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I nt r o d u cti o n

A m o n g s m all m a m m als, t h e st u d y of r o d e nt r e m ai ns is 
of gr e at v al u e, t h a n ks t o its bi o c hr o n ol o gi c al p ur p os es ( v a n 
d er M e u el e n et al. 2 0 1 1). R o d e nti a all o w est a blis hi n g r o b ust 
c orr el ati o ns  b et w e e n  ass e m bl a g es  fr o m  diff er e nt  r e gi o ns.  
B y  c o ntr ast,  n o n-r o d e nt  s m all  m a m m als,  li k e  M et at h eri a,  
L a g o m or p h a,  E uli p ot y p hl a  a n d  C hir o pt er a  r e c ei v e  l ess  
att e nti o n, b e c a us e of t h eir l o w er a b u n d a n c e. T h er ef or e, t h e  
t a x o n o mi c st u d y of t h es e gr o u ps is oft e n n e gl e ct e d i n f a v or of 
r o d e nts. T h e i d e nti fi c ati o n of E uli p ot y p hl a t a x a is p artl y b as e d 
o n a  s u btl e c o m bi n ati o n of c h ar a ct ers a n d si z e r ati os ( v a n d e n 
H o e k Ost e n d e a n d F ejf ar 2 0 0 6), m a ki n g t a x o n o mi c v er di cts 
h e a vil y d e p e n d e nt o n t h e a m o u nt of c oll e ct e d m at eri al. T h e 

s a m e is tr u e f or M et at h eri a, w hi c h ar e r at h er s c ar c e i n t h e f ossil 

r e c or d ( B e n n et et al. 2 0 1 8). T h us, t h e r ar e l o c aliti es i n w hi c h 

t h os e r e q uir e m e nts ar e m et (i. e., l ar g e a m o u nts of m at eri al, 

c o m bi n ati o n  of  c h ar a ct ers  a n d  si z e  r ati os)  ar e  of  p arti c ul ar  

i m p ort a n c e.  T h e  st u d y  of  E uli p ot y p hl a  a n d  M et at h eri a  is  

n e c ess ar y t o o bt ai n a  c o m pl et e t a x o n o mi c o v er vi e w of s m all 

m a m m al ass e m bl a g es b ut is als o m oti v at e d b y t h eir r ol e as 

p al e o e c ol o gi c al a n d p al e o e n vir o n m e nt al i n di c at ors.

I n  C e ntr al  E ur o p e,  t h e  st u d y  of  E uli p ot y p hl a  a n d  

M et at h eri a  h as  i m pr o v e d  c o nsi d er a bl y  i n  t h e  l ast  d e c a d es  

( e. g.,  Zi e gl er  1 9 8 3,  1 9 9 0,  2 0 0 6,  M és z ár os  1 9 9 9,  Zi e gl er  

a n d D a x n er- H ö c k 2 0 0 5, Zi e gl er et al. 2 0 0 5, v a n d e n H o e k 

Ost e n d e  a n d  F ejf ar  2 0 0 6,  Pri et o  2 0 0 7,  Kli et m a n n  2 0 1 3,  
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D a x n er- H ö c k  et  al.  2 0 1 6,  C aill e u x  et  al.  2 0 2 3,  2 0 2 4,  i n  
pr ess). R e g ar di n g t h e t errit or y of t h e C z e c h R e p u bli c, F ejf ar 
a n d  S a b ol  ( 2 0 0 5)  p u blis h e d  pr eli mi n ar y  f a u n al  lists  of  
E uli p ot y p hl a fr o m C z e c h a n d Sl o v a k N e o g e n e ass e m bl a g es. 
I n t h at w or k, r e m ai ns fr o m s e v er al E arl y Mi o c e n e l o c aliti es 
ar e  list e d,  b ut  n o  d et ail e d  d es cri pti o ns  a n d  m e as ur e m e nts  
w er e  pr o vi d e d.  T h e  m ost  r e c e nt  d et ail e d  d es cri pti o ns  of  
E uli p ot y p hl a  ass e m bl a g es  fr o m  t h e  E arl y  Mi o c e n e  of  t h e  
C z e c h R e p u bli c c o m e fr o m t h e M N 3 sit e of A h ní k o v I  ( als o 
k n o w n as M er k ur- N ort h; v a n d e n H o e k Ost e n d e a n d F ejf ar 
2 0 0 6,  2 0 1 5). A  si n gl e s p e ci es  of  eri n a c ei d,  fi v e  s p e ci es  of 
Tal pi d a e a n d f o ur s p e ci es of Di m yli d a e w er e d es cri b e d i n 
t h es e w or ks. As f or ot h er M N 3 sit es i n t h e C z e c h R e p u bli c, 
s u c h  as  T u c h oři c e,  n o  d et ail e d  d es cri pti o ns  h a v e  b e e n 
p u blis h e d s o f ar.

R e g ar di n g M N 4 sit es, F ejf ar a n d R o fi e k ( 1 9 8 8) i n di c at e d 
t h at a d et ail e d p a p er o n t h e E uli p ot y p hl a fr o m D ol ni c e sit es 
w as i n pr e p ar ati o n. S e v er al y e ars l at er, F ejf ar a n d S a b ol ( 2 0 0 5) 
m e nti o n e d t h at t his w or k w as still i n pr o gr ess. H o w e v er, n o 
c o m pl et e  d es cri pti o ns  of  t h e  E uli p ot y p hl a  m at eri al  fr o m  
D ol ni c e  h as  b e e n  p u blis h e d  t o  d at e.  T h e  s a m e  is  tr u e  f or  
Oř e c h o v,  t h e  ot h er  r e m ar k a bl e  M N  4  l o c alit y  i n  t h e  C z e c h 
t errit or y,  w h er e  its  E uli p ot y p hl a  ar e  still  u nst u di e d.  As  f or  
M et at h eri a  ass e m bl a g es  i n  t h e  E arl y  Mi o c e n e  of  t h e  C z e c h  
R e p u bli c, n o c o m pr e h e nsi v e st u di es h a v e b e e n p u blis h e d s o 
f ar. T h e o nl y e x c e pti o n c o nstit ut es t h e w or k of F ejf ar ( 1 9 6 6) i n 
w hi c h a s u c ci n ct d es cri pti o n of P er at h eri u m  s p. fr o m D ol ni c e 
a n d Oř e c h o v ar e i n cl u d e d.

O n e  of  t h e  l at est  sit es  of  E arl y  Mi o c e n e  a g e  t o  b e  
dis c o v er e d i n t h e C z e c h R e p u bli c is M o kr á- Q u arr y. T h e o p e n-
c ast li m est o n e mi n e of M o kr á- Q u arr y is l o c at e d 1 2  k m E N E 
of Br n o ( Te xt- fi g. 1), a n d it is sit u at e d o n t h e M o kr á Pl at e a u, 
i n  t h e  S E  of  t h e  M or a vi a n  K arst  (s e e  I v a n o v  et  al.  2 0 0 6,  
f or a d et ail e d g e ol o gi c al c o nt e xt). M o kr á- Q u arr y c o nsists of 
t hr e e s e p ar at e q u arr y sit es, t h e West er n ( M W Q), t h e C e ntr al 
( M C Q) a n d t h e E ast er n ( M E Q). Si n c e c o m m er ci al e xtr a cti o n 
w or ks st art e d at t h e b e gi n ni n g of t h e 2 1 st c e nt ur y (I v a n o v a n d 
M usil 2 0 0 4, I v a n o v et al. 2 0 0 6), s e v er al k arst fiss ur es h a v e 
b e e n  l o c at e d  i n  t h e  West er n  a n d  C e ntr al  Q u arri es:  1/ 2 0 0 1 
T urtl e J oi nt ( h er e aft er M W Q 1/ 2 0 0 1), 2/ 2 0 0 3 R e ptil e Fiss ur e 
( h er e aft er M W Q 2/ 2 0 0 3), T urtl e C a v e ( h er e aft er M W Q- T C 4 
2 0 0 1)  a n d  4/ 2 0 1 8  ( h er e aft er  M W Q 4/ 2 0 1 8)  i n  t h e  West er n 
Q u arr y;  a n d  3/ 2 0 0 5  ( h er e aft er  M C Q 3/ 2 0 0 5)  i n  t h e  c e ntr al 
p art of t h e Q u arr y ( Te xt- fi g. 2).

M ost  of  t h e  r es e ar c h  o n  M o kr á- Q u arr y  l o c aliti es  h as 
f o c us e d o n t h e h er p et of a u n a fr o m diff er e nt fiss ur es (I v a n o v 
et  al.  2 0 0 6,  2 0 1 8,  2 0 2 0,  I v a n o v  2 0 0 8,  L uj á n  et  al.  2 0 1 7,  
2 0 2 1). As  f or  m a m m als,  t h e  first  pr eli mi n ar y  d es cri pti o ns 
of  m e di u m-si z e d  s p e ci m e ns  w er e  c o n d u ct e d  b y  I v a n o v  
a n d  M usil  ( 2 0 0 4).  T h e  first  f a u n al  list  of  m e di u m  a n d 
l ar g e  m a m m als  w as  p u blis h e d  b y  I v a n o v  et  al.  ( 2 0 0 6),  
wit h o ut  pr o vi di n g  m e as ur es  or  d et ail e d  d es cri pti o ns  of  
t h e  f ossil  m at eri al.  R e g ar di n g  s m all  m a m m als,  S a b ol  et  
al.  ( 2 0 0 7)  p u blis h e d  a  pr eli mi n ar y  st u d y  o n  t h e  f a u n a  
fr o m  M W Q 1/ 2 0 0 1.  M or e  r e c e ntl y,  B o nill a- S al o m ó n  et 
al.  ( 2 0 2 1 a)  d es cri b e d  f or  t h e  first  ti m e  t h e  s m all  m a m m al 
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Te xt-fi g. 1. L o c ati o n of M o k r á- Q u a r r y. a: G e o g r a p hi c al p ositi o n of M o k r á- Q u a r r y i n E u r o p e. b: S c h e m ati c g e ol o gi c al m a p of 
C z e c h R e p u bli c. c: P ositi o n of West e r n a n d C e nt r al Q u a r ri es. M o difi e d f r o m L uj á n et al. ( 2 0 2 1).
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r e m ai ns fr o m M W Q 1/ 2 0 0 1, i n cl u di n g t h e s c ar c e n o n-r o d e nt 
ass e m bl a g e. B o nill a- S al o m ó n et al. ( 2 0 2 1 b) als o p u blis h e d 
t h e  s ci uri d  r e m ai ns  fr o m  M W Q 2/ 2 0 0 3,  M C Q 3/ 2 0 0 5  a n d 
M W Q 4/ 2 0 1 8. H o w e v er, n o n-r o d e nt s m all m a m m al r e m ai ns 
fr o m  M W Q 2/ 2 0 0 3,  M C Q 3/ 2 0 0 5  a n d  M W Q 4/ 2 0 1 8  h a v e 
n ot  b e e n  st u di e d  i n  d et ail,  as  o nl y  pr eli mi n ar y  r es ults  
h a v e  b e e n  p u blis h e d  ( B o nill a- S al o m ó n  et  al.  2 0 2 2 a).  T h e  
pr es e nt  w or k  c o nstit ut es  t h e  first  r es e ar c h  c o n d u ct e d  i n 
w hi c h  m e as ur e m e nts  a n d  d et ail e d  d es cri pti o ns  of  r e m ai ns  
of  M et at h eri a  a n d  E uli p ot y p hl a  fr o m  a n  E arl y  Mi o c e n e  
( M N 4) sit e i n t h e C z e c h R e p u bli c ar e p u blis h e d. M or e o v er, 
t h e  m at eri al  fr o m  M W Q 1/ 2 0 0 1  h as  b e e n  r e d es cri b e d  a n d 
n e w,  pr e vi o usl y  u n d es cri b e d  m at eri al  h as  b e e n  st u di e d  as  
w ell. F urt h er m or e, t h e p al e o e n vir o n m e nt al r e c o nstr u cti o n is 
r e vis e d b as e d o n t h e h y p ot h esis e d p al e o e c ol o g y of t h e t a x a 
d es cri b e d h er e.

