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The newQ2 ichnospecies Cubiculum levis is described as a bowl-
shaped bioerosion trace fossil in dinosaur bone from the Upper
Cretaceous of western Argentina. The systematic description is

10 based on specific ichnotaxobases for bioerosion trace fossils in
bones. The main characteristics of the new ichnospecies are its
general bowl-shaped morphology with marked concavity of the
flanks and bottom, marked constriction of walls in the upper area,
and the absence of bioglyphs in the interior surface. To establish a

15 hierarchical approach to the taxonomy of Cubiculum, we propose
an emended diagnosis for this ichnogenus. Based on comparative
analysis with structures of fossil pupal chambers and results of
actualistic experiments with carrion insects, the ethology ofC. levis
is interpreted as Pupichnia. Paleoenvironmental conditions at the

20 paleontological site, taphonomic data and the morphology of C.
levis indicate a continental arthropod producer with the biological
and anatomical ability to bore bone. The producer was probably a
Cretaceous coleopteran with a heavily sclerotized body and well-
developed biting mouthparts. We emphasize the importance of

25 establishing paleoethologic and paleobiologic inferences based on
testable data provided by multiple sources, such as biology,
physiology, sedimentology, and forensic sciences. Finally, we cite
some relevant reports of traces fossils in bones interpreted as
pupal chambers and we discuss the conflicting interpretations of

30 their producers and ecological significance.
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INTRODUCTION

The occurrence of chamber bioerosion structures in bones

in the fossil record has been previously highlighted (Tobien,

35 1965; Kitching, 1980; Hill, 1987; Thenius, 1988; Martin

and West, 1995; Hasiotis et al., 1999; Hasiotis, 2004; Lau-

det and Antoine, 2004; Roberts et al., 2007; Britt et al.,

2008; Bader et al., 2009; Holden et al., 2013). One of these

chamber bioerosion structures in bones is the ichnogenus

40Cubiculum, which was originally described from Madagas-

car and the western United States (Roberts et al., 2007). The

goals of this study are to propose an emended diagnosis of

the ichnogenus Cubiculum, describe the new ichnospecies

Cubiculum levis, and highlight the importance of precise

45paleoecologic and ethological interpretations for bowl-

shaped trace fossils in bones, assisted by the use of modern

analogues coming from the fields of entomology, forensic

science, and ecology.

For the systematic description of C. levis, we consider nec-

50essary using specific ichnotaxobases for bioerosion trace fos-

sils in bones (Pirrone et al., 2014). We do not relate this

ichnotaxon to a particular producer due to a lack of highly sup-

ported evidence, but we discuss a number of possible candi-

dates. Linking this trace fossil with a particular organism

55could be tricky because morphologically identical trace fossils

can sometimes be made by different organisms (Ekdale et al.,

1984; Buatois and M!angano, 2011).

METHODOLOGY

Using specific methodology to study the interior of borings

60makes possible a more accurate observation of diagnostic

characters, such as inner morphology and wall surface. Moulds

(impressions), used for the analysis of internal morphology,

were created with liquid natural latex rubber of low viscosity.

Consecutive coats of latex were applied into the specimen and

65on the bone surface around the boring margins, allowing a dry-

ing time after each application. Once dry, the rubber was care-

fully removed. Fossil specimens were cleaned with high-

pressure air and soft brushes. Trace fossils and moulds were

examined with low-angle, high-intensity light sources. Sam-

70ples were measured and photographed using high-magnifica-

tion stereo microscopes. Specific software was used for taking

photographs at the microscope in order to create 3D-like

images.
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GEOLOGIC AND STRATIGRAPHIC FRAMEWORK

75 The Neuqu!en Group represents part of the infill of the Neu-

qu!en Basin located in north-western Patagonia, which extends

between the active magmatic arc along the Andes to the west

and the Sierra Pintada and North Patagonian Massif to the

northeast and southeast, respectively (Vergani et al., 1995). At

80 a large scale (100–1000 m), marine and continental deposits

alternate, representing transgressive–regressive episodes

(Legarreta and Gulisano, 1989; Legarreta and Uliana, 1991).

