
INTRODUCTION

Upper Cretaceous marls of epicontinental Europe

contain a very distinctive trace fossil lined with fine

bioclasts, including fish remains. It is called popularly

“Terebella” (e.g. Bather 1911; Fuchs 1935; Arnold

1956); however, this name is inappropriate for this

trace fossil, for which the ichnogenus name Lepiden-
teron is now in use (Suhr 1988). The origin of this

trace fossil, its morphology and the nomenclatural

problems, have been poorly addressed so far. There-

fore, it is commonly underrepresented in descriptions,

being treated as a problematic object and one better

omitted (personal communication from several peo-

ple); however, it represents an interesting part of

palaeontological record. 

Relatively well preserved specimens of Lepiden-
teron have been collected from upper Campanian to

lower Maastrichtian marly sediments of the Miechów

Segment of the Szczecin-Miechów Synclinorium in

southern Poland (Text-fig. 1). Their description, in-

terpretation, and taxonomic clarification, which are

the main aims of this paper, can contribute to a better

understanding of this trace fossil.
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GEOLOGICAL SETTING

In extra-Carpathian Poland, Upper Cretaceous rocks

crop out in the Southern Polish Uplands, Opole Trough

and the Sudety Mountains (Text-fig. 1). All of the out-

crops studied are located in the southern part of the

Southern Polish Uplands, within the Miechów Segment

of the Szczecin-Miechów Synclinorium (Żeleźniewicz

et al. 2011), called traditionally the Miechów Syncli-

norium (Text-fig. 1).

The Cretaceous strata of the Miechów Segment

are represented by Upper Albian through Lower

Maastrichtian deposits, which lie unconformably on

Jurassic strata (Sujkowski 1926, 1934; Kowalski

1948; Rutkowski 1965). They are partly covered by

Miocene deposits (Text-fig. 2). Eustatically triggered

transgression started in the Middle Albian and during

the Turonian the sea covered the whole of the study

region (Marcinowski 1974; Marcinowski and Rad-

wański 1983, 1989), where it persisted until the mid-

Maastrichtian (Pożaryski 1960). The Lower and

Middle Campanian are composed of grey marls,

opokas (siliceous limestones) with cherts, while the

Upper Campanian is mainly composed of sandy

opokas. During the Late Campanian, the area of the

Miechów Segment was covered by a relatively shal-

low epicontinental sea characterized by a moderate

rate of sedimentation and prevailing soft bottom con-

ditions (Świerczewska-Gładysz and Jurkowska

2013).

Text-fig. 1. Location map showing range of surface and subsurface Cretaceous deposits in Poland outside the Carpathians and in the Miechów Segment of the 

Szczecin-Miechów Synclinorium (after Dadlez et al. 2000, changed)
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Text-fig. 2. Generalized section of the studied deposits with indication of stratigraphic position of the studied outcrops
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The trace fossil Lepidenteron was recognized in

seven outcrops, six of which are located in the Miechów

area (SW part of the Miechów Segment) and one (Ję-

drzejów) in the NE part of the Miechów Segment (Text-

fig. 1, Table 1). The Jędrzejów section is no longer

accessible because it was exposed in a temporary road

cutting in the northern part of the town of Jędrzejów

(Świerczewska-Gładysz and Jurkowska 2013). 

THE TRACE FOSSIL LEPIDENTERON

Lepidenteron Frič, 1878

TYPE ICHNOSPECIES: Lepidenteron lewesiensis
(Mantell, 1822), originally Lepidenteron longissimum
Frič, 1878, which was maintained by Howell (1962) but

included in L. lewesiensis (Mantell, 1822) by Suhr

(1988).

EMENDED DIAGNOSIS: Unbranched tubular struc-

ture without a wall, partly lined with bioclasts. Orien-

tation to the bedding variable; terminations mostly dif-

fuse, not associated with any discontinuity surface. 

DISCUSSION: Suhr (1988) provided a diagnosis of

Lepidenteron. However, due to its interpretative ele-

ments (reference to the ethological category domich-

nia and to sedentary worms as tracemakers), this

diagnosis does not meet the recommended and widely

accepted diagnostic criteria, i.e. ichnotaxobases

(Bertling et al. 2006). Moreover, the diagnosis refers

to bioclasts glued to the wall (Röhrenwand), but the

trace fossil does not have an actively produced struc-

ture that can be called a wall sensu Bromley (1996).