M at e ri al a n d m et h o ds

T h e  s m all  m a m m al  f a u n as  fr o m  M W Q 1/ 2 0 0 1, 
M W Q 2/ 2 0 0 3  a n d  M C Q 3/ 2 0 0 5  w er e  dis c o v er e d  d uri n g 
fi el d  c a m p ai g ns  l e d  b y  M.  I v a n o v  a n d  R.  M usil  ( M as ar y k 
U ni v ersit y,  Br n o,  t h e  C z e c h  R e p u bli c)  d uri n g  t h e  y e ars  
2 0 0 2 – 2 0 0 5  (I v a n o v  a n d  M usil  2 0 0 4).  M or e  r e c e ntl y, 
M o kr á- Q u arr y h as yi el d e d a n ot h er m a m m al- b e ari n g fiss ur e: 
M W Q 4/ 2 0 1 8,  fr o m  w hi c h  s m all  m a m m al  r e m ai ns  h a v e 
als o b e e n r e c o v er e d. T h e f ossil r e m ai ns, mi x e d i n cl a ys a n d 
s a n ds, w er e o bt ai n e d b y w as hi n g i n si e v es of 0. 5  m m m es h 

(s e e  I v a n o v  et  al.  2 0 0 6,  L uj á n  et  al.  2 0 2 1).  T h e  m at eri al  

is  c urr e ntl y  h o us e d  i n  t h e  c oll e cti o ns  of  t h e  D e p art m e nt  

of  G e ol o gi c al  S ci e n c es  ( F a c ult y  of  S ci e n c e,  M as ar y k  

U ni v ersit y)  u n d er  t h e  i n v e nt or y  n u m b ers  S M M/ 0 0 9- 0 9-

1 1/ 3 7 2, 0 0 9,  P al.  3 0 0 0 – 4 1 0 0.  T h e  u p p er  c h e e k  t e et h  ar e 

i n di c at e d b y u p p er c as e l ett ers ( P 3, D P 4, P 4, M 1, M 2, M 3, 

M 4), a n d t h e l o w er c h e e k t e et h b y l o w er c as e l ett ers ( p 1, p 2, 

d p 4,  p 4,  m 1,  m 2,  m 3,  m 4).  W h e n  t h e  disti n cti o n  b et w e e n 

first  a n d  s e c o n d  m ol ars  is  d o u btf ul,  t h e y  ar e  i n di c at e d  as 

M 1/ 2 or m 1/ 2.

T h e  m e as ur e m e nt  pr ot o c ol  f or  Eri n a c ei d a e  h as  y et  

t o  b e  st a n d ar di z e d.  We  f oll o w  h er e  t h e  m e as ur e m e nt 

m et h o ds of Pri et o a n d R u m m el ( 2 0 0 9) i nst e a d of tr a diti o n al 

p er p e n di c ul ar m et h o ds ( e. g., d e J o n g 1 9 8 8, E n g ess er 2 0 0 9, 

Kli et m a n n et al. 2 0 1 4). P ost cr a ni al m e as ur e m e nts of Tal pi d a e 

f oll o ws Kli et m a n n et al. ( 2 0 1 5 a). M e as ur e m e nt m et h o d ol o g y 

f or A m p hi p er at h eri u m f oll o ws  Cr o c h et  ( 1 9 8 0),  Kli et m a n n  

et  al.  ( 2 0 1 4)  a n d  G er n ell e  et  al.  ( 2 0 2 4).  M e as ur e m e nts  of  

t e et h  w er e  t a k e n  wit h  a C arl  Z eiss  St e mi  3 0 5  mi cr os c o p e,  

a  C arl Z eiss  W- PI  1 0 ×/ 2 3  Mi cr os c o p e  F o c us a bl e  E y e pi e c e, 

a n d  a  c ali br at e d  mi cr o m et er  e y e pi e c e  o n  a  L ei c a  M Z 7 5  

st er e o mi cr os c o p e. All m e as ur e d d at a ar e gi v e n i n milli m etr es 

( m m).  Mi cr o gr a p hs  w er e  t a k e n  usi n g  a Q u a nt a F E G  2 5 0 

S c a n ni n g El e ctr o n Mi cr os c o p e ( S E M) at I nstit ut e of El e ctri c al 

E n gi n e eri n g  of  t h e  Sl o v a k  A c a d e m y  of  S ci e n c es  ( S A S)  i n  

Br atisl a v a ( Sl o v a ki a).

M o kr á W e st er n Q u arr y ( M W Q)

4/ 2 0 1 8
1/ 2 0 0 1

3/ 2 0 0 5

2 0 0 m

N

2/ 2 0 0 3

M o kr á C e ntr al Q u arr y ( M C Q)
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Te xt-fi g.  2.  P ositi o n  of  M o k r á- Q u a r r y  fiss u r es  a n d  l o c ati o ns  of  b o r e h ol es  ( w hit e  d ots)  al o n g  St u d é n č n ý ž l e b  v all e y  (s o u r c e   
M a p y. c z; m o difi e d).
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S yst e m ati c p al e o nt ol o g y

I nf r a cl ass M et at h e ri a H u x l e y , 1 8 8 0
F a mil y H e r p et ot h e rii d a e T r o u e s s a r T , 1 8 7 9

G e n us A m p hi p er at h eri u m F i lH o l , 1 8 7 9

A m p hi p er at h eri u m fr e q u e ns (v o n  Me y e r , 1 8 4 6)
Te xt- fi g. 3

S t u d i e d  m a t e r i a l  a n d  m e a s u r e m e n t s .  
M W Q 2/ 2 0 0 3: o n e P 3 ( P al. 3 5 3 8: 1. 7 6 × 0. 6 8); o n e fr a g m e nt of 
u p p er pr e m ol ar ( P al 3 5 4 2); o n e l eft M 2 ( P al. 3 5 4 6: 2. 0 5 × 2. 1 5); 
o n e ri g ht M 4 ( P al. 3 5 4 7: 1. 9 5 × 2. 4 5); o n e l eft p 1 ( P al. 3 5 1 1: 
1. 4 7 × 0. 6 7);  o n e  l eft  p 2  ( P al.  3 5 1 5:  1. 8 3 × 0, 8 5);  o n e  l eft  p 3 
( P al. 3 5 1 3: 1. 9 × 0. 8 9); o n e fr a g m e nt of ri g ht m 4 ( 3 5 1 2).

M W Q 4/ 2 0 1 8:  o n e  fr a g m e nt  of  l eft  m a n di bl e  wit h 
fr a g m e nt of m 3 a n d m 4 ( P al. 4 2 0 4: m 4: 2 × 0. 9 3).

D e s c r i p t i o n . P 3 .  T h e  t o ot h  is  l a bi oli n g u all y  
c o m pr ess e d.  T h e  m ai n  c us p  is  i n  a  c e ntr al  p ositi o n.  T h e  
a nt eri or  c us p ul e  is  s m all.  T h er e  is  a  w ell- d e v el o p e d  cr est  
t h at c o n n e cts t h e m ai n c us p t o t h e p ost eri or m ar gi n of t h e 
t o ot h. A p ost eri or ci n g ul u m is pr es e nt.

M 2 .  T h e  t o ot h  h as  a s u btri a n g ul ar  o utli n e  i n  o c cl us al  
vi e w.  T h e  e ct o fi e x us  is  c o n c a v e  b et w e e n  t h e  a nti p ar a c o n e 
a n d a nti m et a c o n e; t h er e is n o a nti c o n e b et w e e n b ot h c us ps 
( Te xt- fi g. 3 a). T h e p ar ast yl e is disti n ct a n d is ol at e d fr o m t h e 
a nti p ar a c o n e.  T h e  m et a c o n e  is  hi g h er  t h a n  t h e  p ar a c o n e,  
a n d  b ot h  c us ps  ar e  c o n n e ct e d  b y  t h e  pr e m et a crist a  a n d  
t h e  sli g htl y  s h ort er  p ost p ar a crist a.  T h e  p ost m et a crist a  is  
el o n g at e d  a n d  c ur v e d.  T h e  m et ast yl e  is  i n di c at e d.  T h e  
p ar a ci n g ul u m  is  str ai g ht.  T h e  tri g o n  b asi n  is  wi d e.  T h e  
pr ot o c o n e  is  c o n n e ct e d  t o  t h e  b as e  of  t h e  p ar a c o n e  a n d  
m et a c o n e b y t w o al m ost s y m m etri c al cr ests. T hr e e r o ots ar e 
pr es er v e d; t h e li n g u al m ost is t h e t hi c k est.

M 4 .  T h e  t w o-r o ot e d  t o ot h  h as  a tri a n g ul ar  o utli n e  i n  
o c cl us al vi e w a n d is str o n gl y r e d u c e d i n l e n gt h. T h e p ar a c o n e 
is  c o ni c al  a n d  el o n g at e d.  Fr o m  it,  t h e  pr e p ar a crist a  r u ns  
l a bi all y t o t h e p ar ast yl e. T h e p ar ast yl e is el o n g at e d li n g u all y. 
T h e p ost p ar a crist a a n d t h e pr e m et a crist a ar e c o n n e ct e d. T h e 
m et a c o n e  is  s m all,  pr otr u di n g  p ost eri orl y.  T h e  pr ot o c o n e  

is  t h e  l ar g est  c us p  ( Te xt- fi g.  3 b).  T h e  pr e pr ot o crist a  r u ns 
l a bi all y,  e n di n g  at  t h e  b as e  of  t h e  p ar a c o n e.  T h er e  is  
a  p ost pr ot o crist a  r u n ni n g  t o w ar ds  t h e  m et a c o n e,  wit h o ut  
r e a c hi n g it. T h e p ar a ci n g ul u m b e gi ns n e ar t h e v er y b as e of 
t h e p ar a c o n e a n d j oi ns t h e p ar ast yl e.

p 1 . T h e t o ot h h as t w o r o ots. T h e m ai n c us pi d is i n a nt eri or 
p ositi o n.  T h e  p ost eri or  cristi d  st arti n g  fr o m  t his  c us pi d  is  
l a bi all y  ori e nt e d  a n d  t ur ns  p ost er oli n g u all y  t o  r e a c h  t h e  
p ost eri or t al o n, w h er e a  s m all c us pi d is visi bl e ( Te xt- fi g. 3 c).

p 2 . T h e p ost eri or ci n g uli d is l ar g e. Its li n g u al si d e is wi d er 
a n d c o n c a v e. T h er e is a  s m all b ut disti n ct p ost eri or c us pi d.

