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Abstract

In spite of the fact that Campanian-Maastrichtian (Upper
Cretaceous) strata in the extended Maastrichtian type area
(southeast Netherlands, northeast Belgium, Aachen area,
Germany) locally yield common and fairly diverse brachiopod
assemblages, there are no previous records of pedicle etching
traces assignable to the ichnotaxon Podichnus centrifugalis
Bromley & Surlyk, 1973. Here we report the first examples of
this type of trace fossil, in a test of the echinoid Echinocorys gr.
conoidea (GOLDFUSS, 1829) from the Lixhe 1 Member (Gulpen
Formation; lower Upper Maastrichtian), as exposed at the CPL
SA quarry (Haccourt, province of Liege, Belgium). Overall size
(c. 1.0 and 0.5 mm, respectively; the smaller example possibly
representing the attachment trace of a juvenile or a different
species of brachiopod) and structure suggest these traces to
have been produced by a brachiopod pedicle with relatively few
papillae. Of brachiopod species known to date from the same
stratigraphie level, either the terebratulids Neoliothyrina obesa
and Carneithyris sp. or the platidiid Aemula may be considered
as agents but this is, of course, highly conjectural, at least for the
time being.
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Résumé

En dépit du fait que les dépots Campaniens-Maastrichtiens de la
zone du Maastrichtien type au sens large (sud-est des Pays-Bas,
nord-est de la Belgique) ont localement livré une faune abondante
et diversifiée de brachiopodes, il n’existe encore aucune mention
de traces produites par le pédoncule d’un brachiopode que 1’on
puisse assigner a 1’ichnotaxon Podichnus centrifugalis Brom ley
& Surlyk, 1973. Nous rapportons ici les deux premiers exemples
de ce type de traces fossiles, préservées dans le test d’un
Echinocorys gr. conoidea (GOLDFUSS, 1829), collecté dans la

craie du Membre Lixhe-1 (Formation de Gulpen, partie inférieure
du Maastrichtien supérieur) de la carriecre CPL SA (Haccourt,
province de Liege, Belgique). Tant la taille que la structure
(respectivement 1,0 et 0,5 mm, le plus petit exemplaire pouvant
représenter les traces d’attachement d’un spécimen juvénile du
plus grand exemplaire ou des traces dues a une autre espéce plus
petite de brachiopode) suggérent que ces traces ont été¢ produites
par le pédoncule d’un brachiopode dont la base était ornée d’un
petit nombre de papilles. Parmi les brachiopodes connus de ce
niveau stratigraphique, les terebratulides Neoliothyrina obesa
et Carneithyris sp. ou le platidiide Aemula sont des espéces
responsables possibles mais ceci reste purement conjectural.

Mots-clefs: Crétacé, Maastrichtien, Belgique, brachiopodes,
ichnofossiles, Podichnus.

Introduction

Brachiopods, in  particular  rhynchonelliforms
(cyclothyridids,  tetrarhynchiids),  terebratuloids
(terebratulids,  gibbithyridids) and  kingenoids

(kingenids), are comparatively common in the Zeven
Wegen, Vijlen and Lixhe 1-3 members ofthe Gulpen
Formation (early Late Campanian to early Late
Maastrichtian; see JAGT, 1999 for discussion) in the
extended type area of the Maastrichtian Stage. At
least sixteen taxa are now known from the Vijlen and
Lixhe 1-3 members alone (see Table 1); associated
craniids of the genera Crania, Ancistrocrania and
Isocrania (sensu LEE & BRUNTON, 1986, 2001)
are not considered here, since they are cemented to
the substrate, either wholly or partially. Moreover,
as demonstrated by NIELSEN (1991) for the Recent
species Novocrania anomala (O.F. MULLER, 1776),
this craniid lacks a pedicle throughout ontogeny.
Despite this diversity, and a wide range of
available hard calcareous substrates for brachiopods
to attach to and etch into (e.g., molluscan shells,
echinoid tests, rostra of belemnitellid coleoids and
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Order/Suborder Brachiopod species Stratigraphy Adaptive group

(sensu Johansen, 1987)