Furthermore, other trace fossils contain bioclasts in-

corporated into a real wall and they should be sepa-

rated from Lepidenteron. 

Suhr (1988) also included values of diameter and

length of Lepidenteron in the diagnosis, 0.5–40 mm,

and up to more than 30 cm, respectively. Size is gener-

ally not accepted as an ichnotaxobase (Bertling et al.
2006), although some caution is necessary, because

some large tetrapod burrows with bones at the bottom

 

Locality GPS co-ordinates Stratigraphy  
 

Outcrop Abundance of 
Lepidopteron

 

J drzejów N50°31 5.05"; 
E020°17 4.76"  

Upper Campanian Temporary road cutting, 
northern part of the town of 
J drzejów, 4 m thick sandy 
opokas 

Abundant in 
the lower part  

Komorów N50°11 45.38";  
E020°11 1.1" 

Upper Campanian Natural outcrop, 3 m thick, 
opokas with marly 
intercalations 

Rare  

Moczyd o N50°28 48.91"; 
E020°12 9.45" 

Upper Campanian 
 

Inactive quarry, 3 m thick, 
opokas with fossils  

Common  

Parkoszowice  
 

N50°18 59.39";  
E020°3 36.86" 

?Middle Campanian 
 

Inactive quarry, 6 m thick, 
opokas (glauconite in upper 
part), with abundant fossils 

Abundant in 
the lower part  

Rze u nia 
 

N50°20 9.98";  
E019°58 15.53"; 

Middle Campanian Inactive quarry, 18 m thick, 
opokas and opokas with 
cherts (Jagt et al., 2004; 

wierczewska-G adysz and 
Jurkowska, 2013)  

Common  

Strze ów  N50°22 28.3";  
E020°24 7.38" 

Upper Campanian 
 

Inactive quarry, 7 m thick, 
sandy opokas, very 
abundant fossils 
( wierczewska-G adysz 
and Jurkowska, 2013)  

Common  

W erów N50°16 14.51";  
E020°3 5.49" 

Upper Campanian 
 

Natural outcrop, 3 m thick, 
opokas with marly 
intercalations,   

Rare  

Wodzis aw N50°27 32.68"; 
E020°9 8.23" 

Lower 
Maastrichtian 

Artificial outcrop, 4 m 
thick, sandy opokas, rare 
fossils 

Rare 

Table 1. List of studied localities, their GPS co-ordinates, stratigraphic position and character of outcrop



can meet the diagnosis. The selection of ichnotaxobases

should be inspired by biological interpretation (Fürsich

1974; Bertling et al. 2006). Therefore, possible inclu-

sion of large tetrapod burrows in Lepidenteron would

on the basis of such a broad diagnosis contradict the

recommendation that ichnotaxobases should be as close

as possible to the biological reality. Therefore, in the

emended diagnosis, the prevailing diffuse terminations

in Lepidenteron without any association with a discon-

tinuity surface are proposed as the diagnostic criteria,

these being scarcely applicable to tetrapod burrows.

Trace fossils can contain bioclasts in their passive

fill (commonly in crustacean burrows, e.g. Thalassi-
noides) which do not relate to the behaviour of the
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Text-fig. 3. General view of Lepidenteron lewesiensis (Mantell, 1822) on a parting surface of opoka marls. A – Longest specimen with the tapering termination on

the left side, Parkoszowice, INGUJ220P/L/2. B – Specimen with a side, possible false branch (br), Moczydło, INGUJ220P/L/1. C – Slab with two specimens; the 

longer one displays winding course, Parkoszowice, INGUJ220P/L/17



tracemaker. This is not the case with Lepidenteron, be-

cause the bioclasts in the type ichnospecies are ordered,

always taxonomically selected, i.e. limited to fish re-

mains, and it does not appear to be associated with any

sedimentary discontinuity, from which the burrow

could pipe down. Some trace fossils contain bioclasts as

an important part of their morphology and the bioclasts

relate to the behaviour of the tracemaker. They include

Diopatrichnus Kern, 1978, Crininicaminus Ettensohn,

1981, Nummipera Hölder, 1989, Baronichnus Breton,

2002, and Ereipichnus Monaco et al., 2005, which,

however, differ from Lepidenteron Frič, 1878 in many

aspects. 