p 3 . T h e t w o-r o ot e d t o ot h h as a t hi c k m ai n c us pi d a n d 
a  s h ort p ost ci n g uli d. T h er e is n o a nt eri or b ul g e.

m 3 .  T h e  pr ot o c o ni d  is  t h e  o nl y  pr es er v e d  c us pi d  of  
t h e tri g o ni d. T h e pr ot ol o p hi d a p p e ars t o b e c o m pl et e. T h e 
h y p o c o ni d is a nt eri or t o t h e e nt o c o ni d. T h e p ost cristi d r u ns 
sli g htl y p ost eri orl y.

m 4 . I n P al. 3 5 1 2, o nl y t h e el o n g at e d t al o ni d is pr es er v e d. 
T h e  e nt c o ni d  is  w ell- pr es er v e d,  as  a n  e nl ar g e m e nt  of  t h e  
e nt o cristi d.  T h e  p ost e nt o cristi d  is  l o w  a n d  c o n n e cts  t o  
a  str o n g h y p o c o n uli d ( Te xt- fi g. 3 d). T h e h y p o c o ni d is w or n. 
T h e  p ost cristi d  is  o bli q u e,  c o n n e cti n g  t h e  t w o  p ost eri or  
c us pi ds.  P al  4 2 0 4  m 4  s h o ws  a  w ell- d e v el o p e d  a nt eri or  
ci n g uli d. T h e p ar a c o ni d is w ell- d e v el o p e d. T h e p ar al o p hi d 
s h o ws  a  m o d er at e  c e ntr al  n ot c h.  T h e  t al o ni d  is  m u c h  
n arr o w er t h a n t h e tri g o ni d ( Te xt- fi g. 3 e). T h e h y p o c o ni d is 
i n a sli g htl y m or e a nt eri or p ositi o n t h a n t h e e nt o c o ni d. T h e 
e nt o cristi d a n d t h e o bli q u e crist a r u n a nt eri orl y, t h e first o n e 
e n di n g at t h e b as e of t h e m et a c o ni d a n d t h e s e c o n d o n e at t h e 
m e eti n g p oi nt of pr ot o c o ni d a n d m et a c o ni d.

F r a g m e nt of m a n di bl e . P al. 4 2 0 4 pr es er v es p art of t h e 
m a n di bl e  c arr yi n g  m 3  a n d  m 4.  T h e  r a m us  h ori z o nt alis  is  
hi g h, wit h fi at si d es. It s h o ws a  wi d e li n g u al f or a m e n b el o w 
t h e p ost eri or r o ot of t h e m 3.

R e  m a r k s . T h e H er p et ot h erii d a e T r o u e s s a r T , 1 8 7 9 is 
a  f ossil f a mil y of t h e i nfr a cl ass M et at h eri a, wit h n o e xt a nt 
r el ati v es.  T his  f a mil y  r a n g es  fr o m  t h e  L at e  Cr et a c e o us  t o  
t h e  Mi d dl e  Mi o c e n e  (f or  a c o m pl et e  lit er at ur e  r e vi e w  of  
t h e H er p et ot h erii d a e, s e e Kli et m a n n 2 0 1 3). H er p et ot h erii ds 
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Te xt-fi g. 3. S c a n ni n g el e ct r o n mi c r o g r a p hs of A m p hi p er at h eri u m fr e q u e ns f r o m M W Q 2/ 2 0 0 3 a n d M W Q 4/ 2 0 1 8 i n o c cl us al vi e w. 
a: L eft M 2 ( P al. 3 5 4 6). b: Ri g ht M 4 ( P al. 3 5 4 7). c: L eft p 1 ( P al. 3 5 1 1). d: F r a g m e nt of ri g ht m 4 ( P al. 3 5 1 2). e: F r a g m e nt of l eft 
m a n di bl e wit h m 3 a n d m 4 ( P al. 4 2 0 4). All t e et h a r e  fi g u r e d as l eft el e m e nts. F r o m B o nill a- S al o m ó n et al. ( 2 0 2 2 a). S c al e b a r = 1 m m.
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were classically placed within the Didelphidae GRAY, 
1821 until Kirsch et al. (1997) gave them a family rank 
within Marsupialia. Ladevèze et al. (2012) considered 
that the morphological characters that differentiate 
Amphiperatherium from Peratherium AYMARD, 1850 are 
very variable, and consequently not diagnostic enough, as 
already noted by von Koenigswald (1970). Later, Lavedèze 
et al. (2020) reviewed the relationship between both genera, 
and its phylogenetic analysis suggests a close relationship 
between Amphiperatherium and Peratherium, establishing 
the subfamily Peratheriinae to include both genera.

Of all the Herpetotheriidae, Amphiperatherium is the 
only genus that occurs in Early Miocene European localities. 
Amphiperatherium was first recorded in Europe during 
the Eocene, a period when the genus reached its highest 
specific diversity (Crochet 1980). After that, the genus 
gradually lost diversity, finally becoming extinct during 
the Middle Miocene (Furió et al. 2012). The presumed last 
occurrence of this genus was reported from Ergeten (MN 
7+8, Switzerland; Kälin and Kempf 2009). However, as 
discussed by Prieto and Rummel (2015), the faunal lists 
provided by Kälin and Kempf (2009: 124) “do not reflect 
reality”. Therefore, Prieto and Rummel (2015) consider that 
the last occurrence of Amphiperaterium in Swiss territory 
belongs to the Megacricetodon gersii-M. similis interval 
zone, between 14 and 14.2 Ma ago, which is in agreement 
with the German findings.

Amphiperatherium frequens has been recorded in 
many Central European localities from the Miocene, when 
environmental conditions were rather humid, although 
remains of the species have also been found in humid 
Spanish localities (Furió et al. 2012). However, based on 
Crespo et al. (2020), Amphiperatherium might also have 
survived in rather dry environments.

Regarding MN 4 sites in Central Europe, remains of 
Amphiperatherium frequens have been found in several 
localities (Ziegler and Fahlbusch 1986, Ziegler 1998a). In 
Czech sites, A. frequens has been found in Tuchořice and 
Ahníkov I, both MN 3 sites (Fejfar et al. 2003) and Dolnice 
1–3 (MN 4; Fejfar and Roček 1988). However, no detailed 
descriptions of the species in these assemblages have been 
ever published. Therefore, the Amphiperatherium remains 
from Mokrá-Quarry constitutes the first detailed description 
of the genus in the Czech Republic.

The marsupial species from MWQ2/2003 and MWQ4/2018 
clearly belong to Amphiperatherium frequens, which can be 
distinguished by the presence of a slender cristid in the talonid 
basin only interrupted by a small notch between entoconid 
and hypoconulid (Text-fig. 3d, e), among other traits. The 
measurements fit well within the material from other Central 
European localities, such as Erkersthofen, Wintershof-West 
and Petersbuch 2 (all Germany; see Klietmann 2013: fig 5). 
Based on the size differences and morphological variability 
of A. frequens during the Early Miocene, von Koenigswald 
(1970) erected three subspecies, which were not followed by 
Crochet (1980). Furthermore, Ziegler and Falhbusch (1986) 
pointed out several dental characters, which together with size 
reduction indicate evolutionary degrees in A. frequens. Later, 
Ziegler (1990) used these subspecies as chronosubspecies. 
The omnipresence of a conical antimetacone on the M2, as 
observed in Pal. 3546 (Text-fig. 3a) in the entire population 

instead of only a bicuspid one, is a tendency observed in 
the population sequence of Wintershof-West – Petersbuch 
2 – Erkersthofen 1. Moreover, the M2 from MWQ2/2003 
resembles morphologically, as in size, the single M2 recovered 
from Oberdorf 4 (Ziegler 1998a: pl. 3, fig. 6). However, the 
scarcity of the remains found in the assemblage MWQ2/2003 
hampers any inference of its evolutionary stage.

Infraclass Eutheria HUXLEY, 1880
Order Eulipotyphla WADDELL, OKADA et HASEGAWA, 1999

Family Erinaceidae FISCHER [DE WALDHEIM], 1814 
Subfamily Erinaceinae FISCHER [DE WALDHEIM], 1814

Genus Amphechinus AYMARD, 1850

Amphechinus cf. baudeloti GIBERT, 1974
Text-fig. 4

S t u d i e d  m a t e r i a l  a n d  m e a s u r e m e n t s . 
MWQ2/2003: one I1 (Pal. 3398: 1.60×1.18); one P2 (Pal. 
3544: 1.64×1.13); one left M1 (Pal. 3504: 3.32×3.46×3.65); 
one fragment of right M1 (Pal. 3505); two left M2 (Pal. 
3396: 2.65×3.24×2.40; Pal. 3507: 2.45×3.19×2.43); one 
right M2 (Pal. 3506: 2.60×3.20×2.46).

MCQ3/2005: one left M2 (Pal. 3932: 2.74×3.37×2.50).

D e s c r i p t i o n .  I1. The incisor is large and robust, 
with a slightly caniniform morphology. The root is curved 
posteriorly.

P2. The tooth has two roots. The main cusp is placed 
in an anterolabial position (Text-fig. 4a). There is a short, 
central, posterior crest reaching the posterolabial edge of the 
tooth.

M1. Pal. 3504 is complete (Text-fig. 4b), whereas in 
Pal. 3505 only the lingual half of the tooth is preserved 
(Text-fig. 4c). The tooth has a quadrangular shape; all the 
cingulums are well-developed. The protocone is conical; the 
preprotocrista is thicker than the other crests and ends at the 
base of the paracone, without fusing with it. The protoconule 
is not distinguishable. The paracone is somewhat wider than 
the protocone. There is a small parastyle anterior to the 
paracone (Pal. 3504; Text-fig. 4b). The postprotocrista joins 
the prehypocrista and runs towards the metaconule, which is 
rounder in Pal. 3505 (Text-fig. 4c). There is a well-marked 
groove that separates the metaconule from the base of the 
high metacone. There is a well-developed postmetacrista, 
but a metastyle is absent. The posthypocrista is weak and 
short.

M2. These teeth are characterized by a shortening of the 
postmetacrista and an enlargement of the parastyle compared 
to M1 (Text-fig. 4d–g). Both the anterior and posterior 
cingulum are well-developed. There is a very large parastyle 
in Pal. 3506, whereas in Pal. 3507 it is much smaller. A low 
preprotocrista starts from the protocone, joining the base of 
the high paracone. The postprotocrista leads directly to the 
metacone. The metaconule is fused into the postprotocrista. 
There is a short prehypocrista and an incipient posthypocrista. 
The former ends below the postprotocrista.

R e m a r k s . Erinaceinae remains in the fossil record are 
usually very rare and fragmented. Their phylogeny is poorly 
known (Ziegler 2005, Engesser 2009, van Dam et al. 2020, 
Cailleux et al. 2023). According to van Dam et al. (2020), 
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t h e s c ar cit y of Eri n a c ei n a e r e m ai ns is d u e t o a c o m bi n ati o n 
of t h eir o v er all r arit y i n t h e e c os yst e ms c o m p ar e d t o ot h er 
s m all  m a m m als  a n d  t h eir  l ess er  a b u n d a n c e  i n  t h e  di et  of  
bir ds of pr e y ( C or b et 1 9 8 8).