The Neuqu!en Group comprises a thick continental succession

(up to 1300 m thick) deposited between the early Cenomanian

85 (97 § 3 Ma) to the early Campanian (74 § 3 Ma) (Leanza and

Hugo, 1997). It consists of conglomerate, sandstone, and mud-

stone typically stacked in fining-upward successions, repre-

senting alluvial-fan, fluvial-system, and playa-lake deposits

(Leanza and Hugo, 2001). The new ichnospecies of Cubiculum

90 described in this article occurs in outcrops of the Upper Creta-

ceous Plottier Formation R!ıo (Neuqu!en Subgroup, Neuqu!en
Group) assigned to middle–late Coniacian. The fossils were

collected at the Arroyo Seco site, Mendoza Province, western

Argentina (Fig. 1).

95 The Plottier Formation mostly consists of massive reddish

claystone with thin layers of pink siltstone and subordinate

occurrences of lenticular, very fine- to fine-grained sandstone

(S!anchez et al., 2006). At the Rinc!on de los Sauces area, closer
to the Arroyo Seco paleontological site, the thickness of the

100 formation is up to 100 m. At the Arroyo Seco locality, fluvial

deposits are predominant. Two distinct, alternating facies asso-

ciations are recognized within the largely fining- and thinning-

upward succession, which represent fluvial channel complexes

and overbank environments (Gonz!alez Riga and Astini, 2007;

105 Fig. 2). The fluvial channel association comprises meter-scale

sandstone bodies formed by high sinuosity rivers in low-gradi-

ent plains. The overbank facies association comprises red mas-

sive and mottled mudstone and siltstone, and more rarely,

parallel-laminated greenish grayish claystone interbedded

110with thin-bedded tabular sandstone, recording deposition

within floodplain and crevasse splay environments (Gonz!alez
Riga and Astini, 2007; Fig. 2).

The bioerosion trace fossils studied come from distal-flood-

plain deposits located toward the top of the section (Fig. 2). A

115detailed analysis of the site allowed us to recognize lenticular

sandstone bodies associated with mudstone intervals. Succes-

sions are typically fining upwards with parallel-stratified sand-

stone passing upwards into massive mudstone. The lenticular

geometry and physical sedimentary structures suggest deposi-

120tion in an overflow channel with high-flow rate and high-rate

episodes of sedimentation. Paleocurrent measurements indi-

cate a NW-SE trending channel axis (approximately 70!). The

associated mudstone represents floodplain deposition. The

bones with bioerosion trace fossils occur in the floodplain

125mudstone adjacent to the channel. Many dinosaur bones were

recovered in overbank facies, 5 m below the bed containing

the new ichnospecies, including the holotype of the titanosaur

sauropodMendozaurus neguyelap Gonzalez Riga, 2003.

SYSTEMATIC ICHNOLOGY

130Ichnogenus Cubiculum Roberts et al. 2007

Type ichnospecies: Cubiculum ornatus Roberts et al.,

2007.

Diagnosis (Emended after Roberts et al., 2007): Discrete
ellipsoidal borings in bone. Hollow, oval borings with concave

135flanks bored into inner spongy and outer cortical bone surfa-

ces. Boring length three to four times greater than its diameter.

Structures may be isolated but more commonly form dense,

locally overlapping concentrations.

Remarks: Emendation of the ichnogeneric diagnosis is con-

140sidered necessary to exclude the presence of bioglyphs as diag-

nostic properties of the original ichnogenus. Thus, the

presence of bioglyphs is regarded as an ichnotaxobase at ich-

nospecies level. Also the term ovoid is changed to ellipsoidal,

FIG. 1. Location of the Arroyo Seco paleontological site, Mendoza Province, Argentina.
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because the former refers to the ovoid shape of an egg, where

145 both extremes differs, but Cubiculum displays symmetrical

extremes.

Cubiculum levis isp. nov. (Fig. 3B)

Holotype: Specimen (IANIGLA-Icn 1), boring associated

with a bone fragment of Dinosauria indet. IANIGLA-PV

150 65) housed at the Ichnological Collection of the Instituto

Argentino de Nivolog!ıa, Glaciolog!ıa y Ciencias Ambien-

tales (IANIGLA-Icn), Centro Cient!ıfico Tecnol!ogico, Con-
sejo Nacional de Ciencia y T!ecnica (CCT – CONICET)

Mendoza, Argentina. The bone fragment hosts several

155 specimens, the one selected as a holotype is indicated as B,

in Figure 3.

