
 Open access  Journal Article  DOI:10.2478/AGP-2013-0026

The trace fossil Lepidenteron lewesiensis (Mantell, 1822) from the Upper Cretaceous
of southern Poland — Source link 

Agata Jurkowska, Alfred Uchman

Published on: 01 Dec 2013 - Acta Geologica Polonica (Polska Akademia Nauk)

Topics: Zoophycos, Cruziana, Thalassinoides, Planolites and Ichnofacies

Related papers:

 Trace fossils from the Mississippian of the Piaskowa Góra section (the Intra-Sudetic Basin, SW Poland)

 
Ichnological analysis of the Bidart and Sopelana Cretaceous/Paleogene (K/Pg) boundary sections (Basque Basin,
W Pyrenees): Refining eco-sedimentary environment

 
Zoophycos and related trace fossils from the Chefar El Ahmar Formation, Upper Emsian-Frasnian Ia-Ib (Ougarta,
SW Algeria)

 The oldest Mesozoic nearshore Zoophycos: evidence from the German Triassic

 
Bioturbation structures of the Kropivnik Fucoid Marls (Campanian-lower Maastrichtian) of the Huwniki-Rybotycze
area (Polish Carpathians)

Share this paper:    

View more about this paper here: https://typeset.io/papers/the-trace-fossil-lepidenteron-lewesiensis-mantell-1822-from-
1kzkg64mz7

https://typeset.io/
https://www.doi.org/10.2478/AGP-2013-0026
https://typeset.io/papers/the-trace-fossil-lepidenteron-lewesiensis-mantell-1822-from-1kzkg64mz7
https://typeset.io/authors/agata-jurkowska-1b4uksewrp
https://typeset.io/authors/alfred-uchman-5074qsafsg
https://typeset.io/journals/acta-geologica-polonica-feruq873
https://typeset.io/topics/zoophycos-23lpvbip
https://typeset.io/topics/cruziana-3sxd8frl
https://typeset.io/topics/thalassinoides-1jufvg2m
https://typeset.io/topics/planolites-5dv9b4b2
https://typeset.io/topics/ichnofacies-3idzg7bb
https://typeset.io/papers/trace-fossils-from-the-mississippian-of-the-piaskowa-gora-4djo6xp46q
https://typeset.io/papers/ichnological-analysis-of-the-bidart-and-sopelana-cretaceous-1zerrcu89i
https://typeset.io/papers/zoophycos-and-related-trace-fossils-from-the-chefar-el-ahmar-z574x242js
https://typeset.io/papers/the-oldest-mesozoic-nearshore-zoophycos-evidence-from-the-tvshww2fgl
https://typeset.io/papers/bioturbation-structures-of-the-kropivnik-fucoid-marls-2h077fjc0n
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/the-trace-fossil-lepidenteron-lewesiensis-mantell-1822-from-1kzkg64mz7
https://twitter.com/intent/tweet?text=The%20trace%20fossil%20Lepidenteron%20lewesiensis%20(Mantell,%201822)%20from%20the%20Upper%20Cretaceous%20of%20southern%20Poland&url=https://typeset.io/papers/the-trace-fossil-lepidenteron-lewesiensis-mantell-1822-from-1kzkg64mz7
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/the-trace-fossil-lepidenteron-lewesiensis-mantell-1822-from-1kzkg64mz7
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/the-trace-fossil-lepidenteron-lewesiensis-mantell-1822-from-1kzkg64mz7
https://typeset.io/papers/the-trace-fossil-lepidenteron-lewesiensis-mantell-1822-from-1kzkg64mz7


A c ta  G eo lo g ica  P o lo n ic a ,  V o l. 6 3  ( 2 0 1 3 ) , N o .  4 , p p . 6 1 1 - 6 2 3  

D O I: 1 0 .2 4 7 8 /a g p - 2 0 1 3 -0 0 2 6

VERSITA

T h e  tra c e  fo s s i l Lepiden teron  lew esiensis  (M a n te ll ,  1 8 2 2 ) 

f ro m  th e  U p p e r  C re ta c e o u s  o f  s o u th e rn  P o la n d

A G A T A  J U R K O W S K A  A N D  A L F R E D  U C H M A N
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A B S T R A C T :

J u r k o w s k a ,  A .  a n d  U c h m a n ,  A .  2 0 1 3 . T h e  tr a c e  f o s s i l  L e p id e n te ro n  le w e s ien s is  ( M a n te ll ,  1 8 2 2 )  f r o m  th e  U p p e r  

C r e ta c e o u s  o f  s o u th e r n  P o la n d .  A c ta  G eo lo g ica  P o lo n ic a ,  6 3  (4 ) , 6 1 1 - 6 2 3 .  W a rs z a w a .

L ep id e n te ro n  le w e s ien s is  ( M a n te ll ,  1 8 2 2 )  is  a n  u n b r a n c h e d  t r a c e  f o s s i l  l in e d  w i th  s m a ll  f i s h  s c a le s  a n d  b o n e s , 

w i th o u t  a  c o n s t r u c te d  w a ll .  I t  is  c h a r a c te r is t i c  o f  th e  U p p e r  C r e ta c e o u s  e p ic o n ti n e n ta l ,  m o s t ly  m a r ly  s e d im e n ts  

in  E u ro p e . I n  th e  M ie c h ó w  S e g m e n t o f  th e  S z c z e c in - M ie c h ó w  S y n c lin o r iu m  in  s o u th e r n  P o la n d ,  i t  o c c u r s  in  th e  

U p p e r  C a m p a n ia n - L o w e r  M a a s tr ic h ti a n  d e e p e r  s h e l f  s e d im e n ts , w h ic h  w e r e  d e p o s it e d  b e lo w  w a v e  b a s e  a n d  a r e  

c h a r a c t e r iz e d  b y  to ta l  b io tu r b a t i o n  a n d  a  tr a c e  f o s s i l  a s s e m b la g e  c o m p r i s in g  P la n o lite s , P a la e o p h ycu s , Tha- 

la ss in o id es , Trich ichnu s, P h yco s ip h o n , Z o o p h y c o s  a n d  H e lic o d ro m ite s  t h a t  is  t y p ic a l  o f  th e  t r a n s i t io n  f r o m  th e  

d is ta l  C ruziana  to  th e  Z o o p h yco s  i c h n o fa c ie s .  L. lew esien s is  w a s  p r o d u c e d  b y  a  b u r r o w in g  p r e d a to r  o r  s c a v e n g e r  

o f  f is h e s .  T h e  t r a c e m a k e r  c a n d id a te s  c o u ld  b e  e u n ic id  p o ly c h a e te s  o r  a n g u i l l id  f i s h e s .

K e y  w o r d s :  I c h n o f o s s i l s ;  B i o t u r b a t i o n ;  T e r e b e l l a ; U p p e r  C r e t a c e o u s ;  M i e c h ó w  U p l a n d .

I N T R O D U C T I O N

U p p e r  C r e t a c e o u s  m a r l s  o f  e p i c o n t i n e n t a l  E u r o p e  

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

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

“ T e re b e lla ”  ( e .g .  B a t h e r  1 9 1 1 ; F u c h s  1 9 3 5 ;  A r n o l d  

1 9 5 6 ) ;  h o w e v e r ,  t h i s  n a m e  i s  i n a p p r o p r i a t e  f o r  t h i s  

t r a c e  f o s s i l ,  f o r  w h i c h  t h e  i c h n o g e n u s  n a m e  L e p id e n 

te ro n  i s  n o w  i n  u s e  ( S u h r  1 9 8 8 ) .  T h e  o r i g i n  o f  t h i s  

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

p r o b l e m s ,  h a v e  b e e n  p o o r l y  a d d r e s s e d  s o  fa r .  T h e r e 

f o r e , i t  i s  c o m m o n l y  u n d e r r e p r e s e n t e d  in  d e s c r ip t i o n s .

b e i n g  t r e a t e d  a s  a  p r o b l e m a t i c  o b j e c t  a n d  o n e  b e t t e r  

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

p l e ) ;  h o w e v e r ,  i t  r e p r e s e n t s  a n  i n t e r e s t i n g  p a r t  o f  

p a l a e o n t o l o g i c a l  r e c o r d .