 O nl y t hr e e Eri n a c ei n a e g e n er a ar e r e c or d e d fr o m t h e E arl y 
Mi o c e n e of E ur o p e. T h es e i n cl u d e t h e g e n us Di m yl e c hi n us  
H ü r z e l e r ,  1 9 4 4,  l ast  r e c or d e d  i n  M N  2  ( H u g u e n e y  1 9 9 7, 
H u g u e n e y  a n d  M ari d et  2 0 2 2),  a n d  t h e  a d v a n c e d  g e n us  
Mi o e c hi n us  B u T l e r , 1 9 4 8, first r e c or d e d i n M N 4 of S p ai n 
( Cr us af o nt et al. 1 9 5 5). M a n y E arl y Mi o c e n e ass e m bl a g es 
ar e attri b ut e d t o s e v er al s p e ci es of t h e g e n us A m p h e c hi n us , 
r e c or d e d i n E ur o p e fr o m t h e l at e Oli g o c e n e t o t h e Mi d dl e 
Mi o c e n e ( e. g., B a u d el ot 1 9 7 2, Gi b ert 1 9 7 4, Zi e gl er 1 9 9 0, 
2 0 0 5, H u g u e n e y a n d M ari d et 2 0 2 2). T h e e arli est Mi o c e n e 
s p e ci es  of  A m p h e c hi n us ( e. g., A.  ar v er n e nsis  B l ai n vi l l e , 
1 8 3 9, A. e d w ar dsi  F i lH o l , 1 8 7 9) w er e s m all, wit h t y pi c all y 
i ns e cti v or o us  a nt e m ol ars  b e ari n g  m a n y  s m all  s h ar p  c us ps  
a n d ri d g es ( v a n D a m et al. 2 0 2 0), t o g et h er wit h r e ct a n g ul ar 
M 1 a n d u n c o m pr ess e d M 2 (s e e Vir et 1 9 3 8, Zi e gl er 1 9 9 8 b, 
Zi e gl er et al. 2 0 0 7). T h es e c h ar a ct eristi cs ar e n ot c o nsist e nt 
wit h t h os e f o u n d i n t h e ass e m bl a g e fr o m M o kr á - Q u arr y.

A m p h e c hi n us is n ot r e c or d e d i n E ur o p e d uri n g t h e M N 
3. T h e E ur o p e a n f or ms i d e nti fi e d i n M N 4 sit es s h o w cr a ni al 
a n d m or p h ol o gi c al c h ar a ct eristi cs t h at r e fi e ct a  br o a d e ni n g 
of  t h e  di et ar y  s p e ctr u m  a n d  ar e  c h ar a ct eri z e d  b y  a m or e  

s q u ar e d M 1 a n d a  gr e at er p ost eri or r e d u cti o n of t h e M 2. I n 
t h e Mi o c e n e of S p ai n, A m p h e c hi n us h as b e e n r e c o v er e d fr o m 
s e v er al sit es (s e e v a n d e n H o e k Ost e n d e a n d F uri ó  2 0 0 5). 
N ot a bl y, A m p h e c hi n us b a u d el oti fr o m  M N  4  ass e m bl a g es 
s h ar es  m or p h ol o gi c al  si mil ariti es  wit h  t h e  s a m pl e  fr o m  
M o kr á - Q u arr y, d es pit e its sli g htl y l ar g er si z e. M or e o v er, t his 
s p e ci es oft e n s h o ws a  disti n ct m et a c o n ul e a n d a  h y p o c o n e 
c o n n e ct e d  t o  t h e  p ost pr ot o crist a,  w hi c h  is  i n di c ati v e  of  
alr e a d y  m o d er n  A m p h e c hi n us s p e ci es  ( B a u d el ot  1 9 7 2,  
Gi b ert 1 9 7 4, v a n D a m et al. 2 0 2 0). T his is als o o bs er v e d i n 
t h e M 1s fr o m M o kr á- Q u arr y.

C o n c er ni n g  M N  4  sit es  fr o m  C e ntr al  E ur o p e,  r e m ai ns 
of A m p h e c hi n us h a v e  b e e n  i d e nti fi e d  i n  t h e  G er m a n 
l o c aliti es of P et ers b u c h 2 a n d Er k erts h of e n 2 ( Zi e gl er 2 0 0 6). 
H o w e v er,  n o  d es cri pti o ns,  m e as ur e m e nts  or  fi g ur es  h a v e 
b e e n p u blis h e d. R e g ar di n g C z e c h sit es, i n t h e pr eli mi n ar y 
f a u n al lists of F ejf ar a n d R o fi e k ( 1 9 8 8) a n d F ejf ar a n d S a b ol 
( 2 0 0 5)  a b o ut  D ol ni c e,  n o  r e m ai ns  of  A m p h e c hi n us ar e 
list e d. T h e s a m e a p pli es t o t h e M N 3 sit es of A h ník o v I  a n d 
T u c h o ři c e,  i n  w hi c h  t h e  f a u n al  list  p u blis h e d  b y  F ejf ar  et 
al. ( 2 0 0 3), a n d t h e l at er d es cri pti o n of Eri n a c ei d a e b y v a n 
d e n H o e k Ost e n d er a n d F ejf ar ( 2 0 0 6) m e nti o ns n o r e m ai ns 
of A m p h e c hi n us .  T h er ef or e,  t h e  c as e  of  M o krá - Q u arr y 
c o nstit ut es t h e o nl y C z e c h sit e w h er e r e m ai ns of t h e g e n us 
h a v e b e e n f o u n d s o f ar. B as e d o n t h e e v ol uti o n ar y st a g e of 
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Te xt-fi g. 4. S c a n ni n g el e ct r o n mi c r o g r a p hs of A m p h e c hi n us cf. b a u d el oti f r o m M W Q 2/ 2 0 0 3 a n d M C Q 3/ 2 0 0 5 i n o c cl us al vi e w.  
a: L eft P 2 ( P al. 3 5 4 4). b: L eft M 1 ( P al. 3 5 0 4). c: F r a g m e nt of ri g ht M 1 ( P al. 3 5 0 5). d: L eft M 2 ( P al. 3 3 9 6). e: L eft M 2 ( P al. 3 5 0 7).  
f: Ri g ht M 2 ( P al. 3 5 0 6). g: L eft M 2 ( P al. 3 9 3 2). All t e et h a r e fi g u r e d as l eft el e m e nts. S c al e b a r = 1 m m.
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the morphological characteristics, the Amphechinus from 
Mokrá-Quarry probably represents an early occurrence of A. 
baudeloti. However, the scarcity of the recovered remains 
and the somewhat smaller size prevents a more confident 
statement about its taxonomical status. Therefore, it is 
referred to here as Amphechinus cf. baudeloti.

Subfamily Galericinae POMEL, 1848

Genus Galerix POMEL, 1848

Galerix exilis DE BLAINVILLE, 1839
Text-fig. 5a–e

S t u d i e d  m a t e r i a l  a n d  m e a s u r e m e n t s . 
MWQ2/2003: one right P3 (Pal. 3543: 1.69×1.37); one 
damaged left M2 (Pal. 3519).

MCQ3/2005: one fragment of right M1 (Pal. 3909).
MWQ4/2018: one right M1 (Pal. 4201: 2.56×2.82×3.06); 

one right M2 (Pal. 4200: 2.13×2.68×2.62).

D e s c r i p t i o n . P3. The tooth has one main lingual cusp 
(Text-fig. 5a) and is subtriangular in shape. The protocone is 
connected to a small parastyle. There is a slightly curved and 
moderately high crest starting from the paracone and ending 
at the posterolabial margin of the tooth. This crest ends into 
a small thickening.

M1. The paracone and metacone are connected by 
a thin metaloph. The parastyle is well-developed and is 
connected to the base of the paracone. Pal. 3909 shows 
a distinguishable protoconule (Text-fig. 5b), absent in Pal. 
4201 (Text-fig. 5c). Pal. 3909 also shows a connection 
between the postprotocrista and the metaconule (Text-fig. 
5b). This connection is absent in Pal. 4201 (Text-fig. 5c). The 
metaconule is connected to the base of the metacone through 
the premetaconule crest. The postmetaconule crest runs 
posteriorly in Pal. 4201 (Text-fig. 5c) and posterolabially in 
Pal. 3909 (Text-fig. 5b). In both cases, the postmetaconule 
crest ends freely before the posterior cingulum. An anterior 
cingulum is also present.

M2. The preprotocrista ends without connecting to the 
paracone. There is no clear protoconule. The paracone and 
metacone are connected by a straight loph. The postmetacrista 
is almost labially oriented. On the lingual side, the 
postprotocrista reaches the metaconule in Pal. 3519 (Text-fig. 
5d), whereas in Pal. 4200 (Text-fig. 5e) it does not fully connect 
to the conule. The metaconule connects to the metacone 
through the premetaconule crest. The postmetaconule crest 
runs posteriorly along the base of the metacone without 
joining it, nor does it connect to the posterior cingulum. 
Anterior and labial cingulums are also present.

Galerix symeonidisi DOUKAS, 1986
Text-fig. 5f–g

S t u d i e d  m a t e r i a l  a n d  m e a s u r e m e n t s . 
MWQ2/2003: one right P3 (Pal. 3525: 1.44×1.2×1.43); one 
left M1 (Pal. 3517: 2.21×2.36×2.72).

D e s c r i p t i o n . P3. The tooth is trapezoidal with 
two well-developed lingual cusps. The protocone is placed 
slightly anteriorly to the robust paracone. There is a low 
anterior cingulum running from the protocone to the base 
of the paracone. The hypocone is somewhat larger and 

placed more lingually than the protocone (Text-fig. 5f). 
The posterior cingulum runs from the posterior side of the 
hypocone towards the posterior edge of the tooth, where it 
ends in a well-marked crest departing from the paracone.

M1. The protocone is directly connected to the paracone 
by the preprotocrista. The postprotocrista and prehypocrista 
are broad and fused in a single loph. A thin and low crest 
connects this loph to the well-developed metaconule (Text-
fig. 5g). The premetaconule crest reaches the base of the 
metacone, whereas the postmetaconule crest runs along 
the lingual side of the metacone and ends freely before the 
cingulum. The postmetacrista runs posterolabially, but does 
not end into a cusp-like metastyle. The paracone is connected 
to both the hypocone and the metaconule by a broad loph. 
An incipient posthypocrista is visible (Text-fig. 5g).

Galerix exilis seu Galerix symeonidisi
Text-fig. 6

S t u d i e d  m a t e r i a l  a n d  m e a s u r e m e n t s . 
MWQ1/2001: one right M2 (Pal. 3016: 2.10×2.50×2.39); 
one damaged left M2 (Pal. 3017), two left m2 (Pal. 3018: 
2.56×1.46×1.54; 3019: 2.72×1.73×1.77).