Referred specimens: Five well-preserved specimens in a

single piece of bone (IANIGLA-Icn 1) (Fig. 3A); associated to

bone fragment of Dinosauria indet. IANIGLA-PV 65).

160Type locality and stratigraphic level: Arroyo Seco, Men-

doza Province, Argentina, Upper Cretaceous, Plottier Forma-

tion (Coniacian–Early Santonian).

Etymology: Levis (Latin) smooth, light, soft.

FIG. 2. Summarized stratigraphic and sedimentologic column of the Arroyo

Seco site (modified fromGonz!alez Riga and Astini, 2007). (See Color Plate VI.)

FIG. 3. A, five well-preserved specimens in a single piece of bone (IANIGLA-

Icn 1, associated to bone fragment Dinosauria indet. IANIGLA-PV 65); B and

C, Holotype ofCubiculum levis isp. nov. at closer view. (See Color Plate VII.)
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Diagnosis: Discrete, bowl-shaped borings in bone. Bor-

165 ings display marked concavity of flanks and bottom and

marked constriction of walls in the upper area. Boring

boundaries, walls, and bottom are sharp and smooth; no

bioglyphs are observed. No filling is present. Placed in cor-

tical and cancellous bone. Borings are arranged in groups

170 of three to five and parallel to each other, according to its

major axis.

Description: Bioerosion structure of ellipsoidal morphol-

ogy located in cortical and cancellous bone. The side walls

have a pronounced concavity so that the interior of the boring

175 is wider than the outer edge. This feature results in an internal,

rounded, bowl-shaped morphology (Fig 4). In transversal and

longitudinal views, the internal mold reveals a marked con-

striction of walls in the upper section of the boring, beneath

the entrance hole (Figs. 4C and 4D). Perforations exhibit par-

180 ticular ratio that gives ellipsoidal morphology, being both

extremes similar in shape (Fig. 4E). The major axis is 4–

9 mm, and the minor axis 3–5 mm. Whereas morphology is

recurrent, the depth of these structures is highly variable, with

some very shallow (up to 1 mm deep) specimens and others

185 penetrating the spongy tissue up to 8 mm. Arranged in groups

of three to five (Fig. 3).

Discussion: This ichnospecies is distinguished from Cubic-

ulum ornatus by its interior bowl-shaped morphology, marked

constriction of walls in the upper area, and the absence of bio-

190glyphs. In contrast to C. levis, C. ornatus is characterized by a

shallow, ellipsoidal, hollow chamber, with the upper third

planed-off parallel to the long axis, and the presence of charac-

teristic bioglyphs (superficial morphology) observed com-

monly on chamber walls, and characterized by shallow,

195commonly paired, and locally overlapping arcuate grooves.

Cubiculum levis is not associated with other trace fossils, nei-

ther of tubular morphology nor with Osteocallis mandibulus

Roberts et al. (2007), as in the case of C. ornatus. Astenopo-

dichnium ossibiotum Thenius, 1988 is a bioerosion trace fossil

200in bone, usually misinterpreted as a chamber trace fossil, prob-

ably due to illustrations displayed in the original description.

However, according to the diagnosis, this ichnotaxon com-

prises “at first U-tubes with ‘spreite,’ but the preservation is in Q4
most of the cases a result of transport through water U-shaped

205notches.” However, based on the available illustrations, the

presence of a spreite is unclear. Uchman et al. (2007) emended

the ichnogenus diagnosis as “small, U-shaped spreiten or

pouch-like structures in wooden, organic-rich or bone sub-

strates.” Q5Genise et al. (2012) also analyzed the morphology of

FIG. 4. Internal morphology of Cubiculum levis isp. nov.; A, photograph of internal cast; B, scheme of internal morphology; C, transversal section; and D,

longitudinal section.
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210 the ichnogenus and added some important considerations

about possible producers and its use as an environmental

indicator.