R e l a t i v e l y  w e l l  p r e s e r v e d  s p e c i m e n s  o f  L e p id e n 

te ro n  h a v e  b e e n  c o l l e c t e d  f r o m  u p p e r  C a m p a n i a n  to  

l o w e r  M a a s t r i c h t i a n  m a r l y  s e d i m e n t s  o f  t h e  M i e c h ó w  

S e g m e n t  o f  t h e  S z c z e c i n - M i e c h ó w  S y n c l i n o r i u m  in  

s o u t h e r n  P o l a n d  ( T e x t - f i g .  1 ). T h e i r  d e s c r i p t i o n ,  i n 

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

t h e  m a i n  a im s  o f  t h i s  p a p e r ,  c a n  c o n t r i b u t e  to  a  b e t t e r  

u n d e r s t a n d i n g  o f  t h i s  t r a c e  f o s s i l .

mailto:jurkowska.a@gmail.com
mailto:alfred.uchman@uj.edu.pl
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G E O L O G I C A L  S E T T I N G

I n  e x t r a - C a r p a th ia n  P o la n d ,  U p p e r  C r e ta c e o u s  r o c k s  

c r o p  o u t  i n  t h e  S o u th e r n  P o l i s h  U p la n d s ,  O p o le  T r o u g h  

a n d  th e  S u d e ty  M o u n ta in s  ( T e x t - f ig .  1) .  A l l  o f  t h e  o u t 

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

S o u th e r n  P o l i s h  U p la n d s ,  w i th in  t h e  M ie c h ó w  S e g m e n t  

o f  t h e  S z c z e c in - M ie c h ó w  S y n c l in o r iu m  ( Ż e l e ź n i e w ic z  

e t  a l. 2 0 1 1 ) ,  c a l l e d  t r a d i t i o n a l l y  t h e  M i e c h ó w  S y n c li -  

n o r iu m  ( T e x t - f ig . 1) .

T h e  C r e t a c e o u s  s t r a t a  o f  t h e  M i e c h ó w  S e g m e n t  

a r e  r e p r e s e n t e d  b y  U p p e r  A l b i a n  t h r o u g h  L o w e r  

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

J u r a s s i c  s t r a t a  ( S u j k o w s k i  1 9 2 6 ,  1 9 3 4 ;  K o w a l s k i  

1 9 4 8 ; R u t k o w s k i  1 9 6 5 ) . T h e y  a r e  p a r t l y  c o v e r e d  b y

M i o c e n e  d e p o s i t s  ( T e x t - f i g .  2) . E u s t a t i c a l l y  t r i g g e r e d  

t r a n s g r e s s i o n  s t a r t e d  i n  t h e  M i d d l e  A l b i a n  a n d  d u r i n g  

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

r e g i o n  ( M a r c i n o w s k i  1 9 7 4 ;  M a r c i n o w s k i  a n d  R a d 

w a ń s k i  1 9 8 3 ,  1 9 8 9 ) , w h e r e  i t  p e r s i s t e d  u n t i l  t h e  m id -  

M a a s t r i c h t i a n  ( P o ż a r y s k i  1 9 6 0 ) .  T h e  L o w e r  a n d  

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

o p o k a s  ( s i l i c e o u s  l i m e s t o n e s )  w i t h  c h e r t s ,  w h i l e  t h e  

U p p e r  C a m p a n i a n  i s  m a i n l y  c o m p o s e d  o f  s a n d y  

o p o k a s .  D u r i n g  t h e  L a t e  C a m p a n i a n ,  t h e  a r e a  o f  t h e  

M i e c h ó w  S e g m e n t  w a s  c o v e r e d  b y  a  r e l a t i v e l y  s h a l 

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

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

d i t i o n s  ( Ś w i e r c z e w s k a - G ł a d y s z  a n d  J u r k o w s k a  

2 0 1 3 ) .

T e x t - f i g .  1 . L o c a t i o n  m a p  s h o w i n g  r a n g e  o f  s u r f a c e  a n d  s u b s u r f a c e  C r e t a c e o u s  d e p o s i t s  i n  P o l a n d  o u t s i d e  t h e  C a r p a t h i a n s  a n d  i n  t h e  M i e c h ó w  S e g m e n t  o f  t h e

S z c z e c i n - M i e c h ó w  S y n c l i n o r i u m  ( a f t e r  D a d l e z  e t  a l.  2 0 0 0 ,  c h a n g e d )
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T e x t - f i g .  2 . G e n e r a l i z e d  s e c t i o n  o f  t h e  s t u d i e d  d e p o s i t s  w i t h  i n d i c a t i o n  o f  s t r a t i g r a p h i e  p o s i t i o n  o f  t h e  s t u d i e d  o u t c r o p s



6 1 4

A G A T A  J U R K O W S K A  A N D  A L F R E D  U C H M A N

L o c a l i t y G P S  c o - o r d i n a t e s S t r a t i g r a p h y O u t c r o p
A b u n d a n c e  o f  

L e p id o p te r o n

J ę d r z e jó w N 5 0 ° 3 1 '5 .0 5 " ;

E 0 2 0 ° 1 7 '4 .7 6 "

U p p e r  C a m p a n ia n T e m p o r a r y  r o a d  c u t t in g ,  

n o r th e r n  p a r t  o f  t h e  t o w n  o f  

J ę d r z e jó w ,  4  m  th i c k  s a n d y  

o p o k a s

A b u n d a n t  in  

th e  lo w e r  p a r t

K o m o r ó w N 5 0 ° 1 1 '4 5 .3 8 " ;

E 0 2 0 ° 1 1 '1 .1 "

U p p e r  C a m p a n ia n N a t u r a l  o u tc r o p ,  3 m  th ic k , 

o p o k a s  w i t h  m a r ly  

in te r c a la t io n s

R a r e

M o c z y d ło N 5 0 ° 2 8 '4 8 .9 1 " ;

E 0 2 0 ° 1 2 '9 .4 5 "

U p p e r  C a m p a n ia n I n a c t iv e  q u a r r y ,  3 m  th ic k , 

o p o k a s  w i t h  f o s s i l s

C o m m o n

P a r k o s z o w ic e N 5 0 ° 1 8 '5 9 .3 9 " ;

E 0 2 0 ° 3 '3 6 .8 6 "

? M id d le  C a m p a n ia n I n a c t iv e  q u a r r y ,  6  m  th ic k , 

o p o k a s  ( g la u c o n i t e  i n  u p p e r  

p a r t ) ,  w i t h  a b u n d a n t  f o s s i l s

A b u n d a n t  in  

th e  lo w e r  p a r t

R z e ż u ś n i a N 5 0 ° 2 0 '9 .9 8 " ;

E 0 1 9 ° 5 8 '1 5 .5 3 " ;

M id d le  C a m p a n ia n I n a c t iv e  q u a r r y ,  18  m  th ic k ,  

o p o k a s  a n d  o p o k a s  w i th  

c h e r t s  ( J a g t  e t  a l., 2 0 0 4 ; 