MWQ2/2003: one upper incisor (Pal. 3397: 1.02×0.73); 
one upper canine (Pal. 3534: 1.39×0.65); one fragment of 
upper canine (Pal. 3539); one P1 (Pal. 3530: 1.30×0.63); 
one P2 (Pal. 3399: 1.65×0.83); one fragment of P4 (Pal. 
3510); one right P4 (Pal. 3503: 2.44×2.11×2.48); one right 
M1 (Pal. 3518: 2.30×2.73×2.87); two right M3 (Pal. 3520: 
1.34×1.57×1.89; 3521: 1.29×1.57×1.87); one p2 (Pal. 3400: 
1.35×0.83); one left p2 (Pal. 3545: 1.51×0.82); one p3 (Pal. 
3523: 1.39×0.80); one fragment of p3 (Pal. 3535: -×0.97); 
one left p4 (Pal. 3541: 1.82×1.21); two left m1 (Pal. 3508: 
2.70×1.64×1.85; Pal. 3509: 2.91×1.61×1.85); one fragment 
right m1 (Pal. 3401: -×-×1.81); five left m2 (Pal. 3402: 
-×1.45×1.49; 3403: 2.34×1.53×1.61; 3531: 2.46×1.64×1.67; 
3532: -×1.54×-; 3533: -×1.68×-).

MCQ3/2005: one right p4 (Pal. 3908: 1.94×1.21); one 
left m2 (Pal. 3934: 2.41×1.47×1.60); one left M2 (Pal. 3933: 
2.05×2.62×2.35).

D e s c r i p t i o n . Upper incisor. The monocuspid 
tooth has a large and posteriorly curved root. 
Upper canine. The tooth shows two roots. It is very narrow, 
and its main cusp is anterior. The posterior talon is slightly 
elongated.

P1. The tooth has two roots and small dimensions. The 
main cusp is in a central position. A posterior cingulum is 
present.

P2. The tooth shows two roots, the posterior one being 
thicker. It is more robust in shape than the P1. The cusp 
is conical. A thin ridge connects its tip to a barely visible 
posterior cingulum.

P4. The paracone is massive and occupies the labial half 
of the tooth. A parastyle is present, but it is not connected to 
the paracone or to the protocone. The latter is about the same 
size as the hypocone, and both cusps are isolated from each 
other. There is a crest running labially from the protocone 
that ends before reaching the paracone (Text-fig. 6a). 
A cingulum runs from the base of the hypocone along the 
posterior side of the tooth. It ends below the posterolabial 
crest of the paracone.
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M 1 .  T h e  pr ot o c o n e  c o n n e cts  dir e ctl y  t o  t h e  p ar a c o n e  
t hr o u g h  t h e  pr e pr ot o crist a;  t h e  pr ot o c o n ul e  is  a bs e nt.  T h e 
p ar ast yl e  is  a  w e a k  c us p ul e.  A  s h ort  a n d  str ai g ht  cr est  is  
pr es e nt  b et w e e n  t h e  p ost p ar a crist a  a n d  t h e  pr e m et a crist a.  
T h e  p ost m et a crist a  d o es  n ot  e n d  i n  a  cl e ar  m et ast yl e.  
T h e  m et a c o n ul e  is  l ar g e  ( Te xt- fi g.  6 b)  a n d  att a c h e d  t o  t h e 
b as e  of  t h e  m et a c o n e  t hr o u g h  t h e  pr e m et a c o n ul e  cr est.  
T h e  m et a c o n ul e  is  als o  c o n n e ct e d  b y  a  l o w  cr est  t o  t h e  
pr ot o c o n e- h y p o c o n e  l o p h.  T h e  p ost m et a crist a  e n ds  fr e el y  
n e ar t h e p ost eri or ci n g ul u m.

M 2 . P al. 3 0 1 6 is q uit e w or n ( Te xt- fi g. 6 c), P al. 3 0 1 7 is 
d a m a g e d ( Te xt- fi g. 6 d), w h er e as P al. 3 9 3 3 is w ell pr es er v e d 
( Te xt- fi g. 6 e). Yet, li k e i n t h e M 1s, its m or p h ol o g y pr e v e nts 
a n attri b uti o n t o t h e s p e ci es l e v el. T h e o v er all m or p h ol o g y 
of M 2 r es e m bl es t h at of M 1. It diff ers i n a  m or e r o u n d e d 
o utli n e  i n  o c cl us al  vi e w,  a  s h ort er  p ost m et a crist a,  a  l ess  
p ost er oli n g u al  p ositi o n  of  t h e  h y p o c o n e,  a n d  o v er all  b y  
sli g htl y  s m all er  di m e nsi o ns.  T h er e  is  als o  a  t hi n  cr est  
c o n n e cti n g t h e m et a c o n ul e t o t h e pr ot o c o n e- h y p o c o n e l o p h 
i n P al. 3 9 3 3, b ut n ot P al 3 0 1 6- 3 0 1 7 ( Te xt- fi g. 6 c – e).

M 3 . T h e t o ot h is s m all a n d tri a n g ul ar. It is c h ar a ct eri z e d 
b y  t h e  pr es e n c e  of  t hr e e  c us ps  ( pr ot o c o n e,  m et a c o n e,  
p ar a c o n e)  at  t h e  t hr e e  c or n ers  of  t h e  t o ot h,  d eli mit ati n g  
a  r at h er r o u n d e d  a n d  s h all o w  b asi n.  T h e  M 3  als o  s h o ws  
a  w ell- d e v el o p e d p ar ast yl e ( Te xt- fi g. 6f – g). T h e m et al o p h is 
s h ort. O nl y t h e a nt eri or ci n g ul u m is pr es e nt.

p 2 . T h e t o ot h is t w o-r o ot e d. T h e c us pi d is m or e c o ni c al 
t h a n t h e o n e i n P 2. M or e o v er, it s h o ws a s m all a nt eri or b ul g e 
att a c h e d t o t h e b as e ( Te xt- fi g. 6 h).

p 3 . T h e t o ot h s h o ws a wi d er a n d m or e c o m p a ct s h a p e 
t h a n t h e p 2. T h e pr ot o c o ni d is pl a c e d i n a c e ntr al p ositi o n. 
T h e p ar a c o ni d is l o w b ut cl e arl y d e fi n e d ( Te xt- fi g. 6i). T h er e 
is a w ell- d e fi n e d p ost cristi d of t h e p ost eri or li n g u al si d e of 
t h e t o ot h.

p 4 . T h e t o ot h is s u btri a n g ul ar. T h e p ar a c o ni d is t h e m ost 
a nt eri or c us pi d a n d is is ol at e d fr o m t h e pr ot o c o ni d ( Te xt- fi g. 
6j – k). T h e pr ot o c o ni d is t h e hi g h est c us pi d. It is c o n n e ct e d 
li n g u all y t o t h e m et a c o ni d, w hi c h is a b o ut t h e s a m e h ei g ht 
as t h e p ar a c o ni d. T h e t al o ni d is n oti c e a bl y l o w er t h a n t h e 
tri g o ni d. T h er e is o nl y a n i n c o m pl et e p ost eri or cristi d, w hi c h 
e n ds b ef or e r e a c hi n g t h e li n g u al si d e of t h e t o ot h.

m 1 . T h e first l o w er m ol ars h a v e a tri g o ni d a n d a  t al o ni d 
of  si mil ar  l e n gt h.  T h e  pr ot o c o ni d  h as  a tri a n g ul ar  s h a p e,  
w hil e  t h e  m et a c o ni d  is  m or e  c o ni c al.  B ot h  c us pi ds  ar e  
f ai ntl y  c o n n e ct e d  b y  a m et al o p hi d  di vi d e d  i nt o  t w o  s h ort  
cristi ds.  T h e  pr ot o c o ni d  als o  c o n n e cts  t o  t h e  p ar a c o ni d,  
t h e m ost a nt eri or c us pi d. T h er e is a cl e ar n ot c h a nt eri or t o 
t h e  pr ot o c o ni d  ( Te xt- fi g.  6l).  T h e  t al o ni d  dis pl a ys  a hi g h 
e nt o c o ni d. It s h o ws a l o w a nt eri or cristi d r u n ni n g li n g u all y 
t o w ar d  t h e  tri g o ni d,  i nt err u pt e d  b y  a s u p er fi ci al n ot c h 
( Te xt- fi g. 6 m). T h e h y p o c o ni d is l o w er a n d c o n n e cts t o t h e 
tri g o ni d t hr o u g h a n o bli q u e cristi d. T h e p ost cristi d c o n n e cts 
b ot h tri g o ni d c us pi ds.

m 2 .  T h e  m 2  diff ers  fr o m  t h e  m 1  i n  t h e  a nt eri or  
c o m pr essi o n  of  t h e  tri g o ni d,  r es ulti n g  i n  a  m or e  c ur v e d  
p ar al o p hi d, c o m pl et el y i n cl u di n g t h e p ar a c o ni d a n d a  s h ort er 
l e n gt h.  Als o,  t h e  p ost ci n g uli d  is  m or e  str o n gl y  r e d u c e d  
( Te xt- fi g. 6 n –r).

a b

c d

e

f
g

Te xt-fi g.  5.  S c a n ni n g  el e ct r o n  mi c r o g r a p hs  of  G al eri x t a x a  f r o m  M o k rá - Q u a r r y  fiss u r es  i n  o c cl us al  vi e w.  a – e:  G al eri x  e xilis ;  
a – ri g ht P 3 ( P al. 3 5 4 3), b – d a m a g e d ri g ht M 1 ( P al. 3 9 0 9), c – l eft M 1 ( P al. 4 2 0 1), d – l eft M 2 ( P al. 3 5 1 9), e – Ri g ht M 2 ( P al. 4 2 0 0). 
f – g: G al eri x s y m e o ni disi ; f – ri g ht P 3 ( P al. 3 5 2 5), g – l eft M 1 ( P al. 3 5 1 7). All t e et h a r e fi g u r e d as l eft el e m e nts. S c al e b a r = 1 m m.
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R e  m a r k s .  T h e  g e n us  G al eri x is  t h e  m ost  c o m m o n  
i ns e cti v or e i n E arl y Mi o c e n e f ossil sit es i n E ur o p e. Alt h o u g h 
its first r e c or ds c o m e fr o m t h e e arli est Mi o c e n e of A n at oli a 
( d e Br uij n et al. 1 9 9 2, v a n d e n H o e k Ost e n d e 1 9 9 2), it is first 
i d e nti fi e d i n E ur o p e i n M N 3 l o c aliti es. T o d at e, f o ur s p e ci es 
h a v e b e e n i d e nti fi e d i n t h e E arl y Mi o c e n e: G al eri x r e m m erti 
v a n  d e n   Ho e k  o s T e n d e ,  2 0 0 3, G.  a ur eli a n e nsis  z i eG l e r , 
1 9 9 0,  G. s y m e o ni disi, a n d G. e xilis. T o t his is als o i n cl u d e d 
“ G al eri x ”  k ost a kii d o u k a s  et v a n  d e n  Ho e k  o s T e n d e , 2 0 0 6, 

alt h o u g h  s e v er al  a ut h ors  i n cl u d e  t his  t a x o n  t o  t h e  g e n us  
P ar as or e x  v o n  m e y e r ,  1 8 6 5, d u e  t o  t h e  a d v a n c e d  st at e  
of  its  m et a c o n ul e  o n  M 1 – 2  ( D o u k as  a n d  v a n  d e n  H o e k 
Ost e n d e 2 0 0 6, Pri et o et al. 2 0 1 2, Zijlstr a a n d Fl y n n 2 0 1 5). 
G . r e m m erti is m ostl y f o u n d i n S p a nis h ass e m bl a g es ( v a n 
d e n H o e k Ost e n d e a n d F uri ó  2 0 0 5) a n d is c o nsi d er e d t o b e 
cl os el y  r el at e d  t o  t h e  C e ntr al  E ur o p e a n  G.  a ur eli a n e nsis  
( Zi e gl er  1 9 9 0),  b as e d  o n  t h e  l ess  d eri v e d  m or p h ol o g y  
a n d  t h e  hi g h- cr est e d  p att er n  o n  u p p er  m ol ars.  T h e  m ai n  