ETHOLOGY AND PALEOECOLOGIC INTERPRETATION

Environmental conditions at the Arroyo Seco paleontologi-

215 cal site and the taphonomy and morphology of C. levis indicate

a continental arthropod producer with the biological and ana-

tomical ability to bore in bone. The preservational signatures

observed in the fossil bones (i.e., longitudinal and cemented

fractures parallel to bone fibers), showing a low grade of pre-

220 burial cracking and limited subaerial exposure, suggest that

the producer may have been able to survive under conditions

of burial. Considering this and the dimensions of the borings,

the producers may have been members of the Order Coleop-

tera, with heavily sclerotized bodies and well-developed biting

225 mouthparts.

Recent actualistic experiments in continental ecosystems

support that termites (Watson and Abbey, 1986; Huchet et al.,

2009; Parkinson, 2010; Parkinson et al., 2010a, b;Q6 Backwell

et al., 2012), dermestids (Schroeder et al., 2002; Parkinson,

230 2012), cockroaches (Parkinson, 2012), and tenebrionids

(Holden et al., 2013) are agents of bone modification. How-

ever, the environmental conditions under which these traces

are produced are controversial, since most of the experimental

data have been obtained in the laboratory, under stressed con-

235 ditions (especially lack of soil). This makes difficult a compar-

ison with trace fossils produced in a natural fluvial ecosystem.

In the search for actualistic studies, reports of forensic ento-

mologists tend not to mention insects as bone modifiers during

decomposition of carcasses exposed to regular subaerial envi-

240 ronmental conditions.

In terms of its general morphology, C. levis can be com-

pared with chambers constructed by some coleopteran larvae

as they prepare for pupation (Jones et al., 2006; Gennard,

2007; Byrd and Castner, 2010). At present, construction of

245 pupal chambers is commonly observed in soil, wood, and dry

soft tissues (Haack and Slansky, 1986; Grimaldi, 2005).Q7
Exceptionally, this process takes place in bones, but only

under extremely stressed environmental conditions, as

reported by Schroeder et al. (2002) and Parkinson (2012). In

250 this study, we do not assign Cubiculum levis to a specific pro-

ducer due to the lack of experimental and actualistic experi-

ments that offer well documented information and which can

be compared with C. levis morphology, neither with the envi-

ronmental and taphonomic conditions of Cretaceous fluvial

255 ecosystems. However, the morphology of C. levis resembles

similar structures of fossil pupal chambers recorded in paleo-

sols from South America (Genise, 2004; Genise et al., 2002,

2007; Genise and Sarzetti, 2011), suggesting that the bowl-

shaped trace fossils from Arroyo Seco can be interpreted as

260 Pupichnia.

This new ichnospecies displays similar environmental pref-

erences as the type ichnospecies, namely fluvial environments

with broad floodplains developed under semi-arid climates.

Both Cubiculum ichnospecies have only been formally

265recorded from the Upper Cretaceous, with the type ichnospe-

cies being known from the Maastrichtian (Rogers et al., 2000;

Roberts et al., 2007). Roberts et al. (2007) provided a discus-

sion of previous occurrences of trace fossils in bones which

they assigned to Cubiculum (Tobien, 1965; Kitching, 1980;

270Martin and West, 1995) and others that quite tentatively may

belong in Cubiculum (Schwanke and Kellner, 1999; Kirkland

et al., 1998). Q8

DISCUSSION

Taxonomy of Bioerosion Trace Fossils in Bones
275from an Ichnologic Perspective

When studying and describing trace fossils, it is imperative

to focus on the importance of ichnotaxonomic assignation and

comparison with already systematically described trace fossils.

The bare description or recording of a trace fossil in bones

280does not fully contribute to build up a systematic ichnologic

framework. The information potential of trace fossils in bones

can only be explored through a correct taxonomic assignment

and ethologic interpretation. So, we are confident that regard-

less of its pitfalls, the ichnotaxonomic classification provides

285the best common ground on which to base more theoretical

elaborations and practical applications (Bromley, 1996;

Buatois and M!angano, 2011).
The reduced number of formally named trace fossils in

bones (Pirrone et al., 2014) is evidence of the lack of an ichno-

290logic and taxonomic perspective in current studies. Even when

many “pupal chamber” trace fossils in bones are mentioned

and cited in the literature, only one, Cubiculum ornatus, has

been taxonomically described prior to our study (Roberts

et al., 2007).