Ś w ie r c z e w s k a - G ła d y s z  a n d  

J u r k o w s k a ,  2 0 1 3 )

C o m m o n

S t r z e ż ó w N 5 0 ° 2 2 '2 8 .3 " ;

E 0 2 0 ° 2 4 '7 .3 8 "

U p p e r  C a m p a n ia n I n a c t iv e  q u a r r y ,  7  m  th ic k ,  

s a n d y  o p o k a s ,  v e r y  

a b u n d a n t  f o s s i l s  

( Ś w ie r c z e w s k a - G ła d y s z  

a n d  J u r k o w s k a ,  2 0 1 3 )

C o m m o n

W ę ż e r ó w N 5 0 ° 1 6 '1 4 .5 1 " ;

E 0 2 0 ° 3 '5 .4 9 "

U p p e r  C a m p a n ia n N a tu r a l  o u tc r o p ,  3 m  th ic k , 

o p o k a s  w i t h  m a r ly  

i n te r c a la t io n s ,

R a r e

W o d z i s ł a w N 5 0 ° 2 7 '3 2 .6 8 " ;

E 0 2 0 ° 9 '8 .2 3 "

L o w e r

M a a s t r i c h t i a n

A r t i f i c i a l  o u t c r o p ,  4  m  

th ic k ,  s a n d y  o p o k a s ,  r a r e  

f o s s i ls

R a r e

T a b l e  1 . L i s t  o f  s t u d i e d  l o c a l i t i e s ,  t h e i r  G P S  c o - o r d i n a t e s ,  s t r a t i g r a p h i c  p o s i t i o n  a n d  c h a r a c t e r  o f  o u t c r o p

T h e  t r a c e  f o s s i l  L e p id e n te r o n  w a s  r e c o g n i z e d  in  

s e v e n  o u tc r o p s ,  s ix  o f w h i c h  a r e  lo c a t e d  in  t h e  M ie c h ó w  

a r e a  ( S W  p a r t  o f  t h e  M ie c h ó w  S e g m e n t )  a n d  o n e  ( J ę 

d r z e jó w )  i n  t h e  N E  p a r t  o f  t h e  M ie c h ó w  S e g m e n t  (T e x t-  

f ig . 1, T a b le  1). T h e  J ę d r z e j ó w  s e c t i o n  is  n o  l o n g e r  

a c c e s s ib l e  b e c a u s e  i t  w a s  e x p o s e d  i n  a  t e m p o r a r y  r o a d  

c u t t i n g  i n  t h e  n o r t h e r n  p a r t  o f  t h e  t o w n  o f  J ę d r z e j ó w  

( Ś w ie r c z e w s k a - G ła d y s z  a n d  J u r k o w s k a  2 0 1 3 ) .

T H E  T R A C E  F O S S I L  L E P ID E N T E R O N  

L e p id e n te ro n  F r ic ,  1 8 7 8

T Y P E  I C H N O S P E C I E S :  L e p id e n te r o n  le w e s ie n s is  

( M a n te l l ,  1 8 2 2 ) , o r i g i n a l l y  L e p id e n te ro n  lo n g iss im u m  

F r ic , 1 8 7 8 , w h i c h  w a s  m a in t a in e d  b y  H o w e l l  (1 9 6 2 )  b u t  

i n c l u d e d  i n  L . le w e s ie n s is  ( M a n te l l ,  1 8 2 2 )  b y  S u h r  

( 1 9 8 8 ) .

E M E N D E D  D I A G N O S I S :  U n b r a n c h e d  t u b u l a r  s t r u c 

t u r e  w i t h o u t  a  w a l l ,  p a r t l y  l i n e d  w i t h  b io c la s t s .  O r i e n 

t a t i o n  to  t h e  b e d d i n g  v a r i a b l e ;  t e r m in a t io n s  m o s t l y  d i f 

f u s e ,  n o t  a s s o c i a t e d  w i t h  a n y  d i s c o n t in u i ty  s u r fa c e .

D I S C U S S I O N :  S u h r  ( 1 9 8 8 )  p r o v i d e d  a  d i a g n o s i s  o f  

L e p id e n te r o n .  H o w e v e r ,  d u e  to  i t s  i n t e r p r e t a t i v e  e l e 

m e n t s  ( r e f e r e n c e  t o  t h e  e t h o l o g i c a l  c a t e g o r y  d o m i c h -  

n i a  a n d  t o  s e d e n t a r y  w o r m s  a s  t r a c e m a k e r s ) ,  t h i s  

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

a c c e p t e d  d i a g n o s t i c  c r i t e r i a ,  i .e .  i c h n o t a x o b a s e s  

( B e r t l i n g  e t  a l.  2 0 0 6 ) .  M o r e o v e r ,  t h e  d i a g n o s i s  r e f e r s  

t o  b i o c l a s t s  g l u e d  to  t h e  w a l l  ( R o h r e n w a n d ) ,  b u t  t h e  

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

t u r e  t h a t  c a n  b e  c a l l e d  a  w a l l  s e n s u  B r o m l e y  ( 1 9 9 6 ) .  

F u r t h e r m o r e ,  o t h e r  t r a c e  f o s s i l s  c o n t a i n  b i o c l a s t s  i n 

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

r a t e d  f r o m  L e p id e n te r o n .

S u h r  ( 1 9 8 8 )  a l s o  i n c l u d e d  v a l u e s  o f  d i a m e t e r  a n d  

l e n g t h  o f  L e p id e n te r o n  i n  t h e  d i a g n o s i s ,  0 . 5 - 4 0  m m , 

a n d  u p  to  m o r e  t h a n  3 0  c m , r e s p e c t iv e ly . S iz e  is  g e n e r 

a l l y  n o t  a c c e p t e d  a s  a n  i c h n o t a x o b a s e  ( B e r t l i n g  e t  a l .

2 0 0 6 ) ,  a l t h o u g h  s o m e  c a u t i o n  i s  n e c e s s a r y ,  b e c a u s e  

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

s h o u ld  b e  in s p i r e d  b y  b io lo g i c a l  in t e r p r e t a t i o n  (F u r s ic h  

1 9 7 4 ; B e r t l i n g  e t  a l.  2 0 0 6 ) . T h e r e f o r e ,  p o s s ib l e  i n c l u 

s i o n  o f  l a r g e  t e t r a p o d  b u r r o w s  i n  L e p id e n te ro n  w o u l d  

o n  t h e  b a s i s  o f  s u c h  a  b r o a d  d i a g n o s i s  c o n t r a d i c t  t h e  

r e c o m m e n d a t io n  t h a t  i c h n o ta x o b a s e s  s h o u ld  b e  a s  c lo s e  

a s  p o s s i b l e  t o  t h e  b i o l o g i c a l  r e a li ty .  T h e r e f o r e ,  i n  t h e

e m e n d e d  d i a g n o s i s ,  th e  p r e v a i l i n g  d i f f u s e  te r m in a t io n s  

i n  L e p id e n te ro n  w i t h o u t  a n y  a s s o c i a t i o n  w i t h  a  d i s c o n 

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

t h e s e  b e i n g  s c a r c e ly  a p p l i c a b l e  to  t e t r a p o d  b u r r o w s .