Diopatrichnus Kern, 1978 shows bioclasts attached

outside a distinct constructed wall (Gibert 1996). Num-
mipera Hölder, 1989 displays a thick wall composed

mostly of large foraminiferids (Jach et al. 2012). Ba-
ronichnus Breton, 2002 also displays a distinct wall

built of bryozoan zoaria (Breton, 2002). Ereipichnus
Monaco et al., 2005 is characterized by a very thick

wall composed of imbricated bioclasts, mainly or-

bitolinid foraminiferids (Monaco et al. 2005). Crinini-
caminus Ettensohn, 1981 (described as a biotaxon, but

in fact an ichnotaxon; Jach et al. 2012) is a slightly ta-

pered tube, with a wall composed of densely packed

crinoidal ossicles. All these ichnogenera display a con-

structed wall, a feature in which they differ substantially

from Lepidenteron, which has no such wall.

Lepidenteron lewesiensis (Mantell, 1822)

(Text-figs 3-5)
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Text-fig. 4. Details of Lepidenteron lewesiensis (Mantell, 1822) on parting surfaces of opoka marls. A – fill with small fish scales and bones, Strzeżów,

INGUJ220P/L/24. B – fill with larger fish bones and scales, Parkoszowice, INGUJ220P/L/17. C – fill with larger fish scales and rare fish bones, Parkoszowice, 

INGUJ220P/L/2. D – fill with ornamented fish scales and rare fish bones, Wodzisław, INGUJ220P/L/4



SYNONYMY: As in Suhr (1988).

EMENDED DIAGNOSIS: Lepidenteron in which bio-

clasts are composed of fish scales and bones in varying

proportions. A tapering of the burrow before the termi-

nation may be present.

REMARKS ON THE DIAGNOSIS: The diagnosis of

Lepidenteron lewesiensis provided by Suhr (1988) con-

tains the same problems as the diagnosis of the ichno-

genus. Therefore, it is emended herein.

MATERIAL: 23 slabs with single specimens. They are

housed in the Institute of Geological Sciences of the

Jagiellonian University (institutional abbreviation

INGUJ220P). The slabs are white marly opokas, mi-

croscopically packstones with planktonic and benthic

foraminiferids and spicules of siliceous sponges. Other

bioclasts include fragments of bivalves and rare echi-

noid tests. The content of quartz grains can be signifi-

cant.

DESCRIPTION: Tubular, mostly straight, rarely gently

curved or gently winding structure, which is 9–35 mm

wide (mean value 18.36 mm; n = 23). In most speci-

mens, the width is uniform along the burrow. Rarely, a

gentle, irregular swelling can be present (Text-fig. 3B).

The burrow is elliptical in cross section, but without any

wall (Text-fig. 5). The short axis of the ellipse is up to

9 mm long. The outline of the burrow is seen only due

to the poor colour contrast between the burrow fill and

the surrounding rock. The longest observed burrow is at

least 275 mm long; however, the termination of the bur-

row is not very clear. Mantell (1822) reported L. lewe-
siensis more than 60 cm long. Most of the specimens

are incomplete and the burrow is truncated by the slab

edge. In some specimens, the termination is diffuse,

shown by the gradual disappearance of the bioclasts.

Rarely, a tapering of the burrow before the termination

is observed (Text-fig. 3A), similar to that illustrated by

Suhr (1988, pl. 1, fig. 1). Most burrows are horizontal,

less frequently oblique. Their margin is uneven, without

any evidence of a wall. 

The most characteristic feature of the trace fossil is

its fill. Close to the lower margin of the burrow, brown-

ish, shining bioclasts are concentrated (Text-fig. 5).

Most of them are oval fish scales, rarely elongated fish

remains, mainly fragments of bones (Text-fig. 4). Most

of the scales are semi-transparent, up to 3 mm, rarely up

to 7 mm wide. The mean size of the scales can differ

between specimens. Some of them display the original

ornamentation (Text-fig. 4D). The elongated elements

are up to 13 mm long. They are fragments of small

bones and fin rays and can constitute up to a few per-

cent of the bioclasts. Most of the bioclasts are oriented

approximately parallel to the burrow margin, but within

a wide angle of inclination. The inclination of adjacent

scales may vary significantly. Most of the elongated el-

ements are parallel or oblique to the burrow axis, but

without distinct alignment. The remaining part of the

burrow is filled with marly sediment, which is the same

as the host rock.