295Bioerosion traces in bones show marked departures with

respect to the most common bioturbation structures and even

to some typical bioerosion structures in other substrates. Also,

some taxonomic characteristics vary widely among different

types of ichnofossils. Thus, we encourage the use of specific

300ichnotaxobases for bioerosion trace fossils in bones (Pirrone

et al., 2014) as a strategy to focus the taxonomic description

on relevant aspects directly related to the mechanism of bioer-

osion. Accordingly, we address the taxonomy of Cubiculum

levis by referring to specific ichnotaxobases.

305Ethological Interpretation of Bowl-shaped Trace Fossils
from a Biologic and Entomologic Perspective

The most important contributions of ichnologic studies rely

on a correct ethologic interpretation and an accurate under-

standing of the processes of production. In the particular case

NEW ICHNOSPECIES OF CUBICULUM 5



310 of bowl–shaped trace fossils, there has been a marked ten-

dency to assign them to the activity of dermestid pupation

(Tobien, 1965; Kitching, 1980; Rogers, 1992; Martin and

West, 1995; Kirkland et al., 1998; Laudet and Antoine, 2004;

Fejfar and Kaiser, 2005; Roberts et al., 2007; Britt et al.,

315 2008; Dominato et al., 2009).Q9 However, few studies referred

to original sources, such as those in the entomologic, ecologic,

physiologic, or forensic entomology literature.

Martin and West (1995) compared trace fossils in bones

with modern traces in wood. The assignation of trace fossils to

320 dermestid pupal chambers was based on similar morphologic

features and size. The latter has been extensively regarded as

an unreliable ichnotaxobaseQ10 (Pickerill, 1994; Bertling et al.,

2006; Buatois and M!angano, 2011). However, comparison of

general morphology was not provided in detail. As these

325 authors noted, “dermestid activity does not occur on sub-

merged material and rapid burial will also prevent it. Because

these are processes necessary for most fossil bone preserva-

tion, evidence of dermestid activity is rare in the fossilQ11 record.”

The authors supported the identification of dermestids as pos-

330 sible producers by modern examples in wood rather in bone.

Even when they considered that “the excavated medium does

not seem to seriously affect comparisons,” the process and

mechanism of boring were not discussed or compared.Q12
Actualistic experiments carried out with carrion insects in

335 order to determine their penetration in bones are few. Most of

them focused on termite activity (Watson and Abbey, 1986;

Backwell et al., 2012), and the produced traces are not compa-

rable with the morphology of Cubiculum nor with other bowl-

shaped traces described in the literature.

340 Schroeder et al. (2002) presented the first forensic entomo-

logic report where dermestids are identified as bone destruc-

tors. However, the peculiarity of this report lies in the extreme

and uncommon environmental conditions which affected the

normal life cycle of Dermestes. The report does not include

345 morphologic description of the damage produced by dermes-

tids, so comparisons with trace fossils are not possible at this

stage.

Parkinson (2012) carried out standardized and reproducible

experiments with beetles (Dermestes maculatus) and cock-

350 roaches (Periplaneta americana), in order to recognize con-

sumption and destruction in bone. This study also included the

description of the morphology of these bioerosion structures

and some comparisons with the fossil record. Some results of

his study indicate that assigning bowl-shaped trace fossils to

355 dermestid pupation chambers are not supported by experimen-

tal results under controlled conditions.

Holden et al. (2013) also reported experiments with Der-

mestes, Eleodes, and Tenebrio larvae. However, they did not

list the associated environmental conditions, substrate, or

360 nutrient availability. They stated that, in some cases, differen-

ces in damage made by dermestids and tenebrionids are recog-

nizable. However, in some cases many similarities make it

difficult to differentiate feeding traces from pupal chambers.

Even when dermestids, tenebrionids, or termites may be

365responsible for bone damage, using trace fossils as paleoeco-

logic and taphonomic indicators requires conscious and seri-

ous studies of the biology and ecology of potential producers.

As stated by Holden et al. (2013), more research on potential

tracemakers is needed to make accurate identifications.

370Another important issue to consider is the use of appropri-

ate terminology. In most studies, there is no clear differentia-

tion among consumption/feeding, destruction, or modification

of bone. The use of such terms is not clear most of the time.