T r a c e  f o s s i l s  c a n  c o n t a i n  b io c l a s t s  i n  t h e i r  p a s s iv e  

f i l l  ( c o m m o n l y  i n  c r u s t a c e a n  b u r r o w s ,  e .g .  T h a la ss i-  

n o id e s )  w h i c h  d o  n o t  r e l a t e  t o  t h e  b e h a v i o u r  o f  t h e

T e x t - f i g .  3 . G e n e r a l  v i e w  o f  L e p id e n te r o n  le w e s ie n s is  ( M a n t e l l ,  1 8 2 2 )  o n  a  p a r t i n g  s u r f a c e  o f  o p o k a  m a r l s .  A  -  L o n g e s t  s p e c i m e n  w i t h  t h e  t a p e r i n g  t e r m i n a t i o n  o n  

t h e  l e f t  s i d e ,  P a r k o s z o w i c e ,  I N G U J 2 2 0 P / L / 2 .  B  -  S p e c i m e n  w i t h  a  s i d e ,  p o s s i b l e  f a l s e  b r a n c h  ( b r ) ,  M o c z y d ł o ,  I N G U J 2 2 0 P / L / 1 .  C  -  S l a b  w i t h  t w o  s p e c i m e n s ;  t h e

l o n g e r  o n e  d i s p l a y s  w i n d i n g  c o u r s e ,  P a r k o s z o w i c e ,  I N G U J 2 2 0 P / L / 1 7
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t r a c e m a k e r .  T h i s  is  n o t  th e  c a s e  w i t h  L e p id e n te ro n ,  b e 

c a u s e  t h e  b io c la s t s  i n  th e  t y p e  ic h n o s p e c i e s  a r e  o r d e r e d , 

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

m a in s ,  a n d  i t  d o e s  n o t  a p p e a r  to  b e  a s s o c i a t e d  w i t h  a n y  

s e d i m e n t a r y  d i s c o n t in u i ty ,  f r o m  w h i c h  t h e  b u r r o w  

c o u ld  p ip e  d o w n .  S o m e  tr a c e  f o s s i l s  c o n t a in  b io c la s t s  a s  

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

r e l a t e  t o  th e  b e h a v i o u r  o f  t h e  tr a c e m a k e r .  T h e y  in c lu d e  

D io p a tr ic h n u s  K e r n ,  1 9 7 8 , C rin in ic a m in u s  E t t e n s o h n ,  

1 9 8 1 , N u m m ip e r a  H o ld e r , 1 9 8 9 , B a ro n ic h n u s  B r e to n ,  

2 0 0 2 ,  a n d  E r e ip ic h n u s  M o n a c o  e t  a l., 2 0 0 5 ,  w h ic h ,  

h o w e v e r ,  d i f f e r  f r o m  L e p id e n te ro n  F r ic ,  1 8 7 8  i n  m a n y  

a s p e c ts .

D io p a tr ic h n u s  K e r n ,  1 9 7 8  s h o w s  b io c l a s t s  a t t a c h e d  

o u t s id e  a  d i s t i n c t  c o n s t r u c t e d  w a l l  ( G ib e r t  1 9 9 6 ) .  N u m 

m ip e ra  H o ld e r ,  1 9 8 9  d i s p l a y s  a  t h i c k  w a l l  c o m p o s e d

m o s t l y  o f  la r g e  f o r a m in i f e r id s  ( J a c h  e t  a l . 2 0 1 2 ) .  B a -  

ro n ic h n u s  B r e to n ,  2 0 0 2  a l s o  d i s p l a y s  a  d i s t i n c t  w a l l  

b u i l t  o f  b r y o z o a n  z o a r i a  ( B r e to n ,  2 0 0 2 ) .  E re ip ic h n u s  

M o n a c o  e t  a l., 2 0 0 5  i s  c h a r a c t e r i z e d  b y  a  v e r y  t h i c k  

w a l l  c o m p o s e d  o f  i m b r i c a t e d  b i o c l a s t s ,  m a i n l y  o r -  

b i t o l i n i d  f o r a m in i f e r id s  ( M o n a c o  e t  a l. 2 0 0 5 ) .  C rin in i 

c a m in u s  E t t e n s o h n ,  1 9 8 1  ( d e s c r ib e d  a s  a  b io t a x o n ,  b u t  

i n  f a c t  a n  i c h n o ta x o n ;  J a c h  e t  a l . 2 0 1 2 )  i s  a  s l i g h t ly  t a 

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

c r in o id a l  o s s ic le s .  A l l  t h e s e  i c h n o g e n e r a  d i s p l a y  a  c o n 

s t r u c te d  w a ll ,  a  f e a tu r e  i n  w h i c h  t h e y  d i f f e r  s u b s ta n t i a l ly  

f r o m  L e p id e n te ro n , w h i c h  h a s  n o  s u c h  w a ll .

L e p id e n te ro n  le w e s ie n s is  ( M a n te l l ,  1 8 2 2 )  

( T e x t - f ig s  3 - 5 )

T e x t - f i g .  4 .  D e t a i l s  o f  L e p id e n te r o n  l e w e s ie n s i s  ( M a n t e l l ,  1 8 2 2 )  o n  p a r t i n g  s u r f a c e s  o f  o p o k a  m a r l s .  A  -  f i l l  w i t h  s m a l l  f i s h  s c a l e s  a n d  b o n e s ,  S t r z e ż ó w .  

I N G U J 2 2 0 P / L / 2 4 .  B  -  f i l l  w i t h  l a r g e r  f i s h  b o n e s  a n d  s c a l e s ,  P a r k o s z o w i c e ,  I N G U J 2 2 0 P / L / 1 7 .  C  -  f i l l  w i t h  l a r g e r  f i s h  s c a l e s  a n d  r a r e  f i s h  b o n e s ,  P a r k o s z o w i c e .  

I N G U J 2 2 0 P / L / 2 .  D  -  f i l l  w i t h  o r n a m e n t e d  f i s h  s c a l e s  a n d  r a r e  f i s h  b o n e s ,  W o d z i s ł a w ,  I N G U J 2 2 0 P / L / 4
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T e x t - f i g .  5 . L e p id e n te r o n  le w e s ie n s is  ( M a n t e l l ,  1 8 2 2 )  i n  c r o s s  s e c t i o n  e n c i r c l e d  w i t h  d a s h e d  l i n e ;  p o l i s h e d  s u r f a c e s .  A  -  t o t a l l y  b i o t u r b a t e d  b a c k g r o u n d ,  N e r e i te s  

i s p .  ( N e ) ,  T r ic h ic h n u s  i s p .  ( T r )  a n d  u n k n o w n  f e r r u g i n i z e d  o b j e c t  i n  t h e  m i d d l e ,  S t r z e z o w ,  I N G U J 2 2 0 P / L / 5 .  B  -  t o t a l l y  b i o t u r b a t e d  b a c k g r o u n d ,  N e r e i t e s  i s p .  ( N e ) ;

t h e  c r o s s  s e c t i o n  is  s o m e w h a t  o b l i q u e ,  S t r z e z o w ,  I N G U J 2 2 0 P / L / 5

S Y N O N Y M Y :  A s  i n  S u h r  ( 1 9 8 8 ) .

E M E N D E D  D I A G N O S I S :  L e p id e n te ro n  i n  w h i c h  b i o 

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

p r o p o r t io n s .  A  t a p e r in g  o f  th e  b u r r o w  b e f o r e  t h e  te r m i 

n a t i o n  m a y  b e  p r e s e n t .

R E M A R K S  O N  T H E  D I A G N O S I S :  T h e  d i a g n o s i s  o f  

L e p id e n te ro n  le w e s ie n s is  p r o v id e d  b y  S u h r  (1 9 8 8 )  c o n 

t a i n s  t h e  s a m e  p r o b l e m s  a s  t h e  d i a g n o s i s  o f  t h e  ic h n o -  

g e n u s . T h e r e f o r e ,  i t  is  e m e n d e d  h e r e in .

