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Scavengers and opportunists at work on whale carcasses: 
Decapods, echinoids and fishes 
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Bettina Reichenbacher, Massimo Lorenzoni, 

Federico Famiani, and Roberto Bizzarri

ABSTRACT

The early Pleistocene whale fall events recognized at the Bargiano site (south-
western Umbria, central Italy) provided the opportunity to document and reconstruct
the community of scavengers and opportunists, vertebrates and invertebrates that
gathered around cetacean remains. A rich fauna of ghost shrimps and brachyuran
crustaceans (the most represented ones), teleost fish and other osteichthyes (i.e.,
Ophidiiformes and Sciaenidae), sharks, as well as some specimens of irregular echi-
noids, have been analysed. The occurrence of otoliths of the rare ophidiid fish Hoplo-
brotula orcianensis Schwarzhans, 1994 and the irregular echinoid Ova canalifera
(Lamarck, 1816) are herein reported for the first time in early Pleistocene marine
deposits from Umbria. Among the decapods, Jaxea nocturna Nardo, 1847, Goneplax
rhomboides (Linnaeus, 1758), and Asthenognathus alleronensis Pasini, Garassino
and De Angeli, 2017 are herein recorded, together with some additional well-preserved
specimens of the previously reported Albaidaplax ispalensis Garassino, Pasini and
Castro, 2013 and Chlinocephalus demissifrons Ristori, 1886. A shark teeth assem-
blage related to whale fall events is here documented. Moreover, the common tracks of
burrowing organisms, referable to activity of crustaceans and echinoids, have been
documented, allowing to reconstruct the life on the shallow seabed (maximum depth of
about 150m) of scavengers and opportunists, which developed around a whale car-
cass. The identification of a specialized community (biome) of benthonics and necton-
ics, contributes to best define this peculiar bioenvironment, confirming the
development at Bargiano and Montemoro sites of the four Ecological stages (Scaven-
gers, Opportunists, Sulphophilic and Reef stages) linked to the whale fall events.
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INTRODUCTION

In the present as well as in the past, whale
falls (“habitat island” sensu Smith et al., 2015) rep-
resent peculiar environments, with a surprising, but
transitory, richness of living forms. Several taxa,
indeed, proliferate around cetacean remains,
regardless of depth, giving rise to specialized bio-
communities (Fujioka et al., 1993; Wada et al.,
1994; Smith C.R. et al., 2002, 2015; Smith and
Baco, 2003; Goffredi et al., 2004; Fujiwara et al.,
2007; Lundsten et al., 2010a, 2010b; Amon et al.,
2013; Linse et al., 2014; Smith et al., 2014; Sumida
et al., 2016). Contrarily to recent case studies, fos-
sil whale falls do not always ensure to document
such a species diversity, due to taphonomic pro-
cesses (Dominici et al., 2009; Danise et al., 2010,
2014; Danise and Dominici, 2014; Baldanza et al.,
2018; Zazzera et al., 2022).

The early Pleistocene Bargiano site (Umbria,
central Italy) and the surrounding badland area
(Figure 1), represents a unique marine paleoenvi-
ronment in which several whale-fall events (WFEs)
took place over the span of about one hundred
thousand years (MNN18 p.p. – MNN19c Nannofos-
sil zones: Monaco et al., 2014, CNPl8 Nannofossil
Zones: Baldanza et al., 2018; Bizzarri and Bal-
danza, 2020; MNQ18-MNQ19a: this work). In
marine clay/silty-clay deposits, referred to a rela-
tively shallow sea environment, four baleen whale
skeletons and more than 30 trace fossils, attributed
to sperm-whales, were documented (Baldanza et
al., 2013a, 2018; Monaco et al., 2014). Through
the local stratigraphic section (Figure 2), at least 4-
5 (or 6) separated events were identified (Monaco

et al., 2014; Baldanza et al., 2018; Bizzarri and
Baldanza, 2020); WFEs are not uniformly distrib-
uted in time, with a probable increase upwards in
WFE frequency. The causes of these concentra-
tions in a strict spatial and temporal range are still
unclear. Nonetheless, the whole palaeoenviron-
ment close to a whale carcass was a very peculiar
place where for some decades it was possible to
exploit the enrichment in organic matter for the
development of a long food chain.

In the study area, especially the Bargiano site
revealed ideal for an investigation of the relation-
ships among opportunistic micro- and macrofauna
in WFEs. This particularly emerged during the
excavation and restoration of the most recent ceta-
cean discovery in the area. The communities of
benthic foraminifera and decapods associated with
these WFEs, in the relatively shallow sea environ-
ment of Bargiano, were previously reported by Bal-
danza et al. (2018). In this paper, the community of
opportunists is enriched with the description of new
taxa, never reported in conjunction with WFEs.
During the recent restoration of the cetacean skel-
eton (attributed to a probable Balenula sp., WFE 2
in Baldanza et al., 2018), now exhibited in the Alle-
rona museum (catalogued as MUAL 30: Museo dei
Cicli Geologici di Allerona, Umbria, Italy), several
well-preserved decapod specimens and echinoids
were extracted from the silty clay deposits that
incorporated the skull and vertebrae. Moreover, the
presence of some incomplete remains and burrows
referable to potential ghost shrimps was also
observed from the Bargiano section (Baldanza et
al., 2018) but not described due to their ill preser-
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vation (Pasini et al., 2017). In addition to some new
burrow structures, related to decapods, fishes, or
echinoids activity, they are herein documented and
briefly discussed. Finally, particular attention has
been paid to sharks, never documented close to
fossil whale fall events of Bargiano and Montemoro
sites, some of which identified in the past in the
Allerona-Orvieto area (Bellocchio et al., 1991).
Together with the valuable collection of burrows,
presented and analysed here for the first time, new
and old fossil findings are discussed, with the aim
to reconstruct the infaunal and epifaunal organisms
that developed and lived around the cetacean
remains. 

GEOLOGICAL SETTING AND 
PALEOENVIRONMENTAL BACKGROUND

In the Bargiano section, massive to thinly lam-
inated offshore marine deposits crop out, ranging
from clay to clayey silt to silty clay (Figure 2),
deposited in a shallow water palaeoenvironment
during the early Pleistocene (Baldanza et al.,
2013a, 2018; Monaco et al., 2014; Bizzarri and
Baldanza, 2020). The site lies close to the town of
Allerona and is part of the South Valdichiana Basin
(Figure 1). During the early Pleistocene, the basin
accommodated a relatively shallow marine envi-
ronment, on the order of a maximum of 100−150m
in depth, based on the comparison between sedi-
mentological data, paleoenvironmental restoration

FIGURE 1. Simplified geological sketch (A) of the Allerona area with location of Bargiano site and Montemoro quar-
ries and (B) paleogeographic reconstruction of the area (modified from Baldanza et al., 2018). 
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FIGURE 2. Stratigraphic and sedimentological logs of Montemoro and Bargiano sites in the Allerona area (modified
from Baldanza et al., 2018). To note that the scale of two sites is different: the Bargiano site was enlarged and detailed
to best appreciate the succession of WFEs and the assemblages found.
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and benthic assemblages (Monaco et al., 2014;
Bizzarri et al., 2015; Bizzarri and Baldanza, 2020).
The geological, sedimentological, and stratigraphic
description of the Bargiano site can be found in
Baldanza et al. (2013a, 2018) and Monaco et al.
(2014). In addition, a specific GPR investigation on
the cololites at the Bargiano site was also led
(Ercoli et al., 2021).

In the area between the two sites of Bargiano
and Montemoro (Figures 1, 2), early Pleistocene
deposits are mainly referable to the MNQ18-
MNQ19a Nannofossil Zones (sensu Di Stefano et
al., 2023). The two sites are at different altitudes
a.s.l. (Bargiano section: 350 to 360 m, Montemoro
section: 170 to 230 m), as a consequence of local
tectonics (Monaco et al., 2014). In the whole area,
beds have a general ~10° NE dip. A composite,
~60m-thick stratigraphic section well represents
the Montemoro-Bargiano area (Figure 2). Massive
to thinly stratified, clayey silt to clay deposits pre-
vail (Figure 2), with secondary fine sands. Fossils
are commonly scattered in the sediment, often
found in life position or showing minimal reworking:
nonetheless, almost monospecific layers, made of
solitary corals or echinoid fragments, as well as
accumulations of large pectinids and/or oysters,
were noticed (Figure 2). These accumulations may
reflect hydrodynamic conditions, changes in sedi-
mentation rate, or local paleoenvironmental fea-
tures (Bizzarri and Baldanza, 2020). The most
relevant, several WFEs (at least 5, but probably
more), were reported (Monaco et al., 2014; Bizzarri
and Baldanza, 2020). Only considering the site of
Bargiano, three events, with their particular fossil
associations, have been recognized in a 6 m-sec-
tion (magnification in Figure 2: Baldanza et al.,
2018).

Palaeoecological background

The paleontological heritage of the Bargiano
site, where a cetacean skeleton (Balenula sp.,
MUAL 30) and about 27 fossil structures classified
as Ambergrisichnus alleronae ichnofossil (linked to
the presence of sperm-whale carcasses) have
been found, represents a window into an early
Pleistocene marine paleoenvironment. The entire
Allerona area (Montemoro quarries and Bargiano
badlands, Figures 1, 2) represents an unusual, rel-
atively shallow water paleoenvironment where sev-
eral WFEs took place over a span of about
100,000 years (Monaco et al., 2014; Baldanza et
al., 2018). Table 1 shows the distribution of fossil
groups (Protozoa, Molluscan, Decapods, Echi-
noids, Teleost and Cartilaginous Fishes, Echino-

derms) found at the Bargiano and Montemoro
sites. 