Rhynchonellida Cretirhynchia (Homaletarhynchia) limbata Lixhe le

C. (/1.) undulata maastrichtiensis Vijlen Ib

Terebratulidina Nerthebrochus ovalis Vijlen Ib

N. sulcata Vijlen Ib

Neoliothyrina obesa Lixhe Ib

Carneithyris subcardinalis Vijlen-Lixhe I

C. sp. Vijlen-Lixhe Ib

Terebratulina gracilis Vijlen 1I

undescribed new cancellothyridinid species Lixhe la

Terebratellidina Kingena limburgica Vijlen Ib

Maastrichtiella costellata Vijlen Ib

Aemula inusitata Lixhe la

Magas chitoniformis Vijlen I

Kingenella pseudohebertiana Vijlen Ib

Kingenella popielae Vijlen Ib

Mosaethyrisfelderi Vijlen Ib
Table 1 — Brachiopod species known to date from the Vijlen and Lixhe 1-3 members (Gulpen Formation) in southern

Limburg (The Netherlands) and from the Haccourt-Lixhe area (Liége, northeast Belgium), as compiled from
SiMoN (1993, 1998, 2005), SiMON & OWEN (2001), JAGT & SiMoN (2004) and SimoN (unpubl. data). The
adaptive groups (sensu JOHANSEN, 1987, pp. 46-50) are: la - minute, pedically attached form; 1b - larger

forms attached with a pedicle to hard substrate; le - medium-sized forms with pedicle rooted in sediment; II

- larger, free-living species with attached juvenile stages.

other brachiopods) at the same stratigraphie level, we
know ofno previous record ofthe typical brachiopod
pedicle trace fossil genus Podichnus. Here we record
the first examples (Plate 1), in a test of Echinocorys gr.
conoidea (sensu Jagt, 2000) from the upper Lixhe 1
Member as exposed at the CPL SA quarry, Haccourt
(Liege, northeast Belgium). These specimens bring
the number ofichnofossil genera from the area which
are assignable to the ethologie class fixichnia (sensu
DE GIBERT et al., 2004) to six (Table 2).

The present examples of Podichnus centrifugalis
are the first to be recognised amongst several
hundreds of tests of the genus Echinocorys LESKE,
1778, both  well-preserved and fragmentary,
diagenetically deformed ones. Material housed at
the Natuurhistorisch Museum Maastricht as well
as in several private collections (W. van Rijsselt, P.
van Knippenberg, M. Deckers) have been examined,
and any epi- and endoskeletobionts (sensu TAYLOR
& WILSON, 2002) noted. Although no statistical
analysis of these data has yet been performed, the
paucity ofthis trace fossil appears genuine. Currently,
hard substrates from other stratigraphie members (of

different facies) are being screened, and statistics will
be presented and discussed at a later date.

Ichnotaxonomy

The following abbreviations are used to denote the
repositories o fmaterial referred to in the text: NHM - The
Natural History Museum, Department of Palaeontology,
London; NHMM -Natuurhistorisch Museum Maastricht
(PK = Paul Van Knippenberg Colin.).

Ichnogenus Podichnus BROMLEY & SURLYK, 1973

Type ichnospecies:Podichnus centrifugalis BROMLEY
& SURLYK, 1973, p. 364, fig. 13, by original
designation.

Podichnus centrifugalis BROMLEY & SURLYK, 1973
PL 1

*1973 — Podichnus centrifugalis BROMLEY & SURLYK, p.
364, figs 6-13.
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Domichnia Caulostrepsis VoIGT (1971), BROMLEY & D’ALESSANDRO (1983)
(borings) Entobia
Gastrochaenolites DONOVAN & JAGT (2006)
Maeandropolydora
Rogerella
Talpina VoIGT (1972,1975,1978)
Trypanites DONOVAN & JAGT (2004)
Fixichnia Centrichnus JAGT & DORTANGS (2000), JAGT (2003)
(superficial Flosculichnus DONOVAN & JAGT (2005b)
attachment Lacrimichnus JagT (2007)
structures) Leptichnus TAYLOR et al. (1999), JAGT & DORTANGs (2003)
Podichnus presentpaper
Renichnus JAGT (2003)
Pascichnia Gnathichnus
(raspings/ Radulichnus VOIGT (1977), JaGT (2003)
scratchings)
Praedichnia Oichnus DONOVAN & JAGT (2002, 2005a)
(drill holes,
durophagous

scars, bitemarks)

Table 2 — Ichnofossil genera from the Campanian-Maastrichtian ofthe Maastrichtian type area (pers. obs.), assignable to
four (out offive) ethological classes of De Gibert et al. (2004, fig. 3). Selected literature sources are indicated;
examples of the remaining ichnofossil genera will be described and illustrated by BROMLEY, DONOVAN &
JAGT (work in progress). Planorbulinid foraminifera locally are common encrusters of ostreid and gryphaeid
bivalves, so that examples of the recently erected ichnogenus Camarichnus (fixichnia; see Santos &
M ayoral, 2006) may also be expected to occur in the study area.