a
b c

d

e f g h i

j k l

m n
o

p q r

Te xt-fi g.  6.  S c a n ni n g  el e ct r o n  mi c r o g r a p hs  of  G al eri x  e xilis  s e u G.  s y m e o ni disi  f r o m  M o k rá - Q u a r r y  fiss u r es  i n  o c cl us al  vi e w.   
a: Ri g ht P 4 ( P al. 3 5 0 3). b: Ri g ht M 1 ( P al. 3 5 1 8). c: Ri g ht M 2 ( P al. 3 0 1 6). d: L eft M 2 ( P al. 3 0 1 7). e: L eft M 2 ( P al. 3 9 3 3). f: Ri g ht 
M 3 ( P al. 3 5 2 0). g: Ri g ht M 3 ( P al. 3 5 2 1). h: L eft p 2 ( P al. 3 5 4 5). i: L eft p 3 ( P al. 3 5 3 5). j: L eft p 4 ( P al. 3 5 4 1). k: Ri g ht p 4 ( P al. 3 9 0 8).  
l: L eft m 1 ( P al. 3 5 0 8). m: L eft m 1 ( P al. 3 5 0 9). n: L eft m 2 ( P al. 3 0 1 8). o: L eft m 2 ( P al. 3 0 1 9). p: L eft m 2 ( P al. 3 4 0 3). q: L eft m 2 ( P al. 
3 5 3 1). r: L eft m 2 ( P al. 3 9 3 4). All t e et h a r e fi g u r e d as l eft el e m e nts. S c al e b a r = 1 m m.
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diff er e n c e b et w e e n t h e m is t h e sli g htl y s m all er si z e of G. 
r e m m erti ( v a n d e n H o e k Ost e n d e 2 0 0 3). B ot h s p e ci es ar e 
l ar g er  t h a n  o ur  s p e ci m e ns.  R e g ar di n g  G.  s y m e o ni disi  a n d 
G. e xilis , t h e m ai n diff er e n c es b et w e e n t h e m r esi d e i n t h e 
m or p h ol o g y  of  P 3  ( D o u k as  1 9 8 6,  v a n  d e n  H o e k  Ost e n d e  
a n d  D o u k as  2 0 0 3).  T h e  ass e m bl a g e  fr o m  M o kr á - Q u arr y 
yi el d e d  t w o  diff er e nt  P 3  m or p h ol o gi es,  o n e  t h at  s h o ws  
a  w ell- d e v el o p e d  h y p o c o n e a n d attri b ut e d t o G. s y m e o ni disi , 
a n d a n ot h er t h at l a c ks a  d e v el o p e d h y p o c o n e, r ef err e d t o G. 
e xilis ( Zi e gl er  1 9 8 3).  D es pit e  G.  e xilis  r ar el y  p oss essi n g  
a  h y p o c o n e  o n  P 3  ( Zi e gl er  1 9 8 3),  t his  c us p  is  w e a kl y  
d e v el o p e d  a n d  t h e  p ar ast yl e  is  still  r el ati v el y  pr o mi n e nt,  
w hi c h is n ot t h e c as e h er e. I n a d diti o n, t h e m or p h o m etri c 
v ari a bilit y of t h e ass e m bl a g e is c o nsist e nt wit h a  mi xt ur e of 
G. s y m e o ni disi a n d G. e xilis , at l e ast i n M W Q 2/ 2 0 0 3 . T his 
mi xt ur e of t w o disti n ct G al eri x s p e ci es h as b e e n i d e nti fi e d 
i n l at e M N 4 a n d e arli est M N 5 of c e ntr al E ur o p e t h a n ks t o 
t h e  i n- d e pt h  st u d y  of  v a n  d e n  H o e k  Ost e n d e  a n d  D o u k as  
( 2 0 0 3).  M ost  r e c o v er e d  u p p er  m ol ars  r es e m bl e  G.  e xilis , 
b as e d  o n  si z e  si mil arit y,  a  r e d u c e d  pr ot o c o n ul e,  a n d  t h e  
fr e q u e nt  pr es e n c e  of  pr ot o c o n ul e- m et a c o n ul e  c o n n e cti o n.  
P al. 3 5 1 7 ( Te xt- fi g. 5 g) c o nstit ut es t h e o nl y e x c e pti o n. T h e 
s m all si z e, r e d u c e d p ar ast yl e, a n d t hi n p ost h y p o crist a m or e 

cl os el y r es e m bl e G al eri x s y m e o ni disi . Alt h o u g h m ost of t h e 
G al eri x ass e m bl a g e c a n n ot b e attri b ut e d t o t h e s p e ci es l e v el, 
t h e  o v er all  m or p h ol o gi c al  c h ar a ct eristi cs  s u g g est  t h at  G. 
e xilis w as m or e a b u n d a nt t h a n G. s y m e o ni disi.

F a mil y T al pi d a e F i s cH e r  [v o n  Wa l d H ei M ], 1 8 1 4 
S u bf a mil y T al pi n a e F i s cH e r  [v o n  Wa l d H ei M ], 1 8 1 4 

G e n us T al p a l i n n a e u s, 1 7 5 8

T al p a s p.
Te xt- fi gs 7, 8

S t u d i e d  m a t e r i a l  a n d  m e a s u r e m e n t s .  
M W Q 1/ 2 0 0 1: t w o ul n a e ( P al. 3 0 4 0, P al. 3 0 4 8).

M W Q 2/ 2 0 0 3: o n e fr a g m e nt of m a n di bl e ( P al. 3 4 0 4); o n e 
ri g ht  l o w er  pr e m ol ar  ( P al.  3 5 2 2,  1. 5 3 × 0. 6 8);  fi v e  h u m eri 
( P al. P al. 4 0 1 4 – 4 0 1 8) t w o ul n a e ( P al. P al. 4 0 1 9, 4 0 2 0).

M C Q 3/ 2 0 0 5:  4  h u m eri  ( P al.  4 4 1 8 – 4 4 2 1);  fi v e  ul n a e 
( P al. P al. 4 4 2 2 – 4 4 2 7).

M e a s u r e m e n t s . s e e Ta bs 1, 2.

D e s c r i p t i o n . L o w e r p r e m ol a r . It h as t w o r o ots. It 
is m u c h l o n g er t h a n wi d e. T h er e is a v er y s m all c us p ul e at 
t h e a nt eri or e d g e, is ol at e d fr o m t h e r est of t h e t o ot h. T h e ti p 

T a bl e 1. M e as u r e m e nts (i n m m) of ul n a e of T al p a s p. f r o m M o k r á- Q u a r r y. 1 – m a xi m al l e n gt h, 2 – mi ni m u m di a m et e r of p r o c ess us 
a n c o n e us, 3 – dist al di a m et e r, 4 – dist al wi dt h, 5 – l e n gt h of i n cis u r a, 6 – ol e c r a n o n l e n gt h, 7 – ol e c r a n o n wi dt h, 8 – mi ni m u m di a p h ysis 
di a m et e r ( M D D).

L o c alit y C oll e cti o n N u m b e r 1 2 3 4 5 6 7 8

M W Q 1/ 2 0 0 1 P al. 3 0 4 0 1 5. 0 2 2. 3 2 3. 4 7 1. 3 2 1. 8 0 5. 0 3 3. 3 7 1. 6 0

M W Q 1/ 2 0 0 1 P al. 3 0 4 8 1. 8 0 1. 5 7

M W Q 2/ 2 0 0 3 P al. 4 0 1 9 1. 7 9

M W Q 2/ 2 0 0 3 P al. 4 0 2 0 1. 7 8 4. 6 1

M C Q 3/ 2 0 0 5 P al. 4 4 2 2 2. 4 4 1. 7 1 4. 6 2 1. 4 4

M C Q 3/ 2 0 0 5 P al. 4 4 2 3 2. 3 6 1. 7 7 4. 4 1 1. 5 4

M C Q 3/ 2 0 0 5 P al. 4 4 2 4

M C Q 3/ 2 0 0 5 P al. 4 4 2 5 2. 4 6 1. 7 7 1. 6 2

M C Q 3/ 2 0 0 5 P al. 4 4 2 6 1. 7 1

M C Q 3/ 2 0 0 5 P al. 4 4 2 7 2. 3 2 1. 7 1 1. 5 7

T a bl e 2. M e as u r e m e nts (i n m m) of h u m e ri of T al p a s p. f r o m M o k r á- Q u a r r y. 1 – m a xi m al l e n gt h, 2 – l e n gt h t o t u b e r c ul u m t e r es 
p r o xi m al, 3 – l e n gt h t o t u b e r c ul u m t e r es dist al, 4 – l e n gt h t o p e ct o r al t u b e r cl e, 5 – l e n gt h t o t u b e r m ai o r, 6 – l e n gt h t o p r o c ess us 
d elt oi d e us, 7 – dist al wi dt h, 8 – p r o xi m al wi dt h, 9 – wi dt h c a pit ul u m t o f oss a, 1 0 – mi ni m u m di a p h ysis di a m et e r ( M D D), 1 1 – M D D 
p a r all el t o r ef e r e n c e li n e, 1 2 – wi dt h t u b e r mi n o r t o t u b e r m aj o r.

L o c alit y  C oll e cti o n N u m b e r 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

M W Q 2/ 2 0 0 3 P al. 4 0 1 4 1 1. 5 1 7. 9 6 4. 7 3 4. 5 0 7 1 0. 6 2 7. 2 9 8. 8 6 6. 9 6 3. 5 0 3. 2 8 7. 8 7

M W Q 2/ 2 0 0 3 P al. 4 0 1 5 1 1. 8 7 8. 5 5 5. 0 3 4. 6 9 5 1 0. 5 7 7. 4 3 7. 4 3 9. 3 7 7. 0 9 3. 6 3 3. 5 6 8. 5 1

M W Q 2/ 2 0 0 3 P al. 4 0 1 6 1 1. 4 1 7. 9 3 4. 7 0 4. 5 2 7 1 0. 2 8 7. 2 4 6. 8 8 3. 3 2 3. 2 1

M W Q 2/ 2 0 0 3 P al. 4 0 1 7 3. 5 5

M W Q 2/ 2 0 0 3 P al. 4 0 1 8 6. 8 7 6. 3 9 3. 5 8 3. 4 1

M C Q 3/ 2 0 0 5 P al. 4 4 1 8 1 0. 9 1 5. 0 9 6. 4 2 3. 6 2 3. 5 7

M C Q 3/ 2 0 0 5 P al. 4 4 1 9 3. 5 4

M C Q 3/ 2 0 0 5 P al. 4 4 2 0 6. 5 6 3. 6 3 3. 4 5

M C Q 3/ 2 0 0 5 P al. 4 4 2 1 6. 6 4 3. 6 9
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of  t h e  c us pi d  is  i n  a n  a nt eri or m ost  p ositi o n.  Fr o m  it  r u ns  
a  sl e n d er cristi d  c o n n e ct e d  t o  a  p ost eri or c us pi d  ( Te xt- fi g. 
7). T h er e is a  s h ort l a bi al ci n g uli d b et w e e n t h e m ai n c us pi d 
a n d t h e p ost eri or o n e. T h e l a bi al m ar gi n is sli g htl y c o n c a v e.