The benthonic foraminifera communities and
the decapods recovered from the site (Pasini et al.,
2017; Baldanza et al., 2018), clearly revealed that
a locally high nutrient flux influenced biota in the
first few millimetres or centimetres of water-sedi-
ment interface. Moreover, the enrichment in nutri-
ents on the sea bottom, related to whale-carcass
biomass (evidenced by frequencies of opportunis-
tic benthic foraminifera) confirmed the lateral dis-
persion, around the carcass, for a radius of at least
10 m (Baldanza et al., 2018). Some opportunists,
among the Protozoa, such as the benthic foramin-
ifera associated with these WFEs (i.e. the shallow
infaunal taxa Bigenerina nodosaria, Bannerella
gibbosa, Marginulinopsis costata, and Vaginulina
cf. V. striatissima, along with the epifaunals Lentic-
ulina calcar and Siphotextularia concava; Table 1)
respond to short-term favourable conditions by
increasing in number and maintaining stable popu-
lations, revealing that a nutrient-rich environment
favoured their proliferation (Baldanza et al., 2018).
The occurrences of benthic foraminifera across the
three WFEs along with the presence of the
brachyuran Albaidaplax ispalensis Garassino, Pas-
ini and Castro, 2013 (Goneplacidae), Chlinocepha-
lus demissifrons Ristori, 1886 (Euryplacidae), and
Asthenognathus alleronensis Pasini, Garassino
and De Angeli, 2017 (Varunidae), also offered new
insights into shallow sea whale-fall fossil communi-
ties. 

MATERIALS AND METHODS

Both during the 2016 field investigation and
the successive restoration of baleen remains
(2018-2022), several specimens of decapod crus-
taceans, fish bones and otoliths, shark teeth, echi-
noids, as well as trace fossils have been recovered
and are herein described.

The fossils were extracted from the interval
indicated in Figure 2 as WFE 2 (Bargiano site), in
clay deposits of about 20 cm thick and in deposits
20 cm above. There is no evidence of reworking or
mechanical concentration by bottom currents. The
decapods and irregular echinoids were found,
respectively, with the carapace and the thecae in
life position, not overturned.

The decapod studied specimens are three-
dimensionally preserved, embedded in small-sized
blocks of grey/light blue clay recovered within the
bones of the whale carcass during the restoration
of the whale skeleton. The irregular echinoids are
slightly compressed. These specimens were both
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collected in the field (during the 2016 campaign) or
recovered in the laboratory phase, during the res-
toration of whale skeleton. The fish remains were
disarticulated, and most of the skeleton pulverized
during the recovery; only otoliths and vertebrae are
preserved. The decapod and echinoid specimens
were fixed with a film of polyvinyl acetate for study
and preservation. The specimens of echinoid,
decapod, fish vertebrae and otoliths, whale skele-
ton (Cataloguing codes MUAL 1-61), shark teeth
(Subcode MM 1-12 and BAR 1) and trace fossils
(temporarily not catalogued), are housed in the
palaeontological collection of the Museo dei Cicli
Geologici di Allerona (Umbria, Italy) and the best
preserved displayed in the main room. Burrows
and other trace fossils were firstly described and
photographed on the site, and the best preserved
were collected and photographed in detail in labo-
ratory.

RESULTS

Decapod crustaceans

Jaxea nocturna Nardo, 1847 (2 specimens:
MUAL 35, 45), Goneplax rhomboides (Linnaeus,
1758) (1 specimen: MUAL 31) and Asthenog-
nathus alleronensis Pasini, Garassino and De
Angeli, 2017 (1 specimen: MUAL 42) are herein
added to the list of the species part of the WFE
Bargiano community collected around the whale
bones and skull (Figure 2). We point out the dis-
covery of an additional specimen of Chlinocepha-
lus demissifrons Ristori, 1886 (MUAL 32-33),
preserving right P1 and fragments of P2 and P3
(Figure 3E-F) (13 specimens overall) and six spec-
imens of Albaidaplax ispalensis Garassino, Pasini
and Castro, 2013 (MUAL 36, 38; 43; 44; 46; 47),
both species already recorded by Baldanza et al.
(2018) representing the most common decapod
species in the WFEs decapod community. 

TABLE 1. Main representative species that constitute the WFEs community or biome, found in Bargiano and Monte-
moro sites. The benthic foraminifers and decapods were analyzed in Baldanza et al., (2018), and the mollusks and
ostracods in Monaco et al., (2014). The teleost fishes and sharks of Bargiano are firstly indicated here. Keys-Benthic
foraminifers: E=Epifaunal; SI=shallow infaunal; Ed=Epifaunal detritivore. Mollusks: SF=suspension feeding; CH= che-
mosynthetic species; PO=polychaetas organic compounds; CA= carnivorous species; * the asterisk indicate the spe-
cies recovered in Montemoro site; ° the circle indicate the species recovered in Bargiano.

Benthic Foraminifers Mollusks Ostracods

Lenticulina calcar E Dentalium fossile SF Acanthocythereis hystrix

Bigenerina nodosaria SI Dentalium sexangulum SF Bosquetina carinella

Bannerella gibbosa SI Amusium cristatum SF Carinovalva testudo

Siphotextularia concava Ed Anadara diluvii SF Costa edwardsii *

Vaginulina cf. striatissima SI Corbula gibba SF Cytherella vulgatella

Marginulinopsis costata SI Glans intermedia SF Cytheridea neapolitana *

Subsidiary taxa Glossus humanus SF Echinocythereis pustulata

Bolivina Myrtea spinifera CH Krithe praetexta

Uvigerina Megaxinus incrassatus CH Pterygocythereis jonesii *

Nonionella Neopycnodonte cochlear SF Ruggeria longecarinata

Cassidulina Nucula fragilis SF

Textularia Nucula placentina SF Fishes
Ammonia Ostrea lamellosa SF Hoplobrotula orcianensis

Decapods Pecten jacobaeus SF Argirosomus regius*

Chlinocephalus demissifrons Venus multilamella SF

Albaidaplax ispalensis Euspira catena CA Sharks
Astenognatus alleronensis Haustator vermicularis SF Carcharhinus longimanus*°

Goneplax rhomboides Nassarius italicus PO Cosmopolitodus hastalis°*

Jaxea nocturna Ringicula auriculata PO Carcharias taurus*

Echinoids Turritella spirata SF Carcharodon carcharias*

Ova canalifera Turritella tricarinata SF Hexanchus griseus*

Bargiano site Montemoro and Bargiano sites Montemoro* and Bargiano° sites
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Abbreviations – lcxp: carapace length (including
rostrum); lpa: palm length (excluding index); LT:
total length; MUAL: Museo dei Cicli Geologici di
Allerona (TR); P1-P5: pereiopods 1 to 5; wcxp:
width of carapace; wpa: palm width.

SYSTEMATIC PALAEONTOLOGY

Infraorder THALASSINIDEA Latreille, 1831
Superfamily THALASSINOIDEA Latreille, 1833

Family LAOMEDIIDAE Borradaile, 1903
Genus JAXEA Nardo, 1847

Type species. Jaxea nocturna Nardo, 1847, by
original designation.
Included fossil species. Jaxea kuemeli Bach-
mayer, 1954; J. nocturna Nardo, 1847.

Jaxea nocturna Nardo, 1847
Figure 3A-B

Material and measurements. One nearly com-
plete carapace with chelipeds twisted laterally:
MUAL 35 – LT: 30mm; lcxp: 20mm; wcxp: 6mm;
lpa: 10mm; wpa: 4mm; and one smaller, nearly
complete articulated specimen in lateral view.
MUAL 45 - lcxp: 8.5mm; wcxp: 4mm; lpa: 5mm;
wpa: 3mm.
Description. Carapace subcylindrical, elongate,
convex posteriorly; linea thalassinica well defined
and straight antero-posteriorly; dorsal ridges pres-
ent; distinct cervical groove; short front with trian-
gular, short pointed rostrum; P1 chelate, equal,
strongly developed; movable finger slightly longer
than fixed finger; occlusal margins of both fingers
with three/four large rounded teeth proximally,
median triangular tooth and small round teeth in
distal half; slender, incomplete P2-P5.
Discussion. As reported by Ngoc-Ho (2003), the
extant Jaxea nocturna is characterized in having
triangular rostrum, pointed anteriorly; linea thalass-
inica; cervical groove well defined, longitudinal dor-
sal ridges present, posterior margin convex; P1
chelate, equal, and greatly developed, nearly as
long as body; movable finger slightly longer than
fixed finger; occlusal margins of movable and fixed
fingers with three or four large rounded teeth proxi-
mally, median triangular tooth and small rounded
teeth in distal half; and P2-P5 slender and simple.

These morphological characters well fit those
of the studied specimen that is assigned to this
species. The extant (and fossil) species is consid-
ered an active infaunal burrower in near shore
(Dworschak, 2004), widespread in SW Scotland,
Ireland, SW England, English Channel, Bay of Bis-
cay, Canyon of Cape Breton, and Marseille

(France), South Spain, Atlantic coast of Morocco,
and East Mediterranean Sea (Ngoc-Ho, 2003).

