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Abstract: We describe the first fossil traces from the skeletal remains of dinosaurs from
Uruguay, from the Upper Cretaceous Guichén Formation. We describe the first bit-
ing/gnawing fossil traces reported for Uruguay, Machichnus bohemicus Mikulas et al., 2006,
probably made by small tetrapods, such as multituberculate mammals. Moreover, traces
likely made by sarcosaprophagous beetles, namely Cubiculum Roberts et al., 2007, cf. Cu-
biculum, and cf. Osteocallis Roberts et al., 2007, are described. The presence of Cubiculum
and Osteocallis supports previously proposed depositional conditions in a warm and arid
to semi-arid continental environment for the referred stratigraphical unit. All traces
would indicate a certain period of subaerial exposure before the definitive burial of the
bones.

Keywords: Machichnus bohemicus; Cubiculum; cf. Osteocallis; dinosaur bones; Cretaceous; Uruguay

1. Introduction

The association between the skeletal remains of vertebrates and invertebrate traces
has been reported for dinosaurs and other Mesozoic vertebrates (e.g., [1-11]), although
several observations have been made in Cenozoic mammal bones as well (e.g., [12-17]).
This type of association is even less common in bird fossil bones [18,19]. Biting and gnaw-
ing traces on bones are common in the fossil record and are significant for paleobiological
studies [20].

Bioerosion is the modification of hard substrates by biological action [21].

Bioerosion traces usually provide important paleoecological information, and this is
more useful if the recurrent patterns of the biological activity they represent are included
in a clear nomenclature [22].

Comparatively, bioerosion traces in bone have been less studied than bioerosion
traces in other substrates, and the ichnotaxonomic value of traces of bioerosion in bones,
without taking into account the traces of vertebrate bites, has not been deeply studied yet
[1,22]. Updated synopses of this matter can be found in Pirrone et al. [23], and Lucas [24]

Insect traces associated with dinosaur bones assigned to the ichnogenus Cubiculum
Roberts et al., 2007, were first recorded in the Late Cretaceous of Madagascar and Utah
[25]. Posteriorly, Pirrone et al. [6] described traces assigned to the same ichnogenus in Late
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Cretaceous dinosaurs from Argentina, as also did Xing et al. [5] in Middle Jurassic dino-
saur bones from China. This ichnogenus was also described in association with Cenozoic
mammal bones from Africa [16] and South America [17]. The ichnogenus Machichnus, in
turn, was defined for Miocene bone remains of reptiles and mammals of the Czech Re-
public [20], and was also reported in sauropod dinosaurs from the Late Jurassic of Colo-
rado [26].

Herein, we describe the first occurrence of dinosaur remains associated with fossil
bioerosion traces from Uruguay. It consists of a variety of traces in sauropod bones from
the Upper Cretaceous Guichén Formation, which crops out in the northwestern part of
the country (Figure 1). This finding allows making inferences about the environmental

conditions during the deposition of this unit and the taphonomic processes involved.

Argentina

i
0 200  400km
W 59°

57°50°

Figure 1. Map showing the two localities (1 and 2) with bioeroded dinosaur bones, and panoramic

photos of them.

2. Materials and Methods

The studied material is stored in the fossil collection of the Facultad de Ciencias/Ude-
laR, Uruguay (FC-DPI-9924; 9925, and FC-DPV-1900; 3595).

The trace fossils found in the bones were analyzed with a stereomicroscope at differ-
ent magnifications and, when necessary, some traces were cast with latex to better appre-
ciate the internal structure.

The formal stratigraphy used in this work follows the rules and suggestions of the
International Stratigraphic Guide [27] and the International Chronostratigraphic Chart
[28].
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The measurements were taken with manual calipers accurate to 0.01 mm and ex-
pressed in millimeters.

3. Geological Setting and Age

The Guichdén Formation [29], equivalent to the “Guichén Sandstones” of Lambert [30]
is a siliciclastic unit which crops out in the Paysandti and Rio Negro departments, north-
west Uruguay. It unconformably overlies thick Early Cretaceous basaltic flows (Arapey
Formation, the Uruguayan equivalent of the Brazilian Serra Geral Formation) and is in
turn unconformably overlain by the coarser Late Cretaceous deposits of the Mercedes For-
mation [29]. Following Goso & Perea [31], the Guichéon Formation comprises pink-grayish
to orange- and red-grayish, fine- to medium-grained sandstones, rich in quartz and feld-
spars, with an abundant (35%) argillaceous matrix (i.e., feldspathic wackes). These sand-
stones are interbedded with medium to fine conglomerates and thin, massive but scarce
mudstones. The unit is interpreted as the deposition of SW-flowing proximal braided riv-
ers, with local aeolian and/or aeolian reworked deposits (e.g., Meseta de Artigas, Paso
Hervidero).

The two fossil-bearing localities are located in the Paysandt department, one near
the Arroyo Malo Town and the other near Aratjo Town (Figure 1). The first one corre-
sponds to small outcrops alongside a secondary road. These pinkish and orange, fine- to
medium-grained sandstones and orthoconglomerates, with massive structures and pres-
ence of rizolithes, sometimes showing intense local silicification, correspond to fluvial fa-
cies of the Guichén Formation. The second locality is a large gully, formed by the weath-
ering and erosion of the typical orange sandstones of the lithological unit, which was first
mentioned by Soto et al. [32,33].