F r a g m e nt m a n di bl e . T h e fr a g m e nt of t h e m a n di bl e is 
e d e nt ul o us. T h er e ar e t w o al v e oli f or t h e m 3 r o ots, as w ell as 
a  p arti al r a m us. T h e c o n d yl ar pr o c ess is l o w a n d el o n g at e d. 
T h e m ass et eri c f oss a is m o d er at el y d e e p.

H u m e ri . T h e p e ct or al ar e a is l ar g e. T h er e is a s h all o w 
n ot c h  b et w e e n  t h e  t u b er  m aj or  a n d  t h e  crist a  p e ct or alis,  
w hi c h c o nti n u es al o n g t h e p e ct or al m ar gi n b ef or e r e a c hi n g 
t h e  crist a  h u m eri  ( Te xt- fi g.  8 a).  T h e  c a p ut  h u m eri  h as  a n 
el o n g at e d  dr o p-li k e  s h a p e  ( Te xt- fi g.  8 b).  Att a c h e d  t o  its 
i n n er b as e, a s h ort a n d v er y t hi n ri d g e is f o u n d i n o n e of fi v e 
s p e ci m e ns. T h e f oss a br a c hi alis is d e e p. T h e bi ci pit al gr o o v e 
is m ar k e d a n d t h e m us c ul us fi e x or di git or u m li g a m e nt f oss a 
is d e e p. T h e s u pr atr o c hl e ar f oss a a n d t h e ol e cr a n o n f oss a ar e 
wi d e ( Te xt- fi g. 8 a, b).

Ul n a e . T h e di a p h ysis is al m ost str ai g ht ( Te xt- fi g. 8 c, d). 
B el o w t h e i n cis ur a r a di alis ul n a e t h er e is a  d e e p, el o n g at e d 
b asi n  r e a c hi n g  t h e  b as e  of  t h e  ol e cr a n o n,  w hi c h  is  r o b ust  
a n d str o n gl y d e v el o p e d. T h e b asi n is s urr o u n d e d b y a  hi g h 
p ost eri or  ri d g e.  I n  m e di al  vi e w,  t h e  s u btri a n g ul ar  b asi n  is  
f o u n d b et w e e n t h e i n cis ur a a n d t h e b as e of t h e ol e cr a n o n. 

T h e i n cis ur a tr o c hl e aris is t hi c k a n d s e mi cir c ul ar ( Te xt- fi g. 
8 d). O n t h e l at er al f a c e n e ar t h e tr o c hl e a, t h er e is a  s h ort 
c e ntr al cr est.

R e  m a r k s . T h e t a x o n o m y of f ossil Tal pi d a e is n ot o nl y 
b as e d o n t h e d e ntiti o n, b ut als o o n t h e h u m eri ( v a n d e n H o e k 
Ost e n d e a n d F ejf ar 2 0 0 6). F ort u n at el y, t h e pr es e n c e of m a n y 
p ost cr a ni al r e m ai ns i n t h e M o kr á- Q u arr y fiss ur es h el p e d t o 
i d e ntif y t h e ass e m bl a g e. S c al o pi ni d o B s o n , 1 8 8 3 a n d Tal pi ni 
ar e disti n g uis h e d b y t h e pr es e n c e or a bs e n c e of t h e “s c al o pi n e 
ri d g e ” ( C a m p b ell 1 9 3 9, v a n d e n H o e k Ost e n d e a n d F ejf ar 
2 0 0 6). T h e m or p h ol o g y of t h e h u m eri fr o m M o kr á- Q u arr y 
cl e arl y  r es e m bl es  t h at  of  Tal pi n a e.  M or e  pr e cis el y,  it  is  
c h ar a ct eri z e d b y t h e a bs e n c e of t his ri d g e, a n d fits i nt o t h e 
m or p h ot y p e  of  T al p a.  M or e o v er,  it  is  m or e  d eri v e d  t h a n  
t h e s c al o pi n e-li k e h u m er us of T al p a t e n ui d e nt at a z i eG l e r , 
1 9 9 0  fr o m t h e M N 3 C z e c h l o c alit y of A h ní k o v I ( v a n d e n 
H o e k Ost e n d e a n d F ejf ar 2 0 0 6). I n all, t h e di m e nsi o ns of 
t h e h u m eri ar e l ar g er t h a n t h os e of T al p a mi n ut a B l ai n vi l l e , 
1 8 4 0 ( H ut c his o n 1 9 7 4, Zi e gl er 2 0 0 0), b ut s m all er t h a n t h os e 
of T al p a s p. fr o m P et ers b u c h 2 8 ( Kli et m a n n et al. 2 0 1 5 a, b). 
As f or t h e ul n a e, t h eir di m e nsi o ns ar e b et w e e n t h os e of T. 
mi n ut a a n d t h e e xt a nt T. e ur o p a e a  l i n n a e u s, 1 7 5 8 ( B a u d el ot 
1 9 7 2,  S a b ol  2 0 0 5),  a n d  o nl y  sli g htl y  s m all er  t h a n  t h os e  
of T al p a s p. fr o m P et ers b u c h 2 8 ( Kli et m a n n et al. 2 0 1 5 a, 
b).  C o ns e q u e ntl y,  t h e  ass e m bl a g e  fr o m  M o kr á- Q u arr y  is 
r ef err e d t o as T al p a s p.

Dis c ussi o n

M o kr á- Q u arr y  is  o n e  of  t h e  m ost  i m p ort a nt  E arl y 
Mi o c e n e  sit es  of  C e ntr al  E ur o p e.  Its  k arst  fiss ur es  h a v e 
yi el d e d a  gr e at di v ersit y of s m all m a m m al t a x a i n di c ati v e of 
M N 4 f a u n as (s e e B o nill a- S al o m ó n et al. 2 0 2 1 a, b, 2 0 2 2 a, b, 
c), a n d r es e m bli n g ot h er M N 4 C z e c h f a u n as, s u c h as t h os e 
fr o m t h e D ol ni c e a n d Oř e c h o v sit es.

Pr e vi o us  st u di es  o n  s m all  m a m m als  a n d  h er p et of a u n a  
d es cri b e d  M o kr á- Q u arr y  fiss ur es  as  a  k arsti c l a n ds c a p e 
wit h o p e n dr y st e p p es, cl os e t o m or e h u mi d ar e as a n d l ar g e 
p at c h es of w o o dl a n d (I v a n o v et al. 2 0 0 6, 2 0 1 8, 2 0 2 0, S a b ol 
et al. 2 0 0 7, I v a n o v 2 0 0 8, L uj á n et al. 2 0 1 7, 2 0 2 1, B o nill a-

Te xt-fi g.  7.  S c a n ni n g  el e ct r o n  mi c r o g r a p h  of  T al p a  s p.  f r o m  
M W Q 2/ 2 0 0 3  i n  o c cl us al  vi e w.  Ri g ht  p r e m ol a r  ( P al.  3 5 2 2).  
T o ot h fi g u r e d as l eft el e m e nt. S c al e b a r = 1 m m.

a
b

c d

Te xt-fi g. 8. P ost c r a ni al el e m e nts of T al p a s p. a, b: Ri g ht h u m e r us P al. 4 4 1 9; a – a nt e ri o r vi e w, b – p ost e ri o r vi e w. c, d: Ri g ht ul n a 
P al. 4 4 2 3; c – m e di al vi e w, d – l at e r al vi e w. All p ost c r a ni al b o n es a r e fi g u r e d as l eft el e m e nts. S c al e b a r = 2 m m.
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S al o m ó n et al. 2 0 2 1 a, b, 2 0 2 2 a, b, c). T h e d at a pr es e nt e d 
h er e, b as e d o n t h e M et at h eri a a n d E uli p ot y p hl a, a gr e e wit h 
t h es e w or ks.

A m p hi p er at h eri u m r e m ai ns ar e m or e c o m m o n i n C e ntr al 
E ur o p e a n ass e m bl a g es t h a n els e w h er e i n t h e c o nti n e nt. F uri ó  
et al. ( 2 0 1 2) c orr el at e d its hi g h er a b u n d a n c e i n C e ntr al E ur o p e 
t o  m or e  h u mi d  c o n diti o ns,  w h er e as  S p a nis h  ass e m bl a g es  
c o nt ai ni n g A m p hi p er at h eri u m ar e i nt er pr et e d i n d e p e n d e ntl y 
as r e pr es e nti n g w et e n vir o n m e nts. As a n e x c e pti o n, Cr es p o 
et al. ( 2 0 2 0) d es cri b e d A. fr e q u e ns fr o m a g y ps u m l a y er. T his 
s u g g ests t h at t h e s p e ci es, alt h o u g h t hri vi n g i n w ar m a n d h u mi d 
e n vir o n m e nts,  m a y  h a v e  s h o w n  s o m e  dr o u g ht  t ol er a n c e.  
O v er all,  it  h as  b e e n  tr a diti o n all y  li n k e d  wit h  f or est e d  
e n vir o n m e nts a n d n o ct ur n al b e h a vi ors ( Zi e gl er 1 9 9 9 a). K ur z 
( 2 0 0 5) c o nsi d er e d A m p hi p er at h eri u m a  fr u gi v or e- o m ni v or e 
t a x o n,  wit h  c urs ori al  l o c o m oti o n,  b as e d  o n  a s k el et o n  of  
A m p hi p er at h eri u m cf. m a xi m u m  C r o C H e T , 1 9 7 9 fr o m M es el. 
B as e d o n t h e r e d es cri pti o n of R os e ( 2 0 1 2),  t h e pr es e n c e of 
w ell- d e v el o p e d tr a ns v ers e pr o c ess es i n t h e l u m b ar v ert e br a e 
als o s u g g ests a  m or e t err estri al a d a pt ati o n t h a n P er a d e ct es  
G r a n G e r , 1 9 2 1 c o nsi d er e d m or e ar b or e al. All of t h e a b o v e 
c o ul d a gr e e wit h t h e pr es e n c e of A m p hi p er at h eri u m i n t h e 
vi ci nit y of t h e k arsti c ar e as.

R e g ar di n g  Eri n a c ei n a e,  t h er e  is  still  dis c ussi o n  a b o ut  
t h eir  e c ol o gi c al  pr ef er e n c es  ( v a n  D a m  et  al.  2 0 2 0,  a n d  
r ef er e n c es  t h er ei n).  A m p h e c hi n us is  r e c or d e d  i n  t h e  l at e  
Oli g o c e n e a n d E arl y Mi o c e n e of s e v er al C e ntr al E ur o p e a n 
l o c aliti es, w h er e c o n diti o ns w er e m or e h u mi d ( v a n D a m et 
al. 2 0 2 0). O n t h e ot h er h a n d, t h e e ntr a n c e of A m p h e c hi n us 
i n t h e I b eri a n P e ni ns ul a c oi n ci d es wit h a tr a nsiti o n t o a dri er 
c o n diti o n ( v a n d er M e ul e n a n d D a a ms 1 9 9 2). F urt h er m or e, 
F uri ó  et al. ( 2 0 1 8) st at e t h at t h e l ess fr e q u e nt o c c urr e n c e of 
A m p h e c hi n us i n t h e I b eri a n P e ni ns ul a f ossil r e c or d d uri n g 
z o n e  G  ( Mi d dl e  Mi o c e n e)  is  c o e v al  wit h  a n  i n cr e as e  i n  
pr e ci pit ati o n.  B esi d es  t h e  p al e o e n vir o n m e nt al  c o n diti o ns  
d e b at e,  t h e  g e n us  A m p h e c hi n us is  b eli e v e d  t o  h a v e  f e d  
m ai nl y o n s m all i n v ert e br at es, b as e d o n its a n c estr al d e nt al 
p att er n ( v a n D a m et al. 2 0 2 0).

