  a n d  C o rd ille ra  C a n ta b ric a , 

S pa in

8

n 3 C h .  n i v a l i s  a q u i t a n h t s  (M ille r , 190S) 90  P y re n e es , S p a in  a n d  F ra n c e 12

n 4 C h .  n i v a l i s  I c b n i n i i  (C re s p ó n , 1S4 4) 49  M ass if  C e n tra l ,  F ra n c e 5

n 5 C h .  n i v a l i s  t c u c u n i s  (G e rb e ,  1 852) 63  B asse s  A lp e s  a n d  A lp e s  M a ritim e s , F ra n c e 4

n 6 C h .  n i v a l i s  n i v a l i s  (M a rtin s , 1842) 64  W e s te rn  A lp s  (M a ss if  d u  P e lv o u x ), F ra n c e 5

n 7 C h .  n i v a l i s  n i v a l i s  (M a rlin s , 1842) 139 W e s te rn  A lps, Ita ly  a n d  S w itze rlan d 24

n 8 C h .  n i v a l i s  n i v a l i s  (M a r tin s ,  1 8 4 2 ) 36  S o u th e rn  A lp s  (v ic in ity  o f  G a rd a  L a k e ) , Ita ly 5

n 9 C h .  n i v a l i s  n i v a l i s  (M a r lin s ,  1842) 93  C e n tra l  A lp s, B R D  a n d  A u s tr ia  (T iro l) 17

nlO C h .  n i v a l i s  n i v a l i s  (M a r lin s ,  1842) 40  F a s le rn  A lp s  (N ie d e re  T a u e r n ) ,  A u s tria 3

n i l C h .  n i v a l i s  n i v a l i s  (M a r lin s ,  1842) 40  F a s le rn  A lp s  (D o lo m ite s  a n d  K ä rn te n ) , Ita ly  

a n d  A u s tr ia

5

n l2 C h .  n i v a l i s  w a g n c r i  (M a r t in o , 1940) 14 Ju li jsk c  A Ip c , Y ugosla v ia 3

n l3 C h .  n i v a l i s  c f. in a ly i  (B o lk ay , 1 925) 29  M a c e d o n ia , Y ugosla v ia 4

n l4 C h .  n i v a l i s  a l c c o  (I’a sp a lcv , M a rtin o , 

Pcslicv , 1 952)

142  V ilo sh a , R ila , P irin , R h o d o p e , B u lg aria 11

n l5 C h .  n i v a l i s  t tl p i t i s  (M ille r , 1908) 4S S o u th e rn  C a rp a th ia n s ,  R o m a n ia 5

n l6 C h .  n i v a l i s  i tl p i ti s  (M ille r , 1908) 76  E a s te rn  C a rp a th ia n s ,  R o m a n ia  a n d  U S S R 12

n l7 C h .  n i v a l i s  in ir h a n r e in i  (S c h ä fe r , 1935) 741 T a ir a  M ts., C z ec h o slo v ak ia , P o la n d 19

n l8 C h .  n i v a l i s  o f y m p i u s  (N e u h ä u s e r ,  1936) 14 U lu  D ag  a n d  Ilgaz  D a g , T u rk e y 2

n l9 C h .  n i v a l i s  c c d r o n n n  (S p ilz c n b c rg e r , 1973) 12  B ey  D ag , T u rk ey 1

n20 C h .  n i v a l i s  s p i iz a ib c r g c r a c  N ad ach o w sk i, 1990 12 B o lk a r  D a g la ri, M id d le  T a u ru s  M is., T u rk ey 2

n21 C h .  n i v a l i s  h e n n o n i s  (M ille r , 1908) 76  A n ti-L e b a n o n , L e b a n o n  M is ., Is ra e l, Syria, 

L e b a n o n

3

n22 C h .  n i v a l i s p o n t i u s  (M ille r , 1908) 4 G irc su n  a n d  [J t/.is tan  D a g la r i, T u rk e y 1

n23 C h .  n i v a l i s  i r i a k t i c t t s  (S h id lo v sk ij, 1919) 4 9  T ra n sc a u c a s ia , U S S R 10

n24 C h . n i v a l i s  l a g tn o v i  (O g n ev , 1950) 52  C a u c a su s  M ts., U S S R 7

n25 C it. n i v a l i s  d c m c m i c v i  ( l lc p ln c r ,  1939) 4S K o p c l D a g , U S S R 4

n26 C h . n i v a l i s  ssp . 14 F lb u r / ,  Z a g ro s  M ts. (Z a rd c h  K u h ), Iran 3

S u b -to ta l 2134 181

s ' C h . g n d  n e n j u k o v i  (F o rn io so v , 1931) 66  W e s te rn  C a u c a su s  M ts., U S S R 3

g z C h . g n d  g n d  (S a t u n in , 1909) 64 C e n tra l  C a u c a su s  M is., U S S R 10

g3 C h . g n d  Ig h c s ic its  (S h id lo v sk ij, 1919) 12 E a s te rn  C a u c a su s  M ts., D a g e s ta n , U S S R 1

C h . g n d  la s is ia n it is  (N c u h ü u sc r .  1936 ) 8  L a/.islan  D a g la r i. T u rk c v 2

S u b -to la l 150 16

r l C h . r o b c n i  o c c id c m a U s  (T u ro v , 1928) 8 3  C a u c a su s  M is., U S S R 10

r2 C h . r o b c n i  r o b c r l i  (T h o m a s , 190S) 72  G irc su n , T ra lv .o n  a n d  L n zislan  D ag lari, 

T u rk e y

5

S u b to t a l 155 15

o l M . o c c o n o m u s  (P a lla s , 1776) 4 9  C h o szczew o , P o la n d 1

o2 M . o c c o n o m u s  (P a lla s , 1776) 5 9  Ja z y  13te le , P o lan d 1

S u b -to ta l 108 2

a l M . a g re s iis  (L in n a e u s , 1 7 6 ]) 5 0  D yrdy , P o lan d 1

h 2 M . a g re s iis  (L in n a e u s , 1761) 4 2  W y m iark i, P o lan d 1

S u b -to la l 92 2



S y s lc m a lic s  a n d  e v o lu tio n  o f  C l i i o i io m y s 3

t h e  a n c e s t r a l  f o r m  -  Allophaiomys  K o r i n n s ,  1 9 3 3  ( t r e a t e d  in  m o s t  e a s e s  a s  s u b g c n u s  o f  

Microtus) d i f f e r e n t i a t e d  i n t o  m a i n  p h y l c t i c  l i n e a g e s  i n  E u r a s i a  a l r e a d y  d u r i n g  B i h a r i a n  in  

t h e  u p p e r m o s t  B c t f i a  a n d  N a g y h ä r s ä n y h e g y  p h a s e s  ( e a .  1 .0  ±  0 . 2  m .y .  B P )  ( C h a l i n c  1 9 6 6 ,  

1 9 7 2 ,  V a n  d e r  M c u l c n  1 9 7 3 ,  H o r â C e k  1 9 S 1 ,  R a b e d e r  1 9 S 1 ) .  S n o w  v o l e s  {Chionomys  M i l l e r ,  

1 9 0 8 )  a r c  o n e  o f  t h e  e a r l i e s t  g r o u p s  o f  t h i s  s p é c i a t i o n  e v e n t  ( F c j l a r  a n d  H o r d C c k  1 9 S 3 ) .

T a x o n o m i c  s t a t u s  o f  Chionomys i s  s t i l l  c o n t r o v e r s i a l .  C o r b e t  ( 1 9 7 S )  a n d  K r a p p  ( 1 9 S 2 )  

i n c l u d e d  s n o w  v o l e s  in  Microtus  p r e s e r v i n g  s u b - g e n e r i c  s t a t u s  f o r  t h e m ,  w h i l e  R u s s i a n  

a u t h o r s  t r e a t e d  Chionomys  a s  a  s e p a r a t e  g e n u s  ( G r o m o v  a n d  P o l y a k o v  1 9 7 7 ,  P a v l i n o v  a n d  

R o s s o l i m o  1 9 8 7 ) .  T h e  l a t t e r  o p i n i o n  h a s  b e e n  c o n f i r m e d  b y  c r a n i a l  ( P i e t s c h  1 9 S 0 ) ,  

k a r y o l o g i c a l  ( A g a d z h a n i a n  a n d  Y a l s e n k o  1 9 8 4 )  a n d  b i o c h e m i c a l  s t u d i e s  w h i c h  s h o w  t h a t  

g c n c t i c a l  d i s t a n c e  b e t w e e n  Chionomys a n d  Microtus i s  e v e n  l a r g e r  t h a n  t h a t  b e t w e e n  

A n ico la  a n d  Microtus ( G r a f  a n d  S c h o l l  1 9 7 5 ,  G r a f  1 9 S 2 ) .

R e c e n t  Chionomys  c o n s i s t s  o f  t h r e e  s p e c i e s :  Ch. nivalis  ( M a r l i n s ,  1 8 4 2 ) ,  Ch. guci 

( S a t u n i n ,  1 9 0 9 )  a n d  Ch. roberti ( T h o m a s ,  1 9 0 8 ) .  T h e y  i n h a b i t  m o u n t a i n  r e g i o n s  o f  E u r o p e ,  

A s i a  M i n o r  a n d  s o m e  o t h e r  p a r t s  o f  W e s t e r n  A s i a  ( L e b a n o n  a n d  A n t i - L e b a n o n  M i s . ,  

T r a n c a u c a s i a ,  Z a g r o s  M i s . ,  a n d  K o p c l  D a g )  ( F i g s  1 ,  2 ) .  A m o n g  t h e  f o s s i l  t a x a ,  t h o s e  

t r a d i t i o n a l l y  i n c l u d e d  in  t h e  Chionomys g r o u p  a r e :  Microtusnivaloides  F o r s y t h  M a j o r ,  1 9 0 2 ,  

Microtus nivalinus H i n t o n ,  1 9 2 3 ,  Microtus maiei H i n t o n ,  1 9 0 7  a n d  s o m e t i m e s  Microtus 

ratticepoides H i n t o n ,  1 9 2 3  ( C h a l i n c  1 9 7 2 ,  F e j f a r  a n d  H o n i i e k  1 9 S 3 ) .

T h i s  s t u d y  r e v i e w s  t h e  f o s s i l  a n d  r e c e n t  t a x a  o f  t h e  Chionomys g r o u p .  D e n t a l  m o r 

p h o l o g y  w a s  u s e d  a s  t h e  m a i n  t a x o n o m i c  c r i t e r i o n .  T h c s y s l c m a l i c s ,  v a r i a t i o n  a n d  e v o l u t i o n  

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

d a t a .

M a t e r i a l

R e c e n t m a te ria ls  ex am in ed  c o m p rise  sk u lls  a n d  Icc lli of: (1 )  C h i o n o m y s  n i v a l i s  r e p re s e n te d  by  IS  s u b sp e c ie s  

(2 6  p o p u la tio n s )  o r ig in a te d  fro m  its  w h o le  m o d e rn  ra n g e  ( t a b l e  1, F ig . 1); (2 )  C h i o n o m y s  g u t  w hich c o n s is ts  o f  

4 s u b s p e c ie s  (T a b le  1, Fig . 2); (3 )  C h i o n o m y s  r o b e r ti  r e p re s e n te d  by 2  su b sp e c ie s  ( ’I a b le  I. l 'ig . 2 ); (4 )  M i c r o tu s  

o c c o n o m u s  (P a lla s , 1 7 7 6 ) co m p ris in g  2  p o p u la lio n s  f ro m  N . P o land  (T a b le  1); a n d  (5 )  M i c r o tu s  a g v s l i s  (L in n a e u s , 

1761) w hich  in c lu d e s  2  p o p u la lio n s  from  P o la n d  (T a b le  1).

F o ssil m a te r ia ls  (m a in ly  iso la ted  M i)  b e s id e s  sa m p le s  o f  th e  g e n u s  C h i o n o m y s ,  i.e . (1 )  C h . n i v a l i s  (2 2  

p o p u la lio n s . T a b le  2 ); (2 )  C h . g t d  (S  p o p u la lio n s . T a b le  2); an d  (3 )  C h . r o b e r ti  (2  p o p u la tio n s .  T a b le  2 ) c o m p rise  

th e  fo llo w in g  taxa  : (4 )  “M i c r o t u s " b t tr g o tt d ia c  (C h a lin c . 1072) (2  p o p u la tio n s )  (T a b le  2 ); (5 )  M i c r o n ts  m a k i  (3  

p o p u la lio n s )  (T a b le  2 )  a n d  (6 )  M i c r o tu s  n i v a l o i d e s  (1 ty p e  p o p u la tio n )  (T a b le  2).

T h e  sk u lls  a n d  te e th  ex am in ed  b e lo n g  to  th e  c o lle c tio n s  o f  F s la c io n  lîio lo g ic a  d e  D o n a n a , Sevilla ( a b r é 

v ia t io n s  in  b ra c k e ts , E B D ); M u seo  N a tio n a l d c  C icn c ia s  N a tu ra le s ,  M a d rid , (M N C N ); In s ti tu te  P irc n a ic o  d c  

E co lo g ia , J a c a  ( IP E ) ;  S o c icd ad  d c  C ic n c ia s  N a tu ra le s  A ra n z a d i, S an  S e b a s tia n  (S C N A ); M u seu m  d ‘ H is to r ic  

N a tu re lle ,  T o u lo n  (M l 1N T); l a b o r a to i r e  d e  la F a u n e  S au v ag e, .lo u y -c n -Jo sa s  (L F S ) ;  C e n tre  d e s  S c ien ces  d e  la 

T e r r e ,  U n iv e rs ité  d e  b o u rg o g n e , D ijo n  (C S T D ); M useum  N a tio n a l d ‘ 1 lis lo irc  N a tu re lle ,  P a r is  (M N I IN ); M u seo  

C iv ic o  d i  S lo r ia  N a tu ra le  “ G ia c o m o  D o r ia " ,  G en o v a  (M S N G ); M u se o  Z o o lo g ic o  d e  “ L i  S p c c o la " , F ire n ze  

(M Z S );  M u seo  C iv ie o  di S to r ia  N a tu ra le ,  V e ro n a  (M C S N ); In s titu t R o y a l d e s  S c ien ces  N a tu re lle s  d e  B e lg iq u e , 

B ru x e lle s  ( IR S N ) ; B rilish  M u seu m  (N a tu ra l  H is to ry ) , L o n d o n  (H M N II) ;  H a rr iso n  Z o o lo g ic a l M u seu m , Seven- 

o a k s  (I  IZ M ); B ay e risc h e  S la a ls sa m m tu n g  fü r  P a lä o n to lo g ie  u n d  H is to r is c h e  G e o lo g ie , M ü n c h e n  (I ÎS P G ); Z o o lo 

g isc h es  F o rs c h u n g s in s ti tu t  u n d  M u seu m  A le x an d e r  K oen ig . B o n n  (M A K ); Z o o lo g isc h e s  In s titu t d e r  U n iv e rs itä t  

B o n n , ( Z IB ) ;  F o rs c h u n g s in s ti tu t  S c n c k c n b c rg , F ra n k fu r t  am  M ain  (F IS ) ;  M u seu m  fü r  N a tu rk u n d e  d c r l  iu m h o ld t-



F ig . 1. D is tr ib u tio n  o f  C h i o n o t n y s  n i w l i s  [ a f te r  C o rb e l  (1 ‘J7 H) a n d  K ra p p  (1 9 8 2 ) , c o m p le m e n te d ]  a n d  lo c a tio n  o f  fo ssil s ite s  d isc u sse d  in  th e  tex t. 1 -  E r r a lb ,  
2 -  C a n tc t ,  3  -  C o t t ie r ,  4 -  L a G a fe n n e  1 . 5 -  L es V a lc ro ts ,  6  -  W e in b e re h o lile n . 7 -  K e m a lh e n h o h le , 8  -  Z kaniCm ely Z a m e k , 9 -  R y lirsk d  C av e, 10 -  S rb sk o -N a d  
K a fa k c m  C av e , 11 -  M aS ta ln a  C ave , 1 2 - M e c h a  D u p k a  C av e, 1 3 - R a d i o  K iro  C a v e , 1 4 - B o r o d i n o ,  1 5 - L a t o m i l ,  1 6 - K a r a i n B ,  17 -  T c h c rd jc n i ts a  2, 
18 -  C le v e d o n  C av e , 19 -  C ra y fo rd , 2 0 - T o m c w t o n  C ave, 21 - W e s t  R u n to n .
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F ig . 2. D is l i ib u l io n  o r  C h i o n o i n y s  g i ld  a n d  C h i o n o m y s r o b a t i  ( a l l e r  S h id lovsk tj, 1976, c o m p le m e n te d )  a n d  lo c a tio n  

o f  foss il s ilc s  d isc u sse d  in  th e  tex t. L in e d  su rfa c e  in d ic a te s  sy m p a liic  o c c u r re n c e  o f  C h . g i id  a n d  C h . r o b c r ii.  

1 -  M a tu zk a  C av e , 2  -  M czm a jsk ay a  C ave, 3 -  M o n asliesk ay a  C ave, 4  -  T rc u g o ln a y a  C av e , 5 -  M y sh tu la g ty la g n l 

C ave , 6  -  K u d a ro  C av e  1.

M, M3

Fig . 3. T e rm in o lo g y  o l th e  o cc lu sa l su r fa c e  d e in e n  is e m p lo y e d  fo r  llie  t irs l lo w er (M l)  a n d  I lie Ih ird  u p p e r  (M 3) 

m o la rs  in v o les  ( a f lc r  V a n  d e r  M c u len , 1973). A C  =  a n te r io r  cap ; A L  =  a n te r io r  lobe; B R A  =  b u ca l r c - e n t r a n l  

ang le ; B S A  =  b u c ca l sa lic n l  an g le ; L R A  =  lingual r e -c n lr a n t  an g le ; L S A  =  lingual sa lie n t  an g le ; P C  =  p o s te r io r  

cap ; P L  =  p o s te r io r  lo b e .

U n iv e rs itä t  zu B e rlin , (M N IIU ) ;  N a lio n a l M u seu m  o f  N a tu ra l  H is to ry , B u d a p e s t  (M N 11); N a tu rh is lo r is c h c s  

M u seu m  W ien  (N I IM W );  In s ti tu te  o f  G e o lo g y  a n d  G e o ic c ltn ic s , C z ec h o slo v ak  A c ad e m y  o f  S c ie n c e s , P ra h a  

(U G G ) ,  In s t i tu te  o f  S y s te m a tic  Z o o lo g y , C h a r le s  U n iv ersity , P ra h a  (K S Z P ); In s ti tu te  o f  S y s tc m a lic  a n d  E c o lo g ic a l 

B io logy , C z ec h o s lo v ak  A c ad e m y  o f  S c ien ces , B rn o  (U S E B ); In s lilu l o f  S y s le n ta lic s  a n d  E v o lu tio n  o f  A n im als , 

P o lish  A c a d e m y  o f  S c ie n c e s ,  K ra k ó w  ( IS E Z ) ;  M a m m al R e s e a rc h  In s t i tu te ,  P o lish  A c a d e m y  o f  S c ie n c e s , 

B iałow ieża  (7 .B S ); Z o o lo g ic a l  In s titu t, B u lg a r ia n  A c ad e m y  o f  S c iences, S o fia  (Z IS ) ;  Z o o lo g ic a l  In s t i tu te ,  A c a d e m y  

o f  S c ien c es  o f  th e  U k ra in ia n  S .S .R ., K iev  (Z IU A ) ;  Z o o lo g ic a l  M u seu m  o f  th e  L o m o n o so v  S ta le  U n iv e rs ity , 

M o sco w  (Z M U M );  Z o o lo g ic a l  In s ti tu te  o f  A c ad e m y  o f  S c ien c es  o f  th e  U .S .S .R ., L e n in g ra d  (Z IA S ); Z o o lo g ic a l  

M u seu m  o f  T c l-A v iv  U n iv e rs ity , T cl-A v iv  (Z M T U );  R e g io n a l N a tu re  a n d  H is to ry  M u seu m , U ss ish k in  H o u s e , 

D a n , Is ra e l ( U I I ) .



T a b le  2. F ossil m a te r ia ls  o f  C h i o n o m y s  n i v a l i s  ( n  ) , C h .  g f t d  (g ) . C h . r o b c r t i  ( r ) ,  (? )  C h . b u r g o n d i a e  ( b ) ,  M i c r o t u s  m a t e i  (m )  a n d  M . n i v a t o i d e s  ( s ) . N  - n u m b e r  o f  sp e c im e n s  
e x am in ed . A b s o lu te  d a tin g s  in y e a rs  BP.