Jaxea nocturna is known to date in the fossil
record from the Pliocene and Pleistocene of some
localities of Tuscany (central Italy) (Delle Cave,
1988; Baldanza et al., 2013a, 2017; Pasini et al.,
2017), and from the Pliocene of Catalonia (Spain)
(Garassino et al., 2009).
Note. Several loose, incomplete ghost shrimp
propodi were previously observed from the Bar-
giano fossiliferous site, left in open nomenclature
as Jaxea sp. (Pasini et al., 2017).

Infraorder BRACHYURA Latreille, 1803
Superfamily GONEPLACOIDEA MacLeay, 1838

Family GONEPLACIDAE MacLeay, 1838
Subfamily GONEPLACINAE MacLeay, 1838

Genus GONEPLAX Leach, 1814
Type species. Ocypoda bispinosa Lamarck, 1801,
by original designation.
Included fossil species. See Garassino et al.
(2013).

Goneplax rhomboides (Linnaeus, 1758)
Figure 3C

Material and measurements. One nearly com-
plete carapace with chelipeds and incomplete
walking legs in dorsal view MUAL 31 – lcxp: 26mm;
wcxp: 31mm.
Description. Subrectangular carapace, convex
longitudinally; straight front extended beyond the
orbits; well-developed orbits larger than the front;
sinuous, elongate supraorbital margin; pointed
outer-orbital spine; lateral margins slightly concave
up to the small antero-lateral spine and convergent
the posterior margin; dorsal regions not marked;
smooth dorsal surface; branchial regions with a
weak transverse depression; elongate P1 palm
with gently curved, pointed dactylus; elongate slen-
der P2-P5.
Discussion. Based upon Garassino et al. (2013),
the morphological characters above described are
consistent with those observed in the fossil and
extant Goneplax rhomboides (Linnaeus, 1758) to
which the studied specimen is assigned. Extant G.
rhomboides is widespread in the eastern Atlantic,
northern Africa, and Mediterranean Sea. Goneplax
rhomboides burrows in sublittoral shallow muddy
and sandy bottoms from a few to about 100 m
deep (Garassino et al., 2012). The fossil record
from Italy ranges from the Miocene to the Pleisto-
cene of Piedmont, Emilia Romagna, Tuscany,
Lazio, Basilicata and Sicily (Garassino et al., 2013;
Girone et al., 2024).
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Note. The presence of G. rhomboides at the Bar-
giano WFE was previously suspected only, based
on some specimens not having, however, enough

diagnostic characters for a confident assignment to
this species (Pasini et al., 2017).

Superfamily GRAPSOIDEA Macleay, 1838
Family VARUNIDAE H. Milne-Edwards, 1853

FIGURE 3. Decapod crustacean of Bargiano: A) Jaxea nocturna MUAL 45, (near the vertebrae); B) J. nocturna MUAL
35, (near the skull bones); C) Goneplax rhomboides MUAL 31, (near the skull bones); D) Astenognatus alleronensis,
MUAL 42, the carapace (within the whale vertebrae); E) Chlinocephalus demissifrons MUAL 32, in situ near the occip-
ital whale bone (the red chisel bottom right is about 20 cm) and F) MUAL 32, close up of the specimen. Scale bars: 1
cm
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Subfamily ASTENOGNATHINAE Stimpson, 1858
Genus ASTHENOGNATHUS Stimpson, 1858

Type species. Asthenognathus inaequipes Stimp-
son, 1858, by monotypy.
Included species. See Schweitzer et al. (2010).

Asthenognathus alleronensis Pasini, Garassino 
and De Angeli, 2017

Figure 3D
Material and measurements. One slightly com-
pressed complete carapace, in dorsal view. MUAL
42 – lcxp: 9.5mm; wcxp: 1.1mm (as preserved).
Description. Carapace subexagonal, slightly com-
pressed transversally, convex dorsally wider than
long; front short, nearly straight with a median lon-
gitudinal groove; orbits ellipsoidal, oblique to the
frontal margin; anterolateral margins diverging pos-
teriorly, sinuous medially; posterolateral margins
shorter than the anterolateral margins, tapering
posteriorly; posterior margin straight, shorter than
the orbitofrontal margin; dorsal regions well
defined, inflated, separated by deep grooves; inner
surface covered with weak granulations; brachial
regions wide, inflated dorsally.
Discussion. The studied specimen shares the
morphological characters of Asthenognathus
Stimpson, 1858, and especially of A. alleronensis
Pasini, Garassino and De Angeli, 2017 in having
notably less elongate carapace, shorter front,
oblique orbits to the frontal margin; nearly straight
anterolateral margins, poorly defined oblique ridge
facet on posterolateral margin; shorter posterior
margin and more inflated rounded branchial
regions. This represents the second report for the
species, known from the early Pleistocene of Bar-
giano only.

Echinoids

About 15 specimens of echinoids have been
recovered during the paleontological excavation of
the whale skeleton. At least five specimens (MUAL
50-54) are in good preservation state, neither frag-
mented nor bioeroded. The theca is grey or dark
brown in colour; unfortunately, the clayey sedi-
ments have not preserved the three dimensionality
of the theca, but the morphological details (petals
and plaques) are perfectly well-preserved (Figure
4).

Due to compaction, only a limited number of
measurements could be made: nonetheless, the
shape and morphology of the theca lead to the
attribution to the genus Ova, and in particular to the
species Ova canalifera.

Order SPATANGOIDA L. Agassiz, 1840
Suborder PALEOPNEUSTINA Markov and 

Solovjev, 2001
Family SCHIZASTERIDAE Lambert, 1905

Genus OVA Gray, 1825
Type species. Ova canalifera (Lamark, 1816) (Fig-
ure 4).
Material and measurement. The measurements
are the total length (TL) and the width (W) of the
five best preserved specimens. Specimen A,
aboral side (Figure 4A) = TL 43mm, W= 41mm;
Specimen B, oral side (Figure 4B) = TL 44mm, W=
42mm; Specimen C, aboral side (Figure 4C) = TL
45mm; Specimen D, oral side (Figure 4D) = TL
42mm, W=38 mm; Specimen E, aboral side half
theca (Figure 4E), TL= 42mm, W (1/2) = 22 mm.
Description. The occurrence of two pores in the
apical site, unfortunately not visible in all the speci-
mens, allows to identify the species Ova canalifera.
The distribution of plaques and petals is compara-
ble with those of O. canalifera.
Distribution. Ova canalifera is reported in Piacen-
zian of Emilia (Sariano and Rio dei Carbonari, Pia-
cenza) and in San Nicomede sullo Stirone
(Parma); it is common in early Pleistocene depos-
its outcropping along the Arda creek (Cas-
tell’Arquato), Stirone creek (Salsomaggiore) and
Enza creek (San Polo). Checchia Rispoli (1907,
1923) reported this species from the Pleistocene
deposits of Ficarazzi (Palermo, Sicily), and from
Monte Mario (Roma) and Anzio (Latium). The spe-
cies is endemic of the Mediterranean Sea. In some
levels along the Arda River near Castell'Arquato
and the Stirone River near Salsomaggiore the
presence of a good number of preserved speci-
mens, with complete aculeation and in the living
position was reported (Borghi, 2020).

Fish remains 

Fossil fish remains are rare, only one disartic-
ulated skeleton was found during the 2016 Bar-
giano excavation, about two meters away from the
whale skeleton (Figures 5, 6). Unfortunately, during
extraction from the enclosing clay sediment, the
most delicate parts of the fragile skeleton were pul-
verized, only the otoliths and vertebrae are pre-
served.

 In addition, other four otoliths were recovered
in the Montemoro site (Figures 2, 7).

Order OPHIDIIFORMES Berg, 1937
Family OPHIDIIDAE Rafinesque, 1810
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FIGURE 4. Echinoids of Bargiano site: A) Ova canalifera, aboral view, MUAL 50; B) O. canalifera oral view, MUAL 51;
C) O. canalifera, aboral view (MUAL 52) of best preserved specimen; D) Ova canalifera, oral view, MUAL 53; E) trans-
versal section of O. canalifera, with two pores encircled (MUAL 54). The original silhouette of this irregular echinoid is
partially destroyed, but the morphological characters are still preserved. Scale bar: 1 cm.
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FIGURE 5. A) Plan view across the cetacean excavation surface of 2016 at Bargiano, each grid section represents
one square meter (modified after Baldanza et al., 2018). The red star indicates the position of fish skeleton. B) The dis-
articulated but not dispersed fish skeleton of Hoplobrotula orcianensis with otoliths, and vertebrae. Scale bar: 5 cm.
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Subfamily NEOBYTHITINAE Radcliffe, 1913
Genus HOPLOBROTULA Gill, 1863

Type species. Hoplobrotula armata (Temminck
and Schlegel, 1846)

Hoplobrotula orcianensis Schwarzhans, 1994
Figure 6

Material and measurements. Two large otoliths
presumably belonging to the same specimen,
anteroposterior max length: 10.3 mm; max height