From a biological perspective, these ethologies imply very dif-

375ferent physiological requirements and adaptations. Trypanites

ionasi (Mu~niz et al., 2010) and similar trace fossils related to

whale carcasses (Kiel et al., 2010) are the only trace fossils in

bone whose producer has been linked directly with a recent

organism, namely Osedax, capable of feeding on bones, and

380whose complex physiology is widely studied (Rouse et al.,

2004; Vrijenhoek et al., 2009).

The biology and ecology of carrion insects that construct

pupal chambers have been extensively studied. It is not the

purpose of this work to revisit this literature but to encourage

385authors to include important studies on that field when doing

ichnologic comparisons and interpretations. Basic biologic

concepts, such as ecologic requirements (e.g., Richardson and

Goff, 2001), ontogenetic development processes (e.g., Ben-

ecke, 2004; McNamara et al., 2008), biology of reproduction

390(e.g., Archer and Elgar, 1998; Jones et al., 2006; Arce et al.,

2013), evolutionary history (e.g., Grimaldi and Engel, 2005;

Rasnitsyn, 2010), and fossil record (e.g., Zhantiev, 2006;

H!ava, 2008; Sinitshenkova and Coram, 2002; Genise and Sar-

zetti, 2011), are essential issues to consider toward identifica-

395tion of the producer.

Paleoenvironmental Significance of Bioerosion Trace
Fossils in Bones and their Contribution to Macroevolution

Forensic entomologists emphasize their efforts in recogniz-

ing specific Coleopterae and other insects species in order to

400reconstruct post-mortem history (Kulshrestha and Satpathy,

2001; Thomas, 2003; Gennard, 2007; Byrd and Castner,

2010). Because of their particular physiological requirements,

some necrophagous species are useful to determine accurate

time of death and climatic conditions during the different

405stages of decomposition (Richardson and Goff, 2001). Some

ichnologic studies have attempted to use forensic methodology

and trace fossils in bones to reconstruct environmental and

burial conditions of fossil assemblages (e.g., Martin and West,

1995; Laudet and Antoine, 2004; Britt et al., 2008; Bader

410et al., 2009; Pomi and Tonni, 2011; Saneyoshi et al., 2011).

However, in most of these studies, authors do not consider in

depth how biotic and abiotic variables influence decomposi-

tion process (Carter et al., 2007) when inferring such conclu-

sions. As established by many ecologic studies, presence, size,

415abundance, or ethology of insect carrion communities depend

6 C. A. PIRRONE ET AL.



on climatic (e.g., Richardson and Goff, 2001; Voss et al.,

2009), ecologic (e.g., Ireland and Turner, 2006; Singh and

Bala, 2009), and even biochemical conditions (e.g., Collins

et al., 2002; Arce et al., 2013).

420 When citing Dermestes as producers of bioerosion trace

fossils in bones, many ichnologic studies also attempt to infer

paleoclimatic conditions based on actualistic considerations

(e.g., Holden et al., 2013). However, a cautionary note is pro-

vided, given that not all fossil assemblages had the same envi-

425 ronmental requirements as their modern counterparts (Coope,

1986). As an example, most paleoclimatic interpretations of

fossils beetles from Quaternary environments have been made

on the basis of complex methodologies that include plotting

modern distributions and ranges of insects, average tempera-

430 ture and precipitation values, detailed studies of “indicator

species” (stenothermic beetles), recognizing overlapping

assemblage areas, and then inferring a paleoclimate based on

modern climatic parameters (for detailed bibliography see

Elias, 2004). The presence of insect trace fossils in bones

435 should be only one more tool in the dataset when proposing

paleoclimatic inferences.

Despite the numerous studies on bioerosion trace fossils in

bones, especially those with bowl-shaped morphology, few

studies have focused on the role of insect scavengers in ancient

440 environments (e.g., Chin and Gill, 1996). Scavengers form an

important link in food chains. Carrion beetles, such as Histeri-

dae and Staphilinidae, are largely predators of other insect lar-

vae, at least in their larval stage (Crowson, 1981). On the other

hand, Dermestidae evade serious competition with fly larvae

445 by concentrating on carcasses in the later stages of decomposi-

tion, representing extreme developments of the trend (Clouds-

ley-Thompson, 1996).