C o d e  L o ca lity  a n d  g eo g rap h ica l reg io n N L ay e r S tra tig ra p h y A b s o lu te  d a tin g s R e fe re n c e s

1 2 3 4 5 6 7

nA E rra lla  (C e s to n a , G u ip u z c o a  P rov ., S pa in 138 levels V I an d  V O ld e r  D ry a s 1 6 2 7 0 ±  2 4 0 - 1 5 7 4 0 ±  240  

(3  d a te s )

P e m a n  1985

nB C a n te t  (E s p e c h e ,  H a u te s  P y ren ees , F ra n c e ) 12 tre n c h  7 A lle ro d /Y o u n g c r  D ry a s 1 0 9 2 0 + 1 6 0 C lo t e i a l .  1984

n C C o t l ie r  (R e to u rn a c ,  M ass if C e n tra l ,  F ra n c e ) 31 levels IV  a n d  III C o ttie r 2 1 1 0 0 ±  6 0 0 - 1 9 8 8 0  ± 5 2 0  

(2  d a te s )

C h a lin e  1976

n D La G a re n n e  1 ( C o te -d 'O r ,  F ra n c e ) 10 lay e rs  C  a n d  p i W eich se lian  3  ? - C h a lin e  1972
n E R e n n e  a n d  B iso n  C a v es  (Y o n n e , F ra n c e ) 3 3  lay e rs  X I, R G S , H A rcy  In te rg lac ia l 3 1 7 0 0  ± 9 5 0 - 2 8 4 0 0 ±  850 C h a lin e  1972,

(3  d a le s ) B ro c h e t, u n p u b i.
n F W e in b e rg h ö h le n (M a u e m , B R D ) 23 la y e r  D D e n e k a m p  In ie r s ta d ia l 28265  ± 3 2 5 K o en ig sw ald  1974
nG K c m a th e n h ö h le  (K ip fen b c rg , B avaria , B R D ) 20 lay e rs  e  a n d  d M id d le  W e ic h se lia n 4 3 9 2 0  ±  3 8 8 0 K o en ig sw a ld  1978

nH K c m a th e n h ö h le  (K ip fen b c rg , B av aria , B R D ) 26 lay e rs  c an d  b ’ M id d le  W eich se lian 3 3 3 8 3 + 9 3 3 K o en ig sw ald  1978
nl K c m a th e n h ö h le  (K ip fen b c rg , B av aria , B R D ) 35 lay e rs  b i  a n d  b D e n e k a m p  In te rs ta d ia l 3 0 9 1 0  ±  6 6 0  -  300 8 4  ±  600 

(2  d a te s )

K o en ig sw ald  1978

n.l Z k a m fn e ly  Z h m e k  C a v e  (N -M o rav ia , 

C z e c h o s lo v a k ia )

14 W eich se lian  2/3 ? H o r i i f e k  a n d  SrVnchez 

M a rc o  19S4 ( I )
nK R v iirsk a  C a v e  (S -M o ra v ia , C z ech o slo v ak ia ) 27 - W eich se lian  3  7 -

(1 )
n L S rb sk o -N a d  KnC.ikcm C av e  (C e n tra l  B o h em ia , 63 - P lcn ig lac ia l - (1 )

C z e c h o s lo v a k ia )

n M M a ita liiii  C a v e  (S E -S lo v a k ia , C z ech o slo v ak ia ) 11 lay e rs  13-15 L u te  W eich se lian (1 )
n N M e d ia  D u p k a  C a v e  (W -B alk a ti M is.. B u lg a ria ) 53 u p c rm o s t layer P lcn ig lac ia l - P o p o v  1 9 S 4 ,1 9 S 5

n O B ac lio  K iro  C a v e  (G a b ro v o , B a lk an  M is., B u lg a ria ) 162 lay ers  14-11
E arly  W eich se lian , 

475 0 0  ± 4 3 0 0 0  

L o w e r P lcn ig lac ia l

N a d n ch o w sk i 19S4 

(2  d a le s )
n l’ B aclio  K iro  C a v e  (G a b ro v o , B a lk an  M is., B u lg a ria ) 66 layers 10-4b M id d le  W e ic h se lia n 3 2 7 0 0 + 3 0 0 - 2 9 1 5 0 + 9 5 0  

(2  d a te s )

N n d ach o w sk i 1984

lil t B o rd in o , S m o lia n  D ist., R h o d o p e  M ts.. B u lg a r ia ) 76 - I lo lo c e n e P o p o v , p c rs , com m .
nS L aio m i 1. C h io s . G re e c e 42 - M id d le  P le is io c e n c  ? - S lo rc h  1975

n T K a ra in  B, A n ta ly a , Turkey* 44 lay e rs  32-17 P lcn ig lac ia l a n d  L a te  G la c ia l 1 4 1 6 0 ± 2 1 0 S to rc h  19S8
nU M czm ajsk ay a  C av e , N o rtli. C a u c a su s  M is., U S S R 170 la y e r  2 b E a rly  W eich se lian — N n d ach o w sk i an d  

B a ry sh n ik o v  1991 (2 )
n V M ezm ajsk ay a  C a v e . N o r th . C a u c a su s  M is., U S S R 74 lay e rs  2 -2 a M id d le  W e ic h se lia n - (2 )
nW M o n a sh c sk a y a  C a v e , N o r th .  C a u ca su s  M is.. U S S R 24 Layers 2-4 M id d le  W eich se lian - (2 )

S u b -to ta l 11S4



1 2 3 4 5 0 7

g A M alu zk a  C ave, N o r th . C a u c a su s  M is., U S S R 56 lay e r 7 /2 ,7 /1 E e m ia n  (R is s /W iirm ) _ (2 )

gB M atu zk a  C av e , N o r th . C a u c a su s  M ts., U S S R 68 lay e rs  5 -6 E a r ly  W e ic h se l ian - (2 )
g c M alu zk a  C ave, N o r th . C a u c a su s  M ts., U S S R 23 layers 4 -3 M id d le  W eich se lian - (2 )

g D T re u g o ln a y a  C av e , N o r th .  C a u c a su s  M ts., U S S R 65 lay e rs  2e -2 i M id d le  P le is to c e n e - (2 )

g E T rc u g o ln a y a  C av e , N o r th .  C a u c a su s  M ts., U S S R 46 lay e rs  2 d -2b E a rly  W e ic h se lia n - (2 )

g F T re u g o ln a y a  C av e , N o r th . C a u c a su s  M ts., U S S R 36 lay e r 2a L a te  W e ic h se lia n _ (2 )

g G M y sh tu la g ty la g a l C ave , N o r th .  C a u c a su s  M ts,, 26 lay e rs  4 -9 M id d le  W e ic h se lia n 3 2 9 8 0  +  1070 (2 )
U S S R

g H K u d a ro  C av e  1, S o u th . C a u c a su s  M ts., U S S R 24 layers 3-4 E a r ly /M id d le  W e ic h  4 4 1 5 0 + 2 4 0 0 B a ry sh n ik o v  a n d

se lian B a ran o v a  19S3

S u b -to ta l 344

rA M n tu /k a  C ave, N o r th . C a u c a su s  M is., U S S R 2 3 la y e rs  6-7 E e m ia n  ? -E a r ly  W e ic h  _ (2 )

se lian

rB M a tu zk a  C av e, N o r th . C a u c a su s  M ts., U S S R 14 lay e rs  3-5 E a rly  a n d  M id d le  W e ic h  - (2 )
se lia n

S u b -to ta l 37

b A L es  V a le ro ls , C o te -d 'O r ,  F ra n c e 8 3 u n it 2 L o w e r P le is to c e n e , _ C h a lin e  c t al. 1985

M c n a p ia n

bB T c h e rd jc n l ls a  2, K a rlu k o v o  B a lk a n  M ts., 43 red  d ry  clay L o w e r  P le is to c e n e P o p o v  p c rs . com m .

B u lg aria B e liia  p h a se

S u b -lo la l 126

m A C le v e d o n  C av e , S o m e rse t, E n g lan d 335 Ip sw ich ian  (.rem it t a io ) _ S u tc liffe  a n d

K ow alsk i 1 9 7 6 (3 )

m B C ra y fo rd , K en t, E n g la n d 62 - Ip sw ich ian  (.rem it t a w ) - (3 )
n tC T o rn e w to n  C a v e , D ev o n , E n g la n d 9 3 G lu tto n  S tra tu m Ip sw ich ian  (.rem it t a w ) (3 )

S u b - to ta l 490

s A  W es t R u n lo n ,  N o rfo lk , E n g la n d 82  U p p e r  F re sh w a te r  

Bed

C ro m c r ia n (3 )
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Fig. 4. C h a ra c te r s  o f  M i a n d  M 3 o cc lu sa l su rfa c e  ana ly zed . F o r  d e ta ile d  ex p la n a tio n  se e  T a b le  3.

T a b le  3. C h a ra c te r s  a n a ly ze d  in  th e  o cc lu sa l su r fa c e  o f  M i a n d  M 3.

N o C h a ra c te rs

1

S ta le  o f  c h a rc tc r s

2  3

1

M i

C o n flu e n c e  o f  T 4  a n d  T 5 b ro a d n a rro w s e p a ra t io n
2 C o n flu e n c e  o f  T 5  an d  T 6 b ro a d n a rro w s e p a ra t io n
3 D e v e lo p m e n t o f  B S A 4 a b se n t in c ip ien t d e v e lo p e d
4 D e v e lo p m e n t o r  L SA 5 a b se n t in c ip ien t d e v e lo p e d
5 D e v e lo p m e n t o f  B R A 4 a b se n t in c ip ien t d e v e lo p e d
6 C o n flu e n c e  o f  T 6  a n d  T 7 b ro a d n a rro w se p a ra t io n
7 D e v e lo p m e n t o f  M im o m y s-rid g c  o n  RS A 4 a b se n t in c ip ien t d e v e lo p e d
8 D e v e lo p m e n t o f  L R A 5 a b se n t in c ip ien t d e v e lo p e d
9 D e v e lo p m e n t o f  B R A S a b se n t in c ip ien t d e v e lo p e d

M 3

1 C o n f lu e n c e  o f  T 4  an d  T 5 b ro a d n a rro w s e p a ra t io n
2 D e v e lo p m e n t o f  13SA4 a b se n t in c ip ien t d e v e lo p e d
3 D e v e lo p m e n t o f  L SA S a b se n t in c ip ien t d e v e lo p e d
4 D e v e lo p m e n t o f  B R A 4 a b se n t in c ip ien t d e v e lo p e d
5 D e v e lo p m e n t o f  L R A 5 a b se n t in c ip ien t d e v e lo p e d
6 D e v e lo p m e n t o f  L S A 6 a b se n t in c ip ien t d e v e lo p e d

M e t h o d s

M i11 | j | i a l \ j i c  a n a ly s is

V a n  d c r  M e u lc n  (1 9 7 3 )  in tro d u c e d  th e  te rm in o lo g y  em p lo y ed  fo r  th e  m o rp h o lo g y  o f  th e  o c c lu sa l su r fa c e  o f  

te e th  (F ig . 3 ). M o rp h o lo g ic a l v a r ia b ility  o f  d e n ta l  p a tte rn  o f  firs t lo w er m o la rs  (M i)  a n d  Ih ird  u p p e r  m o la rs  (M 3) 

w as s tu d ie d  a cc o rd in g  to  th e  m e th o d  p ro p o se d  by N a d ach o w sk i (1 9 9 0 a ). O n  e ac h  a d u lt  sp e c im e n  o f  M i n in e  

m o rp h o lo g ic a l c h a ra c te rs  w e re  re c o rd e d . T h ey  r e fe r re d  to  th e  s t ru c tu r e  a n d  s ize  o f  p a r t ic u la r  tr ia n g le s  a n d  

re -e n t r a n t  a n g le s  a s  w ell a s  th e  m a n n e r  o f  c o n f lu e n c e  o f  tr ia n g le s  (F ig . 4 ) . C h a ra c te r s  sh o w  th r e e  s ta te s  m ark e d
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F ig . 5. E x am p les  o f  th e  M i (1 -  6 ) a n d  M J ( 7 - 1 2 )  p a tte rn s  in v o les  d e sc rib e d  usin g  th e  n u m e ric a l fo rm u la  m ellio d . 

1 - 1 1 2 2 1 1 1 0 0 ,2  -  3 1 2 2 1 1 1 2 1 ,3 -3 3 3 3 1 1 1 1 1 ,4  - 3 3 3 3 2 2 3 2 1 ,5 -  3 2 3 3 2 2 1 2 1 ,0 -  3 1 3 3 3 3 1 2 1 ,7  - 1 1 1 0 0 0 ,  S - 311 0 0 0 , 

9 - 3 1 2 1 2 1 ,1 0  - 3 2 3 2 2 1 ,1 1  -  3 33321 , 12 -  3 33233 .

w ilh  n u m e ra l  1, 2  o r 3  a c c o rd in g  lo  l lic tr  fo rm a tio n  (T a b le  3). L a c k  o f  a  g iven  s f ru c iu re  is in d ic a te d  by “0 " . O n  

th e  b asis  o f  su c h  an aly sis  ih c  m o rp h o lo g ic a l v a ria b ility  w as in sc r ib e d  usin g  n u m erica l fo rm u la s . E ac h  c h a n c i e r  

h a s  a  s ta b le  p o s it io n  w ith in  th e  fo rm u la . A m o n g  a lm o st 150 v a r ia n ts  fo u n d  in th e  m a te ria l  ex am in ed , 52  w e re  

f ig u red . T h e  sa m e  m e th o d  w as u sed  in d e sc rip tio n  o f  th e  v a r ia b ility  o f  M 3 w h e re  6  c h a ra c te rs  w e re  an aly zed  

(F ig . 4 , T a b le  3 ). A m o n g  a lm o s t 50  v a r ia n ts  o f  M ‘\  2 0  w e re  f ig u red . E x am p les  o f  s o m e  m o rp h o lo g ic a l v a r ia n ls  

a n d  th e ir  n u m e r ic a l  fo rm u la s  a r c  sh o w n  in Fig. 5. F o r  p a r t ic u la r  p o p u la tio n s  ( sa m p le s )  s tu d ie d  th e  fre q u e n c y  o f 

v a r ia n ts  ( fo rm u la s )  w as c s la b lish c d . V a r ia n ls  d e sc rib e d  by n u m erica l fo rm u la s  w e re  g ro u p e d  in lo  m o rp h o ly p c s  

(d e f in e d  b e lo w ), w h ich  w e re  an a ly ze d  q u a lita tiv e ly  a n d  q u a n tita tiv e ly  on  p o p u la tio n  level. In l i te r a tu r e  Ihc  

m o rp h o ly p c s  a r c  n a m e d  w ilh  le t te rs  o r  c o m b in a tio n s  o f  le t te r s  a n d  n u m b e rs  (V a n  d e r  M c u lc n  19 73 , N ad ach o w sk i 

1 982) o r  w ilh  th e  n a m e s  o f  su b s p e c ie s  a n d  sp e c ie s  (A n g c rm a n n  1974 , 19S4, C lia lin c  1972 , R a b e d e r  1981 , 

N a d ac h o w sk i 1985). M a tr ic e s  o f  s im ila rity  fo r  th e  s a m p le s  h av e  been  c a lc u la te d  w ilh  th e  co e ff ic ie n t o f  .la ccard . 

C lu s te r  a n a ly s is  o f  th e  s im ila rity  m a tr ic e s  w as p e rfo rm e d  w ith  th e  u n w e ig h te d  p a ir-g ro u p  m e th o d  using  a r ith m e tic  

m e a n s  (U P G M A )  (S n c a lh  a n d  S oka l 1973).

M u rp lu ilv p c s  o f  M 1

M o rp h o ty p c  “ p lio c a e n ic u s” (p i. F ig . 1 4 * /1 ,2 ) :  T 4 , T 5  an d  TG c o n flu e n t;  U SA 4 a n d  L SA 5 d e v e lo p ed  o r  H SA 4 

in c ip ie n t a n d  L S A 5  n o rm a lly  d e v e lo p e d  ( =  m o rp h o ty p c  " s u p c rp lio c a c n ic u s ” ace . to  R a b e d e r  (1 9 8 1 )) . D e n ta l 

p a t te rn  ty p ica l o f  M i c r o iu s  ( A l l o p h a i o i n y s )  p i i o c a c n i c n s  K o rn to s , 1933.

M o rp h o ty p c  " p ra c h in lo n i"  (p r , F ig . 14 / 4 ) :  T 4 , T 5  a n d  TG c o n flu e n t; 11SA4 in c ip ien t; a p p e a ra n c e  o f  L R A 5 . 

M o rp h o ty p c  c h a ra c te r is t ic  o f  M i c r o i u s  ( A i l o p h a i o m y s )  p l i o c a e n i c u s  p r a c h i n l o n i  R a b e d e r ,  19S1.

’ F ig s  8 -  2 0  a r c  p laced  a t th e  e n d  o f  th e  p a p e r  (o n  pp . 28  -  3 4).



10 A . N ndachow sk i

1,2

1

Mi M1

F ig . 6. M e a su re m e n t m ellio ils  o i  M i a n d  m ’ (p a r t ly  a f te r  V an  d e r  M cu lcn  

1073). F o r  d e ta ile d  e x p la n a tio n  se e  tlic  tex t.

Fig . 7. R e la tio n s h ip  b e tw ee n  Hie co n d y lo b a sa l len g th  o f  th e  sku ll (C liL )  a n d  th e  len g th  o f  M i in C h i o n o m y s  n i v a l i s  

m i r h m i r c m i  fro m  'i 'a l r a  M o u n ta in s . 1 -  ju v en ile s , 2 -  a d u lts , 3 -  tw o  a d u lt sp e c im en s .

M o rp h o ty p e  “ n u lie n s is ”  (n u , F ig . 14 /  5 ): T 4  a n d  T 5  c o n f lu e n t,  T 5  a n d  16 s e p a ra te d ;  L S A 5  b e t te r  d e v e lo p e d  

th a n  I3SA4; a p p e a ra n c e  o f in c ip ic n l  H R A 4. M o rp h o ty p e  typ ical fo r  M i c r o m s  n m i e n s i s  (C h a lin c  1972).

M o rp h o ty p e  " o c c o n o m u s "  (o c , F igs 8, 10, 12, 15. 17 /3 , 6, 7, S): T 4  a n d  T 5  se p a ra te d ; T 5  a n d  Tf> la rg e ly  

c o n flu e n t; lack  o f  B SA 4 ( o r  in c ip ien t in v a r ia n t 7); I .R A 5  in c ip ien t o r  w ell d e v e lo p e d . D e n ta l  p a tte rn  c h a r a c 

te r is t ic  o f  AH e r o i n s  o c c o n o m u s .
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M o rp h o ty p e  " le b ru n i i"  (Ic, F ig s  8, 10, 12, 1-1, 17 /  9 , 10, 11, 12, 12, 1-1, 15): T 5  n n d  4 6  c o n f lu e n t;  B S A 4 n n d  

L S A 5 d e v e lo p e d ; a b s e n c e  o r  in c ip ien t d e v e lo p m e n t o f  B R A 4  a n d  L liA S . T h e  p a tte rn  co m m o n ly  fo u n d  in C h . 

n i v a l i s  l e b r u n i i  a n d  C h . n , le u c u r u s .

M o rp lio ly p c  " a b u le n s is "  fa b , F ig . 8 /  1 7 ,1 8 ,1 9 ,  2 0 ): T 5  a n d  4 '6  c o n tin e n t o r  s e p a ra te d ;  U SA 4 w ell d e v e lo p ed ; 

a b se n c e  o r  in c ip ien t d e v e lo p m e n t o f  L SA 5. T tic  m o rp h o ty p e  re la tiv e ly  c o m m o n  in C h . n i v a l i s  a b u le n s is .

M o rp l io ly p c  “a q u ita n iu s ” (a q . F igs 8, 14 / 2 1 ,  22): T 5  a n d  TO alw ays s e p a ra te d ;  11SA4 a n d  L S A 5  w ell 

d e v e lo p ed ; a b s e n c e  o f  B R A 4  a n d  L R A 5 . C h a ra c te r is t ic  m o rp lio ly p c  fo r  C h .  n i v a l i s  a t p ii ia n ii t s ,  a ls o  c o m m o n ly  

fo u n d  in  o th e r  p o p u la tio n s  o f  th e  sn o w  vo le.

M o rp lio ly p c  "n iv a lis"  (n i, F ig s 8, 10, 12, 14, 15, 17, 19, 2 0 / 2 3 ,  26 , 2 7 ,2 8 ,  29 , 30 , 31 , 32 , 35 , 36 ): T 5  a n d  T 6  

a lw ays s e p a ra te d ;  B S A 4 a n d  L S A 5 w e ll d e v e lo p ed ; B R A 4  a n d  L R A 5  in c ip ien t; a n te r io r  c ap  sh o r t .  T h e  p r e 

d o m in a n t m o rp lio ly p c  o f  C h . n iv a l is .

M o rp l io ly p c  “ g u d "  (g u , F igs 8 , 10, 12 /  37 , 3S, 39 , 4 4 ,4 6 ,  4 7 ): T 5 , T 6  a n d  ’IT  alw ays c o n f lu e n t; I1RA 4 b e l te r  

d e v e lo p e d  th a n  L R A 5 . A  typ ic a l m o rp h o ty p e  o f  C h .  g n l .

M o rp lio ly p c  “ m irh a n rc in i” (m i, F igs 8, 10, 12 /  40 , 41, 42 , 43 , 45 , 52): T 5  a n d  T 6  c o n f lu e n t; T 6  a n d  ‘17 

se p a ra te d ;  B R A 4  b e t t e r  d e v e lo p e d  th an  L R A 5 . A  r a re  m o rp h o ty p e , m o re  f re q u e n tly  fo u n d  in C h . n i v a l i s  

m i r h a n r c i n i  (cf. N ad ach o w sk i 1985).

M o rp h o ty p e  “ m a le i"  (m a , F ig s 15, 17 /  16, 2 4 ): T 5  a n d  T 6  c o n riu e n l;  F S A 5 b e l te r  d e v e lo p e d  th a n  B S A 4; 

a n te r io r  c a p  slig h tly  b e n t  lingually . A  d e n ta l  p a tte rn  typ ical o f  M i c r o iu s  m a le i.

M o rp h o ty p e  " g rc g a lis "  (g r, l 'ig . 15 /2 5 ) :  T 5  a n d  T 6  s e p a ra te d ;  BS A 4 in c ip ien t, I.S A 5 well d e v e lo p ed ; a n te r io r  

c a p  s ligh tly  b e n t  lingually . M o rp h o ty p e  c h a ra c te r is tic  o f  M i e r o m s  g c g a l i s  ( I ’allas, 1779).

M o rp h o ty p e  " a rv a lis ” (a r ,  F ig s  19, 20  /  3 3 . 3 4 ): T 5  a n d  T 6  se p a ra te d ; B SA 4 a n d  I.S A 5 as w ell a s  I1RA 4 an d  

L R A 5  w e ll d e v e lo p e d ; a n te r io r  c a p  high. V e ry  co m m o n  m o rp lio ly p c  o f  M i e r o m s  a i v a l i s  ( I ’a lla s , 1979) a n d  o f  

o th e r  sp e c ie s  o f  M i c r o iu s ,

M o rp h o ty p e  " a g rc s l is ” (ag , Figs 19, 20  /  48 ): T 5  a n d  T 6  s e p a ra te d ;  I1SA4 a n d  I.S A 5 as w ell a s  B R A 4  a n d  

L R A 5  w e ll d e v e lo p e d ; a p p e a ra n c e  o f  L R A 6 . T h is  d e n ta l p a tte rn  re la tiv e ly  f re q u e n tly  o c c u rs  in M i c r o i u s  a g r c s lis .

M o rp h o ty p e  " c o ro n e n s is ” (c o . F ig . 1 9 ,2 0 /4 9 ) :  15 an d  16 s e p a ra te d :  o c c u r re n c e  o f  s t ro n g  n a rro w in g  b e tw een  

T 6  a n d  4 7 . ;  11SA4 an d  L S A 5 w e ll d e v e lo p ed , ‘l i t i s  p a tte rn  is c h a ra c te r is tic  o f  a foss il fo rm  M i e r o m s  c o r o n e n s i s  

K o rm o s, 1 933  w h ich  m o st p ro b a b ly  b e lo n g s  to  M i e r o m s  a g c s i i s  g ro u p  (N a d ac h o w sk i I9S 5).

M o rp h o ty p e  “e x lr a lr ia n g u la lu s ” (ex. F ig . 19, 2 0  /  5 0 . 51): T 5  a n d  T 6  a s  w ell a s  T 6  a n d  4 7  se p a ra te d . T h is  

p a tte rn  o c c u rs  s p o ra d ic a lly  in m ost o f  M i e r o m s  s p ec ie s , m o re  f re q u e n t ly  in M i e r o m s  a g c s i i s  (N a d a c h o w sk i 19S5).