FIGURE 6. Fish vertebrae and otoliths of Hoplobrotula orcianensis. A-C) Fish vertebral centra in lateral view, scale
bars: 3.0 mm (A, B) and 2.5 mm (C); D) Vertebral centra in frontal view, scale bar: 2.5 mm (MUAL 55); E, F) Otoliths of
Hoplobrotula orcianensis showing supposed female morphologies, MUAL 56-57 scale bars: 2.0 mm (E), and 2.5 mm
(F).
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5.1 mm (Figure 6E-F). One vertebral centra, in lat-
eral and ventral view; max height 4.5 mm, max
width 8.5 mm (Figure 6A-D).
Description. Following Schwarzhans (1994), the
otolith shows supposed female morphologies (Fig-
ure 6E-F). It has an elongated shape, measuring
approximately twice its width. It is rounded anteri-
orly and distinctly pointed posteriorly, with both
extremities being located at a midaxial position.
The dorsal margin curves gently, displaying almost
the same symmetry as the ventral margin. Sulcus
and colliculi are as described in Schwarzhans
(1994). It is not possible to formulate further
hypotheses on the specimen size based on otolith
dimension, due to the limited information available
in the literature.
Discussion. Members of the order Ophidiiformes,
to which the fossil taxon Hoplobrotula orcianensis
belongs, includes mainly benthic fishes that live in
close contact with the seabed, where they dig
holes of mucus-coated mud or sand. The order had
its greatest expansion during the Paleogene, when
it was represented by a very rich neritic fauna
inhabiting mainly on soft and muddy sea bottom
(Nolf, 1980). There are only three extant species
belonging to Hoplobrotula, which are known from
the Indian Ocean and western Pacific: Hoplobrot-
ula armata (Temminck and Schlegel, 1846), Hoplo-
brotula badia Machida, 1990, and Hoplobrotula
gnathopus (Regan, 1921). These three species
can be considered relict species of a previously
much more diversified group (Nolf, 1980). Fossil
otoliths of Hoplobrotula orcianensis have hitherto
been recorded exclusively from the early Pliocene.
In Italy, this species was described from Orciano
(Tuscany) (Schwarzhans, 1994; Cigala-Fulgosi et
al., 2009), from which the name of the species
derives, and Monticello (Piedmont) (Nolf and
Cavallo, 1994). Other fossil species of the genus
Hoplobrotula are exclusively known from the
Palaeomediterranean ichthyofauna (Nolf et al.,
1998; Nolf, 2013; Schwarzhans and Carnevale,
2024). 
Ecology, behaviour and diet. Ophidiiform fishes
generally show a close association with the sea
bottom, where they dig burrows into soft and mov-
able sediments with the help of tail movements
(Grzimer, 2003). They usually remain buried during
the day, and they are most active at night when
they go out to look for preys. Ophidiiformes have a
varied diet that includes invertebrates (decapods,
cephalopods and polychaetes), and small bottom
dwellers fishes such as gobies. Information on the
feeding habits of the extant Hoplobrotula species is

scarce, but Hoplobrotula armata is known as a car-
nivorous species feeding on decapods (shrimps,
crabs, hermit crabs) and teleost fishes (Baeck et
al., 2012; Park et al., 2023). 

Other Otoliths

In the Montemoro site, four specimens of
large otoliths (MUAL 58-61) were found in clay
sediments and housed in the Museum of Allerona.
The morphological characters (Figure 7) and the
shape are diagnostic of Sciaenidae representa-
tives of Argyrosomus regius (Asso, 1801) (known
as meagre). The two larger otoliths possess values
of anteroposterior max length of 28 mm and 26
mm, the two smaller ones of 17 mm and 16 mm.
The values of otolith height are 15mm and 13mm
for the two larger otoliths, and 8 mm for both
smaller ones.

The remarkable sizes of otoliths indicate the
occurrence of adult specimens of large size. The
euryhaline species live on sandy bottoms close to
the shore and can penetrate river mouths and
brackish lagoons; it is also capable of living at
depths between 15 and 300 m. 

Based on Gabriel et al. (2012), it is possible to
hypothesize a length and weight of fishes, based
on otolith sizes. Probably, the larger sciaenid spec-
imens of Montemoro could reach 100 cm in length,
weighing 8-10 kg, and 50 cm in length weighing 3-
6 kg the smaller ones.

Sharks

Among the scavengers, sharks play a domi-
nant role in WFEs. The cartilaginous skeleton of
sharks is normally not preserved in the fossil
record, making the teeth the most abundant
records of fossil sharks. Some new shark teeth
(Figure 8)) have been found in the Bargiano site,
close to the skeleton of the cetacean, and in the
Montemoro area, probably related to the occur-
rence of three cetacean skeletons, recovered in
the time span of the last 20 years. These new find-
ings become the first report of shark activity around
a whale fall event, at least for the Umbria region
(central Italy). The occurrence of shark teeth is
strictly related to whale fall events as demonstrated
by Bianucci et al. (2019) that recovered in whale
fall communities a notable biodiversity even among
cartilaginous fish, in particular Carcharhiniforms
sharks, opportunists par excellence who take
advantage of the carcasses to feast. Ichnological
studies (Merella et al., 2023) have been done on
whale bones and have shown that they have tooth
marks that correspond to certain species of
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Carcharhiniformes teeth typical of these opportu-
nistic situations.

The ichthyodontholith fauna of the Allerona
area, previously studied by Bellocchio et al. (1991)
and originally reported from “Piacentian” (late Plio-
cene) grey clays, is now stratigraphically referred
to the Early Pleistocene (Calabrian). The teeth
were found in the clay quarry of the Allerona brick
furnace and are represented by Chondrichthyes

and Osteichthyes which are mostly comparable to
extant forms. Moreover, the authors identified for
this fauna a circalittoral habitat, with temperate-
warm waters at an average depth not exceeding -
100m. Unfortunately, the authors collected speci-
mens over the surface where they have accumu-
lated after being carried away by runoff water that
has acted on small clay gullies. Therefore, there
are strong doubts about the precise source levels

FIGURE 7. Fish Otoliths of Montemoro. A) distal sides of four specimens of Argyrosomus regius, (MUAL MM 58-61),
scale bar: 2 cm; B-D) Proximal – lateral- and distal sides of large otoliths of Argyrosomus regius. Scale bar (grid): 1
cm.
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of specimens, and the rich and diverse assem-
blage could be the result of reworking processes.

The following teeth specimens were collected
in the Bargiano (BAR) and Montemoro (MM) sites
and now are exposed at the museum of Allerona.

Class CHONDRICHTHYES Huxley, 1880
Subclass ELASMOBRANCHII Bonaparte, 1838

Order LAMNIFORMES Berg, 1958
Family LAMNIDAE Bonaparte 1835

Genus COSMOPOLITODUS Glikman, 1964
Type species. Cosmopolitodus hastalis (Agassiz,
1838)

Cosmopolitodus hastalis (Agassiz, 1838)
Figure 8A-D

Material and measurements. From Bargiano site
1 teeth of lower jaw (3.5 cm in length, specimen
MUAL BAR1; Figure 8B-C) and from Montemoro
site 4 teeth of 4.0 cm (specimen MUAL MM1; Fig-
ure 8A), 4.1cm (specimen MUAL MM2; Figure 8D),
3.8 cm, 3.2 cm and 3.0 cm (broken and without
root) in length.
Description. Medium-sized teeth, erect triangular
shape in the anterior teeth and slightly bent
towards the commissure in the lateral and posterior
teeth; extremely robust constructions with smooth
and sharp edges, never serrated. Lateral denticles
are absent. Bilobed root with well-defined
branches.

The upper anterior teeth with regular triangu-
lar shape, external face of the crown flat or slightly
concave. Near the base of the enamel surface of
the external side, there are some slightly significant
folds; of these folds, only the median one widens
and reaches the apex. Sigmoidity of the tooth is not
very accentuated, only the apex is slightly inclined
towards the inside of the mouth. The root tends to
widen the two branches, while the apex leans
towards the commissure in a barely perceptible
manner. The root has asymmetrically developed
but well-defined lobes, with angles between 90°
and 100°. All the specimens belong to the upper
jaw. 
Distribution. A total of 10 specimens come from
the quarry of Fornace di Allerona sampled in the
surface outcrop, transported by washing from small
clay gullies (Bellocchio et al., 1991), four speci-
mens were collected in Montemoro and Bargiano
sites. Cosmopolitodus hastalis was the most com-
mon predator and frequented the Gulf of Allerona
until the early Pleistocene, confirming its presence
within the Quaternary (Danise and Dominici, 2014).
Ecology, behavior and diet. Cosmopolitodus
hastalis is closely related to modern Carcharodon

carcharias, and body sizes of both taxa are also
similar (more than 6 m in large adults: Ehret et al.,
2013). Similar to other extinct and extant lamniform
sharks, juvenile specimens of C. hastalis are
thought to mainly live and forage in shallow pro-
ductive marine environments (Collareta et al.,
2017). For example, Collareta et al. (2017)
reported a skeleton of a juvenile C. hastalis with
stomach contents composed of small to medium
sized fish remains, supporting the former hypothe-
sis.