1977 — Podichnus centrifugalis - RADWANSKI, p. 249. Type

1982 — Podichnus centrifugalis Brom ley & Surlyk, 1973 NHM B 51163 (A. Rowe Colin), on the gibbithyridid
- M artinell, p. 93, pi. 1, figs 4-8; pi. 2, figs 1, 2. . . .

1990 — Podichnus isp. - Brom ley & dA lessandro. p. brachiopod Carne'lthyrzs carnea (J. SOW@Y, 1812)
48, fig. 16. from the ‘Belemnitella mucronata Zone’, i.e., Upper

1993 — Podichnus - Palmer & Plewes, p. 141, fig. 9C. Campanian sensu lato (compare CHRISTENSEN, 1995)

1996 — Podichnus centrifugalis Bromley & Surlyk, 1973 of Mousehold, Norwich (England) (see BROMLEY &
- HOFMANN, p. 34, pl. 2, figs 2,3. SURLYK., 1973, fig. 13).

1999 — Podichnus centrifugalis Bromley & Surlyk, 1973
-Taddei Ruggiero, p. 169, fig. 11, J.

2002 — Podichnus centrifugalis BROMLEY and SURLYK Material
- Taddei Ruggiero & Annunziata, p. 48, pi. 3, Two examples, NHMM PK 1488a, b, in a large-sized
figs 1-6. test (length 93 mm, width 78 mm, height 80 mm) of

2004 — Podi j s B 1 RLYK . . . .
00 odichnus centrifugalis Brom ley & SU the echinoid Echinocorys gr. conoidea; upper Lixhe
- BROMLEY, p. 464, fig. 1.

2004 — Podichnus centrifugalis . De G ibert etal, p. 436, I Member (Gulpen Formation); CPL SA quarry,
fig. 6B. Haccourt (Liege, Belgium).

2004 — Podichnus centrifugalis BROMLEY & SURLYK, 1973
- Donovan & Lewis, p. 368, figs 2,3.

2006 — Podichnus centrifugalis - BROMLEY & HEINBERG,
p. 444, fig. 12A, B.
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Description

Both examples of P centrifugalis occur in the
anterior, left-hand portion of the echinoid test, the
larger one (NHMM PK 1488a) at the ambitus, in the
median portion of interambulacrum 3, and the smaller
one (NHMM PK 1488b) in ambulacrum IV at mid-
test height, being 30.5 mm apart. The larger example
is a slightly asymmetrical cluster of pits, measuring
1.0 by 0.9 mm, and comprising at least seventeen
perforations, the (sub)central ones of which are
(near)circular, perpendicular to the test surface, and c.
0.1 mm (or less) in diameter. Peripheral perforations
are larger, oblique, comma- or elongate teardrop-
shaped, and measure between 0.2 and 0.3 mm in
length. There is a clear clustering on one side, and this
side also comprises the largest, oblique perforations,
reflecting the growth of the brachiopod and deeper
penetration of larger papillae into the substrate,
diverging centrifugally.

The smaller example (not illustrated) is much
fainter, c. 0.5 mm in greatest diameter, and consists
of c. 10 round to slightly elongate perforations of a
type comparable to the ones seen in the (sub)central
portion of the larger trace.

Associated  episkeletozoans
& WILSON, 2002)
structures, a single juvenile pycnodonteine oyster,
dimyid bivalves arranged in clear encrustation

{sensu  TAYLOR
include bourgueticrinid root

patterns, as well as at least five species of cyclostome
and cheilostome bryozoans, and pits, especially
apically, ofthe type described by MULLER (1969) and
BROMLEY (1981).

Discussion

These etching traces are clearly those left by
brachiopod pedicles; size and structure indicate that
there were not too many papillae. In fact, the larger
example is closely comparable to a specimen from the
Lower Campanian of Roger’s Whitening Pit, Fareham
(England), illustrated by BROMLEY & SURLYK (1973,
fig. 11, upper row, second example from the left).
The smaller trace may have been left either by a
different species of brachiopod or by a juvenile of
the same taxon which produced the larger example
here illustrated. At least, the agent must be sought
amongst representatives of adaptive groups {sensu
JOHANSEN, 1987, pp. 46-50) 1b or II (Table 1), which
include larger forms with pedicle openings suitable
for functional pedicles, and which are confined
to large, hard substrates or include medium-sized
to large, free-living species which have pedically
attached juvenile stages, respectively. Potentially,