A d d itio n a lly  in a lm o st a ll m o rp h o ly p e s  th e r e  o c c u rre d  v a r ia n ts  w ith  so -c a lle d  M m o m v .i-r id g c  e x p re sse d  by 

th e  d e v e lo p m e n t o f  a sm all p r ism a tic  fold o n  B SA 4 o r  ra re ly  on B SA 5 ( fo r  ex am p le : F ig . 8 / 1 5 ,  32 , 36 , 39 , 42; 

l 'ig . 10 /  39; l 'ig .  12 /  32: Fig. 19 /  34 , 51 ).

M o rp h u ty p c s  n f

M o rp h o ty p e  “ le b ru n ii” (Ic, Fig. 9 / 1 , 2 ,  3 ): 4 '4 a n d  4 ‘5 c o n f lu e n t; lack  o f  B SA 4 ansi 1.SA 5. A  p a tte rn  v ery  

c o m m o n  in C h . n .  I c b m n i i .

M o rp h o ty p e  " m irh a n rc in i” (m i, F igs 9 , 16 /  4 ): T 4  a n d  T 5  c o n f lu e n t; in c ip ien t d ev e lo p m en t o f  I .S A 5 . A  ra re  

m o rp h o ty p e , re la tiv e ly  T rcqucnt in C h . n . m ir h a n r c i n i .

M o rp l io ly p c  " n iv a lis "  (n i, F igs 9 ,1 6  /  5, 6): 4 '4 a n d  T 5  se p a ra te d ; lack  o f  B SA 4 a n d  I.S A 5. T h e  m o st c o m m o n  

m o rp lio ly p c  f o r  th e  m a jo rity  o f  th e  C h . n i v a l i s  p o p u la tio n s .

M o rp h o ty p e  “ m a le i"  (m a . F igs 9 ,1 6 ,  1 8 / 7 ) :  T 4  a n d  4  5 s e p a ra te d ;  a  d is tin c t d e v e lo p m e n t o f  I.S A 5. A  p a tte rn  

c h a ra c te r is t ic  o f  M . m a l e i .

M o rp l io ly p c  " o c c o n o m u s "  (o c , F ig s  9, 11, 13, 16, 1 8 / 8 ,  10): T 4 a n d  T 5  s e p a ra te d :  d is tin c t d e v e lo p m e n t o f  

L SA 5 a n d  B S A 4 ( th e  l a t t e r  so m e tim e s  in c ip ie n t) . A  c h a ra c te r is tic  m o rp lio ly p c  o f  M . o c c o n o m u s .

M o rp h o ty p e  “ h c rm o n is "  ( lie , F ig  9 /  9): 4 ’4  a n d  T 5  se p a ra te d : in c ip ien t d e v e lo p m e n t o f  L S A 5 , B SA 4 a n d  

U R A 4. A n  o c c a s io n a l m o rp h o ty p e  b e in g  m o re  f re q u e n t  o f  C h . n i v a l i s  h c r m o n i s .

M o rp h o ty p e  “ g u d "  (gu , F ig s  11, 13, IS  /  11. 12, 13, 14, 15); d is tin c t d e v e lo p m e n t o f  I1SA4 a n d  F S A 5; 

a p p e a ra n c e  o f  in c ip ie n t B SA 5 in so m e  v a r ia n ts ; lack  o f  L S A 6. D e n ta l p a tte rn  typ ic a l o f  C h . g u  I.

M o rp h o ty p e  “ r o b c r t i ” ( ro , Figs 1 1 , 1 3 /1 6 ,  17, 18, 19, 20); d is tin c t d e v e lo p m e n t o f  B S A 4 an d  L S A 5 , in so m e  

v a r ia n ts  a p p e a ra n c e  o f  in c ip ien t B SA 5; d is tin c t d e v e lo p m e n t o f  I .S A 6 . A  m o rp lio ly p c  c h a ra c te r is tic  o f  C h .  r o b c r ti .
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M e a s u r e m e n t s

T h e  in ilia l c o m p a r is o n  s la r tc d  w ilh  10 m e a su re m e n ts  fo r  M i an d  6  m e a s u r e m e n t  Tor M 3, o f  w h ich  on ly  5 

( f o r  M i)  a n d  3  ( fo r  M 3) w e re  u sed  fo r  an a ly sis  lo  re d u c e  th e  n u m b e r  o f  high ly  c o r re la te d  m e a su re m e n ts . F o llow ing  

m e a su re m e n ts  a p p e a r  to  b e  u se fu l fo r  d is tin g u ish in g  sp e c ie s  a n d  p o p u la tio n s  o f  th e  C h t o i i o i n y s  g ro u p  (F ig . 6): 

(1 )  Ihc  len g th  o f  Ih c  o cc lu sa l su r fa c e  o f  M i an d  M 3 ( =  L , ace . to  V an  d c r  M c u lc n  1973); (2 )  th e  len g th  o f 

a n tc ro c o n id  co m p lex  ( fo r  M i)  ( =  a, acc . to  V an  d c r  M c u lc n  1973) o r  th e  len g th  o f  p o s tc ro c o n id  co m p le x  ( fo r  

M  )  ( =  p, acc . lo  N ad aeh o w sk i 1 9 90b); (3 )  th e  w id th  o f  th e  p o s te r io r  p a rt o f  Ih c  a n tc ro c o n id  co m p le x  fo r  M i 

an d  p o s te r io c o n id  c o m p le x  fo r  M 3 m ea su re d  fro m  th e  tip  o i  B SA 4, so  th a t  o f  L S A 4 (  =  F ,  acc . to  V a n  d e r  M c u lcn  

1973 an d  =  W ;  acc . to  N ad aeh o w sk i 1982), tak en  Trom th e  in n e r  s id e s  o f  th e  en am e l; (4 )  th e  s h o r te s t  d is ta n c e  

b e tw ee n  D R A 3  a n d  L R A 4  ( =  b, acc . lo  V an  d c r  M cu lcn  1973  a n d  H i acc . lo  N ad aeh o w sk i 1982) tak e n  ag ain  

fro m  th e  in n e r  s id e s  o f  th e  e n a m e l; ( 5 )  th e  d is ta n c e  tak e n  a lo n g  th e  lin e  1-1 fro m  th e  p ro je c tio n  p a in t  o f  ih c  

a n tc r io rm o s t  p o in t o f  B R A 3  lo  th e  p ro je c tio n  p o in t o i  th e  a n lc r io rm o s l  p o in t  o f  L R A  I.

M o st o f  th e  a b o v e  d e fin e d  p a ra m e te r s  h av e  b e en  em p lo y ed  lo  c a lc u la te  th e  fo llow ing  ra tio s : 2/1 ( =  A /L , 

acc . lo  V a n  d e r  M c u lcn  1973) w h ich  ex p resses  th e  re la tiv e  len g th  o f  th e  a n tc ro c o n id  co m p lex  ( f o r  M i)  an d  

p o s tc ro c o n id  c o m p le x  ( f o r  M 3) in  c o m p a r iso n  lo  th e  to o th  len g th ; 4 /3  ( =  B iA V r, acc . lo  N ad aeh o w sk i 1990b) 

w hich  g ives th e  d e g re e  o f  s e p a ra t io n  o f  th e  a n te r io r  c a p  o f  M i fro m  T 5 ; 5/1 w h ich  e x p re sse s  th e  m u tu a l p o s itio n  

o f  B S A 4 a n d  L S A 5. D if fe re n c e s  in m ea n  v a lu e s  o b se rv e d  h av e  b e en  c h e c k e d  by S tu d e n t s  an d  S chef l'e ’s  tes ts .

D if fe re n c e s  a n d  c h an g e s  in  size  w e re  an aly zed  using  th e  len g th  o f  M i w h ich  a p p e a r  lo  b e  high ly  c o rre la te d  

( r  =  0 .S 2 ) w ilh  th e  c o n d y lo b a sa l len g th  o f  th e  sku ll (F ig . 7).

R e s u l t s

T h e  r e c e n t  s n o w  v o l e  (Chionomys nivalis)  s e r v e d  a s  a  m o d e l  f o r  s t u d y i n g  v a r i a t i o n s  

w i i h i n  t h e  g r o u p .  I t s  w i d e l y  s e p a r a t e d  g e o g r a p h i c a l  p o p u l a t i o n s  e x h i b i t  a  h i g h  d e g r e e  o f  

i n t r a -  a n d  i n i c r p o p u l a l i o n a l  v a r i a b i l i t y  o f  t h e  d e n t a l  p a t t e r n  ( F i g s  8 , 9 * ;  T a b l e s  4 , 9 , 1 0 ,  1 4 ) .  

T h e  m o s t  c o m m o n  o f  t h e  M i  m o r p h o l y p e s  i s  “ n i v a l i s ”  ( t o l a l  f r e q u e n c y  5 8 . 5 % ) ,  f o l l o w e d  b y  

“ l e b r u n i i ”  ( 1 7 . 0 % )  a n d  “ a q u i l a n i u s ”  ( 1 1 . 8 % )  a n d  f o r  M 3  “ n i v a l i s ”  ( 4 4 . 1 % ) ,  “ l e b r u n i i ”  

( 3 4 . 8 % )  a n d  “ m a l c i ”  ( 1 0 . 2 % ) .  T h e  W e s t - E u r o p e a n  p o p u l a t i o n s  f r o m  S p a i n  a n d  F r a n c e  

(Ch. n. abuiensis, Ch. n. aquilanius, Ch. n. leucums, Ch. n. lebrunii)  s h o w  s i m p l e  d e n t a l  

p a t t e r n  w i l h  h i g h  f r e q u e n c y  o f  “ l e b r u n i i ”  m o r p h o l y p c ,  a n d  “ o c c o n o m u s ”  m o r p h o t y p c  ( f o r  

M i )  w h i c h  i s  e s p e c i a l l y  c o m m o n  in  t h e  p o p u l a t i o n s  f r o m  M a s s i f  C e n t r a l  ( 1 7 . 5  -  1 8 . 4 % ) .  

T h e  p a t t e r n  “ a q u i l a n i u s ”  w h i c h  o c c u r s  in  m o s t  o f  t h e  s n o w  v o l e  s a m p l e s  i s  p r e d o m i n a n t  in  

t h e  p o p u l a t i o n  f r o m  I h c  P y r e n e e s  ( 4 4 . 5 % ) .  G e n e r a l l y ,  W c s t - E u r o p c a n  p o p u l a t i o n s  c o n 

s t i t u t e  o n e  g r o u p  w e l l  s e p a r a t e d  f r o m  m o s t  o t h e r  s u b s p e c i e s  a s  f a r  a s  m o r p h o l o g y  o f  M 3  i s  

c o n c e r n e d  ( F i g .  2 2 ) ,  w h i l e  t h e i r  s t r u c t u r e  o f  M i  i s  n o t  s o  h o m o g e n e o u s  a n d  c o n s i s t s  o f  t w o  

c l u s t e r s  ( F i g s  2 1  a n d  2 3 ) .  A d d i t i o n a l l y ,  S p a n i s h  p o p u l a t i o n s  s h o w  s o m e  p e c u l i a r  f e a t u r e s  

( m o r p h o l y p c  “ a b u i e n s i s ” ) .  T h e  i s o l a t e d  p o p u l a t i o n  f r o m  S i e r r a  N e v a d a  ( n l )  i s  m o r e  

s i m i l a r  i n  i t s  s t r u c t u r e  o f  M i  t o  t h e  s a m p l e s  f r o m  t h e  A l p s  t h a n  l o  Ch. n. abuiensis f r o m  

C o r d i l l e r a  C a n t á b r i c a .  W c s t - E u r o p c a n  p o p u l a t i o n s  a r c  o f  l a r g e  ( e s p e c i a l l y  Ch. n. abuiensis)  

o r  m e d i u m  s i z e  w i l h  e x c e p t i o n  o f  Ch. n. leucums  ( M - L M i = 2 . S 3 )  w h i c h  i s  t h e  s m a l l e s t  s u b -

•F ig s  8 - 2 0  a n d  T a b le s  4 - 1 6  a rc  p laced  a t  th e  e n d  o f  th e  p a p e r  (o n  pp . 2S  -  3 4 , a n d  35  -  4 5 , resp ec tiv e ly ).
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s p e c i e s  in  E u r o p e .  T h e  s i m p l e  d e n i a l  p a l l e r n  o f  I h c s c  p o p u l a t i o n s  i s  a l s o  m a n i f e s t e d  b y  l o w  

m e a n  v a l u e s  o f  2 / 1  i n d e x  a n d  v e r y  h i g h  v a l u e s  o f  4 / 3  i n d e x .

T h e  n o m i n a t i v e  s u b s p e c i e s  Ch. n. nivalis, i n h a b i t a n t  o f  t h e  A l p s  ( s a m p l e s  n 6  -  n i l ) ,  i s  

c h a r a c t e r i z e d  b y  h i g h e r  f r e q u e n c y  o f  “ n i v a l i s ”  a n d  d e c r e a s e  o f  “ I c b r u n i i ”  m o r p h o l y p c s .  

S o m e  p o p u l a t i o n s  w h i c h  i n h a b i t  W e s t e r n  A l p s  ( c .  g .  n 6  f o r  M i  o r  n 6 ,  n 7  f o r  M 3 )  s h o w  a n  

i n t e r m e d i a t e  p a t t e r n  a n d  b e l o n g  t o  t h e  c l u s t e r  r e l a t e d  t o  t h e  “ l e b r u n i i - l c u c u r u s - a q u i t a n i u s ”  

g r o u p .  T h e  s e r i e s  o f  c o n t i g u o u s  p o p u l a t i o n s  f r o m  t h e  A l p s  s h o w  a  s i z e  c l  i n c .  A  g r a d u a l  s i z e  

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

e a s t e r n m o s t  p a r t  o f  t h e  A l p s  ( N i e d c r c  T a u c r n )  ( M  -  L M i  =  3 . 1 2 ) .  D i f f e r e n c e s  b e t w e e n  

e x t r e m e  s a m p l e s  a r c  s t a t i s t i c a l l y  s i g n i f i c a n t  (p < 0 . 0 1 ,  S e h e f f e ’s  l e s t ) .  O t h e r  p a r a m e t e r s  

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

d e n t a l  m o r p h o l o g y  i s  o b s e r v e d  in  c o n t i g u o u s  p o p u l a t i o n s  f r o m  W e s t e r n  p a r t  o f  t h e  F r e n c h  

A l p s  ( n 6 )  a n d  S w i t z e r l a n d  ( n 7 ) .

P o p u l a t i o n s  o f  t h e  s n o w  v o l e  f r o m  t h e  D i n a r i e  M o u n t a i n s ,  B a l k a n  P e n i n s u l a  a n d  

C a r p a t h i a n s  (Ch. n. wagneri, Ch. n. malyi. Ch. n. aleco  a n d  Ch. n. ulpitts) a r e  g e n e r a l l y  c h a r 

a c t e r i z e d  b y  s m a l l e r  v a r i a t i o n  w i t h  a b s o l u t e  p r e d o m i n a n c e  o f  t h e  “ n i v a l i s ”  m o r p h o t y p c .  

S i m p l e  m o r p h o l y p c s  o f  M i  “ o c c o n o m u s ”  a n d  “ I c b r u n i i ”  a r c  r a r e  o r  a b s e n t .  I n  t h e  s t r u c t u r e  

o f  M 3 a  d i s t i n c t  i n c r e a s e  o f  m o r e  c o m p l i c a t e d  m o r p h o t y p c  “ m u l c i ”  i s  o b s e r v e d .  Ch. n. 

mirhanreini f r o m  T a t r a  M o u n t a i n s  e x h i b i t s  p e c u l i a r  f e a t u r e s  in  M i  m a n i f e s t e d  b y  t h e  

g r e a t e s t  v a r i a b i l i t y  a n d  h i g h e r  f r e q u e n c y  o f  m o r p h o l y p c s  “ g u d ”  a n d  “ m i r h a n r e i n i ”  ( 9 . 9  a n d  

7 , 4 % ,  r e s p e c t i v e l y ) .  I n  t h e  s t r u c t u r e  o f  M 3 t h e  p r e d o m i n a n c e  o f  m o r p h o l y p c s  “ I c b r u n i i ” , 

“ m i r h a n r e i n i ”  a n d  “ m a l c i ”  i s  o b s e r v e d .  T h e s e  d i f f e r e n c e s  in  c o m p a r i s o n  w i t h  o t h e r  p o p 

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

o f  Chionomys nivalis. ( F i g s  2 1 , 2 2 ) .

T h e  s n o w  v o l e  p o p u l a t i o n s  f r o m  A s i a  M i n o r  (Ch. n. olymphts, Ch. n. cedrontm  a n d  

Ch. n. spitzenbergcrae)  a r c  c h a r a c t e r i z e d  b y  a  v e r y  s i m p l e  d e n t a l  p a t t e r n  o f  M i  w i t h  a  v e r y  

h i g h  f r e q u e n c y  o f  “ o c c o n o m u s ”  ( u p  t o  4 1 . 7 % )  a n d  “ l e u c u r u s ”  ( u p  t o  7 5 . 0 % ^ ,  m o r p h o 

l y p c s  m a n i f e s t e d  a l s o  b y  h i g h  v a l u e s  o f  4 / 3  i n d e x .  T h e  d e n t a l  p a t t e r n  o f  M ‘ in  Ch. n. 

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

“ m a l c i ”  ( 7 8 . 6 % ) .  T h i s  s u b s p e c i e s  i s  s i m i l a r  t o  t h e  Microias oecononuts  g r o u p  a s  f a r  a s  t h e  

M 3  s t r u c t u r e  i s  c o n c e r n e d  ( F i g .  2 2 ) .  I n  t h e  c l u s t e r  a n a l y s i s  o f  M ]  a l l  T u r k i s h  p o p u l a t i o n s  

o c c u p y  a  s e p a r a t e  p o s i t i o n  ( F i g s  2 1 , 2 3 ) .

A s i a t i c  p o p u l a t i o n s  o f  Ch. nivalis  f r o m  C a u c a s u s  (Ch. n. loginovi), T r a n c a u c a s i a  (Ch. n. 

trialeticas)  a n d  K o p c l  D a g  (Ch. n. dementievi)  a r e  v e t y  c l o s e l y  r e l a t e d  w i t h  r e g a r d  t o  t o o t h  

m o r p h o l o g y .  T h e y  e x h i b i t  s m a l l  v a r i a b i l i t y  o f  M i  w i t h  p r e d o m i n a n c e  o f  t h e  “ n i v a l i s ”  

m o r p h o t y p c .  T h i r d  u p p e r  m o l a r  i s  m o r e  v a r i a b l e  w i t h  a  r e l a t i v e l y  c o m p l i c a t e d  d e n t a l  

p a t t e r n  ( m o r p h o l y p c s  “ o c c o n o m u s ”  a n d  “ h c r m o n i s ” ) .  Ch. it. hennonis  f r o n t  L e b a n o n  a n d  

A n t i - L e b a n o n  M i s . ,  i s  r a t h e r  s i m i l a r  t o  t h e  B a l k a n  p o p u l a t i o n s  (Ch. n. ulpiits, Ch. n. aleco). 

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

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

s t a t i s t i c a l l y  s i g n i f i c a n t  (p <  0 . 0 5 ,  S c h c f f e ’s  t e s t ) .  P h o n e t i c a l l y  t h e s e  s u b s p e c i e s  a r c  c l o s e l y  

r e l a t e d  t o  C e n t r a l  a n d  E a s t e r n  E u r o p e a n  p o p u l a t i o n s  o f  Ch. nivalis  ( F i g s  2 1 , 2 2 ,  2 3 ) .
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l-'ig. 21 . I’h e n e lic  d e n d ro g ra m  ( U I ’G M A ) fo r  

M j b u sed  on  .lu c cu rd 's  sim  il: iri l y v u lu cs  (S j)  fo r 

.17 re c e m  u iid  fossil p o p u la t io n s  o f  th e  

g ro u p  und  so n ic  a llied  taxa . T h e  

c o p h c n c lic  c o rre la t io n  c o e ff ic ie n t is 0.89. 

l ix p la n a tio n  o f  a l 'h re v ia l io n s  lo  b e  fo u n d  in 

ru b le s  1 a n d  2.

T h e  a b o v e  d a t a  m a k e  i t  p o s s i b l e  t o  d i s t i n g u i s h  i h c  f o l l o w i n g  g r o u p s  o f  p o p u l a t i o n s :

( 1 )  I h c  “ l e b r u n i i ”  g r o u p  ( c o m p r i s i n g  s u b s p e c i e s  lebrunii, leiicunis, aquitanius, abuiensis)-,

( 2 )  t h e  “ n i v a l i s ”  g r o u p  (nivalis, Iwagneri, malyi, aleco, tdpius, loyinovi, triaieticus, Ipontius, 

dementievi, hermonis) ;  ( 3 )  i h c  “ m i r h a n r c i n i ”  g r o u p  (mirhanreini) ;  ( 4 )  t h e  “ c e d r o r u m ” g r o u p  

(cedroriim, olympius)-, ( 5 )  t h e  “ s p i l z c n b c r g c r a c ”  g r o u p  (spitzenhcrperae).