Genus CARCHARODON Smith 1838
Type species. Carcharodon carcharias (Linneus,
1758)
Material and measurement. 1 tooth (MUAL MM3:
Figure 8L-M) of 3.2 cm in length.
Description. The tooth of our specimen of C.
carcharias have a triangular shape with finely ser-
rated edges. Coarse irregular serrations, and thin
triangular crown. Vertical folds are visible near the
contact between root and enamel. The root is
bilobed with poorly developed branches. The lack-
ing of finely serrated margin and the shape allow
us to assign the tooth to the upper jaw.

The general description of teeth belonging to
the maxillary arch (upper jaw) have a convex
crown on the internal side, while it is flat or slightly
concave on the external side. On this side, near
the contact line between the root and the enamel,
there are a large number of vertical folds that
decrease the size going from the center of the
tooth towards the edges; the only median fold
crosses the entire enamel, from the apex to the
root. The root is bilobed with poorly developed
branches. 

Lower arch: a shape that is generally slender
than the upper ones. The margins are generally
concave and finely serrated. The inner side has a
rather accentuated convexity while the outer side is
practically flat. Numerous folds of enamel are pres-
ent in the teeth of the lower arch, which can be
found near the crown-root attachment. The latter is
bilobed and more developed on the inner side of
the tooth (Bass et al., 1975; Carcharodon carcha-
rias (Linnaeus, 1758) | Shark-References)
Distribution. Carcharodon carcharias is reported
from Pliocene and early Pleistocene deposits of
Sicily (Cusumano and Di Patti, 2006).
Ecology and behavior. Biology Dataset (Uhen et
al., 2024) shows that in Pliocene and Pleistocene
marine waters were inhabited by more than 500
shark species and among them Carcharhiniformes
that represent the apex predators also of the pres-
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FIGURE 8. Shark teeth. A) and D) Cosmopolitodus hastalis (labial views, upper jaw). Specimens MUAL MM1 and
MM2. B) C. hastalis (lingual view, upper jaw). Specimen BAR1. C) same specimen (labial view, upper jaw). L, M)
Carcharodon carcharias, labial and lingual views (upper jaw). Specimen MUAL MM3. J) Myliobatis aquila tooth
plaque. H) Hexanchus griseus, tooth of lower jaw (MUAL MM12); I) H. griseus, tooth of upper jaw (MUAL MM13). E-
G) Carcharias taurus three specimens of lower jaw in lateral, labial and lingual views respectively. To note the lingual
and groove bisect of root protuberance and one of the two laterals denticle: specimens MUAL MM4, MM5, MM6. K) C.
taurus, tooth of upper jaw, specimen MUAL MM7. N, O) Carcharhinus longimanus, teeth of upper jaw; specimens
MUAL MM8, MM9. P, Q) C. longimanus, teeth of lower jaw; specimens MUAL MM10, MM11. All scale bars: 1 cm.
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ent-day global ocean. Even if only Carcharodon
carcharias is well known as a formidable active
predator of marine mammals (pinnipeds and odon-
tocetes), it may also behave as a scavenger.
Carcharodon carcharias (Pliocene–Present) inhab-
its from temperate water seas to the oceans (Medi-
terranean, Pacific, Atlantic), at depths between the
surface and 250 m; it is a great sea predator and is
often to be spotted along the coasts (Cusumano
and Di Patti, 2006). Like C. carcharias several
anecdotal and scientific documentation exists for
white sharks feeding on floating whale carcasses,
which are rich in blubber, and consequently, highly
energetic (Shark foundation database). 

Family ODONTASPIDIDAE Müller and Henle, 
1839

Genus CARCHARIAS Rafinesque, 1810
Type species. Carcharias taurus Rafinesque,
1810
Materials and Measurement. 11 incomplete teeth
of lower jaw (4 tooth fragments shorter than 4 cm in
length, with root partially preserved; 7 with length
<2 cm without root) and 1complete tooth (<2 cm) of
upper jaw (Figure 8E-G, K).
Description. The long teeth exemplars (Figure 8E-
G; MUAL MM4-6) may belong to the lower jaw,
unfortunately the roots are not complete but the lin-
gual and groove bisect of root protuberance are
present, and at least one of the two lateral denticle
are preserved. The complete tooth (Figure 8 K;
MUAL MM7) belongs to the upper jaw. 

The dentition of Carcharias taurus (Cunning-
ham, 2000) has large narrow teeth bearing one
sharp lateral denticle on each side of the base of
the crowns. A distinct nutrient groove bisects the
lingual root protuberance on all of the teeth. Roots
are bilobed and crowns bear cutting edges which
separate a strongly inflated lingual crown surface
from a weakly inflated labial surface.
Distribution. Teeth similar in shape to those of the
extant Carcharias taurus can be found worldwide in
Neogene neritic deposits. The teeth of this mor-
phology are the most abundant shark teeth in
these deposits (Holtke et al., 2024). This species
has a nearly cosmopolitan distribution with a pref-
erence for temperate to warm waters, ranging
between 12.5 and 28 °C. The sand Tiger Shark
occurs either alone or in small to medium-sized
aggregations of 20–80 individuals (Walls and
Soldo, 2016). It is present along the coasts in all
oceans, except the eastern Pacific. It can be found
in the Mediterranean, the Gulf of Aden and the Afri-
can coast, Madagascar included, up to South

Africa and Namibia (Fioravanti et al., 2020; Holtke
et al., 2024).
Ecology, behavior and diet. The species is
demersal and pelagic in tropical and temperate
seas on the continental shelf at depths of 0–232 m,
however it mainly occurs in shallow waters of 15–
25 m depth (Fioravanti et al., 2020; Holtke et al.,
2024). It is often observed hovering motionless just
above the seabed in or near deep, sandy gutters or
rocky caves, usually in the vicinity of inshore rocky
reefs and islands. The species is generally coastal,
usually found from the surf zone down to around
25 m depth. It may also occasionally be found in
shallow bays, around coral reefs, and very rarely to
depths of around 200 m on the continental shelf. It
usually lives near the bottom but may also move
throughout the water column (Walls and Soldo,
2016). 
Order CARCHARHINIFORMES Compagno 1977
Family CARCHARINIDAE Jordan and Evermann 

1896
Genus CARCHARHINUS Blainville, 1816

Type species. Carcharhinus longimanus (Poey,
1861), Figure 8N-Q
Materials and measurement. 21specimens of
small size (17 lower teeth and 4 upper teeth) plus 8
medium size (2 upper teeth and 6 lower teeth).
Description. Dentition characterized by a very
strong positional heterodonty and a great intraspe-
cific variability. The tooth is of medium-small size
with smooth or crenulated edges. Very developed
root system with well-defined branches. The upper
teeth (Figure 8N-O; MUAL MM8-9) are character-
ized by very broad and triangular shaped cusps,
with serrated lateral cutting edges. Lateral to the
cusps a distal coarse heel may be present. The
anterior teeth are characterized by straight and
regularly serrated lateral cutting edge. The labial
face is flat, while the lingual one is convex and
characterized by a well-developed neck-area
between the crown-base and the root. The root is
high and characterized by a weakly lingual axial
groove. The basal margin of the root is straight to
slightly concave.

The lower teeth (Figure 8P-Q; MUAL MM10-
11) are characterized by broad, erected and nail-
like cusps. The lateral cutting edges are regularly
serrated, but the serrations stop at the midway
along the lateral margins. Lateral to the cusps,
there are smoothed mesial and distal heels. The
basal margin of the root is straight to slightly con-
cave (Marsili, 2007).
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Distribution. Marsili (2007) reported that C.
longimanus has been recorded in the Pliocene
sediments of South-East France (Cappetta and
Nolf, 1991), of Tuscany (Landini, 1977; Manganelli
and Spadini, 2003) and of Alicante in South-East
Spain (Mora Morote, 1996). Some voracious spe-
cies of Carcharinus (i. e. leucas, longimanus and
obscurus) are considered as occasional or regular
predators, or scavenging of cetacean, in particular
small Odontoceti (Heithaus, 2001). The occurrence
of C. longimanus in the early Pleistocene of south-
western Umbria is stratigraphic information that
allows to enlarge the fossil records.
Ecology, behavior and diet. C. longimanus is a
solitary species, but they can be observed in
groups in the presence of abundant food sources.
Its diet includes cephalopods and bony fish.

The species is the most abundant in the Alle-
rona area.

Order HEXANCHIFORMES BuenDe, 1926
Family HEXANCHIDAE Gray, 1851

Genus HEXANCHUS Rafinesque, 1810
Type species. Hexanchus griseus (Bonaterre,
1788)
Material and measurements. 3 teeth of the lower
jaw and 1 tooth of the upper jaw (Figure 8H-I).
Description. Only three living genera and four
species belong to the family Hexanchidae. The
most conspicuous diagnostic features of these
sharks are the presence of six or seven gill slits
(Adnet, 2006). The tooth of lower jaw (Figure 8H;
MUAL MM12) is incomplete, with best preserved
the fine serrations of mesial side of 1st cusp; only 6
cusps, that get smaller toward the distal end, are
visible. The root are thin, flat and rectangular. The
upper anterior tooth (Figure 8I; MUAL MM13)
shows a reduced number of cusps and more
inflated rectangular root. 
Distribution. The Hexanchus genus consists of
species known to date from as far back as the
Jurassic (Beaumont, 1960). Taxa are mainly based
on isolated lower teeth. Fossil remains from the
Late Cretaceous and Cenozoic are better known,
generally more numerous and include the three
extant genera. Currently only one species survives,
Hexanchus griseus (Miocene–recent). This spe-
cies lives mainly in deep water, beyond 200 m and
as far as 2000 m. While it primarily occupies tropi-
cal and temperate waters, it may also be found in
the Mediterranean (Cusumano and Di Patti, 2006).
Ecology, behavior and diet. The species spends
most of the daytime in deeper areas and under-
takes vertical migrations towards shallower areas

during night, influenced by foraging opportunities
(Andrews et al., 2009; King and Surry, 2017). The
diet and feeding habits of H. griseus have been
studied throughout its distribution range, including
the Mediterranean Sea, using both stomach con-
tents and stable isotopes (Ruiz-Garcia et al.,
2023). The feeding activity of H. griseus upon ceta-
ceans has been reported on multiple occasions
across its distribution; foraging interactions
between H. griseus and cetaceans have been
determined as scavenging events using underwa-
ter cameras and analyses of carcasses and there-
fore, it is largely assumed that scavenging is the
only cause of such interactions (Ruiz-Garcia et al.,
2023). H. griseus has been observed to scavenge
on carcasses at early stages of decomposition
(Aguzzi et al., 2018).