M A T E R I A L :  2 3  s la b s  w i t h  s in g le  s p e c im e n s .  T h e y  a re  

h o u s e d  i n  t h e  I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  o f  th e  

J a g i e l l o n i a n  U n i v e r s i t y  ( i n s t i t u t i o n a l  a b b r e v i a t i o n  

I N G U J 2 2 0 P ) .  T h e  s l a b s  a r e  w h i t e  m a r l y  o p o k a s ,  m i 

c r o s c o p ic a l l y  p a c k s t o n e s  w i t h  p l a n k to n i c  a n d  b e n th i c  

f o r a m in i f e r id s  a n d  s p ic u le s  o f  s i l i c e o u s  s p o n g e s . O th e r  

b io c l a s t s  i n c lu d e  f r a g m e n t s  o f  b iv a lv e s  a n d  r a r e  e c h i-  

n o i d  te s t s .  T h e  c o n t e n t  o f  q u a r t z  g r a in s  c a n  b e  s ig n i f i 

c a n t .

D E S C R I P T I O N :  T u b u la r , m o s t l y  s t r a ig h t ,  r a r e l y  g e n t ly  

c u r v e d  o r  g e n t ly  w i n d i n g  s t r u c tu r e ,  w h i c h  is  9 - 3 5  m m  

w id e  ( m e a n  v a l u e  1 8 .3 6  m m ;  n  =  2 3 ) .  I n  m o s t  s p e c i 

m e n s ,  t h e  w i d t h  is  u n i f o r m  a lo n g  th e  b u r r o w . R a r e ly ,  a  

g e n t le ,  i r r e g u l a r  s w e l l i n g  c a n  b e  p r e s e n t  (T e x t- f ig .  3 B ). 

T h e  b u r r o w  is  e l l ip t i c a l  i n  c r o s s  s e c t io n , b u t  w i t h o u t  a n y  

w a l l  ( T e x t - f ig . 5 ) . T h e  s h o r t  a x i s  o f  th e  e l l ip s e  is  u p  to  

9  m m  lo n g .  T h e  o u t l in e  o f  t h e  b u r r o w  is  s e e n  o n l y  d u e  

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

t h e  s u r r o u n d in g  r o c k . T h e  l o n g e s t  o b s e r v e d  b u r r o w  is  a t  

l e a s t  2 7 5  m m  lo n g ; h o w e v e r ,  th e  t e r m in a t io n  o f t h e  b u r 

r o w  is  n o t  v e r y  c le a r .  M a n te l l  ( 1 8 2 2 )  r e p o r t e d  L . lew e-  

s ie n s is  m o r e  t h a n  6 0  c m  lo n g .  M o s t  o f  t h e  s p e c im e n s  

a r e  i n c o m p le t e  a n d  th e  b u r r o w  is  t r u n c a t e d  b y  t h e  s la b

e d g e .  I n  s o m e  s p e c i m e n s ,  t h e  t e r m i n a t i o n  is  d i f f u s e ,  

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

R a r e ly , a  t a p e r in g  o f  t h e  b u r r o w  b e f o r e  th e  t e r m in a t io n  

i s  o b s e r v e d  ( T e x t- f ig . 3 A ) ,  s im i l a r  to  t h a t  i l l u s t r a t e d  b y  

S u h r  ( 1 9 8 8 , p l .  1, f ig . 1 ). M o s t  b u r r o w s  a r e  h o r iz o n ta l ,  

l e s s  f r e q u e n t ly  o b liq u e . T h e i r  m a r g in  is  u n e v e n ,  w i th o u t  

a n y  e v id e n c e  o f  a  w a ll .

T h e  m o s t  c h a r a c t e r i s t i c  f e a tu r e  o f  th e  t r a c e  f o s s i l  is  

i t s  f i l l .  C lo s e  to  th e  l o w e r  m a r g i n  o f  t h e  b u r r o w , b r o w n 

i s h ,  s h i n i n g  b i o c l a s t s  a r e  c o n c e n t r a t e d  ( T e x t - f ig .  5 ) . 

M o s t  o f  t h e m  a r e  o v a l  f i s h  s c a le s ,  r a r e l y  e lo n g a t e d  f i s h  

r e m a in s ,  m a i n l y  f r a g m e n t s  o f  b o n e s  ( T e x t- f ig . 4 ) . M o s t  

o f t h e  s c a le s  a r e  s e m i- t r a n s p a r e n t ,  u p  to  3 m m , r a r e ly  u p  

t o  7  m m  w id e .  T h e  m e a n  s iz e  o f  t h e  s c a le s  c a n  d i f f e r  

b e t w e e n  s p e c im e n s .  S o m e  o f  t h e m  d i s p l a y  t h e  o r ig in a l  

o r n a m e n ta t i o n  ( T e x t- f ig . 4 D ) . T h e  e lo n g a t e d  e le m e n ts  

a r e  u p  to  13  m m  lo n g .  T h e y  a r e  f r a g m e n t s  o f  s m a l l  

b o n e s  a n d  f in  r a y s  a n d  c a n  c o n s t i t u t e  u p  t o  a  f e w  p e r 

c e n t  o f  t h e  b io c la s t s .  M o s t  o f  t h e  b io c l a s t s  a r e  o r i e n t e d  

a p p r o x im a te ly  p a r a l l e l  to  th e  b u r r o w  m a r g in , b u t  w i th in  

a  w id e  a n g le  o f  i n c l in a t io n .  T h e  in c l i n a t i o n  o f  a d j a c e n t  

s c a l e s  m a y  v a r y  s ig n if ic a n t ly .  M o s t  o f  t h e  e lo n g a t e d  e l 

e m e n t s  a r e  p a r a l l e l  o r  o b l iq u e  to  t h e  b u r r o w  a x i s ,  b u t  

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

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

a s  t h e  h o s t  r o c k .

D I S C U S S I O N  

Nomenclatural aspects

L e p id e n te r o n  h a s  b e e n  i n t e r p r e t e d  v a r i o u s l y  a n d  

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

f o s s i l  f i s h  (M u r a e n a ?  le w e s ie n s is  M a n t e l l ,  1 8 2 2  o r  

D e r c e t is  e lo n g a tu s  M ü n s t e r  a n d  A g a s s i z  i n  A g a s s i z ,
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1 8 4 3  a n d  i n  M a n t e l l  1 8 4 4 ,  1 8 5 1 ) ,  a  c o p r o l i t e  ( F r ic  

1 8 6 9 ; R o l l  1 9 3 1 )  o r  a  p l a n t  ( S u h r  1 9 8 8  f o r  r e v i e w ) .  

F r ic  ( 1 8 7 7 )  a n d  D a v ie s  ( 1 8 7 9 )  d i s c u s s e d  a  p o s s ib l e  i n 

t e r p r e t a t i o n  a s  a  b u r r o w  o f  t h e  p o l y c h a e t e  T e re b e lla  

a n d  t h e r e f o r e  D a v i e s  ( 1 8 7 9 )  c a l l e d  i t  T e re b e lla  le w e -  

s ie n s is  ( M a n t e l l ,  1 8 2 2 ) .  H o w e v e r ,  n e i t h e r  M u r a e n a  

L i n n a e u s  a n d  D e r c e tis  M ü n s t e r  a n d  A g a s s i z  i n  A g a s 

s i z  a s  g e n e r a  o f  f i s h e s ,  n o r  T e re b e lla  L i n n a e u s  a s  a  

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

F r i c  ( 1 8 7 8 )  e s t a b l i s h e d  L e p id e n te r o n  lo n g is s im u m  fo r  

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

d e n te ro n  h a s  p r io r i ty .