F o s s i l  s a m p l e s  o f  Ch. nivalis  f r o m  P l e i s t o c e n e  s h o w  s i m i l a r  v a r i a t i o n  a s  e x t a n t  p o p 

u l a t i o n s ,  h o w e v e r ,  t h e  f r e q u e n c y  o f  s i m p l e  m o r p h o i y p e s  “ l e b r u n i i ”  ( t o t a l  2 2 . 3 % )  a n d  

“ a q u i t a n i u s ”  ( 2 0 . 1 % )  i s  h i g h e r  w h i l e  m o r e  c o m p l i c a t e d  p a t t e r n s  e x h i b i t  l o w e r  f r e q u e n c i e s  

( " n iv a l i s "  -  5 1 .2 % ,  “ m i r h a n r c i n i ”  -  0 . 3 % ) .  W e s t  E u r o p e a n  f o s s i l  p o p u l a t i o n s  ( n A  -  n E )  

s h o w  f o r  M i  t h e  p r e d o m i n a n c e  o f  m o r p h o t y p c  “ l e b r u n i i ”  w h i l e  “ a q u i t a n i u s ”  i s  r a t h e r  l e s s  

f r e q u e n t .  M e a s u r e d  p a r a m e t e r s  h a v e  n o t  c h a n g e d  s i g n i f i c a n t l y  in  r e l a t i o n  t o  e x t a n t  p o p 

u l a t i o n s  f r o m  t h i s  a r e a .  F o s s i l  s a m p l e s  f r o m  G e r m a n y  n o r t h  t o  t h e  p r e s e n t  d i s t r i b u t i o n  o f  

Ch. nivalis  ( n F  -  n l )  d o  n o t  d i f f e r  d i s t i n c t l y  f r o m  r e c e n t  n o m i n a t i v e  s u b s p e c i e s  ( F i g .  2 3 ) .
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Fig. 22 . P h c n c tic  d e n d ro g ra m  (U P G M A ) fo r 

M  b a se d  o n  J a c c a r d ’s  s im ila rity  v a lu e s  (S j)  fo r 

34  r e c e n t  a n d  fossil p o p u la lio n s  o f  (he 

C h i o t t o m y s  g ro u p  a n d  so m e  a llied  laxa. T h e  

c o p h c n c l ic  c o r re la t io n  c o e ff ic ie n t is 0.91 

E x p la n a tio n  o f  a b b re v ia tio n s  to  b e  fo u n d  in 

T a b le s  1 a n d  2.
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P o p u l a t i o n s  f r o m  C z e c h o s l o v a k i a  ( n J  -  n M )  a l s o  s h o w  m o r e  s i m p l e  d e n i a l  p a l  l o r n  in  

c o m p a r i s o n  w i t h  t h e  M i d d l e  a n d  E a s t  E u r o p e a n  s n o w  v o l e s .  D e s p i t e  b e i n g  m o s t  c l o s e  

g e o g r a p h i c a l l y  t o  Ch. n. mirhanreini f r o m  T a t r a  M o u n t a i n s ,  t h e y  d o  n o t  e x h i b i t  t h e  p e c u l i a r  

c h a r a c t e r s  o f  t h i s  t a x o n  b e i n g  p h o n e t i c a l l y  s i m i l a r  t o  t y p i c a l  Ch. n. nivalis ( F i g .  2 3 ) .  F o s s i l  

p o p u l a t i o n s  f r o m  B a l k a n  P e n i n s u l a  ( n N  -  n R )  s h o w  s l i g h t l y  h i g h e r  f r e q u e n c i e s  o f  m o r p h o -  

t y p c s  “ l e b r u n i i ”  a n d  “ a q u i l a n i u s ”  in  c o m p a r i s o n  w i t h  p r e s e n t  i n h a b i t a n t s  o f  t h i s  t e r r i t o r y  

*  (Ch. n. aleco  a n d  Ch. n. utpiits). F r o m  a m o n g  t h e  t w o  p o p u l a l i o n s  f r o m  A s i a  M i n o r  s t u d i e d ,  

t h e  M i d d l e  P l e i s t o c e n e  M i  s a m p l e  f r o m  L a t o m i  1 ( n S )  i s  r e l a t e d  m o r p h o l o g i c a l l y  t o  t h e  

s i m p l e  p o p u l a l i o n s  o f  Ch. n. lebrunii a n d  Ch. it. im tatnis. T h e  K a r a i n  B  p o p u l a t i o n  ( n T )  is  

c l o s e l y  r e l a t e d  t o  r e c e n t  Ch. n. spiizenbergerae  a n d  i s  c h a r a c t e r i z e d  b y  v e r y  h i g h  f r e q u e n c i e s  

o f  “ o c c o n o m u s ”  m o r p h o t y p c  ( 4 1 .7 % )  f o r  M i  a n d  “ n i a l c i ”  ( 6 3 . 6 % )  f o r  M 3 . F o s s i l  s a m p l e s  

f r o m  t h e  C a u c a s u s  r e g i o n  ( n U  -  n W )  s h o w  a  m o r e  s i m p l e  d e n t a l  p a t t e r n  in  c o m p a r i s o n  

w i t h  t h e  e x t a n t  d e s c e n d a n t s ,  w h i c h  i s  m a n i f e s t e d  b y  h i g h e r  f r e q u e n c i e s  o f  m o r p h o t y p c s



16 A . N ad ach o w sk i

S3

ssp

ssp

ssp

ssp

ssp

ssp

ssp

ssp.

ssp

occidentals

roberti

ssp

g u d

ner»>i<ovi

mirhonretni

spitzenbenjeroe

«drorum

sptzenbergerae

Olympus

ssp

ssp

ssp

ssp.

loginovi

trialeticus

Uprus

dement ievi

ssp

hermons

u lpus

ssp

ssp

a i e c o

ssp

nivalis

mvatis

o q u i t a n i u s

ssp

nivalis

aöulensis

ssp
ssp

ssp.

teucurus

(ebfunii

ssp

ssp.

nivalis

ssp

nivalis

m a ly i

nivalis

ssp.

ssp.

4 Ch.roöertf 

*  Ch gud

4 Ch rcöerfj 

^ Ch gud

C h  n iv a ü s

F ig . 23 . P h e n o lic  d e n d ro g ra m  (LII’G M A ) lo r  M i b a se d  on  J a c c a rd 's  s im ila rity  v a lu es  (S j)  lo r  5 5  rc c c n l  a n d  fossil 

p o p u la tio n s  o f  llic  C h i o n o m y s  g ro u p . T h e  c o p l ic n c tic  c o r re la t io n  c o e ff ic ie n t is 0.S5. E x p la n a tio n  o f  a b b re v ia tio n s  
to  b e  fo u n d  in  T a b le s  1 a n d  2.
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“ l e b r u n i i ”  a n d  “ a q u i t a n i u s ” . T h e y  a r c  a l s o  c h a r a c t e r i z e d  b y  d i s t i n c t l y  l o n g e r  M i ,  e s p e c i a l l y  

in  c o m p a r i s o n  w i l h  Ch. n. loginovi.

T h e  d e n t a l  p a t t e r n  o f  t w o  C a u c a s u s  s p e c i e s  o f  Chionomys  a r c  g e n e r a l l y  v e r y  s i m i l a r  

( F i g s  1 0 , 1 1 , 1 2 , 1 3 ) .  I n  t h e  M i  o f  Ch. gud  t h e  n i o r p h o t y p c  “ g u d ”  i s  c l e a r l y  d o m i n a n t  ( t o t a l  

f r e q u e n c y  5 4 . 6 % )  w h i l e  f o r  Ch. roberti i t  s h o w s  l o w e r  f r e q u e n c i e s ,  in  a v e r a g e  4 3 . 2 % .  I n  b o t h  

s p e c i e s  u n d e r  s t u d y  t h e  s i m p l e  m o r p h o t y p e  “ l e b r u n i i ”  p l a y s  a n  i m p o r t a n t  p a r t  b e i n g  a l s o  

g e n e r a l l y  l e s s  f r e q u e n t  in  Ch. gud  ( t o t a l  f r e q u e n c y  3 4 . 7 % )  t h a n  in  Ch. roberti ( 4 1 . 9 % ) .  O t h e r  

m o r p h o t y p c s  o f  M i  ( “ o c c o n o m u s ” , “ n i v a l i s ”  a n d  “ m i r h a n r c i n i ” )  a r c  o n l y  a c c e s s o r i a l .  T h e  

d e n t a l  p a t t e r n  o f  M 3  o f  b o t h  s p e c i e s  i s  d i s t i n c t l y  d i f f e r e n t  f r o n t  Ch. nivalis. I n  t h e s e  s p e c i e s ,  

t h e  c o m p l i c a t e d  m o r p h o t y p c s  “ g u d ”  a n d  “ r o b e r t i ”  p r e v a i l ,  w i t h  t o t a l  f r e q u e n c y  o f  5 8 . 7 %  

a n d  1 3 . 6 %  f o r  Ch. gud  a n d  1 6 . 1 %  a n d  6 5 . S %  f o r  Ch. roberti, r e s p e c t i v e l y .  T h e  o n l y  c o m m o n  

m o r p h o t y p e  w i l h  Ch. nivalis  i s  “ o c c o n o m u s ”  -  r e l a t i v e l y  f r e q u e n t ,  e s p e c i a l l y  in  Ch. gud 

( 2 8 . 6 % ) .  F o s s i l  p o p u l a t i o n s  o f  Ch. gud  a r c  v e r y  s i m i l a r  in  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  M i  

m o r p h o t y p c s  t o  t h e  r e c e n t  m a t e r i a l s ,  w i l h  t h e  e x c e p t i o n  o f  M i d d l e  P l e i s t o c e n e  s a m p l e s  

f r o m  M a l u z k a  C a v e  ( g A )  a n d  T r c u g o l n a y a  C a v e  ( g D ) ;  t h e s e  a r c  c h a r a c t e r i z e d  b y  a  m o r e  

s i m p l e  d e n t a l  p a t t e r n  m a n i f e s t e d  b y  p r e d o m i n a n c e  o f  “ l e b r u n i i ”  m o r p h o t y p e  ( 5 1 .7  a n d  

5 5 . 4 % ,  r e s p e c t i v e l y ) .  P l e i s t o c e n e  p o p u l a t i o n s  o f  Ch. roberti f r o m  M a l u z k a  C a v e  s h o w  a  

d i s t i n c t l y  d i f f e r e n t  p e r c e n t a g e  r e p r e s e n t a t i o n  o f  m o r p h o t y p c s  “ l e b r u n i i ”  a n d  “ g u d ”  in  

c o m p a r i s o n  w i t h  r e c e n t  s u b s p e c i e s .  G e n e r a l l y ,  f o s s i l  s a m p l e s  o f  Ch. gad  a n d  Ch. roberti 

s h o w  s m a l l e r  d i m e n s i o n s  a n d  l o w e r  v a l u e s  o f  2 /1  i n d e x  t h a n  t h e i r  r e c e n t  d e s c e n d a n t s  

( T a b l e s  1 1 ,  1 5 ) .  I n  p h c n c l i c  d e n d r o g r a m s  ( F i g s  2 1 ,  2 2 ,  2 3 )  t h e y  a r e  w e l l  s e p a r a t e d  f r o m  

Ch. nivalis.

T h e  l o w e r  B i h a r i a n  p o p u l a t i o n  f r o m  L c s  V a l c r o l s  d e s c r i b e d  u n d e r  t h e  n a m e  Microtus 

malci bnrgondiae  C h a l i n c ,  1 9 7 2  d i f f e r s  d i s t i n c t l y  f r o m  t h e  p o p u l a t i o n s  r e f e r r e d  t o  t h e  

M. malci g r o u p  ( F i g .  1 4 , T a b l e s  1 0 ,  1 4 ) .  I t s  p e c u l i a r  d e n t a l  p a t t e r n  o f  M i  i s  c h a r a c t e r i z e d  b y  

m i x i n g  o f  d i f f e r e n t  m o r p h o t y p c s .  A m o n g  s i m p l e  m o r p h o t y p c s  “ p l i o c a c n i c u s ” ,  “ n u t i e n s i s ”  

a n d  “ p r a c h i n i o n i ”  w h i c h  a r c  t y p i c a l  f o r  s o m e  e v o l v e d  f o r m s  of Allophaiomys,  t h e  l a t t e r  i s  

t h e  m o s t  f r e q u e n t  ( 2 6 . 5 % ) .  A l l  o t h e r  m o r p h o t y p c s  ( “ l e b r u n i i " ,  “ a q u i t a n i u s ” , “ m a l c i ” , 

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

c o n f l u e n t  T 4  a n d  T 5 .  T h e i r  t o t a l  f r e q u e n c y  p r e v a i l s  in  t h e  p o p u l a t i o n  ( 5 6 . 6 % ) .  T h e  t y p e  

p o p u l a t i o n  i s  r e l a t i v e l y  b i g  ( M L M i  =  2 . 7 9 ) ,  c h a r a c t e r i z e d  b y  l o w  v a l u e s  o f  2 / 1  i n d e x  ( 4 5 . 8 )  

a n d  v e r y  h i g h  v a l u e s  o f  4 / 3  a n d  5 / 1  i n d i c e s  ( 2 5 . 1  a n d  1 1 . 3 ,  r e s p e c t i v e l y ) .  T h e  m o r p h o l o g y  o f  

M 3  i s  v e r y  s i m p l e  w i t h  a b s o l u t e  p r e d o m i n a n c e  o f  “ l e b r u n i i ”  m o r p h o t y p e  ( 9 4 . 1 % ) .  A n o t h e r  

p o p u l a t i o n  f r o m  T c h c r d j c n i l s a  2  ( b B )  a l s o  r e f e r r e d  t o  t h e  s a m e  t a x o n  r e p r e s e n t s  m u c h  

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

t e r i s t i c  o f  e v o l v e d  AUophaiomys ( 7 4 . 4 % ) ,  w h i l e  n i v a l o i d  v a r i a n t s  c o m p o s e  2 5 . 6 % .  B o t h  

s a m p l e s ,  h o w e v e r ,  f o r m  a  s e p a r a t e  c l u s t e r  r e l a t e d  t o  t h e  Chionomys  g r o u p  n a m e d  ( ? )  

Chionomys bnrgondiae  ( F i g .  2 1 ) .

A n  a n a l y s i s  o f  d e n t a l  p a t t e r n  o f  t h e  t y p e  p o p u l a t i o n  o f  Microtus m alci  f r o m  C l c v c d o n  

C a v e  a s  w e l l  a s  t w o  o t h e r  s a m p l e s  s t u d i e d  s h o w  e x t r e m e l y  h i g h  p o l y m o r p h i s m  ( F i g s  1 5 , 1 6 ;  

T a b l e s  1 2 ,  1 6 ) .  I n  t h e  M i  p a t t e r n  t h e r e  o c c u r  m o r p h o t y p c s  c h a r a c t e r i s t i c  o f  Chionomys  

( m o r p h o t y p e  “ n i v a l i s ”  w i t h  t o t a l  f r e q u e n c y  o f  4 5 . 1 % ) ,  M. occonomus  ( m o r p h o t y p c s  

“ o c c o n o m u s ”  a n d  “ m a l c i ”  w i l h  t o t a l  f r e q u e n c y  1 8 . 9 %  a n d  2 9 . 9 % ,  r e s p e c t i v e l y )  a n d  e v e n
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a c c e s s o r i a l  p a t t e r n  c h a r a c t e r i s t i c  o f  M. gregaiis ( 6 . 1 % ) .  T h e  c h a r a c t e r s  o f  M 3  a r c  a l s o  

p e c u l i a r  w i t h  a b s o l u t e  p r e d o m i n a n c e  o f  “ m a l c i ”  m o r p h o l y p c  ( t o t a l  f r e q u e n c y  7 4 . 4 % ) .  A  

v e r y  c h a r a c t e r i s t i c  f e a t u r e  o f  M  malci  i s  i t s  g r e a t  i n l c r p o p u l a t i o n a l  v a r i a t i o n .  E a c h  s a m p l e  

s t u d i e d  s h o w s  i t s  o w n  s p e c t r u m  a n d  f r e q u e n c y  o f  M i  m o r p h o l y p c s ,  w i t h  ( h e  p r e d o m i n a n c e  

o f  “ n i v a l i s ” , “ m a l c i ”  o r  “ o c c o n o m u s ”  p a t t e r n s .  I t  i s  a  l a r g e ,  s p e c i a l i z e d  l a x o n  w i t h  h i g h  

v a l u e s  o f  2 / 1  i n d e x .  M e a n  v a l u e s  o f  4 / 3  a n d  5 / 1  i n d i c e s  o c c u p y  i n t e r m e d i a t e  p o s i t i o n  

b e t w e e n  Chionomys nivalis  a n d  Microlus occonomus. G e n e r a l l y ,  M. malci i s  m o s t  c l o s e l y  

r e l a t e d  t o  M. occonomus  ( F i g s  1 7 ,  1 8 ,  T a b l e s  1 2 ,  1 6 )  a n d  h a s  n o t h i n g  i n  c o m m o n  w i t h  

Chionomys  i n  s p i t e  o f  h i g h  f r e q u e n c y  o f  n i v a l o i d  v a r i a n t s  in  d e n t i t i o n  ( F i g s  2 1 ,  2 2 ) .

A n  a n a l y s i s  o f  t h e  M i  m a t e r i a l  o f  Microlus n ivaloides  f r o m  t h e  t y p e  l o c a l i t y  a t  W e s t  

R u n l o n  s h o w s  t h e  p r e d o m i n a n c e  o f  m o r p h o l y p c  “ a r v a l i s ”  ( 5 6 . 1 % )  f o l l o w e d  b y  “ n i v a l i s ”  

( 3 2 . 9 % )  ( F i g .  1 9 ,  T a b l e  1 3 ) .  T h r e e  a c c e s s o r i a l  m o r p h o l y p c s  “ a g r c s l i s ”  ( 3 . 7 % ) ,  “ c o r o n c n s i s ”  

( 4 . 9 % )  a n d  “ c x l r a l r i a n g u l a l u s ”  ( 2 . 4 % )  a r c  c h a r a c t e r i s t i c  o f  e x t a n t  M. agrcslis  ( F i g .  2 0 ,  

T a b l e  1 3 )  a n d  n e v e r  o c c u r  i n  t h e  s p e c i e s  o f  Chionomys. I t  i s  a  r a t h e r  s m a l l  ( M - L M i  =  2 . 6 2 )  

a n d  s p e c i a l i z e d  t a x o n  w i t h  r e l a t i v e l y  h i g h  v a l u e s  o f  2 / 1  i n d e x  ( i n  a v e r a g e  5 0 . 5 )  a n d  l o w  

v a l u e s  o f  4 / 3  a n d  5 / 1  i n d i c e s  ( 5 . 1  a n d  6 . 5 ,  r e s p e c t i v e l y ) ,  a g a i n  t y p i c a l  o f  Microlus 

ar\-alis/agresiis g r o u p .  B o t h  t h e  m e n t i o n e d  s p e c i e s  c r e a t e  o n e  c l u s t e r  d i s t i n c t l y  s e p a r a t e d  

f r o m  Chionomys  a n d M  occonomus  g r o u p s  ( F i g .  2 1 ) .

D i s c u s s i o n

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

i n c r e a s e  o f  t r i a n g l e  n u m b e r  o r  a t  l e a s t  c o m p l i c a t i o n  o f  t h e  m o r p h o l o g i c a l  s t r u c t u r e  o n  t h e  

f i r s t  l o w e r  a n d  t h e  la s t  u p p e r  m o l a r s  a s  w e l l  a s  a  m o d e r a t e  t r e n d  o f  i n c r e a s e  in  s i z e .  T h i s  

s t a b l e  t e n d e n c y ,  w h i c h  c a n  b e  c o n s i d e r e d  in  t e r m s  o f  p h y l c t i c  g r a d u a l i s m  ( C h a l i n c  1 9 8 7 ) ,  

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

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

g e n e t i c  r e l a t i o n s h i p s  b e t w e e n  t h e  s t u d i e d  t a x a .  T h i s  l a s t  a s s u m p t i o n  i s  b a s e d  o n  t h e  f a c t  t h a t  

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

r a t h e r  t h a n  a  s i n g l e  g e n e  a r c  r e s p o n s i b l e  f o r  a  g i v e n  m o r p h o l o g i c a l  p a t t e r n  ( G r c w a l  1 9 6 2 ,  

G r i i n c b c r g  1 9 6 5 ) .  I n  t h e  c o u r s e  o f  e v o l u t i o n  t h e  f r e q u e n c y  o f  g e n e s  a n d  s o  t h e  f r e q u e n c y  o f  

t h e  m i n o r  d e n t a l  c h a r a c t e r s  u n d e r g o  g r a d u a l  c h a n g e  b e i n g  a  m o r p h o d y n a m i c  p r o c e s s .  A s  a  

c o n s e q u e n c e ,  in  a  g i v e n  l i n e a g e  p r i m i t i v e  ( =  a n c e s t r a l )  c h a r a c t e r s  a r c  n o t  c o m p l e t e l y  l o s t  

b u t  a r c  p r e s e r v e d  w i t h  s m a l l e r  a n d  s m a l l e r  f r e q u e n c y .  T h i s  p h e n o m e n o n  i s  o b s e r v e d  in  

m o s t  o f  t h e  Microms  (sensu in to)  l i n e a g e s  m a n i f e s t e d  b y  s p o r a d i c  o c c u r r e n c e  o f  a n c e s t r a l  

c h a r a c t e r s  in  f e w  r e c e n t  s p e c i m e n s .  I n  t h e  Sienocranius l i n e a g e ,  f o r  e x a m p l e ,  t h e  c o n f l u e n c e  

o f  T 4  a n d  T 5  i n  M i ,  w h i c h  i s  c o n s i d e r e d  a  p r i m i t i v e  t r a i l ,  d e c r e a s e s  b y  d e g r e e s  f r o m  t h e  

B i h a r i a n  Microlus (Sienocranius) gregaioides t o  M. (S.) gregalis ( N a d a c h o w s k i  1 9 8 5 ) .  I n  

e x t a n t  s p e c i e s  t h i s  c h a r a c t e r  “ s u r v i v e d ”  w i t h  f r e q u e n c y  7 - S %  ( B o l s h a k o v  el. al. 1 9 8 0 ) .  I t  i s  

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

l i n e a g e .
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L o w e r  P l e i s t o c e n e  i s  t h e  p e r i o d  o f  r a d i a t i o n  o f  Microius (sensu la to)  a n d  t h e  f o s s i l  la x a  

d e s c r i b e d  a r e  d i r e c t  a n c e s t o r s  o f  t h e  e x t a n t  s p e c i e s .  T h e  o r i g i n  o f  Chionomys  i s  e n i g m a t i c .  