Bioturbations 

Several burrows, and other biogenic struc-
tures were observed and mapped (Figures 2, 5A)
nearby and around the whale skeleton (Baldanza
et al., 2018). However, these structures were
mostly lost or destroyed during the recovery of the
whale skeleton and only partially documented and
collected.

Two main morphotypes with different shape
were identified in the field: 1) vertical/horizontal,
mainly cylindrical burrows (Figures 9-10), in some
cases bifurcated and 2) flattened, short and gener-
ally compressed traces with two rounded termina-
tions (Figure 11). Both types are mineralized with
Fe oxides or pyrite in the external coatings, as
observed macroscopically. The frequency and dis-
tribution evidence a burrowing activity that gener-
ate a complex single-tier system (sensu Bromley,
1990), produced by interconnecting burrows of dif-
ferent origin.
Shape of burrows. The first type of burrows
shows vertical, inclined and horizontal structures
with rugose, irregular surfaces (Figures 9-10),
bifurcate or extended as mazes. The specimen of
Figure 9A-B shows two planar galleries (or the
casual crossing of two different galleries), respec-
tively, with orange walls and a cream-coloured
granular silt fill, with a black central part (with
organic reduced materials) that runs along the
entire galleries.

A similar shape, in transverse section, is
reported for the isolate burrows (Figure 9A, black
arrow, and 9C) that show also a delicate meniscate
external wall. All these types of burrows could be
referred to irregular echinoid bioturbations pro-
duced for locomotion and feeding, like Bichordites.
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FIGURE 9. Burrows of type 1: A) Upper portion of slab (B) with isolate fragment of Bichordites (black arrow) recov-
ered very close to the whale skeleton; B) Clay slab (lower portion) with horizontal structures, parallel to bedding, with
rugose, irregular surfaces and three (white stars) vertical shafts. C) Bichordites sp. with evident meniscate backfill; D)
probable shaft of Thalassinoides sp.
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Also, the burrow of Figure 10A-C could be a stun-
ning specimen of Bichordites (Plaziat and Mah-
moudi, 1988). The shaft of Figure 9D could be
referred to Thalassinoides isp. probable produced
by decapods activity (Bromley, 1990; Goldring et
al., 2007).

The second type, shown in Figure 11A-B, is
flattened and generally compressed with two
rounded terminations. This peculiar structure, visi-
ble in horizontal surfaces parallel to the bedding, is
comparable to that of Artichnus giberti: subhorizon-
tal and mostly rectilinear ‘test tube’-shaped, cylin-
drical burrow, with a constant diameter throughout
its length, a hemispherical and blind termination,
and a smooth and thick laminated lining. In the
most distal and lowermost part of the structure, this
lining may consist of laminated, retrusive spreite

(Belasteguì et al., 2014). The ichnogenus Artich-
nus could be referred to as holothurid burrows, for
the high similarity to those produced today (Zhang
et al., 2008). The structure is interpreted as having
one opening for the tentacle crown to pass through
during feeding. With the absence of a second
opening, fecal material would be deposited around
and beneath the holothurian producing a laminated
halo, or spreite, around the burrow (Belasteguì et
al., 2014).

Close to the second type of burrows, are visi-
ble several incomplete but very particular trace fos-
sils (Figure11C-D), constituted by a laminated
lining with subspherical or ovoidal structures pro-
truding from trace, like little chain. These traces
could be attributed to a portion of U-burrows, in
particular to those produced by apodidian genus

FIGURE 10. Burrows of type 1: horizontal burrow. A) Horizontal strata surface with semi covered trace fossil, scale
bar: 5 cm; B) burrow of 10A, extracted from clay sediment and polished, to note the gentle meniscate structure and C)
details of the rugose burrow surface with little protuberances produced by echinoid spines. All characters pertaining to
genus Bichordites.
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FIGURE 11. Holothuroid traces. A) Artichnus gibertii. B) Artichnus isp., scale bar: 1 cm. C) chain of probable feces,
scale bar: 1 cm. D) details of chain made by fecal product of Holothuroids; E) two small holothuroids (?), scale bar: 0.5
cm.
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Leptosynapta (Bromley, 1996), an endobenthic
holothurian funnel feeder. The U-burrow is estab-
lished having a funnel at the head end, and a pile
of excrement at the other. Ayranci and Dashtgard
(2013) identified subsurface traces of holothuroids
as diminutive-and robust-Artichnus, in assem-
blage with U-shaped bio-deformation structures.

DISCUSSION 

The favorable concurrent factors, i.e. nutrient
richness and disposable ecological niches, for vari-
ous animal groups, mainly predators and scaven-
gers, allowed for the interpretation of a particular
paleoenvironment. Table 1 collects a list of proto-
zoa, invertebrates and vertebrates, nektonic and
benthonic species (some previously analyzed and
described by Monaco et al., 2014 and Baldanza et
al., 2018), that have frequented the seabeds of
Bargiano and Montemoro for a long time, with mul-
tiple generations that succeeded for almost 100 ka.
These species constitute the biome that character-
ized the WFEs, a set of organisms each of which
with a specific ecological role. This biome rep-
resents a case study for shallow water WFEs, and
it is really different from WFEs of deep-water envi-
ronments. Few other examples of shallow water
WFEs have recently been analyzed (lower Mio-
cene of India: Goswami et al., 2024; upper Mio-
cene of Peninsula de Valdes, Argentina: Farroni et
al., 2024; early Pleistocene of Puglia, Southern
Italy: Zazzera et al., 2022) adding important infor-
mation about the communities of vertebrates and
invertebrates associated.

Mollusk assemblages, echinoids, bioturba-
tions and shark teeth represent the main compara-
tive with the record from Bargiano.

The lower Miocene whale fall event reported
by Goswami et al., (2024) was characterized by a
mixed assemblages of shallow marine gastropods
and bivalves, shallow infaunal detritivore echinoids
as well as the characteristic Osedax boring. The
mysticete of upper Miocene studied by Farroni et
al. (2024), sank on a soft bottom seabed in a low-
energy inner shelf environment, under normal con-
ditions of oxygenation, and salinity. Only the scav-
enging stage was recorded via bite traces. The
associated invertebrate assemblage essentially
corresponds to the benthic community that inhab-
ited the seafloor prior to sinking of the carcass.
Deposition of the carcass had no significative eco-
logical impact on the shallow seabed.

The whale fall event of early Pleistocene of
southern Italy (Zazzera et al., 2022) seems to be
the best comparable to our case study. The associ-

ated mollusks suggest a mid-shelf setting deposi-
tion, probably at 40–60 m depth. The occurrence of
C. carcharias tooth and shark bite marks on a rib
support an early scavenger action (Scavenger
stage). The occurrence of chemosymbiotic
bivalves (Anodontia cf. fragilis) near the skeleton
could testify the development of the sulphophilic
stage and the non chemosymbiotic molluscs such
as Venus nux indicate the colonization of the skele-
ton in the subsequent reef stage.

The mollusk fauna already described in Bal-
danza et al., (2018) concentrated around and
between the whale bones (WFE 2); bivalves were
found in their life position with several specimens
of Ostrea lamellosa grown attached to the bones
(Figure 12A, F). The Bargiano site is a large bad-
land field where the silty-clay deposits are regularly
subjected to washing with the removal of the silt-
clay component and subsequent transport and
fracturing of the mollusks. At first glance, their
accumulations appear as shell beds, but they are
concentrated near physical obstacles. Often, the
fragments accumulate (Figure 12A-B) together
with intact specimens in their living position. The
assemblages of Bargiano and Montemoro (Table
1) are largely dominated by epifaunal taxa (10 gen-
era) of suspension feeders, with three infaunal taxa
(Glans intermedia, Glossus humanus, and Venus
multilamella). Species feeding on polychaetas
organic compounds (Nassarius italicus and Ringic-
ula auriculata), carnivorous taxon (Euspira catena),
and chemosynthetic taxa (Megaxinus incrassatus
and Mirtea spinifera) indicative of the sulphophilic
stage (Baldanza et al., 2013a, 2018). 