DISCUSSION

Nomenclatural aspects

Lepidenteron has been interpreted variously and

described under different names. It was considered a

fossil fish (Muraena? lewesiensis Mantell, 1822 or

Dercetis elongatus Münster and Agassiz in Agassiz,
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Text-fig. 5. Lepidenteron lewesiensis (Mantell, 1822) in cross section encircled with dashed line; polished surfaces. A – totally bioturbated background, Nereites
isp. (Ne), Trichichnus isp. (Tr) and unknown ferruginized object in the middle, Strzeżów, INGUJ220P/L/5. B – totally bioturbated background, Nereites isp. (Ne); 

the cross section is somewhat oblique, Strzeżów, INGUJ220P/L/5



1843 and in Mantell 1844, 1851), a coprolite (Frič

1869; Roll 1931) or a plant (Suhr 1988 for review).

Frič (1877) and Davies (1879) discussed a possible in-

terpretation as a burrow of the polychaete Terebella
and therefore Davies (1879) called it Terebella lewe-
siensis (Mantell, 1822). However, neither Muraena
Linnaeus and Dercetis Münster and Agassiz in Agas-

siz as genera of fishes, nor Terebella Linnaeus as a

genus of a polychaete, can be applied to trace fossils.

Frič (1878) established Lepidenteron longissimum for

the trace fossil under discussion, and therefore Lepi-
denteron has priority. 

Lepidenteron lewesiensis is distinguished by the

presence of fish biodetritus from other ichnospecies of

Lepidenteron. Lepidenteron mantelli (Geinitz, 1850) is

characterized by an internal lining of plant detritus, L.
cancellata (Bather, 1911) by a lining of particles of sed-

iment, and L. variabilis Suhr. 1988 by a lining com-

posed of lithoclasts and bioclasts (see Suhr 1988 for

review). 

Ethological and palaeoenvironmental interpretation

To date, Lepidenteron lewesiensis is interpreted as

a domichnial burrow of a terebelloid polychaete living

in deeper water (up to 200 m), with an age range from

the Middle Jurassic to the Cainozoic (Miocene) (Suhr

1988). This interpretation can be partly challenged.

One can interpret it as a coprolite (Frič 1869; Häntz-

schel 1931; Roll 1931), but Lepidenteron lewesiensis is

not always horizontal. An oblique orientation suggests

that the fish remains are within a burrow. The burrow,

however poorly outlined, is still visible (Text-fig. 5).

The fill of a burrow, even if coprolitic in origin, is still

an element of the burrow. The burrow is a sort of

domichnion, but without the wall that is a typical ele-

ment of the burrows of the terebelloid polychaetes

Diopatra, Lanice and Owenia (see Gibert 1996; Jach et
al. 2012 for discussion), and which can be expected in

burrows in soft sediment. The fish detritus does not

form part of a constructional wall, which could serve as

a reinforcement of the burrow against collapse. Nei-

ther fish scales nor fish bones are observed in the sur-

rounding rocks. It seems to be unlikely that the

tracemaker collected the detritus particle by particle

from the sediment surface. The detritus is concentrated

in the lower part of a burrow and seems to represent

waste after consumption. The presence of bioclasts on

the lower side of the burrow confirms this hypothesis.

However, Davies (1879) mentioned two specimens

with bioclastic lining on both sides of the burrow. It is

therefore suggested that the tracemaker was either a

carnivorous fish, living hidden in sediment and hunting

on the sea floor, or a fish scavenger, feeding on fish

carcasses. Davies (1879) related the fish detritus to a

few fish taxa, but it is not clear whether this was in one

specimen or in several specimens. The general lack of

fish vertebrae or head bones is puzzling, but these

could have been left on the surface, while scales and

small bones could have been defecated in the burrow.