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

t h e  o p i n i o n  t h a t  Microtus (Allophaiomys) pliocacnicus, w i d e l y  d i s t r i b u t e d  in  E u r a s i a  a n d  

N o r t h  A m e r i c a  in  L o w e r  B i h a r i a n ,  i s  t h e  a n c e s t o r  o f  a l l  p h y l e t i c  l i n e a g e s  o f  Microius 

i n c l u d i n g  Chionomys  ( C h a l i n c  1 9 7 2 ,  R a b e d e r  1 9 8 1 ,  F e j f a r  a n d  H o r a C e k  1 9 8 3 ) .  L i t e r a t u r e  

d a t a  i n d i c a t e  t h a t  n i v a l o i d  p a t t e r n s  o f  M i  ( m o r p h o l y p c s  “ l e b r u n i i ” , “ a q u i t a n i u s ” ,  “ n i v a l i s ” )  

a p p e a r ,  w i t h  l o w  f r e q u e n c y ,  p r a c t i c a l l y  in  e v e r y  s a m p l e  o f  Allophaiomys,  i n d e p e n d e n t l y  o f  

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

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

a n c e s t o r  p o p u l a t i o n .  O n e  c a n  a l s o  a s s u m e  t h a t  Chionomys  s p l i t  f r o m  a n  u n k n o w n  a n c e s t o r  

b e l o n g i n g  t o  t h e  g e n u s  Mimomys  a l r e a d y  in  t h e  b e g i n n i n g  o f  t h e  L o w e r  B i h a r i a n .  A l t h o u g h  

t h i s  p o i n t  o f  v i e w  i s  n o t  c o n f i r m e d  b y  t h e  f o s s i l  e v i d e n c e ,  i t  i s  s t r o n g l y  s u p p o r t e d  b y  

b i o c h e m i c a l  a n d  k a r y o l o g i c a l  d a t a  ( A g a d z h a n i a n  a n d  Y a t s e n k o  1 9 S 4 ,  G r a f  1 9 8 2 ) ,

O n l y  a t  t h e  e n d  o f  t h e  B e t f i a  p h a s e  t h e r e  a p p e a r  p o p u l a t i o n s  w i t h  h i g h e r  f r e q u e n c y  o f  

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

V a l c r o t s  u n d e r  t h e  n a m e  Microtus m o ld  burgondiae  C h a l i n c ,  1 9 7 2 .  T h e  c l u s t e r  a n a l y s i s  f o r  

M j  s h o w s  t h a t  i t  i s  r e l a t e d  t o  t h e  Chionomys  g r o u p  a n d  h a s  l i t t l e  in  c o m m o n  w i t h  t h e  

Microius oeconomus  g r o u p  ( i n c l u d i n g  M. malci, sensu slricto)(F i g .  2 1 ) .  I t s  M 3  p a t t e r n  i s  v e r y  

s i m i l a r  t o  t h e  p r i m i t i v e  p o p u l a t i o n s  o f  Ch. nivalis  ( F i g .  2 2 ) .  T h i s  p o p u l a t i o n ,  h o w e v e r ,  

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

“ p l i o c a c n i c u s ” , “ p r a c h i n t o n i ” , “ n u t i e n s i s ”  a n d  c o n f l u e n c e  o f  T 4  a n d  T 5  in  n i v a l o i d  

m o r p h o l y p c s  o f  M i  w h i c h  n e v e r  o c c u r  in  e x t a n t  Chionomys. C o m p l e t e  l a c k  in  r e c e n t  

Chionomys nivalis  o f  p r i m i t i v e  t r a i t s  c h a r a c t e r i s t i c  o f  “Microius”  burgondiae  m a k e  t h e  

a t t a c h m e n t  o f  t h e  m e n t i o n e d  l a x o n  t o  t h e  Chionomys  l i n e a g e  r a t h e r  d u b i o u s .  O n  t h e  o t h e r  

h a n d ,  a m o n g  f o s s i l  E u r o p e a n  m a t e r i a l s  i t  i s  m o s t  c l o s e l y  r e l a t e d  t o  Ch. nivalis. I t  i s  

p r o p o s e d  h e r e  t o  p r o v i s i o n a l l y  i n c l u d e  “Microius" burgondiae  t o  Chionomys.

H a a s  ( 1 9 6 6 )  d e s c r i b e d  f r o m  t h e  L o w e r  B i h a r i a n  s i t e  ’U b c i d i y a  i n  I s r a e l  ( T c h c r n o v  1 9 8 7 )  

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

s i g n m e n t  n a m e d  Ar\-icola (l)jo rdan ica  H a a s ,  1 9 6 6 .  C o m p a r i s o n s  o f  i t s  M i  m o r p h o l o g y  w i t h  

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

w i t h  Ch. roberii. O n  t h e  o t h e r  h a n d ,  t h e  s t r u c t u r e  o f  M 3  i s  d i s t i n c t l y  d i f f e r e n t .  A l t h o u g h  

T c h c r n o v  ( 1 9 8 6 )  s t i l l  r e g a r d s  t h e  t a x o n  a s  a  p r i m i t i v e  m e m b e r  o f  t h e  g e n u s  An ico la ,  i t  

s h o u l d  b e  t r e a t e d  r a t h e r  a s  a  s p e c i e s  o f  d e r i v e d  Allophaiomys  ( K o c n i g s w a l d  a n d  V a n  

K o l f s c h o t c n ,  1 9 9 0 )  o r  a n  a n c e s t o r  t a x o n  o f  Chionomys  s p e c i e s  f r o m  t h e  C a u c a s u s  r e g i o n .

T o w a r d s  t h e  e n d  o f  B i h a r i a n  t h e r e  a p p e a r  in  E u r o p e  2 - 3  l a x a  w h i c h  t r a d i t i o n a l l y  w e r e  

i n c l u d e d  in  Chionomys. T w o  o f  t h e m  d e s c r i b e d  f r o m  W e s t  R u n t o n  ( M a j o r  1 9 0 2 ,  H i n t o n  

1 9 2 3 ,  1 9 2 6 )  a r c  o f  C r o m e r i a n  a g e  a n d  r e p r e s e n t  r e l a t i v e l y  e v o l v e d  t a x a ,  b o t h  w i t h o u t  

f e a t u r e s  t y p i c a l  o f  t h e  Chionomys  g r o u p .  T h e  f i r s t  o n e ,  Microtus nivaloides ,  w i t h  c h a r a c t e r s  

r e l a t e d  r a t h e r  t o  M. agresiis ( F i g .  2 1 ) ,  b e l o n g s  t o  Microius an ’alis/agrestis  g r o u p  w h a t  h a s  

a l r e a d y  b e e n  s u g g e s t e d  b y  S t u a r t  ( 1 9 7 5 ) .  I t  a p p e a r s  t o  b e  c o n s p e c i f i c  w i t h  Microtus
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F ig . 2 4 . E v o lu tio n  o f  C h i o n o in y s  a n d  s o m e  M i c r o tu s  lin eages. S tra tig ra p h y  a f le r  1 lonifck (1 9 S 1 , su p p le m e n te d  an d  

c h a n g e d ) . A L  -  A l lc rp d , C ro m . -  C ro m c r ia n , E G  -  E a rly  G lac ia l, I lot. — I lo lo c c n c , E G  -  L a ic  G lac ia l, M en . -  

M c n a p ia n , O D  -  O ld e r  D ry a s , P lc n . -  I’ lcn ig lac ia l, Y D  -  Y o u n g e r  D ry a s . N o te  uv icc  c h a n g e  o f  Ih c  a g e  sca le .

atvaUnus H i n l o n ,  1 9 2 3  in  v i e w  o f  t h e  u n q u e s t i o n a b l e  m o r p h o l o g i c a l  s i m i l a r i t y .  I t  c o n f i r m s  

t h e  e a r l i e r  o p i n i o n  o f  V a n  d e r  M c u l c n  ( 1 9 7 3 )  a n d  in  c o n s e q u e n c e  t h e  p r i o r i t y  o f  t h e  n a m e  

M. nivnloides  f o r  a r v a l o i d  t a x a  f r o m  W e s t  R u n t o n  ( N a d a c h o w s k i  1 9 9 0 a ) .  I n  c o n t i n e n t a l  

E u r o p e  in  t h e  s l i g h t l y  e a r l i e r  p e r i o d  ( m o s t  p r o b a b l y  d u r i n g  N a g y h d r s d n y h c g y  p h a s e )  t h e r e
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a p p c i r s  a  t a x o n  a l s o  i n c l u d e d  b y  m o s t  s t u d e n t s  i n  M. nivaloides, h o w e v e r ,  w i t h  m o r p h o -  

l o g i i c d  v a r i a t i o n  d i s t i n c t l y  d i f f e r e n t  f r o m  t h e  t y p e  W e s t  R u n t o n  p o p u l a t i o n .  S u c h  m a t e r i a l s  

w c t r c  d e s c r i b e d  f o r  i n s t a n c e  f r o m  H o l i c n s i i l z c n  ( S l o r c h  el al. 1 9 7 3 )  a n d  Z a l e s i a k i  1 A  

( N a d i c h o w s k i  1 9 9 0 c ) .  T h e  m e n t i o n e d  t a x o n  r e q u i r e s  s p e c i a l  s t u d i e s  a n d  a l t h o u g h  i t  s h o w s  

s o n n c n i v a l o i d  c h a r a c t e r s  in  t h e  p a t t e r n  o f  M i  ( e s p e c i a l l y  t h e  h i g h  f r e q u e n c y  o f  m o r p h o l y p c  

“ g u i d ’) ,  in  m y  o p i n i o n  i t  d o c s  n o t  b e l o n g  t o  t h e  Chionomys  g r o u p .

T i c  s e c o n d  t a x o n  f r o m  W e s t  R u n t o n ,  t r a d i t i o n a l l y  i n c l u d e d  t o  Chionomys -  n a m e d  

Micrctus nivalinus  b e l o n g s  t o  M. oeconomns  g r o u p  ( N a d a c h o w s k i  1 9 9 0 a ) .  I t  i s  i d e n t i c a l  w i t h  

M icrons ratiicepoides, a l s o  d e s c r i b e d  f r o m  W e s t  R u n t o n ;  t h e y  r e p r e s e n t  o n e  t a x o n  ( S t u a r t  

1 9 7 5 )  a n c e s t r a l  t o  e x t a n t  Microtus oeconomns  w h i c h  s h o u l d  b e  n a m e d  Microins nivalinus  o r  

m o r e  s a f e l y  M. oeconomns nivalinus H i n t o n ,  1 9 2 3  ( F i g .  2 4 ) .  T h e  p r i m i t i v e  r a l t i c c p o i d  

v a r i a r t s  a p p e a r e d  e a r l i e r  c a .  0 . 8  - 1 . 1  M y  B P  in  t h e  R u s s i a n  P l a i n  w h e r e  w e l l  s t r a t i f i e d  s e d i 

m e n t s  f r o m  t h e  P c t r o p a v l o v s k  o r  K a r a i - D u b i n a  s t a g e  ( c o r r e s p o n d i n g  t o  t h e  e n d  o f  L o w e r  

B i h t a r i a n )  a r c  a v a i l a b l e  ( e . g .  M a r k o v a  1 9 8 2 ,  1 9 9 0 ) .  T h u s ,  t h e  r o o t  v o l e  ( A / ,  oeconomns) 

r e p r e s e n t s  a  w e l l  d e f i n e d  l i n e a g e  w h i c h  s p l i t  f r o m  t h e  Ailophaiomys  g e n e r a l  s l o c k  a l r e a d y  

t o w a r d s  t h e  e n d  o f  B c t f i a  p h a s e  a n d / o r  b e g i n n i n g  o f  t h e  N a g y h a r s n a y h a g y  p h a s e  a n d  h a s  

l i t t l e  :n  c o m m o n  w i t h  Chionomys ( F i g .  2 4 ) .

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

Chionomys, Microtus oeconomns  a n d  t o  s o m e  e x t e n t  o f  Microtus arvalis/agreslis g r o u p  

( A n g c r m a n n  1 9 7 4 ,  1 9 8 4 ,  N a d a c h o w s k i  1 9 8 2 )  l e d  t o  t a x o n o m i c  m i s u n d e r s t a n d i n g s  c o n 

s i s t i n g  in  c r e a t i o n  o f  n e w  t a x a  ( e . g .  Snranontys o f  C h a l i n c  ( 1 9 7 2 ) )  o r  i n c o r r e c t  s y n o n y m y  

( e . g .  F e j f a r  a n d  H o r a i c k  1 9 8 3 ) .  T h e  b e s t  e x a m p l e  o f  t h i s  p r o b l e m  i s  a  t a x o n o m i c  s t a t u s  o f  

Microtus malei. H i n t o n  ( 1 9 0 7 a ,  b )  d e s c r i b e d  t h i s  s p e c i e s  f r o m  C l e v e d o n  C a v e  o n  t h e  b a s i s  

o f  i t s  p e c u l i a r  d e n t a l  p a t t e r n  o f  M i .  F u r t h e r  s t u d i e s  b y  C h a l i n c  ( 1 9 7 2 )  c o n f i r m e d  t h e  

s p e c i f i c  r a n k  o f  t h i s  t a x o n  w h i c h  i s  c h a r a c t e r i z e d  b y  a  v e r y  w i d e  v a r i a t i o n  i n c l u d i n g  n i v a l o i d  

a n d  r a l t i c c p o i d  v a r i a n t s .  H o w e v e r ,  S u t c l i f f e  a n d  K o w a l s k i  ( 1 9 7 6 )  s u g g e s t e d  t h a t  M. malei  b e  

s y n o n y m i / . e d  u n d e r  Ch. nivalis. C r u c i a l  f o r  t h e  r e c o n s t r u c t i o n  o f  p h y l o g e n e t i c  r e l a t i o n s h i p s  

a r c  s t u d i e s  o f  M 3  p r e s e r v e d  in  H i n t o n ’s  c o l l e c t i o n .  M o r p h o l o g i c a l  a n a l y s i s  o f  I S  M 3  s h o w s  

t h a t  t h e y  a r c  r e l a t i v e l y  c o m p l i c a t e d  a n d  b e l o n g  t o  t h e  M. eoconomus  g r o u p  ( F i g .  2 2 ) .  

D e t a i l e d  s t u d i e s  o f  M i  a l s o  c o n f i r m  a  c l o s e  r e l a t i o n  t o  M. oeconomns  w h i c h  a g r e e s  w i t h  t h e  

o p i n i o n  o f  S t u a r t  ( 1 9 8 2 ) ,  in  s p i t e  o f  h i g h  f r e q u e n c y  ( 4 9 . 9 % )  o f  t h e  “ n i v a l i s ”  m o r p h o l y p c .  

D i f f e r e n c e s  in  t h e  d e n t a l  p a t t e r n  o f  b o t h  M i  a n d  M 3  b e t w e e n  M. oeconomns  a n d  M. malei 

a r c ,  h o w e v e r ,  s u f f i c i e n t  t o  p r e s e r v e  t h e  c h r o n o s p c c i f i c  r a n k  o f  t h e  t a x o n .  T h e  h y p o t h e s i s  o f  

C h a l i n c  ( 1 9 7 2 )  t h a t  M. malei i s  a n  a n c e s t o r  o f  b o t h  Ch. nivalis  a n d  M. oeconomns  i s  

u n j u s t i f i e d .

V a r i a t i o n  r e c o r d e d  f r o m  C l e v e d o n  C a v e  i s  a l s o  c o m m o n l y  f o u n d  in  o t h e r  B r i t i s h  

l o c a l i t i e s  ( i n c l u d i n g  T o r n e w t o n  C a v e  a n d  C r a y f o r d ,  s t u d i e d  in  t h e  p r e s e n t  p a p e r )  a l t h o u g h  

in  m o s t  e a s e s  t h e  f r e q u e n c y  o f  n i v a l o i d  v a r i a n t s  i s  d i s t i n c t l y  l o w e r .  I t  s e e m s  t h a l M  malei i s  

a  v e r y  g o o d  b i o s t r a l i g r a p h i c a l  i n d e x  f o s s i l  f o r  e a r l y  U p p e r  P l e i s t o c e n e  ( I p s w i c h i a n  s e n s u  

l a t o )  in  t h e  B r i t i s h  I s l e s .  R e m a i n s  o f  v o l e s  f r o m  c o n t i n e n t a l  E u r o p e  d e s c r i b e d  b y  C h a l i n c  

( 1 9 7 2 )  u n d e r  n a m e s  Microtus malei noaiilcnsis C h a l i n c ,  1 9 7 2  f r o m  L a  F a g c ,  a n d  Microtus 

malei gennii C h a l i n c ,  1 9 7 2  f r o m  G i g n y  d i s t i n c t l y  d i f f e r  f r o m  B r i t i s h  m a t e r i a l s .  T h e y  b e l o n g
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l o  t y p i c a l  Microius oeconomus  w i d e l y  d i s t r i b u t e d  in  E u r o p e  d u r i n g  M i d d i c  a n d  U p p e r  

P l e i s t o c e n e .

I t  s e e m s  t h a t  r e a l  Chionomys  r e m a i n s  a p p e a r  i n  E u r o p e  a n d  A s i a  M i n o r  u n q u e s t i o n a b l y  

d u r i n g  M i d d l e  P l e i s t o c e n e  in  S t c i n h c i m i a n  ( T e r z c a  1 9 7 2 ,  S l o r c h  1 9 7 5 ,  P o p o v  1 9 8 9 )  a n d  

b e l o n g  l o  Ch. nivalis. T h e y  e x h i b i t  p r i m i t i v e  d e n t a l  f e a t u r e s  r e l a t e d  t o  t h e  m o s t  p r i m i t i v e  

r e c e n t  p o p u l a t i o n s  o f  Ch. n. leucitriis a n d  Ch. n. lebnm ii a n d  t h e  p o p u l a t i o n  f r o m  L a l o m i  1 

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

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

o b s e r v e d .  T h e s e  c h a n g e s  in  M i  c o n s i s t  in  t h e  t e n d e n c y  t o  d e c r e a s e  o f  “ l e b r u n i i ”  a n d  

“ a q u i t a n i u s ”  m o r p h o t y p c s ,  i n c r e a s e  o f  t h e  t y p i c a l  “ n i v a l i s ”  p a t t e r n  a n d  r e l a t i v e  l e n g t h  o f  

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

( N a d a c h o w s k i  1 9 8 4 ,  P o p o v  1 9 8 5 , 1 9 8 9 ) .

I n te r p r e ta t io n  o f  v iin o b ilily  in  C h io n o m y s

T h e  h i g h  p o l y m o r p h i s m  o f  d e n t a l  p a t t e r n  in  r e c e n t  E u r o p e a n  Ch. nivalis  i s  p r o b a b l y  

c o n n e c t e d  w i t h  ( 1 )  t h e  P l e i s t o c e n e  h i s t o r y  o f  s p e c i e s ,  ( 2 )  i s o l a t i o n  o f  p a r t i c u l a r  p o p u l a t i o n s  

d u r i n g  p o s t g l a c i a l  p e r i o d  a n d  ( 3 )  d i f f e r e n t  p a t t e r n s  o f  c o m p e t i t i o n  o c c u r r i n g  in  t h e  m o u n t 

a i n o u s  r e g i o n s .  M i d d l e  a n d  L a t e  P l e i s t o c e n e  c l i m a t i c  f l u c t u a t i o n s  p l a y e d  a n  i m p o r t a n t  r o l e  

in  c h a n g i n g  t h e  g e o g r a p h i c a l  r a n g e  o f  t h e  s p e c i e s .  G e n e r a l l y  s p e a k i n g ,  c o o l i n g s  r e s u l t e d  

p r o b a b l y  in  w i d c s p r c a d i n g  o f  Ch. nivalis  f r o m  m o u n t a i n o u s  r e g i o n s  l o  t h e  l o w l a n d s .  T h e  

f o s s i l  e v i d e n c e  i n d i c a t e s ,  h o w e v e r ,  t h a t  i t  d o c s  n o t  l e a v e  f a r  f r o m  m o u n t a i n s  ( T e r z c a  1 9 7 2 )  

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

s p e c i a l  a d a p t a t i o n  t o  a  p c l r i c o l i c  w a y  o f  l i f e  ( K r a t o c h v i l  1 9 5 6 ,  1 9 8 1 ;  K o w a l s k i  1 9 5 7 ,  L c  

L o u a r n  a n d  J a n e a u  1 9 7 5 ,  K r a p p  1 9 8 2 ) .  A c c o r d i n g  l o  K r y S l u f c k  a n d  K o v a c i ć  ( 1 9 8 9 )  t h e  

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

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

s u m m e r  ( B i e ń k o w s k i  a n d  M a r s z a l e k  1 9 7 4 ) .

T h e  m o s t  p r i m i t i v e  p o p u l a t i o n s  s u r v i v e d  in  S p a i n  a n d  F r a n c e  ( t h e  “ l e b r u n i i ”  g r o u p ) .  

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

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

n o m i n a t i v e  s u b s p e c i e s  ( G r a f  1 9 8 2 )  a n d ,  o n  t h e  o t h e r  h a n d ,  t h e i r  c l o s e n e s s .  D u r i n g  s t a d i a l  

( c o o l )  p e r i o d s  t h e  p o p u l a t i o n s  o f  t h e  “ l e b r u n i i ”  g r o u p  w h i c h  a t  p r e s e n t  l i v e  m a i n l y  in  

r e l a t i v e l y  l o w  a l t i t u d e s  ( e . g .  M a s s i f  C e n t r a l ,  B a s s c s - A l p c s ,  C o r d i l l e r a  C a n l a b r i c a )  w e r e  n o t  

f o r c e d  t o  c h a n g e  t h e i r  h a b i t a t s ,  a l t h o u g h  t h e i r  r a n g e s  w e r e  p r o b a b l y  e x t e n d e d  s o u t h w a r d .  

T h u s ,  t h e y  w e r e  a b l e  t o  p r e s e r v e  t h e i r  p r i m i t i v e  c h a r a c t e r .  H i g h  m o u n t a i n  p o p u l a t i o n s ,  

h o w e v e r ,  e . g .  Ch. n. nivalis  f r o m  A l p s  w e r e  d i s p l a c e d  l o  b o r d e r i n g  a r e a s  o u t  o f  g l a c i a t e d  

t e r r i t o r i e s  a n d  u n d e r w e n t  d i s t i n c t  c h a n g e s .  D u r i n g  p o s t g l a c i a l  w a r m i n g s ,  t h e  r a n g e  o f  W c s t -  

E u r o p c a n  “ l e b r u n i i ”  g r o u p  w a s  f r a g m e n t e d  i n t o  i s o l a t e s  w h e r e  a  s u i t a b l e  c a v c r n i c o l o u s  

h a b i t a t  w i t h  s t e n o t h e r m a l  c o n d i t i o n s  w a s  p r e s e r v e d ,  w h i l e  m o u n t a i n o u s  r e g i o n s  o f  E u r o p e  

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

W e s t e r n  A l p s  w e r e  c o l o n i z e d  b y  m e m b e r s  o f  t h e  p r i m i t i v e  W e s t  E u r o p e a n  “ l e b r u n i i ”  

g r o u p ,  w h i l e  C e n t r a l  a n d  E a s t e r n  A l p s  a s  w e l l  a s  m o s t  o f  t h e  C a r p a t h i a n s  a n d  t h e  B a l k a n  

P e n i n s u l a  w e r e  i n h a b i t e d  b y  a l r e a d y  c h a n g e d  d e r i v e d  p o p u l a t i o n s  w h i c h  s u r v i v e d  g l a c i a l
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p e r i o d s  i n  l o w e r  a l t i t u d e s  o r / a n d  in  E a s l - S o u l h c r n  E u r o p e .  T h i s  s u p o s i t i o n  i s  c o n f i r m e d  b y  

b i o c h e m i c a l  s t u d i e s  ( G r a f  1 9 8 2 ) .