L e p id e n te r o n  le w e s ie n s is  i s  d i s t i n g u i s h e d  b y  t h e  

p r e s e n c e  o f  f i s h  b io d e t r i t u s  f r o m  o th e r  i c h n o s p e c i e s  o f  

L e p id e n te ro n . L e p id e n te ro n  m a n te lli  ( G e in i t z ,  1 8 5 0 )  is  

c h a r a c t e r i z e d  b y  a n  i n t e r n a l  l in in g  o f  p l a n t  d e t r i tu s ,  L. 

c a n c e lla ta  (B a th e r ,  1 9 1 1 )  b y  a  l i n in g  o f  p a r t i c l e s  o f  s e d 

im e n t ,  a n d  L . v a r ia b il is  S u h r . 1 9 8 8  b y  a  l i n i n g  c o m 

p o s e d  o f  l i t h o c l a s t s  a n d  b i o c l a s t s  ( s e e  S u h r  1 9 8 8  f o r  

r e v ie w ) .

Ethological and palaeoenvironmental interpretation

T o  d a te ,  L e p id e n te ro n  le w e s ie n s is  is  i n t e r p r e t e d  a s  

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

i n  d e e p e r  w a t e r  ( u p  t o  2 0 0  m ) ,  w i t h  a n  a g e  r a n g e  f r o m  

th e  M id d le  J u r a s s i c  to  t h e  C a in o z o ic  ( M io c e n e )  ( S u h r  

1 9 8 8 ) . T h i s  i n t e r p r e t a t i o n  c a n  b e  p a r t l y  c h a l l e n g e d .  

O n e  c a n  i n t e r p r e t  i t  a s  a  c o p r o l i t e  ( F r ic  1 8 6 9 ; H ä n tz -  

s c h e l  1 9 3 1 ; R o l l  1 9 3 1 ) , b u t  L e p id e n te ro n  le w e s ie n s is  is  

n o t  a lw a y s  h o r i z o n ta l .  A n  o b l iq u e  o r i e n t a t i o n  s u g g e s t s  

t h a t  t h e  f i s h  r e m a i n s  a r e  w i t h i n  a  b u r r o w .  T h e  b u r r o w , 

h o w e v e r  p o o r l y  o u t l i n e d ,  i s  s t i l l  v i s i b l e  ( T e x t - f ig .  5 ). 

T h e  f i l l  o f  a  b u r r o w ,  e v e n  i f  c o p r o l i t i c  i n  o r ig in ,  i s  s t i l l  

a n  e l e m e n t  o f  t h e  b u r r o w .  T h e  b u r r o w  is  a  s o r t  o f  

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

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

D io p a tr a , L a n ic e  a n d  O w e n ia  ( s e e  G ib e r t  1 9 9 6 ; J a c h  e t  

a l . 2 0 1 2  f o r  d i s c u s s io n ) ,  a n d  w h i c h  c a n  b e  e x p e c t e d  in  

b u r r o w s  i n  s o f t  s e d i m e n t .  T h e  f i s h  d e t r i t u s  d o e s  n o t  

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

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

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

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

t r a c e m a k e r  c o l l e c t e d  t h e  d e t r i t u s  p a r t i c l e  b y  p a r t i c l e  

f r o m  th e  s e d im e n t  s u r f a c e .  T h e  d e t r i t u s  is  c o n c e n t r a t e d  

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

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

t h e  l o w e r  s id e  o f  t h e  b u r r o w  c o n f i r m s  t h i s  h y p o th e s i s .  

H o w e v e r ,  D a v i e s  ( 1 8 7 9 )  m e n t i o n e d  t w o  s p e c i m e n s  

w i t h  b i o c l a s t i c  l i n in g  o n  b o t h  s id e s  o f  t h e  b u r r o w . I t  is  

t h e r e f o r e  s u g g e s t e d  t h a t  t h e  t r a c e m a k e r  w a s  e i t h e r  a  

c a r n iv o r o u s  f i s h , l iv in g  h id d e n  i n  s e d im e n t  a n d  h u n t in g

o n  t h e  s e a  f lo o r ,  o r  a  f i s h  s c a v e n g e r ,  f e e d i n g  o n  f i s h  

c a r c a s s e s .  D a v i e s  ( 1 8 7 9 )  r e l a t e d  t h e  f i s h  d e t r i t u s  t o  a  

f e w  f i s h  t a x a ,  b u t  i t  is  n o t  c l e a r  w h e t h e r  t h i s  w a s  i n  o n e  

s p e c i m e n  o r  i n  s e v e r a l  s p e c im e n s .  T h e  g e n e r a l  l a c k  o f  

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

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

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

D a v i e s  ( 1 8 7 9 )  n o t e d  r a r e  o c c u r r e n c e s  o f  v e r y  s m a l l  

v e r t e b r a e  i n  t h e  L e p id e n te r o n  l i n in g .  T h e  t r a c e m a k e r  

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

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

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

v e r t e b r a e  o r  h e a d ,  w i t h i n  t h e  s e d i m e n t .  I n  t h i s  c a s e ,  

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

i n  d e e p e r  l e v e l s  o f  t h e  s e d im e n t .  I t  i s  a l s o  n o t  e x c lu d e d  

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

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

a v o i d  t h e m  b l o c k i n g  t h e  b u r ro w . O n  t h e  o th e r  h a n d ,  th e  

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

t h e  b u r r o w .

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

s e a r c h e d  f o r  a m o n g  a n im a l s  t h a t  a r e  9 - 3 5  m m  i n  d i 

a m e te r ,  r a t h e r  lo n g ,  a b l e  to  b u r r o w , a n d  l iv e  i n  a  t u b e  

c o n n e c t e d  to  t h e  s e a  f lo o r .

O n e  p o s s i b l e  c a n d i d a t e  i s  a  p r e d a t o r y  e u n i c i d  

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

o r o u s  b o b b i t  w o r m  E u n ic e  a p h r o d i to is  ( P a l l a s )  ( s e e  

K n o x  a n d  G r e e n  1 9 7 2 ;  F a u c h a l d  a n d  J u m a r s  1 9 7 9 ) , 

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

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

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

t o m s ,  a t  a  d e p t h  o f  5  t o  2 0  m ,  a n d  c a n  b e  u p  to  3 m  

l o n g  a n d  u p  t o  2 5  m m  i n  d i a m e t e r  ( G a y l e  2 0 1 2 ;  

F a u c h a l d  a n d  B e l l a n  2 0 1 3 ) .

C a r n iv o r o u s  o r  s c a v e n g in g  f i s h e s ,  w h i c h  a r e  a b le  to  

b u r r o w ,  a r e  a l s o  p o s s ib l e  t r a c e m a k e r s  o f  L e p id e n te ro n . 

F o r  i n s ta n c e ,  e e l s  ( A n g u i l l i f o r m e s )  a r e  a b l e  to  b u r r o w  

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

c a r c a s s e s  ( e .g . T e s c h  2 0 0 3 ) .  T h e  R e c e n t  a n g u i l l i d  

P is o d o n o p h is  c a n c r iv o r u s  ( R i c h a r d s o n )  c a n  b u r r o w  

q u i c k l y  i n  s a n d  a n d , w i t h  o n l y  i t s  h e a d  p r o j e c t i n g ,  h u n t  

f o r  o t h e r  f i s h e s  ( M c C o s k e r  a n d  C a s t l e  1 9 8 6 ) .  D a v ie s  

( 1 8 7 9 )  n o t e d  t h a t  L e p id e n te ro n  le w e s ie n s is  ( h is  Tere 

b e lla  le w e s ie n s is )  w a s  k n o w n  to  t h e  q u a r r y m e n  a s  th e  

“ p e t r i f i e d  e e l ” . I n d e e d ,  i t  c a n  b e  c o m p a r e d  to  a  h u n t in g  

e e l ,  b u r i e d  i n  s e d im e n t ,  w i t h  t h e  u p p e r  p a r t  o f  t h e  b o d y  

i n c l i n e d  a n d  t h e  l o w e r  p a r t  h o r iz o n ta l .