Davies (1879) noted rare occurrences of very small

vertebrae in the Lepidenteron lining. The tracemaker

could have been interested in hiding its own faeces as

a protection against predators. It is also possible that

the tracemaker consumed only pieces of fish, without

vertebrae or head, within the sediment. In this case,

only small fish remnants would have been preserved

in deeper levels of the sediment. It is also not excluded

that the fish was entirely consumed in the burrow and

that the larger waste particles were then removed to

avoid them blocking the burrow. On the other hand, the

fish could have been too large to be consumed within

the burrow. 

Possible candidates for the tracemaker should be

searched for among animals that are 9–35 mm in di-

ameter, rather long, able to burrow, and live in a tube

connected to the sea floor. 

One possible candidate is a predatory eunicid

worm (family Eunicidae) similar to the recent omniv-

orous bobbit worm Eunice aphroditois (Pallas) (see

Knox and Green 1972; Fauchald and Jumars 1979),

which sits buried in the sediment and actively hunts

fishes swimming above. This species lives in warmer

seas worldwide on sandy, gravelly and muddy bot-

toms, at a depth of 5 to 20 m, and can be up to 3 m

long and up to 25 mm in diameter (Gayle 2012;

Fauchald and Bellan 2013). 

Carnivorous or scavenging fishes, which are able to

burrow, are also possible tracemakers of Lepidenteron.

For instance, eels (Anguilliformes) are able to burrow

in sediment and commonly hunt fish and scavenge fish

carcasses (e.g. Tesch 2003). The Recent anguillid

Pisodonophis cancrivorus (Richardson) can burrow

quickly in sand and, with only its head projecting, hunt

for other fishes (McCosker and Castle 1986). Davies

(1879) noted that Lepidenteron lewesiensis (his Tere-
bella lewesiensis) was known to the quarrymen as the

“petrified eel”. Indeed, it can be compared to a hunting

eel, buried in sediment, with the upper part of the body

inclined and the lower part horizontal. 

Other candidates that can be considered come from

stomatopod crustaceans, which live mostly in shallow

and warm seas, some of which are burrowing and car-

nivorous animals (Ferrero 1989; Brwon and Chivers

2005; Reaka et al. 2009). Most crustacean burrows are

branched, but the stomatopod Hemisquilla californien-
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sis Stephenson produces simple shafts that can be al-

most 2 m long and 8–10 cm in diameter (Caldwell

2007). These burrow dimensions  are somewhat too

large compared to those of Lepidenteron, but smaller

burrows are also possible. Nevertheless, all stomatopod

burrows are open, rarely branched (Bromley 1996) and

their margins or wall should be seen in the fossil record.

Jurassic burrows ascribed to Thalassinoides and re-

ferred to stomatopods were presented by Monaco and

Garassino (2001) and Monaco and Giannetti (2002).

Lepidenteron lewesiensis is unbranched, has no distinct

terminations and displays terminal constrictions. All of

these features exclude stomatopods as possible trace-

makers.

Text-fig. 6. Associated trace fossils. A –totally bioturbated background sediment, Nereites isp. (Ne), Phycosiphon isp. (Ph); polished slab, Strzeżów, INGUJ220P/L/22. B

– planar structure visible on both sides of the specimen determined as Zoophycos isp. (Zo); vertical polished surface, Wężerów, INGUJ220P/L/25. C – totally bioturbated

background sediment, cross-sections of Chondrites isp. (Ch); polished surface, Strzeżów, INGUJ220P/L/21. D – internal mould of the cephalopod Baculites sp. covered

with Chondrites isp., parting surface, Rzeżuśnia, field photograph. E – Trichichnus isp. (Tr) on rough surface, Rzeżuśnia, field photograph. F – large tubular burrow 

(?Thalassinoides isp.), parting surface, Parkoszowice, INGUJ220P/ L/ 23. G – Helicodromites isp., parting surface, Parkoszowice, INGUJ220P/L/24
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One of the problems with the tracemaker candidates

is the fact that they are known mostly from shallow

seas, whereas the Lepidenteron material under discus-

sion occurs in marine sediments deposited below storm

wave base. This is evidenced by total bioturbation of

sediments, with no bed of tempestite, and by the oc-

currence of a trace fossil assemblage that points to a

transition from the distal Cruziana ichnofacies to the

Zoophycos ichnofacies (e.g. Pemberton et al. 2001; Bu-

atois and Mángano 2011). The assemblage includes

Planolites, Thalassinoides, Trichichnus, Nereites, Phy-
cosiphon, Zoophycos and Helicodromites (Text-fig. 6).