I n  t h e  p o s t g l a c i a l  t h e  m o u n t a i n s  c o n s t i t u t e d  “ c o n t i n e n t a l  i s l a n d s ”  w h i c h  a c t e d  a s  

s p e c i a l i o n  t r a p s  ( C h a l i n c  1 9 8 7 )  a n d  i s o l a t e d  p o p u l a t i o n s  o f  Chionomys  s t a r t e d  t o  e v o l v e  

i n d e p e n d e n t l y .  I n  s o m e  e a s e s  t h e s e  s m a l l  l o c a l  p o p u l a t i o n s  u n d e r w e n t  d r a m a t i c  c h a n g e s  in  

s h o r t  t i m e  b e c a u s e  t h e  g e o g r a p h i c a l  i s o l a t i o n  b r a k e s  t h e  g e n e  f l o w .  F o r  e x a m p l e ,  t h e  

p o p u l a t i o n  f r o m  t h e  T a t r a  M o u n t a i n s  (Ch. n. mirhanrcini) i s  s o  d i f f e r e n t  f r o m  t h e  o t h e r  

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

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

d i v e r s i f i c a t i o n  p r o c e s s e s .  P e c u l i a r  f e a t u r e s  o f  Ch. n. spitzenbergerae  ( N a d a c h o w s k i  1 9 9 0 b )  

c a u s e d  i t s  e a r l i e r  w r o n g  a s s i g n a t i o n  t o  Chionomys gtid  ( S p i l / c n b c r g c r  1 9 7 1 ,  N a d a c h o w s k i  

1 9 9 0 a ) .  G e n e r a l l y ,  t h e  “ n o r t h e r n ”  h i g h  m o u n t a i n  p o p u l a t i o n s  -  e s p e c i a l l y  f r o m  t h e  A l p s ,  

t h e  B a l k a n  P e n i n s u l a ,  t h e  C a r p a t h i a n s  b u t  a l s o  f r o m  C a u c a s u s  a n d  e v e n  K o p e t  D a g  -  

c o n s t i t u t i n g  t h e  “ n i v a l i s ”  a n d  “ m i r h a n r c i n i ”  g r o u p s ,  a r c  m o r e  d e r i v e d .  T h e y  i n h a b i t e d  t h e  

m e n t i o n e d  t e r r i t o r i e s  r e l a t i v e l y  l a t e ,  i n  m o s t  e a s e s  a f t e r  t h e  r e t r e a t  o f  g l a c i e r s .  T h e  

“ s o u t h e r n ”  p o p u l a t i o n s  b e l o n g i n g  t o  t h e  “ l e b r u n i i ” , “ c c d r o r u m ”  a n d  “ s p i i z e n b e r g e r a e "  

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

i c e  s h e e t .  T h e y  p r e s e r v e d  t h e  p r i m i t i v e  t r a i t s  c h a r a c t e r i s t i c  o f  Ch. nivalis  f r o m  t h e  M i d d l e  

P l e i s t o c e n e  p e r i o d .  T h e  o n l y  e x c e p t i o n  i s  t h e  m o s t  s o u t h e r n  Chionomys p o p u l a t i o n  f r o m  

L e b a n o n  a n d  A n t i - L e b a n o n  M o u n t a i n s  (Ch. n. hcrmonis)  w h i c h  i s  r e l a t e d  t o  t h e  “ n i v a l i s ”  

g r o u p .

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

k a r y o t y p e  o f  Ch. nivalis  i s  s t a b l e  c o n s i s t i n g  o f  5 4  c h r o m o s o m e s  w i t h  2 6  p a i r s  o f  a c r o c e n t r i c  

a u t o s o m c s  in  a l l  s t u d i e d  m o u n t a i n o u s  r e g i o n s  ( T o d o r o v i d  el al. 1 9 7 1 ,  K r a i  1 9 7 2 ,  M c y l a n  

a n d  G r a f  1 9 7 3 ,  P c s h c v  a n d  B e l c h c v a  1 9 7 9 ,  D i a s  d e  la  G a r d i a c / r t / .  1 9 S 1 ,  S a b l i n a e /  al. 1 9 S S ) .

S t u d i e s  o f  r e c e n t  Ch. gad  a n d  Ch. robcrii f r o m  t h e  C a u c a s u s  r e g i o n  s h o w  b o t h  a  c l o s e  

r e l a t i o n s h i p  in  d e n t a l  m o r p h o l o g y  b e t w e e n  t h e m  a n d  a  d i s t i n c t  s e p a r a t i o n  f r o m  Ch. nivalis. 

T h i s  i s  a l s o  c o n f i r m e d  b y  k a r y o l o g i c a l  d a l a  ( S a b l i n a  et a!. 1 9 S S ) .  A l t h o u g h  k a r y o t y p e s  o f  a l l  

t h r e e  s p e c i e s  o f  s n o w  v o l e s  c o n s i s t  o f  5 4  c h r o m o s o m e s ,  t h e y  d i f f e r  in  t h e  s t r u c t u r e  o f  t h e  

s m a l l e s t  p a i r  o f  a u t o s o m c s  w h i c h  in  Ch. gnd  a n d  Ch. roberti i s  m c l a c c n t r i c  w h i l e  i t  i s  

a c r o c e n t r i c  in  Ch. nivalis. T h e  o c c u r r e n c e  o f  f o s s i l  r e m a i n s  o f  b o t h  s p e c i e s  e x c l u s i v e l y  i n  t h e  

t e r r i t o r y  o f  t h e i r  p r e s e n t  d i s t r i b u t i o n  ( N a d a c h o w s k i  a n d  B a r y s h n i k o v  1 9 9 1 )  s u g g e s t  t h e  

C a u c a s u s  r e g i o n  o r  i t s  s u r r o u n d i n g s  a s  a  c e n t e r  o f  o r i g i n ,  a s  a l r e a d y  i n d i c a t e d  b y  S t e i n e r  

( 1 9 7 2 )  a n d  G r o m o v  a n d  P o l y a k o v  ( 1 9 7 7 ) .

C o n c lu s i o n s

S t u d i e s  o f  d e n t a l  v a r i a t i o n  a n d  e v o l u t i o n  o f  t h e  Chionomys  g r o u p  s u p p o r t e d  b y  a  

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

( s e n s u  s t r i c t o ) .  I t s  o r i g i n  c a n  b e  c o n n e c t e d  w i t h  t h e  e v e n t  o f  AUophaiomys pliocaenicus 

s p e c i a l i o n  d u r i n g  L o w e r  B i h a r i a n  ( w h a t  i s  m o r e  p r o b a b l e )  o r  w i t h  s p l i t t i n g  f r o m  a n
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u n k n o w n  a n c e s t o r  m u c h  e a r l i e r ,  m a y  b e  a s  e a r l y  a s  t h e  P l i o c e n e / P l e i s t o c e n e  b o u n d a r y .  

P r o b a b l y  a l r e a d y  a t  t h e  e n d  o f  L o w e r  B i h a r i a n  Chionomys  s p l i t  i n t o  t w o  l i n e a g e s .  T h e  f ir s t  

o n e  a p p e a r e d  a n d  e v o l v e d  in  E u r o p e  (Ch. nivalis  l i n e a g e )  w h i l e  t h e  s e c o n d  i s  p r o b a b l y  o f  

N e a r  E a s t  o r  C a u c a s u s  o r i g i n  (Ch. gad-roberii l i n e a g e ) .  A  r e l i c t  c h a r a c t e r  o f  t h e  t a x o n ,  

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

p r i m i t i v e  d e n t a l  p a t t e r n  a n d  a t t a c h m e n t  t o  t h e  s t e n o t h e r m a l  h a b i t a t s .  O n  t h e  o t h e r  h a n d ,  

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

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

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

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

F i v e  g r o u p s  o f  p o p u l a t i o n s  w e r e  d i s t i n g u i s h e d ,  n a m e d :  “ l e b r u n i i ” , “ n i v a l i s ” , “ m i r h a n r c i n i ” , 

“ c c d r o r u m ”  a n d  “ s p i l / . c n b c r g e r a c ” . D i f f e r e n c e s  o b s e r v e d  i n  t h e i r  d e n t a l  p a t t e r n  a r c  

s u f f i c i e n t  f o r  t h e  s e p a r a t i o n  o n  s u b s p e c i f i c  l e v e l .  I n  t h e  p o s t g l a c i a l ,  t h e  h i g h  m o u n t a i n  

r e g i o n s  o f  E u r o p e  w e r e  o c c u p i e d  b y  d e r i v e d  p o p u l a t i o n s  o f  Ch. nivalis, w h i l e  W e s t e r n  

E u r o p e  ( S p a i n  a n d  S o u t h e r n  F r a n c e )  a s  w e l l  a s  A s i a  M i n o r  w e r e  i n h a b i t e d  b y  p r i m i t i v e  

p o p u l a t i o n s .  M o s t  o f  t h e  f o s s i l  t a x a  t r a d i t i o n a l l y  i n c l u d e d  i n  t h e  Chionomys  g r o u p  

a p p e a r  t o  b e l o n g  t o  Microtus sensu striclo  ( c .  g .  M. malei, M. nivaloides, M. nivalinus , 

M. ratticepoides).

A c k n o w led g m en ts : F o r  p e rm iss io n  to  s tu d y  c o lle c tio n s , th e  a u th o r  w ish es  to  th a n k  N . A b ra m so n  , A . K. A g ad - 
ja n ia n , M . A n d f ra ,  R . A n g e rm a n n , G . A rb o c c o , M . L . A zza ro li, G . B a ry sh n ik o v , K. B a u e r , G . B ro c h c t, P. 

B ru n c l-L e c o m te , J .  C h a lin e , J . C lay d en , A . C u r ra n t,  11. F c l tc n , J . P . G o ssc , I. G ro m o v , D . L . f la r r iso n , K. I Ic issig,

I.1  lo rd ic k , R .  I lu t lc rc r .  D . Jd nossy , W . v o n  K o cn igsw a ld , L. K o rd o s , Y. L cv -A ri, A . M a rk o v a , J . P . M a rtin e z  R ica ,
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R a b e d e r ,  L . R c k o v c ls , O . R o sso lo m o , B . S anch iz , R . C . S o rig u c r , I7. S p i lz c n b c rg c r , O . S ld rb a , G . S to rc h , A . S tu a r t, 

A . S u tc liffe , D . T o r re ,  J . P . Q u f r c ,  V . V o h ra lik , V .S . Z azh ig in  a n d  J . Z im a . I a m  g ra te fu l  to  K. K ow alsk i, J .  C h a lin e , 
G . B ro c h c t , A . C u r ra n t,  E. M au l a n d  V . P o p o v  fo r  s tim u la tin g  d isc u ss io n s  th a t  h e lp e d  im p ro v e  th e  m a n u sc rip t . J . 

W e in e r  o f fe re d  h e lp fu l c o m m e n ts  c o n c e rn in g  th e  s ta tis t ic  analysis.
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S tu a r t  A , J . 1982. P le is to c e n e  v e r te b ra te s  in th e  B ritish  Isles. L o n g m an : 1 - 2 1 2 ,  L o n d o n , N ew  Y o rk .

S u tc liffe  A . J . a n d  K ow alsk i K. 1976. P le is to c e n e  ro d e n ts  o f  Ih c  B ritish  Isles. B ull. B rit. M us. (N a t .  H ist.)  

27 : 3 3 -  147.

T c h c rn o v  E .  19S6. T h e  ro d e n ts  a n d  lo g o m o rp h s  fro m  ‘U b c id iy a  fo rm a tio n : sy s lc m a lic s , p a lc o cc o lo g y  and  

b io g eg ra p h y . M em . T rav . C c n tr .  R e s . F ra n ç a is  d e  Je ru sa le m , A ss. P a le o r ic n l  5: 235  -  350 .

T c h c rn o v  E . 1987. T h e  ag e  o f  th e  'U b c id iy a  fo rm a tio n , e a r ly  P le is to c e n e  h o m in id  s i te  in th e  J o rd a n  va lley , Israe l. 

Isr. J .  E a r th  Sei. 36: 3 -  30.

T c r /c a  E . 1972. R e m a rq u e s  su r  la m o rp h o lo g ie  d e n ta ire  c l  la r e p a r t i t io n  d e  M i c r o m s  n i v a l i s  M a r tin s  d a n s  le 

P lé is to c c n c  d e  R o u m a n ie .  T rav . In st. Spco l. “ E m ile  R a co v ilz a "  11: 271 -  298.

T o d o ro v ie  M ., S o ld a lo v id  B. a n d  SaviÉ I, 1971. '[ l ie  k a ry o ty p e  o f  M i c r o m s  n i v a l i s  M a rtin s , 1S42 ( R o c l c m ia )  fro m  

Ih c  S a r  l’ lan in a . A ril. b io l. n a u k a  23: 7  -  S.

V a n  d e r  M e u lc n  A . 1973. M id d le  P le is to c e n e  s m a lle r  m am m als  from  Ih c  M o n te  P eg lia  (O rv ie to , Ita ly ) w ith  sp ec ia l 

re fe re n c e  to  th e  p h y to g en y  o f  M i c r o m s  ( A r v ic o l i d a e ,  R o i l e m i a ) .  Q u a lc rn a r ia  17: 1 -  144.

Z agw ijn  W . 11. 1985. A n o u t l in e  o f  ih c  Q u a te rn a ry  s t ra tig ra p h y  in th e  N e th e r la n d s . G c o l .  M ijn . 64: 1 7 -  24.

Z ak rz ew sk i R . J . 1985 . T h e  fossil re c o rd . [In: B io lo gy  o f  N ew  W o rld  M i c r o m s .  R . 11. T a m a r in ,  ed .) . S p ec . P ub l. 

A m e ric a n  S o c . M a m m al., I^aw rcncc : 1 - 5 1 .

R e c e i v e d  11 J a n u a r y  1 9 9 1 ,  a c c e p te d  S  J u ly  1 9 9 1 .
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F I G S 8 - 2 0 .  M O R P I IO L O G IC A L  V A R IA T IO N  O F  M 3 A N D  M i.

 ._____________________________________ __________________________________________________ sc c  p . 29

F ig . 8. C h i o n o i t i y s n i f a l i s ,  m o rp h o lo g ic a l v a r ia tio n  o f  M i. T w o -litc ra l a b b rc v ia lio n s  r c fc r  lo  m o rp lio ty p c s  ( s c c  (lie  

tcx t) . 3 - M a d c n  K óy, T a u ru s  M is., N I IM W  13292 ; 6 - M ira d o r  de l A só n , C o rd i lle ra  C a n tá b r ic a , M N C N  46; 

7 -  R a m a le s  d e  la V ic to r ia , C o rd ille ra  C a n tá b r ic a , Z IB  2 714 ; 9 -  E sp in o sa  d e  lo s  M o n te ro s ,  C o n d i lle ra  C a n tá b r ic a , 

M N C N  43 ; 10 -  C h a n a c , M a ss if  C e n tra l ,  M N IIN  3S70; 11 -  L a r ra ,  P irc n c c s , 1PE 7210 2 4 0 1 ; 12  -  B n rc c to n n c l ic , 

A Ip s , ow l p c llc ts , M IIN T ; 13 -  N a tio n a l P a re  A iq u e s  T o r ta , P irc n c c s , 1PE 5S; 15 -  R e te z a t ,  C a rp a tl iia n s ,  K S Z P  

10 97; 17 -  R a m a le s  d e  la V ic to r ia , C o rd ille ra  C a n tá b r ic a , Z IB  2712; 1S -  E sp in o sa  d e  lo s  M o n te ro s ,  C o rd ille ra  

C a n tá b r ic a , M N C N  9; 19 -  V o la y c rb a c h la l,  A Ips, N I IM W  26722 ; 20 -  E sp in o sa  d e  lo s  M o n te ro s ,  C o rd ille ra  

C a n tá b r ic a , M N C N  35; 21 -  L a  M o le ta , C o n fra n c , P irc n c c s , 1PE 6S091903 ; 2 2  -  M a n sg u n tc ra lp c , A Ip s , N I IM W  

3 3 490 ; 2 3 -  S ü n tis , A p p c n ze l l,  A Ips, M N H U  6201S; 2 7 - A u s s o i s ,  A Ip s, M N I IN  10S3; 2 8 - P i r i n ,  U S E B  24; 

3 0  -  T a u p li tz a lm , S tc ic rm a rk , A Ips, N I IM W  24672 ; 31 -  F u rk a  P a ss , A Ips, M BN 11 2S447 ; 3 2 -  T a l r a  M ts , U S E B  

6; 3 7  -  T a lra  M is., U S E B  175; 38 -  B ria n c o n , A Ips, L F S  2252; 39  -  T a lr a  M ts ., U S E B  76; 4 0  -  T a lra  M is., U S E B  

2; 41 -  B a rc c lo n c t lc , A Ips , ow l p c llc ts , M I 1NT; 4 2  -  T a tr a  M is., U S E B  158; 4 3  -  M t. H e rm o n ,  A n l í-L c b n n o n  M is., 

Z M T U  5460 .
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I 'ig . 9 . C h i o n o m y s I i i r u l i x .  m o rp h o lo g ic a l v a r ia iio u  <4 M ‘. I - N u n e s . M.iNsil C c n tia l .  M M  IN jm w ; 2 -L L sp in o sa  d c  

lo s  M o n lc ro s , C o rd i l le ra  C a n la b r ic a , M N C N  12; 3 -  U a rc c lo n n e iic , A lp s , owl p e llc ls , M l IN  I'; 4  -  M o rsk ie  O k o , 

T a ir a  M is., Z H S 57121; 5 -  Si. G o llia r i i ,  A lp s , U M N II 466267 ; 6 -  V al P io ra , T ic in o , A lp s , H M N H  5 0 140 ; 7  -  

T a u p liz a lm , S le ic rm n rk , A lp s. N I1 M W  24685 ; 8 -  G o ssc n k o llc  See. K iih la i. A lp s , N I IM W  31525 : 9  -  M l. I le rn io n . 
A n ti-  L e b a n o n  M k  I *f! 1

F ig . 10. C h ‘u m t > m \ \ # i J ,  m o rp h o lo g ic a l vai u n io n  nl M i. 5  -  K avkaskiy /a p u v ie d m k .  ( . m l №  / M U M  789 57; 

6 -  N o r th e rn  C a u c a su s  Z JA S  6 5 162 ; 7 -  T e b c rd a , C a u c a su s  Z M U M  101440 ; 13 -  T e b c rd a  , C a u c a su s  Z M U M  

136068; 14 -  K avkask iy  Z ap ., C a u c a su s , Z M U M  20 7S6; 30  -  K h u lcm , C a u c a su s  Z M U M  17796 ; 37  -  K avkask iy  

Z a p ., C a u ca su s , Z M U M  2 0677; 38  -  K avkask iy  Z a p .,  C a u c a su s  Z M U M  2 0754 ; 3 9 - O s c l i a ,  C a u c a su s , Z IA S  32722; 

4 -  K avkask iy  Z a p ., C a u ca su s , Z M U M  20697 .



F ig . 11. C h i o i i o m y s  g u d ,  m o rp h o lo g ic .i l 

v a r ia t io n  o f  M '.  10 -  K ob i, C a u ca su s . 

Z M U M  5 8 1 3 0 ; 11 -  K avkask iy  Z u p o  

v c iin ik , C a u c a s u s ,  Z M U M  7933; 12 

V o jc n n o -G ru z in sk a y a  D o ro g a , C au cu s 

us , Z M U M  5398; 1 3 - O s c l i a ,  C au casu s . 

Z M U M  15554 ; 1 4 - T c b c r i l a ,  C au casu s . 

Z M U M  101 5 1 2 ; 15 -  K avkask iy  Z ap .. 

C a u c a su s ,  Z M U M  20697; 16 - T c b c r i h .  

C a u c a su s ,  Z M U M  101499; 17 -  K avkas 

k iy  Z a p ., C a u ca su s , Z M U M  17806; 18 - 

K a v k a s k iy  Z a p . ,  C a u c a s u s ,  Z M U M  

7 9 4 3 ; 19  -  K avkask iy  Z a p .,  C a u ca su s  

Z M U M  2 0 750 .

10 oe 11 gu 12 gu 13 gu 14 gu

15 go 16 ro 17 ro 18 ro

8 oe 13 le 14 le 30 ni 31 ni 32 ni 37 gu

38 gu 40 mi 44  gu 45 mi 46 gu 47 gu 52 mi

Fig. 12. ( V uouo/m w r o b a n , m m p lio ld g ic .il s.iti.ilU 'N  ol M i. s  K .iin busllvvka. C a u ca su s , / .M U M  17823; 13 — 

K avk ask iy  Z a p o v ic i ln ik , C a u ca su s , Z M U M  20781; 14 -  K avkask iy  / . u p ,  C a u c a su s , Z M U M  7924; 30  -  Z ak a tc lsk iy  

Z a p .,  C a u c a su s ,Z 1 A S  37535 ; 31 - D / .h a v a ,  C a u c a s u s ,Z M U M  1S332; 3 2 - S ú m e la , U a / is ta n D a g la r i ,  B M N I1 636118 ; 

37  -  B ig ik, G irc s u n  D a g la ri, N 1 1M W  19852; 3 8  -  T c b c rd a , C a u c a su s , Z 1A S 28685 ; 40  -  S ú m e la , L az is lan  D a g la r i, 

BM N 11 636 1 2 9 ; 4 4 - S h o v i ,  C a u ca su s , Z M U M  115072; 45 - S c a l i l a ,  L az is lan  D a g la ri, B M N I 1 6 3 6 1 3 9 ; 4 6 -  S ú m e la , 

L a z is la n  D a g la r i. B M N Í1  636 1 2 5 ; 47 -  O sc l ia , C au casu s , Z M U M  18234; 5 2 -  S ú m e la , L az is lan  D a g la ri, B M N I I 

6 3 6 1 1 3 .
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10 oe 11 gu 12 gu 13 gu 14
Fig. M . C / i i o t i m n y s r o b e r i i ,  m o rp h o lo g ic a l 

v a r ia tio n  o f  M 3. 10 -  K avkask iy  Z a p o -  

v icd n ik , C au casu s , Z M U M  9050S; 11 -  

K a v k a s  K a v k a sk iy  Z a p . ,  C a u c a s u s , 

Z M U M  2 0 7 8 0 ; 12 -  K av k ask iy  Z a p .,  

C a u c a su s , Z M U M  7537 ; 13 -  S u m c la , 

L a z is la n  D a g la r i , Z M U M  18715 ; 14 -  

A z ltavn , C a u ca su s , Z M U M  1S332; 16 -  

T e h c rd a , C a u ca su s , Z M U M  11507.1; 1 7 -  

K a v k ask iy  Z a p .,  C a u c a su s ,  Z M U M  

IS322; IS  -  K avkaskiy  Z a p ., C a u ca su s , 

Z M U M  90509 ; 19 -  Z a k a lc lsk iy  Z a p o -  

v ic d n ik , C a u c a su s , Z IA S  3 7 5 3 5 ; B igik, 

G ire su n  D a c ia n . N 1 IM W  19350.