O th e r  c a n d id a t e s  t h a t  c a n  b e  c o n s id e r e d  c o m e  f r o m  

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

a n d  w a r m  s e a s , s o m e  o f  w h i c h  a r e  b u r r o w in g  a n d  c a r 

n i v o r o u s  a n i m a l s  ( F e r r e r o  1 9 8 9 ; B r w o n  a n d  C h iv e r s  

2 0 0 5 ;  R e a k a  e t  a l . 2 0 0 9 ) .  M o s t  c r u s t a c e a n  b u r r o w s  a r e  

b r a n c h e d ,  b u t  t h e  s to m a to p o d  H e m is q u il la  ca lifo rn ie n -
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s is  S t e p h e n s o n  p r o d u c e s  s im p le  s h a f t s  t h a t  c a n  b e  a l 

m o s t  2  m  lo n g  a n d  8 - 1 0  c m  i n  d i a m e t e r  ( C a ld w e l l

2 0 0 7 ) .  T h e s e  b u r r o w  d i m e n s i o n s  a r e  s o m e w h a t  t o o  

l a r g e  c o m p a r e d  t o  t h o s e  o f  L e p id e n te ro n ,  b u t  s m a l l e r  

b u r r o w s  a r e  a l s o  p o s s ib le .  N e v e r th e l e s s ,  a l l  s to m a to p o d  

b u r r o w s  a r e  o p e n ,  r a r e l y  b r a n c h e d  ( B r o m le y  1 9 9 6 )  a n d  

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

J u r a s s i c  b u r r o w s  a s c r i b e d  t o  T h a la s s in o id e s  a n d  r e 

f e r r e d  to  s t o m a to p o d s  w e r e  p r e s e n t e d  b y  M o n a c o  a n d  

G a r a s s i n o  ( 2 0 0 1 )  a n d  M o n a c o  a n d  G i a n n e t t i  ( 2 0 0 2 ) .  

L e p id e n te ro n  le w e s ie n s is  is  u n b r a n c h e d ,  h a s  n o  d i s t i n c t  

t e r m in a t io n s  a n d  d i s p l a y s  t e r m in a l  c o n s t r i c t io n s .  A l l  o f  

t h e s e  f e a tu r e s  e x c lu d e  s to m a to p o d s  a s  p o s s ib l e  t r a c e -  

m a k e r s .

T e x t - f i g .  6 . A s s o c i a t e d  t r a c e  f o s s i l s .  A  - t o t a l l y  b i o t u r b a t e d  b a c k g r o u n d  s e d i m e n t ,  N e r e i te s  i s p .  ( N e ) , P h y c o s ip h o n  i s p .  ( P h ) ;  p o l i s h e d  s l a b ,  S tr z e z ô w ,  I N G U J 2 2 0 P / L / 2 2 .  B  

-  p l a n a r  s t r u c t u r e  v i s i b l e  o n  b o t h  s id e s  o f t h e  s p e c i m e n  d e t e r m i n e d  a s  Z o o p h y c o s  is p .  ( Z o ) ;  v e r t i c a l  p o l i s h e d  s u r f a c e ,  W ç z e r ô w ,  I N G U J 2 2 0 P / L / 2 5 .  C  -  t o t a l l y  b i o t u r b a t e d  

b a c k g r o u n d  s e d i m e n t ,  c r o s s - s e c t i o n s  o f  C h o n d r i te s  is p . ( C h ) ;  p o l i s h e d  s u r f a c e ,  S t r z e z ô w ,  I N G U J 2 2 0 P / L / 2 1 .  D  -  in t e r n a l  m o u l d  o f  t h e  c e p h a l o p o d  B a c u l i t e s  s p .  c o v e r e d  

w i t h  C h o n d r ite s  i s p .,  p a r t i n g  s u r f a c e ,  R z e z u s n i a ,  f i e l d  p h o t o g r a p h .  E  -  T r ic h ic h n u s  is p . ( T r )  o n  r o u g h  s u r f a c e ,  R z e z u s n i a ,  f i e l d  p h o t o g r a p h .  F  -  l a r g e  t u b u l a r  b u r r o w  

( ? T h a la s s in o id e s  i s p .) ,  p a r t i n g  s u r f a c e ,  P a r k o s z o w i c e ,  I N G U J 2 2 0 P /  L /  2 3 . G  - H e lic o d r o m ite s  i s p . ,  p a r t i n g  s u r f a c e ,  P a r k o s z o w i c e ,  I N G U J 2 2 0 P / L / 2 4
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A G A T A  J U R K O W S K A  A N D  A L F R E D  U C H M A N

O n e  o f t h e  p r o b l e m s  w i t h  t h e  t r a c e m a k e r  c a n d id a te s  

is  t h e  f a c t  t h a t  t h e y  a r e  k n o w n  m o s t l y  f r o m  s h a l lo w  

s e a s , w h e r e a s  t h e  L e p id e n te ro n  m a te r i a l  u n d e r  d i s c u s 

s i o n  o c c u r s  i n  m a r in e  s e d im e n ts  d e p o s i t e d  b e l o w  s to r m  

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

s e d im e n t s ,  w i t h  n o  b e d  o f  t e m p e s t i t e ,  a n d  b y  t h e  o c 

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

t r a n s i t i o n  f r o m  t h e  d i s t a l  C ru z ia n a  i c h n o f a c i e s  t o  th e  

Z o o p h y c o s  i c h n o f a c ie s  (e .g . P e m b e r to n  e t  a l. 2 0 0 1 ;  B u -  

a to i s  a n d  M a n g a n o  2 0 1 1 ) .  T h e  a s s e m b l a g e  i n c lu d e s  

P la n o lite s , T h a la ss in o id e s , T rich ic h n u s , N ere ite s , P h y -  

c o s ip h o n , Z o o p h y c o s  a n d  H e lic o d ro m ite s  ( T e x t- f ig .  6 ). 

T h e  l a t t e r  f o u r  i c h n o ta x a ,  i n  p a r t i c u la r ,  a r e  c h a r a c t e r i s 

t i c  o f  a  d e e p e r  s e a . N e v e r t h e l e s s ,  t h e  s t u d y  a r e a  w a s  

c o v e r e d  b y  a n  e p i c o n t i n e n t a l  s e a  ( Ś w i e r c z e w s k a -  

G ła d y s z  a n d  J u r k o w s k a  2 0 1 3 ) ,  n o t  d e e p e r  t h a n  a  s h e l f  

s e a .  I t  is  n o t  e x c lu d e d  t h a t  t h e  d e e p e r  s h e l f  z o n e  o f  th e  

L a te  C r e t a c e o u s  s e a s  c o u ld  h a v e  b e e n  i n h a b i t e d  b y  r e p 

r e s e n t a t i v e s  o f  e u n i c id  p o ly c h a e t e s  o r a n g u i l l i d  f i s h e s ,  

w h i c h  a r e  t h e  c a n d id a t e s  f o r  t h e  p r o d u c e r  o f  L e p id e n -  

teron.