The latter four ichnotaxa, in particular, are characteris-

tic of a deeper sea. Nevertheless, the study area was

covered by an epicontinental sea (Świerczewska-

Gładysz and Jurkowska 2013), not deeper than a shelf

sea. It is not excluded that the deeper shelf zone of the

Late Cretaceous seas could have been inhabited by rep-

resentatives of eunicid polychaetes oranguillid fishes,

which are the candidates for the producer of Lepiden-
teron. 

The stratigraphic ranges of the tracemaker candi-

dates also present problems. The oldest eunicids derive

from the Ordovician (Kielan-Jaworowska 1966), and

the oldest stomatopods are dated to the Carboniferous

(Hof 1998). The first anguillid fish is known from the

Cenomanian (Belouza et al. 2003; Santini et al. 2013),

but Suhr (1988) concluded that Lepidenteron lewesien-
sis ranged at least from the Middle Jurassic. The range

of the ichnogenus can be extended even further, because

Zapfe (1949) described a burrow, 30 mm in diameter,

lined with fragments of shells and fish scales from the

Rhaetian of Austria. The presence of shell debris, how-

ever, is not observed in Lepidenteron lewesiensis. The

later occurrence of anguillid fishes than L. lewesiensis
call in question the anguillid candidature, but this is not

the first time when the trace fossil record precedes the

body fossil record. It is actually possible that the trace-

maker of L. lewesiensis is still living today, but our cur-

rent knowledge of deeper water burrowing organisms is

incomplete. 

So far, the trace fossil Lepidenteron lewesiensis is

limited to Europe. Most specimens derive from Upper

Cretaceous epicontinental sediments, mainly from the

chalk and related facies, including sandstones. The

absence of Lepidenteron in North America is intrigu-

ing. The Atlantic Ocean could be considered as a bar-

rier; however, there was no deep sea between North

America and Europe until the Turonian (Ziegler

1988). It is possible that this trace fossil may exist in

North America but has been ignored so far. Mantell

(1822, 1844, 1851) described Lepidenteron from the

Cenomanian–Maastrichtian Chalk of England (see

also Agassiz 1843; Davies 1879; Bather 1911). Other

finds come from rocks of the same age in the Czech

Republic (Frič, 1869, 1878, 1883, 1889, 1893), Ger-

many (Voigt 1928; Abel 1935; Kukuk 1938; Haller

1963; Arnold 1956, 1964), the Maastrichtian of The

Netherlands (Friedman 2012), the lower Maastricht-

ian of Denmark (Ravn 1915; Rosenkrantz 1920,

1967) and the Campanian of Sweden (Köpinge Sand-
stone; Grönwall 1912). A larger form (over 40 mm in

diameter) from the Gault facies in England (Albian)

described as “Terebella” lutensis by Bather (1911)

was included in Lepidenteron lewesiensis by Suhr

(1988).

CONCLUSIONS

Lepidenteron Frič, 1878 is an unbranched and un-

walled trace fossil that is lined with bioclasts; the ab-

sence of a constructed wall composed of bioclasts

distinguishes it from Diopatrichnus Kern, 1978;

Crininicaminus Ettensohn, 1981, Nummipera Hölder,

1989; Baronichnus Breton, 2002 and Ereipichnus
Monaco et al., 2005. A Recent unnamed burrow ac-

tively filled with foraminiferids was presented by

Kaminski and Wetzel (2004). Lepidenteron lewe-
siensis (Mantell, 1822) is lined with small fish scales

and bones. It is common in Upper Cretaceous epi-

continental, mostly marly sediments in Europe. In

the study area, it occurs in middle Campanian–lower

Maastrichtian deeper shelf sediments deposited

below wave base. They contain a trace fossil assem-

blage that displays transitional features from the dis-

tal Cruziana to the Zoophycos ichnofacies. L.
lewesiensis was produced by a burrowing predator

or scavenger of fishes and the fish debris within the

burrow probably represents indigestible waste from

feeding. The tracemaker could belong to eunicid

polychaetes or anguillid fishes, which, apart from

their prevailing shallow-marine habitat, could also

be expected to live in sediments deposited in greater

water depths. 
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