the sixteen species known to date from the Vijlen
and Lixhe members (Gulpen Formation; see Table 1),
cannot equally be held responsible for the trace fossil
Podichnus centrifugalis documented herein. These
brachiopod species can be classified according to
two criteria, the first being the adaptive group {sensu
JOHANSEN, 1987), which must be either 1b or IL
Species ofthese groups, all relatively large, possessed
a functional pedicle, at least during the juvenile stage.
The species referred to in Table 1as ‘undescribed new
cancellothyridinid species’ is extremely abundant
(125 individuals/5 kg chalk) in the Lixhe 1 Member; it
is a diminutive brachiopod which lived attached with
a tiny pedicle. Such a micromorphic species cannot be
considered a good candidate for constructing a ‘large’
trace ofa width of 1.0 mm.

The larger example of Podichnus centrifugalis
documented here is much too wide to have been
produced by early juvenile individuals of Magas
chitoniformis (VON SCHLOTHEIM, 1813) or by
juveniles o f Terebratulina gracilis (VON SCHLOTHEIM,
1813). Ifthe size of'the foramen is taken into account,
the width of the juvenile pedicle of these two species
was much too reduced. Moreover, these species
rapidly turned into free-living forms already at young
growth stages.

Amongst free-living species at adult growth stages,
Carneithyris subcardinalis (SAHNI, 1925) remains a
valid candidate because young specimens might have
possessed a pedicle with a base width of 1 mm.

Cretirhynchia (Homaletarhynchia) limbata (VON
SCHLOTHEIM, 1813) can also be excluded because,
as shown by SiMoN (1998, pp. 184-185), this species
probably lived rooted to the sea floor with its dorsal
valve down. The rapid development of a dorsal fold
in this form was an adaptation to elevate continuously
the commissure above the substrate level, thus
avoiding the negative effects of rapid sedimentation.
Because of this, C. limbata, which did not occur on
hard substrates, could not be responsible for producing
Podichnus traces.

All other species listed in Table 1 under group Ib
remain possible candidates.

The second criterion is the actual presence of a
brachiopod candidate species at the same stratigraphie
level and site from where the echinoid test with
Podichnus centrifugalis was collected. Nerthebrochus
ovalis SIMON, 2005, N. sulcata SMON, 2005, Kingena
limburgica SIMON, 2005, Maastrichtiella costellata
SIMON, 2005, Kingenella pseudohebertiana (PERON,
1895), Kingenella popielae SIMON, 2005 and
Mosaethyris felderi SIMON, 2005 are all species
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known to date only from the basal Vijlen Member
(equivalents ofthe Belemnella sumensis Zone; Lower
Maastrichtian) in southern Limburg (The Netherlands).
Amongst species listed in Table 1, only Carneithyris
subcardinalis, Carneithyris sp., Neoliothyrina obesa
SAHNI, 1925 and Aemula inusitata STEINICH, 1968
have been collected from the Lixhe 1 Member at the
CPL SA quarry. Cretirhynchia (Homaletarhynchia)
undulata maastrichtiensis SIMON & OWEN, 2001 is
common in the upper Vijlen Member exposed there,
and is found associated with Terebratulina gracilis.
So far, Aemula inusitata is the only non-craniid
brachiopod found in situ on echinoid tests in the
Lixhe 1-3 members (see JAGT & SIMON, 2004). In
specimens of Aemula illustrated in the literature by
their dorsal valves (STEINICH, 1968; SURLYK, 1972;
SiMoN, 1998), the diameter of the foramen (which
could be related to the size of the potentially attached
base of the pedicle) varies between 1.34 mm and 1.8
mm for a dorsal valve width of 5 mm (maximum size
observed). Ademula specimens generally are smaller,
but the range of their foramen size fit the width of
Podichnus centrifugalis documented here. However,
the larger Podichnus shows a clear clustering on
one side which indicates possible growth of the
pedicle with deeper penetration of larger papillae
into the substrate. This is not really compatible with
the development of a small individual of Aemula
inusitata living with its dorsal valve firmly appressed
to the substrate. The type of growth of'this example of
P. centrifugalis better matches a brachiopod species
which was obliged to increase its attachment strength
relative to its increased weight during growth. Thus,
the best candidates are Neoliothyrina obesa and
Carneithyris sp. If current records of brachiopod
species and of Podichnus centrifugalis are considered
in conjunction, Neoliothyrina obesa would appear the
best candidate to have produced these traces. This is a
comparatively rare species in the Lixhe 1-3 members
and examples of Podichnus also are extremely
scarce.