Forensic studies by Kjorlien et al. (2009) provide evidence

that patterns exist in the way surface-deposited remains are

450 scattered due to scavenger activity. Also, evidence is provided

that time since death is not a good indicator for time of scav-

enging activity onset or vice versa, though the decomposition

stage could be the key to how and where surface-deposited

remains may be located (Kjorlien et al., 2009).

455 The evolutionary story of scavenger insects, including their

body and trace fossil record, needs to be considered when

assigning producers to bioerosion bowl-shaped trace fossils.

The most common producers proposed for these traces are ter-

mites, whose basal families begin in the Early Cretaceous

460 (Grimaldi and Engel, 2005); dermestids which, according to

the fossil record and phylogenetic studies, may have originated

in the Late Cretaceous (Grimaldi and Engel, 2005; Kiselyova

and McHugh, 2006); and tenebrionids, whose oldest record is

Cretaceous amber of Burma (Grimaldi et al., 2002). Neverthe-

465 less, the fossil record of these arthropods is not well known for

the Neuqu!en Basin. Genise and Sarzetti (2011) described

insect cocoons (Rebuffoichnus) within the infilling of broken

dinosaur eggs from the Cretaceous of southern Argentina.

Even when ethology can be compared, morphology and

470construction strategies are different. Rebuffoichnus is a biotur-

bation ovoid cocoon trace fossil, with preserved thin wall, deli-

cate textured surface, and infill. They are interpreted as wasp

cocoons attracted to the egg because of the presence of scav-

enging insects feeding on the decaying organic matter.

475As in fossil burrows, which establish a link between scarabs

and dinosaur dung in the Late Cretaceous (Chin and Gill,

1996), bioerosion in bones could provide a better temporal and

spatial record of some scavenger groups and ethologic catego-

ries than do body fossils. Regardless of the identity of the pro-

480ducer, presence of bioerosion trace fossils in bone yields

insights into insect evolutionary trends, such as the ability of

bioeroding bones since this is the oldest record of bowl-shaped

trace fossils in bones.

CONCLUSIONS

485The new ichnospecies Cubiculum levis is described as a

bowl-shaped bioerosion trace fossil in dinosaur bone, from

Upper Cretaceous continental strata of western Argentina. The

main diagnostic characteristics of this ichnospecies are its gen-

eral bowl-shaped morphology with marked concavity of the

490flanks and bottom, and the absence of bioglyphs in the interior

surface. The systematic description is based on specific

ichnotaxobases for bioerosion trace fossils in bones. We pro-

pose the emendation of the ichnogeneric diagnosis of Cubicu-

lum to exclude the presence of bioglyphs as diagnostic

495properties of the original ichnogenus. Thus, the presence of

bioglyphs is regarded as an ichnotaxobase at the ichnospecies

level. In doing this, we support a hierarchical approach to

ichnotaxonomy.

Dermestid beetles are not proposed as possible producers of

500Cubiculum levis due the lack of actualistic examples consistent

with the depositional setting and environmental conditions

under which C. levis was constructed. Environmental condi-

tions at the Arroyo Seco paleontological site and the morphol-

ogy of C. levis indicate a continental arthropod producer with

505the biological and anatomical ability to destroy bone. Accord-

ingly, we consider that the possible producer may have been a

coleopteran with a heavily sclerotized body and well-devel-

oped biting mouthparts. Cubiculum levis is interpreted as

Pupichnia and compared with structures of fossil pupal cham-

510bers in paleosols from South America.

Cubiculum levis provides evidence of ecologic interactions

between dinosaurs and insects, and it is also evidence of evolu-

tionary trends developed by continental scavenger communi-

ties during the Late Cretaceous. Use of bioerosion trace fossils

515in bones as a tool for taphonomic and paleobiologic interpreta-

tions has been highlighted by many authors. However, it is

imperative that any inferences and conclusions are based on

testable data, provided by different sources. Despite its pitfalls,

actualistic experiments provide the ground for identification of

520the producers. We emphasize the importance of considering

the information from biology, physiology, sedimentology,
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climatology and forensic sciences to make general conclu-

sions. This will allow avoidance of circular reasoning and

unsubstantiated conclusions. Finally, we highlight the impor-

525 tance of bioerosion trace fossils as evidence of the ecological

role played by scavenger insects in ancient environments.
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