The data regarding benthic foraminifera com-
munities (analyzed and described by Baldanza et
al., 2018) from Bargiano and Montemoro indicate
that a locally high nutrient flux significantly influ-
enced the development of biota in the first few milli-
meters or centimeters of sea floor sediment. This
increase in nutrients, related to whale-carcass bio-
mass decay, is evidenced by frequencies of at
least six opportunistic benthic foraminifera (i.e.
Lenticulina calcar, Bigenerina nodosaria, Ban-
nerella gibbosa, Marginulinopsis costata, Vaginu-
lina striatissima and Siphotextularia concava) that
inhabited the bottom surface and the few millime-
ters of the sediments. The abundance of these for-
aminifera decreases away from the whale
skeleton, confirming lateral dispersion around the
carcass of nutrients for a radius of at least 10 m
(Baldanza et al., 2018). 

Among the ostracods (Table 1) (analyzed and
described in Baldanza et al., 2018) the most abun-
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FIGURE 12. Selected mollusks from Bargiano site: A) Ostrea lamellosa grown attached to maxillary bone, as it
cropped out on the field surface before the digging of whale skeleton, scale bar: 10 cm; B) Mechanical accumulation
due to surface washout from rainfall. Abundant fragments of bivalves together with gastropod shells (Turritella sp,
Dentalium sp., Euspira sp.), scale bar: 5 cm; C) Venus multilamella and Megaxinus incrassatus (black arrows)
between the ribs, scale bar: 10 cm; D) Megaxinus incrassatus between vertebral process, scale bar: 5cm; E) Myrthea
spinifera, Venus sp. (black and white arrows) between the ribs and vertebrae, scale bar: 5 cm; F) Large specimens
(black arrows) of Ostrea lamellosa attached to the maxillary bone, found during restoration phase. Scale bar:10 cm.
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dant species are Acanthocythereis hystrix, Carino-
valva testudo, Costa edwardsii, Pterygocythereis
jonesii, and Ruggeria longecarinata, and repre-
sented by valves belonging to different stages of
maturity and therefore can be considered an
autochthonous community (Monaco et al., 2014).

Crustacean Decapods

The crustacean decapods concentrate in the
levels around and between the skeleton of the
cetacean (Figures 2, 5A) and are all forms that we
associate with WFE. Compared to the data dis-
cussed in Pasini et al. (2017) and Baldanza et al.
(2018), new species have been found that increase
the association, such as Jaxea nocturna and
Goneplax rhomboides. 

 No ecological data are available for the only
fossil Asthenognatus alleronensis, closely related
with the extant Asthenognathus atlanticus Monod,
1933, living in eastern Atlantic from Angola to the
English Channel mainly in mud-muddy sands
between 10 m to 70 m depth, and reported also
from the western Mediterranean Sea (Falciai and
Minervini, 1992; Jourde et al., 2012). The discov-
ery in a paleoenvironment marine at depths of
approximately 100-150 meters allows for an
expansion of the species' depth range.

Two species, Jaxea nocturna and Goneplax
rhomboides (extant and fossil), are opportunistic
carnivorous predators active on the sea bottoms
and have a burrower behaviour likely associated
with their activity yet previously observed around
and under the whale carcass. Chlinocephalus
demissifrons, is benthonic with opportunistic
behaviour, whereas there are no data for the exclu-
sively fossil (? benthonic) Albaidaplax ispalensis.

Moreover, the new records seem to confirm
that C. demissifrons with 13 specimens confidently
assigned, is the predominant decapod species of
the Bargiano whale-fall community (= 75% ca. of
the decapod assemblage).

As pointed out and discussed by Baldanza et
al. (2018: 15),“...the presence of several speci-
mens nearby the carcass of the cetacean can be
interpreted as opportunistic behaviour by these
decapod crustaceans due to the presence of a
great, temporary availability of food on the sea bot-
tom.”, and “…might reveal a temporary assem-
blage of opportunistic scavenger crabs due to the
presence of a copious source of food for a rela-
tively long period”, moreover the specimens
recorded from Bargiano stand out as “…the only
confidently identified fossil brachyuran reported
from a fossil whale-fall environment.” (Baldanza et

al., 2018: 15), useful as reference and comparison
for next possible studies on the poorly known deca-
pod communities lied to WFE fossil ecosystems.

Echinoids

The irregular echinoid species Ova canalifera
is here recorded for the first time in a whale-fall pal-
eoenvironment, and at the moment it seems to be
the only irregular echinoid occurring around the
whale remains. (Figure 4) The presence of other
group of echinoids, the holothurians, or sea
cucumbers, has been demonstrated by the occur-
rence of characteristic trace fossils (Figure 11), dis-
tributed between and around the whale skeleton.

 Ova canalifera currently lives in the Mediter-
ranean between 9 and 100 m of depth in the
muddy or sandy sea bottom (Mortensen, 1951),
with maximum frequency between 20-30 m.
According to Schinner (1993), Schizaster
canaliferus, now accepted as Ova canalifera
(WORMS - world register of marine species), an
endemic Mediterranean spatangoid, is common in
the Bay of Piran (Northern Adriatic Sea). The abun-
dance and distribution of this burrowing species is
related to sea water depth and particle size distri-
bution of the substrate. Populations are limited to
silt/clay sediments in protected sublittoral areas of
the Bay, where densities range from 1.9 to 2.6 indi-
viduals/m-2. Preferred sediments range from
medium to fine silt (2–20 μm). Burrowing activity
was found to be functional only in fine sediments
like those naturally inhabited (Bromley et al.,
1997); it did not occur in sandy sediments
(>63μm). Burrowing rates were positively cor-
related with temperature, suggesting that burrow-
ing speeds are greater in summer than winter.
Burrowing activity is limited to the upper, oxygen-
ated sediment layers, and always just above the
Redox-Potential-Discontinuity-layer (RPD). Finally,
burrows were found in zones protected near the
coast, sunken ca. 3-5 cm within the fine-grained,
silty-clayey sediment (Bromley et al., 1997). In the
Plio-Pleistocene of Emilia, this species is present
both in silty sediments and silty-sandy areas of the
infralittoral and upper circalittoral; moreover, the
specimens contained in sediments with a higher
percentage of sand are less deformed by compres-
sion (Borghi, 2020).

Teleost fishes

Ophidiiformes are benthic teleost fishes fre-
quently found in the shallow waters of early Palae-
ocene, even if at present the extant species inhabit
mostly bathydemersal environments (Schwar-
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zhans and Aguilera, 2016; Stringer and Schwar-
zhans, 2021). As mentioned above, Hoplobrotula
armata feeds on decapods and teleost fishes
(Baeck et al., 2012; Park et al., 2023). Thus, it is
reasonable to hypothesize that also Hoplobrotula
orcianensis had carnivorous feeding habits. Con-
sidering the rich occurrence of crustaceans at the
Bargiano site, it may have had the same food pref-
erence as described for the extant H. armata. How-
ever, in the paleoenvironmental context of the
Bargiano site, it is also possible to hypothesize
that, despite being a predator, having a whale car-
cass available, H. orcianensis took advantage of
this food source, together with crustaceans, irregu-
lar echinoids and holothuroids. This hypothesis
matches with the interpretation of the presence of
many decapoda specimens nearby the whale car-
cass, discussed by Baldanza et al. (2018) in terms
of opportunistic behaviour due to the presence of a
“great, temporary availability of food on the sea
bottom”. 

Hoplobrotula orcianensis is first reported
within a whale-fall ecosystem (WFE) of early Pleis-
tocene.

Sharks

The assemblage of sharks, characterized by
common Carcharhinus longimanus, representative
of the family Carcharinidae and by the extinct Cos-
mopolitodus hastalis, with the extant Carcharodon
carcharias, Carcharias taurus and Hexanchus gri-
seus, already reported by Danise et al. (2010),
Danise and Dominici (2014) and Zazzera et al.
(2022) in concomitance with WFEs, represent for
the marine early Pleistocene of western Umbria
one important paleoecological record. The occur-
rence of epipelagic sharks typical of “oceanic” envi-
ronments that prefer to live in the euphotic zone (0-
200 m) as C. longimanus and C. carcharias associ-
ated with the species C. taurus typical of sublittoral
zone of continental shelf, indicates the existence of
an area of attraction and convergence rich in food
(cetacean remains in the study case). The feast
zone was attractive also for fishes, echinoids and
decapods, all prey for sharks. 