However, this analysis, based as it is on two
essential criteria, remains highly speculative and, in
fact, all species known from the Vijlen and Lixhe 1-3
members remain possible agents. Only the discovery
in situ of a brachiopod responsible for a Podichnus
trace can settle this matter. Specimens of Aemula
inusitata attached to Echinocorys might be carefully
removed in order to document any possible traces
under the excavated dorsal valves; in view of the
limited material currently available, we refrain from
such destructive action for now.

BROMLEY (2005a, p. 9) noted that the trace fossil
P. centrifugalis was based originally on Recent and
Cretaceous examples only, and that at the time it
was unknown that brachiopod etching of carbonate
substrates was in fact much more widespread than
previously thought, and in fact dates back to the
Silurian. Consequently, various groups ofbrachiopods
can be held responsible for producing this type of this
trace. Despite this wide taxonomic range of agents,
trace morphology is remarkably constant throughout
its range, and it therefore appears advisable to use but
a single ichnotaxon name for it (see also BROMLEY,
2004). However, BROMLEY (2005b) also expressed
the hope that minor variations in traces might be
linked to specific brachiopod types, e.g., those with
divided pedicle, or those with a massive one, armed
either with short or long attachment papillae. Only
in cases where brachiopods are found preserved in
situ, and where careful preparation may reveal the
underlying etching trace of the pedicle or where
assemblages are monospecific, can examples of
Podichnus clearly be linked to specific brachiopod
types. Illustrating the latter is material from the
Middle Triassic (Muschelkalk) of the Opole area
(southwest Poland), from where MALkowskrI (1975)
recorded a new ichnospecies, P. silesiacus, ascribed
to the ‘terebratuloid’ Coenothyris vulgaris (VON
SCHLOTHEIM, 1820).

In the same abstract volume which contains
BROMLEY’s (2005b) paper, RoBINSON (2005, p. 26)
noted that there are at least three distinct types of
brachiopod ‘footprint’, that is, pedicle etching trace,
related to pedicle type, which appear to be correlated
with distinct brachiopod orders or suborders, and
date back to at least the Cretaceous. The same author
redefined P centrifugalis and proposed two additional
ichnospecies of Podichnus. As far as we know, these
have not yet been validly introduced, which is why
we adopt the name P. centrifugalis for the present
examples from Haccourt.

Occurrence

TAYLOR & WILsON (2003, table 2) noted that
Podichnus ranged from the Carboniferous to the
Recent, and referred specifically to MicHALIK
(1977), VOGEL et al. (1987) and ALEXANDER (1994)
for examples. Later, BROMLEY (2004) extended the
range down into the Silurian, and made reference
to SCHMIDT (1992), GLAUB & ScHMIDT (1994) and
BUNDSCHUH (2000) for examples. Recently described
examples ofthis trace fossil include those by HANGER
(1992; Albian of Texas), REICH & FRENZzEL (2002;
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Lower Maastrichtian of Riigen, northern Germany),
BROMLEY (2003; Pleistocene of Rhodes, Greece),
BLISSETT & PICKERILL (2004; Middle Eocene to
Middle Miocene of Jamaica), RabpLey (2004; Lower
Jurassic of England) and ForsTErRrRA et al. (2005;
Recent, off central Chile).

Conclusion

In comparison to other ethologie classes, fixichnia
are rare in Upper Cretaceous strata of the study area,
and include mainly examples of the ichnogenera
Centrichnus, Renichnus and Leptichnus. So far,
Podichnus centrifugalis has proved to be exceedingly
rare, which is surprising in view of the common
occurrence of brachiopods and the ubiquity of
calcareous substrates for attachment at the same
stratigraphie levels. All possible substrates need to be
screened carefully, in order to record more examples
and additional substrate types, especially from those
levels where certain rhynchonelliform, terebratuloid
and kingenoid brachiopods are common and diverse.
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Explanation of Plate 1

PLATE 1

Test of Echinocorys gr. conoidea (GOLDFUSS, 1829) from the upper Lixhe 1 Member (Gulpen Formation), CPL
SA quarry, Haccourt (Liége, Belgium) in posterior, lateral and anterior views (A-C), respectively, and detail (D)
of larger specimen of Podichnus centrifugalis BROMLEY & SURLYK, 1973 (NHMM PK 1488a) near the ambitus
in interambulacrum 3 (circled in B and C). Scale bars equal 10 mm in A-C, and 1 mm in D.
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