1 pi 2 pi 4  pr 5 nu

Fig. 14. ( ? )  C h t t n u i m y s  h u r g tm d u ic ,  m o rp h o lo g ic a l v a r ia tio n  u[ M i; all sp c c iin c its  Iro in  l .c s  V a lc io ls , l- 'rancc. 1 -  

C S T D 8 1 7 8  (Icf l M i in v e r ted ) ; 2 - C S T D  8427 ; 4 -  C S T D  S345; 5 -  C S T D 8 3 1 6  ( le f t  M t in v e r ted ) ; 1 0 -  C S T D S 2 1 4 ' 

13 -  C S T D  8076; 21 -  CS TD 8424; 30  -  C S T D  83 79; 35  -  C S T D  S407.
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F ig . 15. M i c r o l u s  m a l e i ,  m o rp h o lo g ic a l v a r ia tio n  o f  M i; all sp e c im en s  fro m  C lcv c d o n  C ave . 3  -  B M N I I 2 6 4 2 2  ( le f t 

M  i in v e r te d ) , 8  -  B M N ! I 2 6447 , 1 6 - B M N I l  2 6 165 . 2 4 -  B M N I I 2 6 472 , 25  -  B M N I I 26479 , 26  -  B M N I I 264S1 

(h o lo ty p c ) ,  3 5  -  B M N I I 50676.

F ig  16. M i c r o l u s  m o l d ,  m o rp h o lo g ic a l v a r ia tio n  o f  M '\  4  -  C lev e d o n  C a v e  B M N I I 506S0, 5 -  T o rn e w to n  C ave, 

“ d ilu tio n  S l rn lu m '' B M N I I u n n u m h e rc d , 7 -  C lcv c d o n  C av e  B M N I 1 506S7 , 8  -  C ra y fo rd  B M N I I 3759 .

F ig  17. M i c r o l u s  a c c o n a m u s ,  m o rp h o lo g ic a l v a r ia tio n  o f  M i. 3  -  Ja z y  B iele , N E  l’o lan d  Z B S  S4S64; 6  -  Ja z y  B ie le  

Z U S  86404 ; 8  -  Ja z y  B ie le  Z B S  8 4 344 ; 12 -  Jazy  B ie le  Z B S  S4S 49 ; 16 -  Ja z y  B ie le  SĆ403; 27  -  C h o szczew o , N 1’o la n d  

Z B S  123173; 3 0  -  C h o szczew o  Z B S  123635.
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F ig . 18. M i c r o t u s  o c c o u o n t u s ,  m o rp h o lo g ic a l 

v a r ia tio n  o f  M J. A lt s p e c im e n s  fro m  Jazy  

H ic ie , NF, P o la n d . 7  -  Z B S  84678 ; 8 -  Z B S  

84344 ; 10  -  Z B S  8 4 725 ; 11 -  Z B S  8 6 4 2 1 ; 

1 2 -  Z B S  68231.

lag . 19. M i c r o t u s  t t i v a l o i t k s ,  m o rp h o lo g ic a l 

v a r ia tio n  o f  M i. B M N II  u n n u m b e re d .

48  ag

Fig . 20 . M i c r o t u s  a g tc s tis , m o rp h o lo g ic a l 

v a r ia tio n  o f  M i. 3 0  -  W y m ia rk i, Z B S  

79729 ; 33  -  W y m ia rk i, Z B S  7 9 830 , 48  -  

D y rdy , Z B S  8 8 277 ; 4 9  -  D y rd y , Z B S  

88119; 50  -  W y m ia rk i, Z B S  79732 .
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T A B L E S  4 - 9 .

F R E Q U E N C Y  D I S T R I B U T I O N S  O F  T H E  M i  A N D  M 3 

M O R P H O T Y P E S .

T A B L E S  1 0 - 1 6 .

M E A S U R E M E N T S  A N D  R A T I O S  O F  M i  A N D  M 3 .
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T a b le  4 . P e rc e n ta g e  f re q u e n c y  d is tr ib u tio n s  o f  th e  M i m o rp lio ty p c s  in re c e n t  a n il fo ss il C h . n i v a l i s  p o p u la tio n s .

P o p u 

la tio n o c Ic a b

M o rp h o ty p c  

a q  ni mi N

n 1 - 27 .6 13 .8 27 .6 31 .0 - 2 9

n 2 5.6 38 .2 19.4 14.4 18.7 2.5 1.2 1 6 0

n 3 2.2 36.7 3.3 44.5 8.9 2 .2 2 .2 9 0

n 4 1S.4 36.7 2.0 24.5 14.3 4,1 - 4 9

n 5 17.5 60 .2 3.2 3 .2 12.7 1,6 1.6 6 3

n 6 1.6 31 .2 9.4 31 .2 20 .4 6,2 - 64

n 7 1.4 17.4 3.4 15.1 60 .5 2.2 - 139

n S - 11.1 2.S 19.4 63 .9 - 2.8 3 6

n 9 - 17 .2 - 2S.0 52 .6 1.1 1,1 9 3

nlO 2.5 32 .6 2.5 15.0 47 .4 - - 4 0

n i l - 15 .0 5.0 32.5 45 .0 2.5 - 4 0

n l2 - - - 21.4 78 .6 - - 14

n l3 - 13.8 3.4 17.2 65 .6 - - 2 9

n l4 0.7 1.4 1.4 11.3 S3.1 0.7 1.4 142

n l5 - 6 .2 - 6.2 S5.5 2.1 - 4 8

n l6 - - 1.3 7.9 90.S - 7 6

n l7 0.5 10 .9 0.3 2.S 6S.2 9.9 7.4 741

n l8 14.3 35 .7 - - 50 .0 - 14

n l9 - 75 .0 S.3 - 16.7 - - 12

n20 41 .7 33 .3 - S.3 16.7 - - 12

n21 - 2.6 - 2.6 9 2 .2 1.3 1.3 76

n23 - - - 14.3 S5.7 - - 4 9

n24 1.9 1.9 3.S - 92.4 - - 52

n25 - 18.7 - 10.4 70 .9 - - 48

n26 - 7.1 - 2S.6 64 .3 - - 14

S u b -to ta l 2 .2 17 .0 3.0 11.8 5S.5 4.5 3.0 2 1 3 0

n A 0.7 39 .2 5 .8 22 .5 30.4 0.7 0.7 138

nB - 66 .7 8.3 - 25 .0 - - 12

n C 3.2 67.7 9.7 9.7 9.7 - - 31

nD - 70 .0 - 10.0 20.0 - - 10

n E - 42.4 6.1 18.2 21 .2 12.1 - 33

n F - 13.0 4.3 30.4 5 2 .3 - - 23

nG - 20 .0 - 40 .0 40 .0 - - 20

n i l 3 .8 19 .2 3.9 53 .9 19.2 - - 26

nl 2.9 25 .7 2.9 14.3 54 .2 - - 35

nJ - 35 .7 - 21.5 35 .7 7.1 - 14

nK 3.7 25 .9 3.7 11.1 51 .9 - 3.7 27

n L - 12.7 3 .2 14.3 6S.3 - 1.6 63

nM - - - 9,1 90 .9 - - 11

n N - 7.5 3 .8 15.1 71.7 1.9 - 53

n O 1.8 13.6 1.8 12.3 69 .3 1.2 - 162

nP 2.1 7.3 - 1S.7 71 .9 - - 96

n R 1.3 13.2 - 13.2 72 .3 - - 76

nS 19.1 3 8 .0 - 11.9 28 .6 2.4 - 42

n T 26.1 65 .3 - 4.3 - 4 .3 - 23

n U 2.3 16.5 - 2S.S 50 .0 2.4 - 170

n V 2.7 13.5 - 32 .4 50.1 - 1.3 74

n W 4 .2 8 .3 - 33 .3 5 4 .2 - - 24

S u b -to ta l 2.7 22 .3 2.1 20.1 51 .2 1.3 0.3 1163
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T a b ic  5. P e rc e n ta g e  fre q u e n c y  d is tr ib u tio n s  o f  th e  M i m o rp h o ly p c s  

in th e  re c e n t a n d  fossil p o p u la tio n s  o f  C h . g t d  a n d  C b . r o b c n i .

P o p u  M o rp h o ly p c

la tio n o c le ni gu mi N

£ l 7.5 31 .9 4.5 54.6 1.5 66

g 2 3.1 32 .9 6.2 57 .5 - 64

g 3 - 5S.4 8.3 33.3 - 12

g4 - 37 .5 - 62.5 - 8

S u b - to ta l 4.7 34 .7 5.3 54.6 0 .7 150

g A 3.2 51 .7 3.2 41.9 _ 31

gB 5.5 28 .9 5.5 57.9 2.2 90

g c 4.3 13.0 - 78.4 4.3 23

g D 7.6 55 .4 3.1 33.9 - 65

gC 2.2 34 .8 8.7 54 .3 - 46

g F 2.9 31 .4 5.7 60 .0 - 36

g c 7.7 34 .6 3.8 53 .9 - 26

g H - 50 .0 - 50 .0 - 24

S u b - to ta l 4.7 37 .8 4.4 52 .2 - 341

r l 3.6 4S.2 7.2 41 .0 _ S3

r2 1.4 34 .7 5.5 45.9 12.5 72

T a b ic  6 . P e rc e n ta g e  fre q u e n c y  d is tr ib u tio n s  o f  th e  M i n io rp h o ly p c s  in 

(? )  C h i o n o m y s  b u r g o n d ia c .

P o p u  M o rp h o ly p c

la tio n
Pi P f nu Ic aq m a ni N

b A 9.7 26 .5 7.2 33.7 2.4 7.2 13.3 S3

bB 46.5 23 .3 4.6 23 .3 2.3 - - 43

T o ta l 22 .2 25 .4 6.4 30 .2 1.6 5.5 S.7 126
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T a b le  7, P e rc e n ta g e  fre q u e n c y  d is tr ib u tio n s  o f  M i m o rp 

h o ty p e s  in M i c r o i t t s  o c c o n o m u s  a n d  ,\t. in a lc i.

P o p u  M o rp h o ty p c

la tio n o c Ic m a gr ni N

o l 59 .2 6.1 28 .6 _ 6.1 49

o 2 69.5 1.7 25.4 - 3.4 59

S u b - to ta l 6-1.9 3.7 26 .8 - 4.6 10S

m A 14.8 - 29 .3 6 .0 49 .9 317

niB 30 .8 - 46.1 2 .6 20 .5 39

m C 34 .6 - 21 .2 9 .6 34.6 5 2

S u b to ta l 18 .9 _ 29 .9 6,1 45.1 408

T a b le  8. 

lio ty p c s  ir

P e rc e n ta g e  fre q u e n c y  d is tr ib u tio n s  o f  M i m o rp -  

i M i c r o n t s  a g r c s iis  a n d  M . it iv a lo id c s .

P o p u  M o rp h o ty p c

la tio n ni a r »S CO ex N

a l 16.0 46 .0 18 .0 12.0 8 .0 50

a2 14.3 35 .6 28 .6 4.8 16.7 42

S u b  to ta l 15.2 41 .3 22 .8 8.7 12.0 92

sA 32.9 56.1 3.7 4.9 2.4 S2
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T a b ic  9. P e rc e n ta g e  f req u e n c y  d is t r ib u t io n s  o f  th e  M 3 m o rp h o iy p c s  in C l i i o n o m y s  n iv a l i s ,  C h . <?«!, 

C h . r o b c r i i,  (? )  C h .  b u r g o i i c l t a c , M i c r o t i t s o c c o n o m u s  a n d  M . m o l d .

P o p u  M o rp h o ty p c

la t io n le mi ni nia lie oc gu ro N

n 1 88.5 _ 11.5 _ _ _ _ 2 6

n 2 57 .9 - 41 .2 - - 0 .9 - - 114

n 3 57 .8 - 4 2 .2 - - - - - 8 3

n 4 80 .8 3 .8 15.4 - - - - - 52

n 5 51 .9 - 46 .3 1.8 - - - - 54

n  6 47 .0 - 50 .0 3.0 - - - - 66

n 7 37 .7 - 61 .6 - 0.7 - - - 13S

n  S 28 .6 - 45 .6 22 .9 2.9 - - - 35

n  9 40 .2 3.4 46.1 2 .3 1.1 6.9 - - 87

n lO 28 .6 5.7 51 .4 11.4 - 2 .9 - - 35

n i l 17.5 15.0 60 .0 5 .0 - 2.5 - - 40

n l 2 14.3 - 6 4 .3 21.4 - - - - 14

n l 3 25 .0 - 70.8 4.2 - - - - 24

n l 4 11.0 4.4 61.5 20 .9 2 .2 - - - 91

n lS 6.5 4.3 60 .9 19.7 4 .3 4.3 - - 46

n l 6 8 .9 7.5 55 .3 10.4 13.4 4.5 - - 67

n l 7 3 3 .9 27 .0 12.8 2 4 .8 0.4 1.1 - - 274

n lS 35.7 - 64 .3 - - - - - 14

n l 9 66 .7 - 25.0 8.3 - - - - 12

n20 7.1 - 7.1 78 .7 - 7.1 - - 14

n21 17 .8 - 52.1 6,8 20.6 2 .7 - - 73

n23 12 .0 6.0 68.0 8.0 2.0 4 .0 - - 50

n24 22 .0 4.0 62 .0 2.0 4.0 6 .0 - - 50

n25 23 .4 - 72.4 2.1 2.1 - - - 47

n26 2 0 .0 - 53.4 13.3 13.3 -  . - - 15

nS 50 .0 - 50 ,0 - - - - - 10

n T 9.1 - 9.1 63 .6 18 .2 - - - 11

S u b t o t a l 3 4 .8 6.7 44.1 10 .2 2.6 1.6 - - 1 5 4 2

b A 94.1 - 5 .9 - - - - - 34

□ 2 - - - 20 .3 - 66.1 13.6 - 59

m A _ 5.5 __ 83.4 ' _ 11.1 _ 18

m!3 - 4.3 4.3 82 .7 - 8.7 - 23

m C - 7.3 4.9 65 .9 - 21 .9 - 41

S u b - to ta l - 6.1 3.7 74.4 - 15.8 - - 8 2

g l
_ . 2 0 .6 55 .6 23.S 63

£2 - - - - 3 3 .8 60.1 6.1 65

g3 - - - - - 41.7 5S.3 - 12

S u b -ta ila l - - - - - 2 8 .6 57 .8 13.6 140

r l _ _ _ 22 .9 16.9 60 .2 S3

r2 - - - - - 12.5 15.3 7 2 .2 72

Sub -lo ita l - - - - - 18.1 16.1 65.S 155



T a b le  10. C h i o n o m y s  n i v a l i s  a n d  ( ? )  C h . b u r g o n d i a e .  M e a su re m e n ts  a n d  ra tio s  o f  M i. S e e  tex t fo r  e x p la n a tio n  o f  th e  c a lc u la te d  r a t io s  2 /1 ,4 /3  a n d  5/1

C o d e

N O R

1

M S D O R

2/1

M

P a ra m e te r s

S D O R

4/3

M S D O R

5/1

M S D

1 2 3 4 5 6 7 8 9 10 11 12 13 14

n l 28 2 . 7 8 - 3 . 2 9 2 .9 8 0 .15 4 5 .2 - 5 1 .1 48 .5 2 .0 2 .3  -  2 5 .6 11.1 6.4 2 .6  - 1 0 . 0 5 .2 2 .0
n2 112 2 . 7 2 - 3 . 5 6 3 .0 6 0 .16 4 2 .9 - 5 2 .7 47 .6 1.8 1 .4 - 5 4 .1 18.7 10 .0 2 .7  - 1 7 . 7 6.1 2 .8
n3 63 2 .67  -  3 .39 2 .9 7 0 .16 4 5 .3 - 5 3 .6 48 .8 1.4 1 . 1 - 4 3 . 8 15.0 7.5 3 . 5 - 1 1 . 5 7 .0 2 .6
n4 49 2 . 7 0 - 3 . 2 6 2 .9 3 0 .14 4 3 .6 - 5 0 .5 46 .9 1.6 5 . 1 - 4 1 . 9 20 .4 8.9 4 .7  - 1 2 . 3 7 .7 2 .6
n5 60 2 .5 6 - 3 .1 5 2 .83 0 .13 4 3 .3 - 5 6 .2 48 .5 2.4 6 . 2 - 4 1 . 9 23 .7 8.6 2 . 2 - 1 4 . 7 7 .0 2 .9
no 66 2 . 6 3 - 3 . 0 9 2 .8 9 0 .12 4 4 . 6 - 5 2 . 9 49 .3 2.0 1 .2 - 4 9 .1 16.4 10 .0 2 . 1 - 1 2 . 8 6 .8 3 .2
n7 130 2 . 4 4 - 3 . 4 3 2 .9 9 0.15 4 4 .8 - 5 3 .7 49 .6 1.8 1 . 1 - 4 0 . 2 11.1 6.4 2 . 2 - 1 3 . 8 8.5 2 .7
n8 36 2 . 4 4 - 3 . 1 2 2 .8 9 0 .12 4 5 . 9 - 5 3 . 2 49 .4 1.7 2 . 2 - 2 7 . 9 11 .3 7.3 3 .3 - 1 2 .1 7 .9 2 .4
n9 86 2 . 3 2 - 3 . 3 9 2 .9 5 0 .19 43 .5  -  53.5 49 .6 1.6 1 . 1 - 3 0 . 3 10 .2 7.4 1 . 4 - 1 3 . 3 7 .9 2.5
n lO 36 2 . 6 0 - 3 . 4 0 3 .1 2 0 .13 46 .9  -  55 .5 50 .0 1.8 2 .3  -  30.1 15 .2 7.8 3 . 3 - 1 2 . 4 8 .9 2 .0
n i l 38 2 .7 1 - 3 .2 4 3.01 0 .13 4 5 .0 - 5 1 .5 49 .3 1.5 1 . 1 - 3 1 . 8 11 .4 7.1 4.1 -  10.7 7.7 1.8
n l 2 14 2 . 6 6 - 3 . 1 6 2 .9 0 0 .16 4 7 .2 - 5 0 .9 49 .6 1.2 1 . 4 - 1 4 . 3 5.5 4.0 3 . 4 - 1 0 . 5 6.8 2 .3
n l 3 26 2 .60  -  3 .2 0 2 .9 5 0.15 4 6 .0 - 5 1 .9 48 .8 1.6 1 .3 - 2 3 .7 9.8 7.6 2 . 0 - 1 3 . 2 7.1 2 .7
n l4 123 2 .44  -  3 .4 0 3.01 0.14 4 3 .5 - 5 4 .7 49 .5 l.S 1 . 2 - 2 5 . 0 6,6 4.5 1 .3 - 1 2 .6 7 .2 2 .6
n l5 46 2 .70  -  3 .3 2 3 .0 0 0 .1 8 4 5 .4 - 5 3 .1 49 .5 1.9 1 . 2 - 2 6 . 6 7.8 5.9 3 . 2 - 1 0 . 2 7.3 1.6
n l6 70 2.67  -  3 .55 3 .0 7 0.15 4 5 .2 - 5 5 .7 49 .3 1.8 1 .0 - 1 6 .7 6.0 3.5 3.4 - 1 0 .6 7.0 1.5
n l7 353 2 .32  -  3 .2 8 2 .9 2 0 .13 44 .2  -  54 .5 50 .0 1.6 1 .2 - 3 8 .6 11.8 7.8 3 . 7 - 1 6 . 9 10.0 2.4
n lS 10 2.64 -  2 .9 6 2.8 3 0 ,12 4 6 .3 - 5 2 .0 49 .2 1.7 2 . 7 - 3 1 . 3 14 .4 7.7 5 .9 - 1 1 .1 9.0 1.7
n l 9 8 2 .6 8 - 2 .7 5 2.71 0 .03 46 .9  -  52 .2 49.1 1.7 IS .9 -  2 6 .3 22 .2 2.2 5 . 2 - 1 0 . 9 6.8 l.S
n20 14 2.78  -  3 .0 7 2.9 0 0 .10 42 .5  -  49 .8 45 .8 2.5 5 . 3 - 4 3 . 7 24 .0 12.5 ;, 4 . 8 - 1 3 . 5 9.6 2 .8
n21 76 2 .5 2 - 3 .3 2 3 .00 0.15 4 4 .3 - 5 2 .9 49.1 1.8 1 .1 - 1 4 .3 6.S 3.5 1 .8 - 1 2 .0 7.3 2.0
n 2 2 4 2 .8 9 - 3 .1 3 3 .00 0.11 4 6 .0 - 5 1 .1 4S.8 2.2 3 .6  -  8.9 7 .2 2.1 8 . 6 -  9.7 9 .2 0.5
n 2 3 39 2.44  -  2 .9 6 2 .7 4 0,15 46 .5  -  53 .6 49 .6 1.9 1 . 2 -  13.9 7,3 3.4 2 . 3 - 1 2 . 7 7.5 2 .0
n 2 4 46 2 .3 6  -  2 .8 4 2.61 0 .13 4 7 .5 - 5 4 .5 5 1 .0 1.5 2 . 6 - 2 5 . 7 9.5 4.8 3 . 7 - 1 1 . 9 7.5 2 .2
n25 45 2.56  -  3 .2 2 2 .8 5 0 .18 4 6 .9 - 5 2 .1 49 .8 1.3 2 . 6 - 2 7 .S 1 1 .0 5.7 4 .5 - 1 4 .1 10.0 2.1
n 2 6 18 2 .75  -  3 .30 3.01 0 .17 4 5 .2 - 5 0 .3 47 .6 1.4 2 . 2 -  19.2 9.9 5 .8 4 . 5 -  9 .8 7.3 1.3

S u b - to ta l  1596  2 .3 2 - 3 . 5 0  2 .94  0 .1 3  4 2 . 5 - 5 6 .2  4 9 .3  1.3 1 .0 - 5 4 .1  11.5 6.4 1 . 3 - 1 7 . 7  7 .6  2 .3



1 2 3 4  5 6 7 8  9  10 11 12 13 14

n A 136 2 .6 4 - -3 .2 5 2.91 0 .1 4 4 4 .3 - -5 3 .3 48 .6 1.7 1 .3 --4 1 .3 14.8 8 .0 0 .7 - -1 4 .7 7 .9 2.5