T h e  s t r a t i g r a p h ic  r a n g e s  o f  t h e  t r a c e m a k e r  c a n d i 

d a te s  a l s o  p r e s e n t  p r o b l e m s .  T h e  o ld e s t  e u n i c id s  d e r iv e  

f r o m  t h e  O r d o v i c i a n  ( K i e l a n - J a w o r o w s k a  1 9 6 6 ) , a n d  

t h e  o ld e s t  s t o m a to p o d s  a r e  d a t e d  to  t h e  C a r b o n i f e r o u s  

( H o f  1 9 9 8 ) . T h e  f i r s t  a n g u i l l i d  f i s h  i s  k n o w n  f r o m  th e  

C e n o m a n ia n  ( B e lo u z a  e t  a l. 2 0 0 3 ;  S a n t in i  e t  al. 2 0 1 3 ) ,  

b u t  S u h r  ( 1 9 8 8 )  c o n c l u d e d  t h a t  L e p id e n te ro n  le w es ien -  

s is  r a n g e d  a t  l e a s t  f r o m  th e  M id d le  J u r a s s ic .  T h e  r a n g e  

o f t h e  ic h n o g e n u s  c a n  b e  e x te n d e d  e v e n  fu r th e r ,  b e c a u s e  

Z a p f e  ( 1 9 4 9 )  d e s c r i b e d  a  b u r r o w , 3 0  m m  i n  d ia m e te r , 

l i n e d  w i t h  f r a g m e n t s  o f  s h e l l s  a n d  f i s h  s c a le s  f r o m  th e  

R h a e t i a n  o f  A u s t r i a .  T h e  p r e s e n c e  o f  s h e l l  d e b r i s ,  h o w 

e v e r , is  n o t  o b s e r v e d  i n  L e p id e n te ro n  le w e s ie n s is .  T h e  

l a t e r  o c c u r r e n c e  o f  a n g u i l l i d  f i s h e s  t h a n  L . le w e s ie n s is  

c a l l  i n  q u e s t i o n  t h e  a n g u i l l i d  c a n d id a tu r e ,  b u t  t h i s  is  n o t  

th e  f i r s t  t im e  w h e n  th e  t r a c e  f o s s i l  r e c o r d  p r e c e d e s  t h e  

b o d y  f o s s i l  r e c o r d .  I t  i s  a c tu a l l y  p o s s ib l e  t h a t  t h e  t r a c e 

m a k e r  o f  L. le w e s ie n s is  is  s t i l l  l i v in g  to d a y , b u t  o u r  c u r 

r e n t  k n o w le d g e  o f  d e e p e r  w a t e r  b u r r o w in g  o r g a n i s m s  is  

in c o m p le te .

S o  fa r ,  t h e  t r a c e  f o s s i l  L e p id e n te r o n  le w e s ie n s is  is  

l i m i t e d  t o  E u r o p e .  M o s t  s p e c im e n s  d e r iv e  f r o m  U p p e r  

C r e t a c e o u s  e p i c o n t i n e n t a l  s e d im e n t s ,  m a i n l y  f r o m  th e  

c h a l k  a n d  r e l a t e d  f a c i e s ,  i n c l u d i n g  s a n d s t o n e s .  T h e  

a b s e n c e  o f  L e p id e n te r o n  i n  N o r t h  A m e r i c a  i s  i n t r i g u 

i n g . T h e  A t l a n t i c  O c e a n  c o u l d  b e  c o n s i d e r e d  a s  a  b a r 

r i e r ;  h o w e v e r ,  t h e r e  w a s  n o  d e e p  s e a  b e t w e e n  N o r t h  

A m e r i c a  a n d  E u r o p e  u n t i l  t h e  T u r o n i a n  ( Z i e g l e r  

1 9 8 8 ) . I t  i s  p o s s i b l e  t h a t  t h i s  t r a c e  f o s s i l  m a y  e x i s t  in  

N o r t h  A m e r i c a  b u t  h a s  b e e n  i g n o r e d  s o  fa r .  M a n t e l l  

( 1 8 2 2 ,  1 8 4 4 , 1 8 5 1 )  d e s c r i b e d  L e p id e n te r o n  f r o m  th e  

C e n o m a n i a n - M a a s t r i c h t i a n  C h a l k  o f  E n g l a n d  ( s e e

a l s o  A g a s s i z  1 8 4 3 ; D a v i e s  1 8 7 9 ; B a t h e r  1 9 1 1 ) . O th e r  

f i n d s  c o m e  f r o m  r o c k s  o f  t h e  s a m e  a g e  i n  t h e  C z e c h  

R e p u b l i c  ( F r i c ,  1 8 6 9 ,  1 8 7 8 , 1 8 8 3 , 1 8 8 9 , 1 8 9 3 ) , G e r 

m a n y  ( V o ig t  1 9 2 8 ;  A b e l  1 9 3 5 ;  K u k u k  1 9 3 8 ;  H a l l e r  

1 9 6 3 ;  A r n o l d  1 9 5 6 , 1 9 6 4 ) , t h e  M a a s t r i c h t i a n  o f  T h e  

N e t h e r l a n d s  ( F r i e d m a n  2 0 1 2 ) ,  t h e  l o w e r  M a a s t r i c h t 

i a n  o f  D e n m a r k  ( R a v n  1 9 1 5 ;  R o s e n k r a n t z  1 9 2 0 ,  

1 9 6 7 )  a n d  t h e  C a m p a n i a n  o f  S w e d e n  (K o p in g e  S a n d 

s to ne ', G r o n w a l l  1 9 1 2 ) . A  l a r g e r  f o r m  ( o v e r  4 0  m m  in  

d i a m e t e r )  f r o m  t h e  G a u l t  f a c i e s  i n  E n g l a n d  ( A lb i a n )  

d e s c r i b e d  a s  “ T e r e b e lla ”  lu te n s is  b y  B a t h e r  ( 1 9 1 1 )  

w a s  i n c l u d e d  i n  L e p id e n te r o n  le w e s ie n s is  b y  S u h r  

( 1 9 8 8 ) .

C O N C L U S I O N S

L e p id e n te r o n  F r i c ,  1 8 7 8  is  a n  u n b r a n c h e d  a n d  u n 

w a l l e d  t r a c e  f o s s i l  t h a t  i s  l i n e d  w i t h  b i o c l a s t s ;  t h e  a b 

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

d i s t i n g u i s h e s  i t  f r o m  D io p a tr ic h n u s  K e r n ,  1 9 7 8 ; 

C r in in ic a m in u s  E t t e n s o h n ,  1 9 8 1 , N u m m ip e r a  H o ld e r ,  

1 9 8 9 ;  B a r o n ic h n u s  B r e t o n ,  2 0 0 2  a n d  E r e ip ic h n u s  

M o n a c o  e t  a l.,  2 0 0 5 .  A  R e c e n t  u n n a m e d  b u r r o w  a c 

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

K a m i n s k i  a n d  W e t z e l  ( 2 0 0 4 ) .  L e p id e n te r o n  le w e 

s ie n s is  ( M a n t e l l ,  1 8 2 2 )  i s  l i n e d  w i t h  s m a l l  f i s h  s c a le s  

a n d  b o n e s .  I t  i s  c o m m o n  i n  U p p e r  C r e t a c e o u s  e p i 

c o n t i n e n t a l ,  m o s t l y  m a r l y  s e d i m e n t s  i n  E u r o p e .  I n  

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

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

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

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

t a l  C r u z ia n a  t o  t h e  Z o o p h y c o s  i c h n o f a c i e s .  L. 

le w e s ie n s is  w a s  p r o d u c e d  b y  a  b u r r o w i n g  p r e d a t o r  

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

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

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

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

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

b e  e x p e c t e d  to  l i v e  i n  s e d i m e n t s  d e p o s i t e d  i n  g r e a t e r  

w a t e r  d e p th s .
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