R e g ar di n g  G al eri ci n a e,  t h eir  cl os er  r el ati v es  li v e  i n  
f or est e d  e n vir o n m e nts,  n e ar  w at er  b o di es,  w h er e  t h e y  
f e e d  o n  i n v ert e br at es,  fr o gs,  a n d  s o m e  pl a nt  m att er  
( C or b et 1 9 8 8). H o w e v er, m o d er n g y m n ur es dis pl a y str o n g 
m or p h ol o gi c al  diff er e n c es  fr o m  G al eri x , a n d  ar e  r at h er  
dist a nt  p h yl o g e n eti c all y.  T h er ef or e,  t h e  p al e o e c ol o g y  of  
G al eri x c a n n ot  b e  i nf err e d  fr o m  m o d er n  g y m n ur es  ( v a n  
d e n  H o e k  Ost e n d e  a n d  D o u k as  2 0 0 3,  Kli et m a n n  et  al.  
2 0 1 5 a).  T h e  Mi o c e n e  G al eri ci ni,  s u c h  as  G al eri x , w er e 
li k el y  t ol er a nt  t o  a hi g h er di v ersit y  of  h a bit ats  ( G ar c ía-
Ali x et al. 2 0 0 8, F uri ó  et al. 2 0 1 8), i n cl u di n g n ot a bl y dri er 
c o n diti o ns ( L uis a n d H er n a n d o 2 0 0 0, Mi n w er- B ar a k at et al. 
2 0 0 9, F uri ó  et al. 2 0 1 1). As dis c uss e d b y Kli et m a n n et al. 
( 2 0 1 5 b), b as e d o n t h e e v ol uti o n a n d g e o gr a p hi c distri b uti o n 
of G al eri x , t his g e n us is i n di c ati v e of r at h er w ar m o p e n, a n d 
sli g htl y dr y l o c al e n vir o n m e nts. T his is c o nsist e nt wit h t h e 
r e c o nstr u cti o n of M o kr á- Q u arr y. R e g ar di n g its di et, G al eri x 
s h o ul d b e c o nsi d er e d a  g e n er alist i n v erti v or e, w h er e as ot h er 
G al eri ci ni g e n er a s h o w cl e ar er di et ar y a d a pt ati o ns ( v a n d e n 
H o e k Ost e n d e 2 0 0 1). Gi v e n t h eir cl os e m or p h ol o gi c al a n d 
m or p h o m etri c si mil ariti es, it is u n cl e ar w h et h er G. e xilis  a n d 
G. s y m e o ni disi  ar e fr e q u e ntl y c o- o c c urri n g i n M N 4 C e ntr al 
E ur o p e a n  ass e m bl a g es.  T h e  sl o w  r e pl a c e m e nt  of  G al eri x 

s y m e o ni disi  b y G al eri x e xilis i n t h e D ar o c a- C al a m o c h a ar e a, 
S p ai n ( v a n d e n H o e k Ost e n d e a n d D o u k as 2 0 0 3), s u g g ests 
t h at  t h es e  s p e ci es  p artl y  a v oi d e d  dir e ct  c o m p etiti o n,  a n d  
t h er ef or e o c c u pi e d n o n- o v erl a p pi n g e c ol o gi c al ni c h es. I n t his 
r es p e ct, t h e d o mi n a n c e of G . e xilis i n o ur s a m pl es s u g g ests 
a  c orr el ati o n wit h  t h e  l at e  M N  4,  b ef or e  t h e  e xti n cti o n  of 
G.  s y m e o ni disi .

F ull y  f oss ori al  m ol es  ar e  n ot  dir e ct  c o m p etit ors  f or  
r es o ur c es wit h s hr e ws, h e d g e h o gs a n d ot h er i ns e cti v or o us 
s p e ci es.  T h eir  s p e ci ali z e d  h a bit at  m a k es  t h e m  l ess  e asil y  
c a u g ht  b y  a vi a n  or  s c a ns ori al  m a m m ali a n  pr e d at ors  
( Kli et m a n n  et  al.  2 0 1 5 b).  I n  a d diti o n,  t h es e  t a x a  r e q uir e d  
s uf fi ci e ntl y  h u mi d  s oil.  T h eir  a b u n d a n c e  i n  k arsti c  sit es 
a n d o v er all r o c k y ar e as ar e us u all y r e d u c e d. T al p a is r at h er 
a b u n d a nt  i n  M o kr á- Q u arr y,  b ut  t his  o bs er v ati o n  is  b as e d 
s ol el y o n p ost cr a ni al el e m e nts. T h e f a u n al p att er n o bs er v e d 
i n o ur ass e m bl a g es b as e d o n d e nt al el e m e nts o nl y is t y pi c al 
of k arst e n vir o n m e nts.

T h e  E uli p ot y p hl a  s p e ci m e ns  r e c o v er e d  fr o m  M o kr á-
Q u arr y  r e pr es e nt  a  mi n or p art  of  t h e  s m all  m a m m al 
ass e m bl a g es ( b ats e x cl u d e d) i n t er ms of r el ati v e a b u n d a n c e: 
3. 5  % i n  M W Q 1/ 2 0 0 1,  1 5 % i n  M W Q 2/ 2 0 0 3,  2. 5 % i n 
M C Q 3/ 2 0 0 5 a n d 2 8. 5  % i n M W Q 4/ 2 0 1 8, alt h o u g h t h e l at er 
c o nsists o nl y of 7 s m all m a m m al r e m ai ns r e c o v er e d s o f ar 
(s e e  a list of  t a x a  wit h  n u m b er  of  i d e nti fi e d  s p e ci m e ns  i n 
B o nill a- S al o m ó n  et  al.  2 0 2 2 c).  T h e  n u m b er  of  i d e nti fi e d 
s p e ci m e ns  i n  t h e  ass e m bl a g es  i n di c at e  t h at  t h e  pi ct ur e  of  
t h e e uli p ot y p hl a n di v ersit y i n M o kr á- Q u arr y is i n c o m pl et e. 
S u c h r el ati v e a b u n d a n c e of E uli p ot y p hl a is, h o w e v er, als o 
c o nsist e nt  wit h  a  l o w  h u mi dit y  r at e,  as  alr e a d y  s u p p ort e d  
a b o v e.  F urt h er  st u d y  is  r e q uir e d  t o  u n d erst a n d  t h e  l o c al  
f a u n al e v ol uti o n of e uli p ot y p hl a n a n d m et at h eri a n t a x a i n 
t h e l at e E arl y Mi o c e n e of C e ntr al E ur o p e.

C o n cl usi o ns

T h e  M et at h eri a  a n d  E uli p ot y p hl a  f a u n as  fr o m  
M W Q 2/ 2 0 0 3, M C Q 3/ 2 0 0 5 a n d M W Q 4/ 2 0 1 8 ar e d es cri b e d 
f or  t h e  first  ti m e,  c o nsisti n g  of  fi v e  diff er e nt  t a x a: 
A m p hi p er at h eri u m  fr e q u e ns , A m p h e c hi n us cf. b a u d el oti , 
G al eri x e xilis , G al eri x s y m e o ni disi , a n d T al p a s p. M o kr á -
Q u arr y  fiss ur es  c o nt ai n  a  mi xt ur e of  t w o G al eri x s p e ci es 
(i. e., G . s y m e o ni disi  a n d G.  e xilis )  t y pi c al  of  l at e  M N  4 
ass e m bl a g es. T h e o c c urr e n c e of A m p h e c hi n us , r ar e i n E arl y 
Mi o c e n e  s m all  m a m m al  ass e m bl a g es,  is  r el e v a nt.  T h e  
s a m pl e  fr o m  M o kr á - Q u arr y  s h o ws  a c h ar a ct eristi c s et  of 
f e at ur es si mil ar t o t h os e of A. b a u d el oti , n e v er pr e vi o usl y 
i d e nti fi e d i n C e ntr al E ur o p e.

Fi n all y,  t h e  g e n us  T al p a is  r e pr es e nt e d  b y  a si n gl e  
pr e m ol ar ,  a n  e d e nt ul o us  m a n di bl e  fr a g m e nt,  a n d  m ostl y  
p ost cr a ni al  m at eri al  (i. e.,  s e v er al  h u m eri  a n d  ul n a e).  T h e  
g e n us is als o f o u n d i n ot h er C z e c h a n d C e ntr al E ur o p e a n 
l o c aliti es d uri n g t h e E arl y Mi o c e n e.

 T h e n o n-r o d e nt s m all m a m m al ass e m bl a g e is c o nsist e nt 
wit h  pr e vi o us  p al e o e n vir o n m e nt al  r e c o nstr u cti o ns,  d e pi ct-
i n g M o kr á- Q u arr y fiss ur es as a k arsti c ar e a, cl os e t o p at c h es 
of  w o o dl a n d  a n d  s m all  w at er  b o di es.  F ut ur e  st u di es  of  
t h e  C hir o pt er a  a n d  l ar g e  m a m m als  fr o m  all  fiss ur es  will 
h el p t o pr o vi d e a  m or e c o m pl et e pi ct ur e of M o kr á- Q u arr y 
ass e m bl a g es.
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A c k n o wl e d g e m e nts

T his  r es e ar c h  w as  c arri e d  o ut  wit h  fi n a n ci al  s u p p ort 
fr o m  t h e  Sl o v a k  R es e ar c h  a n d  D e v el o p m e nt  A g e n c y  
( pr oj e ct A P V V- 2 0- 0 1 2 0 a n d A P V V- 2 0- 0 0 7 9); t h e S ci e nti fi c 
Gr a nt A g e n c y of t h e Sl o v a k Mi nistr y of E d u c ati o n ( V E G A 
1/ 0 5 3 3/ 2 1); a n d t h e U K gr a nt of t h e C o m e ni us U ni v ersit y 
i n Br atisl a v a ( Pr oj e ct N o. U K/ 5 6/ 2 0 1 9, U K/ 1 0 0/ 2 0 2 0, a n d 
U K/ 7 5/ 2 0 2 1;  I. B. S.).  T h e  a ut h ors  als o  a c k n o wl e d g e  t h e 
h el pf ul  c o m m e nts  a n d  s u g g esti o ns  b y  r e vi e w ers  Vi c e nt e  
D. Cr es p o a n d L ars v a n d e n H o e k Ost e n d e, w hi c h h el p e d 
t o i m pr o v e t h e m a n us cri pt. T h eir gr atit u d e als o g o es t o J a n 
Wa g n er f or h a n dli n g t h e m a n us cri pt.
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