пВ 8 2 .7 1 - -3 .0 5 2 .8 9 0 .12 4 5 .4 - -5 2 .3 47 .8 2 .3 4 .1 - -1 0 .9 6.5 3 .2 4 .7 - -1 2 .6 9 .2 2.5

п С 31 2 .6 7 - -3 .1 8 2 .9 2 0 .12 4 4 .0 - -5 0 .9 47 .7 1.7 7 .5 - - 4 4 .9 17.2 9 .7 6 .6 - -1 6 .0 10.4 2.1

n D 9 2 .6 7 - -3 .2 6 2 .8 7 0 .1 7 4 6 .5 - -5 2 .2 4 8 .2 1.7 3 .2 - -2 8 .3 11.9 5.5 2 .4 - - 9 .8 5 .8 2.2

п Е 34 2 .6 5 - -3 .1 8 2 .8 7 0 .12 4 4 .8 - -5 2 .8 4 8 .0 1.8 2 .4 - -2 8 .3 8.4 7 .2 2 .2 - -1 9 .5 7.8 3 .4

n F 21 2 .5 2 - -3 .0 4 2 .8 2 0 .13 4 4 .3 - -5 0 .0 47 .5 1.5 1.1 --1 8 .9 8 .0 6.1 3 .0 - - 9.2 6 .2 1.8

n G 20 2 .4 8 - -2 .8 8 2 .7 2 0 .1 2 4 3 .5 - -5 1 .5 47 .7 2.0 4 .7 - -2 5 .0 11.6 6 .3 3 .4 - -1 1 .8 8.2 2.0

n H 26 2 .6 0 - -2 .9 0 2 .7 6 0 .09 4 2 .9 - -5 1 .4 4 7 .8 2.0 2 .6 - -2 5 .0 13.7 5 .9 4 .3 - -1 1 .1 7.0 1.5

n i 3 2 2 .4 0 - - 2 .% 2.7 7 0 .13 4 5 .5 - -5 1 .5 48.1 1.6 1 .4 --2 8 .6 11.0 6 .6 3 .5 - -1 2 .7 8.3 2.2

nJ 14 2 .6 8 - -2 .9 8 2 .7 9 0 .12 4 6 .3 - -5 0 .7 48 .7 1.1 2 .4 - -3 2 .0 12.7 8.1 3 ,0 - -1 2 .7 7.9 3.0

n K 26 2 .5 2 - -3 .2 0 2 .8 7 0 .16 4 0 .5 - -5 1 .3 4 8 .2 2.3 2 .5 - -3 4 .4 13.3 8 .3 4 ,2 - -1 9 .2 9 .2 3.2

n L 60 2 .5 4 - -3 .1 2 2.84 0 .14 4 3 .7 - -5 3 .1 48 .6 1.9 1 .4 --4 7 .5 11.1 8.2 3 .4 - -1 5 .7 7.8 3.1

nM 11 2 .4 4 - -2 .8 8 2 .72 0 .1 2 4 6 .2 - -5 1 .4 48 .4 1.4 2 .3 - - 1 6 .7 7.8 4.2 7 .0 - -1 0 .1 8.8 0.9

n N 50 2 .5 6 - -3 .1 8 2 .7 8 0 .1 3 43.1 --5 1 .4 4 7 .2 1.6 1 .3 --2 2 .5 7.9 5.5 0 .7 - -1 2 .2 5.4 2.8

n O 88 2 .6 4 - -3 .3 2 2.95 0 .1 5 4 2 .9 --5 0 .7 47 .3 1.9 1 .1 -- 4 7 .0 11.7 7.7 2 .5 - -1 2 .7 7.3 2 .2

n P 60 2 .5 2 - -3 .2 6 2.87 0 .1 7 4 2 .7 --5 2 .4 46 .8 1.8 1 ,3 -- 2 5 .0 7.4 5.1 3 .1 - -1 0 .6 7 .2 1.9

n R 76 2 .5 6 - -3 .2 2 2.85 0 .1 5 4 2 .7 --5 1 .2 4 7 .3 2.0 2 .3 - -2 9 .7 12.0 6.8 4 .3 - -1 3 .6 9 .2 2.0

nS 33 2 .7 0 - -3 .2 8 2.95 0 .1 9 4 4 .6 --5 0 .6 47 .6 1.7 5 .4 - -3 6 .1 16.7 9.9 4 .2 - -1 1 .8 7 .8 1.9

nT 22 2 .3 4 - -3 .0 6 2 .7 4 0 .18 4 0 .6 --4 8 .6 45.5 2 .2 1 0 .0 --4 6 .9 3 3 .2 9.8 7 .2 - -2 0 .3 11 .9 3.2

n U 163 2 .4 5 - -3 .0 7 2 .7 8 0 .1 3 4 2 .5 - -5 2 .7 48.1 1.6 - - - -

n V 66 2 .5 5 - -3 .1 2 2.85 0.15 4 0 .0 --5 0 .0 47 .7 1.7 - - - -

nW 18 2 .5 5 - -2 .9 2 2 .7 8 0.11 4 5 .6 --5 1 .4 48 .5 1.6 - - - -

S u b -to ta l 1004 2 .3 4 - -3 .2 8 2.85 0 .13 4 0 .0 --5 3 .3 48.1 1.8 1 .1 -- 4 8 .6 12.4 6 .8 0 .7 - -2 0 .3 8 .2 2 .3

ЬЛ 84 2 .5 6 - -3 .1 5 2 .7 9 0.11 4 2 .3 --4 9 .3 4 5 .8 1.6 3.1 --4 9 .3 25.1 9 .6 2 .2 - -3 1 .4 11 .3 8 .7



T a b le  11 . C h i n o m y s  g i l d  a n d  C h . r o b e r ri. M e a s u re m e n ts  a n d  r a t io s  o f  M i.

C o d e

N O R

1

M S D O R

2/1

M

P a ra m e te rs  

S D  O R

4 £

M S D O R

5/1

M SD

g l 64 2 . 6 8 - 3 . 2 4 3 .0 0 0.14 4 5 . 6 - 5 3 . 3 49.1 1.7 9 . 3 - 4 1 . 9 20 .4 7.1 7 . 4 - 1 5 . 9 11.4 1.6

S 2 6 2 2 .4 6  -  3 .1 6 2 .7 4 0.15 4 3 . 1 - 5 2 . 3 49.1 1.7 6 .8  -  42.4 22.1 6.4 7 . 6 - 1 5 . 3 11.4 2 .0

g3 12 2 .4 4  -  2 .8 4 2.61 0 .13 4 4 .8  -  50 .8 4 8 .2 2 .0 1 2 .5 - 3 2 .5 22 .0 5 .9 8 . 9 - 1 4 . 3 10.6 1.4

g4 6 2 . 7 6 - 3 . 0 7 2.89 0 .12 4 8 . 1 - 5 1 . 0 49 .3 1.2 2 2 .8 - 3 0 .1 25 .9 2.1 9 .8 - 1 4 .1 12 .2 1.7

S u b -to ta l 144 2 . 4 4 - 3 . 2 4 2.85 0.14 4 3 . 1 - 5 3 . 3 49.0 1.7 6 . 8 - 4 2 . 4 21 .8 5 .6 7 . 4 - 1 5 . 9 11.4 1.8

g A 56 2 . 5 2 - 3 . 0 0 2 .83 0 .10 4 4 .0  -  50 .4 47 .4 1.5 . _ __ _ _ _

gB 68 2 . 6 2 - 3 . 0 2 2 .86 0 .10 4 3 . 2 - 5 1 . 7 47.7 1.7 - - - - - -

gC 16 2 . 5 2 - 2 . 9 7 2 .74 0 .12 4 3 .0 - 5 0 .5 47 .7 2.1 - - - - - -

gD 57 2 . 5 0 - 2 .9 5 2 .73 0 .09 4 2 . 2 - 5 1 . 9 47.9 1.9 - - - - - -

g E 30 2 . 6 0 - 3 . 0 2 2 .77 0.11 4 4 . 8 - 5 1 . 4 48 .2 2 .0 - - - - - -

g F 23 2 . 5 2 - 3 . 0 0 2 .76 0 .12 4 4 .3  -  52 .2 48 .6 2 .2 - - - - - -

g o 21 2 .5 5  -  2 .9 2 2 .7 2 0 .10 4 5 .0  -  49 .6 47.8 1.1 - - - - - -

g H 22 2 .4S -  2 .96 2 .70 0 .13 4 7 . 1 - 5 1 . 6 49 .0 1.5 _ - - -

S u b - to ta l 2 9 3 2 .48  -  3 .02 2.78 0.10 4 2 . 2 - 5 2 . 2 47 .8 1.8 - - - - - -

r l 81 2 . 7 2 - 3 . 4 0 3 .03 0.1 8 46 .4  -  5 3 .8 50.6 1.5 4.9  -  3S.5 23.1 7.1 6 . 0 - 1 5 . 3 11.1 1.9

r2 72 2 . 9 3 - 3 .4 5 3 .2 2 0.15 46 .7  -  5 4 .6 50.9 1.6 9.5  -  3S .2 21 .6 6.3 5 .8 - 1 4 .5 10.3 1.9

S u b -to ta l 153 2 .72  -  3 .4 5 3.11 0 .16 46 .4  -  54 .6 50 .7 1.5 4 .9 - 3 S .5 22 .2 6.S 5 . 8 - 1 5 . 3 10.8 1.9

rA 21 2.87  -  3 .2 5 3 .06 0,09 4 4 . 3 - 5 3 .7 49.5 2.4 _ _ _ _ _ _

rB 10 2 . 9 0 - 3 .2 5 3 .06 0.11 45 .8  -  53 .4 50.2 1.9 - - - - - -

S u b - to ta l  31 2.S7  -  3 .25  3 .0 6  0 .10  4 4 , 3 - 5 3 . 7  4 9 .7  2.0



T a b le  12. M i c r o t u s  o e c o n o m u s  a n d  M i c r o t u s r n a l e i .  M e a s u re m e n ts  a n d  ra tio s  o f  M i.

P a ra m e te rs

C o d e 1 2/1 4 /3 5/1

N O R M S D O R M SD O R M S D O R M S D

o l 49 2 .7 2 - 3 .2 9 2.95 0 .12 4 3 .5 - 5 1 .7 47 .9 1.8 1 5 .8 - 4 3 .7 30 .5 5.9 5 . 6 - 2 7 . 3 21 .0 4 .5

o 2 59 2 .6 1 - 3 .1 7 2.8 4 0 .1 2 4 4 .7 - 5 0 .5 47 .8 1.3 1 7 .3 - 5 0 .0 33 .0 6.1 5 .4 - 3 0 .4 19.9 5.9

S u b - to ta l 108 2.61 -  3.29 2.8 9 0.11 4 3 . 5 - 5 1 . 7 47 .8 1.5 1 5 .8 - 5 0 .0 32 .0 6.0 5 .4 - 3 0 .4 20 .2 5.1

m A 58 2 .7 5 - 3 .3 9 3.0 7 0.15 48 .8  -  56 .7 52.1 1.6 2 .3  -  4 4 .8 17.8 10.6 6 . 2 - 2 3 . 6 10.7 4.1

m B 29 2 .7 3 - 3 .2 6 2.8 9 0 .13 46 .4  -  52 .4 49 .9 1.6 3 . 0 - 3 9 . 0 19.3 9.1 5 .2 - 2 4 .1 11.8 4.7

m C 52 2 .6 3 - 3 .2 6 2.8 7 0 .14 48 .4  -  54 .6 50 .9 1.6 1 . 3 - 4 2 . 2 11.6 11.6 3 . 9 - 2 5 . 9 12.4 6.7

S u b -to ta l 139 2 .6 3 - 3 .3 9 2 .93 0 .14 46 .4  -  56 .7 51 .0 1.6 1 .3 - 4 4 .8 15.3 10.3 3 . 9 - 2 5 . 9 11.7 5 .2

T a b le  13 . M i c r o t u s  a iy c s t is  a n d  M i c r o tu s  n i v a l o i d c s .  M e a s u re m e n ts  a n d  ra tio s  o f  M i.

P a ra m e te r s

C o d e

N O R

1

M S D O R

2/1

M S D O R

4/3

M S D O R

5/1

M S D

a l 30 2.84 -  3.24 2.98 0 .16 4 9 .2  -  5S.7 53 .2 1.9 1 . 4 - 6 . 2 3.1 1.1 2 .8  -  9 .2 6.4 1.6

n2 34 2 .6 8 - 3 .3 7 2.95 0 .14 4 9 .6  -  57 .2 53 ,0 1.6 1 . 6 - 6 . 9 3.5 1.4 3 . 7 - 9 . 3 6.4 1.6

S u b - to ta l <>4 2 .6 S - 3 .3 7 2 .9 6 0.15 4 9 . 2 -  5S.7‘ 53 .0 1.7 1 . 4 - 6 . 9 3.4 1.2 2 . 8 - 9 . 3 6.4 1.6

sA 74 2 .30  -  2.97 2 .6 2 0 .1 3 47.1 - 5 5 .1 50.5 1.7 2.7 -  18.2 5.1 8 .9 2 . 9 - 1 0 . 9 6.5 1.9
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T a b ic  14. C h i o n o m y s  n i v a l i s  a n d  (? ) C h . b t ir g o r u iia c .  M e a su re m e n ts  a n d  ra t io s  o f  M 3.

C o d e

N

1

O R М S D

P a ra m e te r s

2/1

O R  M SD

3

O R M S D

n 1 24 1 .9 6 - 2 .5 0 2 .1 4 0.15 3S .7  -  48 .2 43.1 2 .3 0 .2 6  -  0 .40 0 .32 0 .0 4

n 2 112 1 .7 2 - 2 .4 4 2.1 8 0 .1 3 3 4 .9  -  50 .9 44 .5 3.1 0 .2 5  -  0 .50 0.34 0 .05

n 3 80 1 .7 8 - 2 .4 8 2 .0 9 0.15 4 1 .4 - 5 0 .9 4 6 .2 2 .3 0 .2 9  -  0 .52 0.3S 0 .05

n 4 52 1 .8 5 - 2 .3 0 2 .0 7 0.11 4 1 .3 - 5 0 .7 45.1 2 .2 0 .26  -  0 .48 0 .37 0 .05

n 5 53 1 .8 5 - 2 .3 0 2 .04 0 .1 6 3 5 .7 - 5 0 .0 45.5 2.6 0 .30  -  0 .50 0.36 0.04

n 6 61 1 .7 0 - 2 .3 3 2 .07 0 .14 3 3 .3 - 5 1 .1 4 5 .2 3.0 0 .30  -  0 .5 0 0 .3 6 0 .05
n 7 130 1 .7 0  -  2.45 2 .1 2 0.15 4 2 .6 - 5 1 .6 4 5 .6 2.8 0 .28  -  0 .4S 0 .35 0 .05
n 8 35 1 .9 6 - 2 .5 0 2.16 0 .14 4 2 .0  -  60 .S 47 .5 2.8 0 . 2 0 - 0 . 5 2 0 .37 0 .06

n 9 85 1 .7 8 - 2 .4 4 2.11 0 .17 3 5 .3  -  5 2 .8 46 .4 3.2 0 .24  -  0 .5 8 0 .37 0 .06

n lO 35 1 .8 7 - 2 .4 1 2 .20 0 .12 4 0 .2 - 5 1 .5 47 .1 2.8 0 .2 6 - 0 .5 1 0 .37 0 .06

n i l 38 1 .9 8 - 2 .4 4 2 .20 0 .12 39.1 -  5 0 .9 47.1 2.7 0 .32  -  0 .5 0 0 .40 0 .06

n l 2 14 1 .9 6 - 2 .2 7 2 .14 0 .10 4 4 .9 - 5 0 .9 48 .5 1.9 0 .2 S -  0 .4 7 0 .40 0 .05

n ! 3 22 1 .8 4 - 2 .4 8 2 .0 9 0.21 39.1 -  4 9 .0 44 .3 2.9 0 .2 6 - 0 .4 6 0 .35 0 .06

n l4 84 1 .7 2 - 2 .5 4 2.11 0 .1 6 4 0 .2 - 5 2 .2 46 .7 2.7 0 .2 2 - 0 .5 4 0 .36 0 .07

n l5 46 1 .8 2 - 2 .5 2 2 .14 0 .1S 4 3 .0 - 5 4 .7 47 .8 2.4 0 .3 0  -  0 .5 8 0 .40 0 .07

n i ć 58 1 . 8 0 - 2 .6 2 2 .2 0 0.1S 3 9 . 7 - 5 1 .7 47 .3 2.3 0 .2 9  -  0 .6 0 0 .39 0 .0 7

n l7 261 1 . 7 6 - 2 .4 0 2 .13 0.15 3S.9 -  53 .9 4S.0 2.6 0 .2 8  -  0 .54 0 .39 0 .0 5

n l8 10 1 .9 0 - 2 .2 8 2 .13 0 .10 4 1 .7 - 4 7 .1 44 .9 1.7 0 .3 0  -  0 .3 6 0 .33 0 .0 2

n19 8 1 .7 0 - 2 .0 4 1.93 0 .12 4 4 . 7 - 5 1 .0 47 .6 2.1 0 .2 8  -  0 .36 0 .3 4 0 .0 3

n 2 0 14 1 .8 4 - 2 .3 0 2 .0 2 0.17 47 .3  -  55 .3 51 .3 1.9 0 .2 9  -  0 .5 0 0 .4 2 0 .0 6

n21 74 1 .8 1 - 2 .4 0 2 .1 4 0 .13 4 3 .9 - 5 2 .5 47 ,9 2.1 0 . 3 0 - 0 .6 0 0 .3 9 0 .0 6

n 2 2 4 1 .8 7 - 2 .2 0 1.96 0 .0S 4 8 . 1 - 5 2 .3 50 .3 2.1 0 .3 2  -  0 .3 6 0 .3 4 0 .0 2
n 2 3 46 1 .6 8 - 2 .2 0 1.95 0 .1 4 4 1 .7 - 5 1 .0 46.1 2 .2 0 .2 2 - 0 .4 4 0 .3 3 0.05

n 2 4 46 1 .5 2 - 2 .1 2 1.85 0.15 42 .7  -  53.3 48 .2 2.7 0 . 2 4 - 0 .4 6 0 .3 2 0.05
n25 41 1 .6 1 - 2 .2 4 1.94 0 .1 6 3 9 .8 - 5 2 .0 46 .6 2.4 0 .2 6  -  0 .4 0 0 .3 t 0 .0 3

п 26 18 1 .9 0 - 2 .5 3 2 .1 7 0 .2 4 4 5 .2 - 5 4 .6 49 .0 2.6 0 .3 6 - 0 .5 1 0 .4 3 0 .0 4

S u b -to ta l 1451 1 .5 1 - 2 .6 2 2.11 0 .16 3 3 .3 - 6 0 .8 4 7 .0 2.5 0 .2 2 - 0 .6 0 0 .37 0 .0 5

nS 10 1 .8 4 - 2 .2 0 2 .03 0 .1 3 40.4 -  5 0 .0 44 .9 3.1 0.30 -  0 .38 0.34 0 .0 3

n T 11 1 . 8 4 - 2 .2 2 2 .08 0.1 3 42 .3  -  5 2 .7 48 .0 3.5 0 . 2 8 - 0 . 6 0 0 .46 0.1 2

ЬЛ 34 1 .4 8 - 2 .0 7 1.76 0 .1 2 3 6 .5 - 4 4 .9 41 .2 2.3 0 .26  -  0 .42 0 .35 0.04



S y s lcm a lics  a n d  cv o lu lio n  o f  C h i o n o m y s  

T a b ic  15. C h i o n o m y s g t t d  a n d  C h .  r o b c r ii.  M e a su re m e n ts  a n d  ra tio s  o f  M 3.

45

P a ra m e te r s

C o d e 1 2/1 3

N O R M S D O R M SD O R M S D

g l 6 2 2 . 2 0 - 2 .8 8 2.49 0 ,17 5 3 .2 - 6 3 .6 5S.3 2.4 0 .6 2  -  0 .92 0 .76 0 .07

g2 59 2 .00  -  2 .76 2.35 0.15 5 4 .2 - 6 0 .3 57 .7 1.7 0 .5 8  -  0 .80 0.71 0 .04

g3 12 2 . 0 8 - 2 .4 0 2.24 0 .1 2 56 .6  -  60 .3 5S.4 1.3 0 .6 0  -  0 .76 0 .67 0 .05

g4 6 2 .16  -  2 .66 2 .3 2 0 .2 0 5 5 .1 - 6 1 .5 5S.8 2.8 0.61 -  0 .86 0.75 0 .10

S u b -to ta l 139 2 .00  -  2 .88 2 .3 9 0 .1 6 5 3 .2 - 6 3 .6 58 .2 2.0 0 . 5 8 - 0 . 9 2 0 .72 0 .06

r l 82 2 . 1 2 - 2 .8 4 2.51 0 .1 6 5 0 .7 - 6 3 .9 58.4 2.5 0 .6 5  -  0.S8 0 .78 0 .06

a
72 2 .2 0 - 2 .9 2 2 .6 3 0 .1 6 5 2 . 3 - 6 4 . 8 59 .0 2.9 0 .6 S - 0 .9 8 0 .83 0 .0 6

S u b - to ta l 154 2 . 1 2 - 2 . 9 2 2.55 0.15 50 .7  -  6 4 .8 5S.6 2.7 0.65 -  0 .9 8 0 .79 0 .06

T a b le  16. M k r o i u s  o c c o n o m u s  a n d  M . m a le t.  M e a su re m e n ts  an d  ra tio s  o f  M 3,

r a r a m c lc r s

C ode

N O R

1

M SD O R

2/1

M S D O R

3

M SD

o2 59 1 .8 1 - 2 .3 1 2.09 0.11 44 .4  -  5 6 .8 52 .0 2.2 0 . 5 1 - 0 . 7 2 0.61 0.05

m A 18 1 .8 1 - 2 .3 4 2.01 0.17 46 .6  -  5 5 .7 51 .2 2.5 0 . 4 1 - 0 .5 9 0.51 0 .0 6

m B 23 1 .8 4 - 2 .3 0 2.01 0 .10 4 4 .8 - 5 4 .6 4S.S 2.3 0 .3 6  -  0 .63 0 .50 0 .07

m C 39 1 .8 8 - 2 .5 3 2 .1 2 0 .16 4 6 .3  -  6 0 .2 51 .3 3.0 0 . 4 1 - 0 .6 6 0 .53 0 .06

S u b - to ta l s o 1.S1 - 2 . 5 2 2.05 0.14 4 4 .8 - 6 0 .2 50 .8 2.4 0 . 3 6 - 0 . 6 6 0 .52 0 .06