Identity of Tracemakers

 Among invertebrates, both in modern and
ancient marine environments, echinoderms have
been recognized as among the most active and
widespread bioturbators and bioeroders (Belaùste-
gui et al.,2014). The Bargiano site, with the
repeated whale fall events and a considerable
quantity of foods, may have been certainly the

ideal environment for deposit and suspension feed-
ers. The decapod crustaceans, very common
around the WFE of Bargiano, could be excellent
candidates as tracemaker for Thalassinoides bur-
rows (Pervescer and Dworschak, 1985; Bromley,
1996); the irregular echinoids as Ova canalifera
could be responsible for traces as Bichordites
(among the Pascichnia; Plaziat and Mahmoudi,
1988), while the Holothuroid for peculiar examples
attributable to Artichnus (as Dominichnia; Zang et
al., 2008, Belasteguì et al., 2014) and U-shaped
burrows (Ayranci and Dashtgard, 2013).
Echinoid burrows. The irregular echinoids as O.
canalifera are indicated as burrow scavenger. This
species has been studied in the Bay of Piran
(Northern Adriatic Sea) by Schinner (1993) evi-
dencing that the abundance and distribution of this
burrowing sea-urchin is related to sea water depth
and particle size distribution. The burrowing activi-
ties and the lifestyle of these echinoids were limited
to silt/clay sediments in protected sublittoral areas
of the Bay. Burrowing rates were positively cor-
related with temperature. O. canalifera was limited
to the upper, oxygenated sediment layers and
always burrowed just above the Redox-Potential-
Discontinuity-layer (RPD). O. canalifera is highly
substrate specific and does not appear to be as
widespread in the Adriatic Sea as indicated in ear-
lier studies (Borghi, 2020). The abundance of Ova
canalifera specimens at Bargiano could support
the hypothesis regarding the production of Bichord-
ites burrows.
Holothuroid burrows. Zhang et al. (2008) pointed
out the similarity of the ichnogenus Artichnus to
burrows produced today by holothurians. At pres-
ent, holothurians or sea cucumbers are common in
both shallow- and deep-marine environments, and
most of them live in mud or in fine sand, although it
is also possible to find sea cucumbers in coarse
sands and shell accumulations. Burrowing sea
cucumbers are mainly classified in the orders Den-
drochirotida, Molpadiida and Apodida (Nichols,
1969). Some of them may construct U-shaped bur-
rows projecting the anus and the tentacles (oral
part) to the surface (e.g., Frey and Howard, 1972;
Bromley, 1990), or simpler burrows projecting only
the tentacles or the anus (e.g., Ruppert et al.,
2004). Ayranci and Dashtgard (2013) analyzed bio-
genic structures produced by holothurians in a
moderately deep-water setting, the delta front and
prodelta of the Fraser River delta (British Colum-
bia, Canada, 30 to 330 m water depth), dominated
by muddy sediments. The Fraser delta front and
prodelta contain very abundant Thalassinoides
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with diameters larger than 1.5 cm and less than 3
cm; only in one case Molpadida intermedia was
captured in an open Thalassinoides-like trace.
Both Artichnus and holothurian-generated Thalass-
inoides occur in substrates that are greater than
55% mud and are most prevalent in sediments
composed of 80% mud or higher and deposited
below storm-wave base (Ayranci and Dashtgard,
2013).

Individuals belonging to three orders of infau-
nal holothurians were considered: (1) Molpadiida,
(2) Apodida, and (3) Dendrochirotida. Infaunal
holothurians are subsurface or surface deposit
feeders, and ingest mainly organic detritus, while
the suspension feeders filter plankton and diatoms
from the water column (Rakaj and Fianchini, 2024).
Any mode of nutrition would have been possible at
Bargiano site, considering the large amount of
nutrients and food dispersed on the seabed, in the
water and within the clayey sediments (Baldanza
et al., 2018). Ayranci and Dashtgard (2013) identi-
fied two distinct sizes of Artichnus: the first is
“diminutive Artichnus”, which is typically less than 3
cm in length and diameter and have an ellipsoidal
morphology showing concentric to concave-down-
ward spreite within a well-defined burrow margin,
and the second form “robust Artichnus”, is typically
longer than 3 cm, and can be wider than >6,5 cm.
Specimens of Bargiano are 12 and 5 cm in length
and 4,5 and 1,5 cm wide respectively and therefore
belong to both types. 

As indicated by Rakaj and Fianchini (2024) in
the Holothuroidea class, 54 species were consid-
ered in the Mediterranean basin, of which 19 (35%)
were listed as endemic. They prefer well oxygen-
ated sea bottoms rich in organic matters, as
Posidonia meadows, and are present from 0 to 100
m in depth but can live also at 150 m. Long-term
observations in laboratory tanks have shown that
the species Holothuria poli and Holothuria tubulosa
have a subsurface feeding behavior, commonly
burrowing into sediments to feed on the deeper
layers; emerged that H. poli is able to actively
select and concentrate the organic matter and
select the fine fractions of the sediment (Rakaj and
Fianchini, 2024).
Decapod burrows. Among decapod crustaceans,
almost two of the taxa recovered from the WFE of
Bargiano, having burrower behaviour, may be sus-
pected as the tracemakers, both with fossil and liv-
ing species. Extant representatives of the
brachyuran crab Goneplax rhomboides builds ver-
tical U-shaped burrows that may be extended as
mazes flattened in cross section (Bromley, 1996:

102); whereas the ghost shrimp Jaxea nocturna is
known to make burrows, as shown by resin casts
made in situ in the Gulf of Trieste (Northern Adriatic
Sea, Italy: Pervescer and Dworschak, 1985). The
common occurrence of G. rhomboides and J. noc-
turna increases the list of possible producers of
Thalassinoides burrows.
Fish burrows. Ophidiiform fishes show a close
association with the sea bottom, where they dig
burrows into soft and movable sediments with the
help of tail movements (Grzimer, 2003). These
organisms typically remain buried during daylight
hours and exhibit peak activity at night, emerging
to forage for prey. No information is found about
Hoplobrotula as trace maker and no fossil traces
were adscript to this taxon.

The presence of diverse fossil traces has
highlighted intense activity, linked not only to the
presence of Thalassinids crustacea but also to
Echinoderms, especially irregular sea urchins
(Ova) and holothurians. The burrowing activity
could generate a complex single-tier system
(sensu Bromley, 1996) produced by interconnect-
ing burrows of echinoids, fishes and decapods,
representing for the Bargiano site a new window to
reconstruct the relationships among marine inver-
tebrates and small vertebrates. 

CONCLUSION

The richness of macro- and microorganisms
highlights the potential of the WFE ecosystem to
accommodate various opportunists, both simulta-
neously and at different times. For about one hun-
dred thousand years, during the early Pleistocene,
a large amount of organic matter was produced on
the seafloor of the Bargiano site, available for a
long food chain from vertebrates to bacteria
(Monaco et al., 2014; Baldanza et al., 2018). The
Bargiano - Montemoro area played a role of meet-
ing point for scavengers and opportunistic hunters,
which for several thousand years provided a great
abundance of food, a zone known and surely mem-
orized from one generation to another. 

The identified presence of scavengers and
opportunists developed close to the seafloor and
into the sediments, all around and amongst the
whale skeletons evidenced that the four Ecological
Stages: Scavenger stage, Opportunistic stage,
Sulphophilic stage and Reef stage (sensu Smith
and Baco, 2003; Smith et al., 2014), developed on
the Bargiano-Montemoro Area. 
1) The Scavenger Stage is evidenced by the

occurrence of large size predators, mainly
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sharks, carnivorous fishes and decapods;
predators feed on the muscles and fat of the
cetacean, producing fragments that disperse
in the surrounding water like bait that attracts
other organisms of smaller size. Among the
large size predators, C. hastalis and C. carch-
arias, together with C. longimanus and C. tau-
rus have been active and constant attendees.

2) The Opportunistic stage is characterized by
the arrival of other scavenging animals that
feed on the remnants of meat, fat, and whale
oil that has permeated the sediment on which
the carcass has settled on the seabed. This
second “hunger wave” included here decapod
crustaceans (Chlinocephalus demissifrons,
Albaidaplax ispalensis, Goneplax rhomboi-
des), echinoderms (Ova canalifera and Holo-
thurians), gastropods (Euspira catena),
polychaetas, ghost shrimp (Jaxea nocturna)
and fishes (Hoplobrotula orcianensis and
Argirosomus). All these opportunists carried
out their life cycle around the carcass, digging
burrows and galleries in the underlying sedi-
ment and all around, actively contributing to
the dispersion of nutrients. Unfortunately, we
have not found traces of the worm Osedax on
the bones, likely in relation to the loss of the
cortical layer (Cherin, pers. comm.).
The existence of U-burrows, that in some
cases were extended as mazes and the pos-
sible occurrence of a complex-tier system pro-
duced by the interconnection of burrows of
fish, (Hoplobrotula) and crab (G. rhomboides),
evidenced a very complex network. Bichord-
ites, Artichnus and Thalassinoides complete
the ichnoassemblage reported, for the first
time, as a feature of the shallow water WFE of
Bargiano.

3) The sulphophilic stage, characterized by the
development of bacterial communities is indi-

cated by the abundant presence of chemio-
symbiotic bivalves (e.g. Megaxinus
incrassatus and Myrthea spinifera) (Figure
12C-E). Even small crustaceans and crabs
feed on bacteria and other organic sub-
stances produced by the degradation of soft
part of carcasses. To note that also benthic
foraminifera (e.g. Ammonia) feed on bacterial
mat (Baldanza et al., 2018).

4) Oysters are the most diffused bivalves using
the bones as rigid platform for the anchorage.
The reef stage has been documented thanks
to the diffuse occurrence of Ostrea lamellosa
grown on whale bones (Figure 12 A, E); in
WFE2 the ribs, portions of the skull, mandible
and vertebrae provided rigid surfaces emerg-
ing from the muddy seabed. 
The ten-year research at the Bargiano site,

and more generally in the Allerona area, not only
allowed to recognize several WFEs in a limited
time interval, but also to characterize their fossil
assemblages in increasing detail. The study area,
full of unexpected finds, have revealed as a signifi-
cant place for the knowledge and description of
shallow fossil whale falls.

Although much has been documented and
described so far, we do not exclude that the area
may provide further findings in the next future.
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