The age of the Guichén Formation has been a subject of debate. Goso & Perea (2003)
proposed a late Early Cretaceous age, mainly based on lithological similarities with the
Aptian—Albian Migues Formation of the Santa Lucia Basin, southern Uruguay. However,
the fossil content is more consistent with a Late Cretaceous age. The derived saltasauroid
Udelartitan celeste plus cf. Sphaerovum eggshells imply a younger, late Late Cretaceous age
[34]. This is also consistent with the U-Pb age obtained for the calcretization process for
the overlying Mercedes Formation, which gives a Maastrichtian age [35]. However, the
notosuchian Uruguaysuchus aznarezi [36]favors an early Late Cretaceous age (i.e., Ceno-
manian-Turonian, [37]). The issue remains open, and an indeterminate Late Cretaceous
age for the unit is adopted herein.

4. Results
Systematic Ichnology

The following ichnotaxa were clearly identified in association with the dinosaur re-
mains:

Ichnogenus Machichnus Mikulas et al., 2006

Type ichnospecies Machichnus regularis Mikulas et al., 2006

Machichnus bohemicus Mikulas et al., 2006 (Figure 2A)

Material. FC-DP1-9924, two groups of shallow, subparallel, convergent smooth bot-
tom scratches, and three isolated similar scratches in a possible sauropod metacarpal frag-
ment (Figure 2), associated with FC-DPI-9925 (see above).

Locality and stratigraphic level. Town of Arroyo Malo, near Quebracho, Paysandu de-
partment, Guichon Formation (Figure 1).

Description. There are three groups of scratches on one side of the bone. One forms a
kind of “bouquet” or “crochet” of about 0.5cm? in surface; the largest one, of about 1 cm?
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in surface area, shows parallel scratches; and close to them, three curved marks of ca. 0.5

cm long are isolated but not far from to each other (Figure 2).

Figure 2. Above: (A) probable metatacarpal fragment of sauropod (FCDPI-9924) showing Machich-
nus bohemicus and Cubiculum isp. traces, and (B) caudal vertebral centrum of cf. Udelartitan celeste
(FC.DPI1-9925) with Cubiculum isp. In the center, corresponding latex casts of the bioerosion struc-
tures; on the right, probable interpretations of the tracemakers. Below: (C,D) part of Figure (A) en-

larged to see details of Machichnus bohemicus and its corresponding cast. Scale bars 1 cm in all cases.

Comments: The surface of the bone is smooth and shows little wear, which allowed
the preservation of small, delicate traces such as Machichnus bohemicus. Such ichnospecies
could be interpreted as a gnawing (rasping) trace. A similar interpretation can be applied
to Gnathichnus Bromley, 1975. However, the grooves of Machichnus are oriented perpen-
dicular to the substrate edge and, as noted by Mikulas et al. [20], they primarily affect
substrate edges, which is not the case for Gnathichnus.

Scratches of the described morphology of M. bohemicus most likely occur during the
feeding activity on soft tissues surrounding the bones [20]).

Ichnogenus Cubiculum Roberts et al., 2007.

Type ichnospecies Cubiculum ornatum Roberts et al., 2007, emended by Hopner &
Bertling [22].

Cubiculum isp. (Figure 2A)
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Material: FC-DPI-9924, two chambers in a possible sauropod metacarpal fragment.
FC-DPI-9925 and a small boring in the proximal portion of a caudal vertebral centrum of
cf. Udelartitan celeste.

Locality and stratigraphic level. Town of Arroyo Malo, near Quebracho, Paysandu de-
partment, Guichén Formation, Upper Cretaceous of Uruguay (Figure 1)

Description. Ovoid or ellipsoid excavations with chamber general morphology, mod-
erately deep (between 4 and 8 mm), with a rounded base. One of them is approximately
30 mm long and 10 mm wide, and the other is approximately 14 mm long and 7 mm wide
(Figure 2A). A small boring (5 mm diameter) with marked concavities on the flanks and
bottom, and constriction of walls in the upper area (Figure 2B). Absence of internal
scratches (bioglyphs).

Locality and stratigraphic level. Town of Arroyo Malo, near Quebracho, Paysandu de-
partment, Guichén Formation (Figure 1).

Description. A small (5 mm diameter) ball-shaped boring with marked concavities on
the flanks and bottom, and constriction of walls in the upper area. Absence of internal
scratches (bioglyphs).

cf. Cubiculum isp. (Figures 3 and 4).

Figure 3. Condyle of the second caudal vertebra centrum of the holotype of Udelartitan celeste (FC-
DPV-3595) showing bioerosion structures tentatively identified as cf. Cubiculum isp. Latex cast on

the right. Scale bars 3 cm.

Material. FC-DPV-3595, on the condyle of the third caudal centrum of Udelartitan ce-
leste Soto et al., 2024. FC-DPV-1900, metacarpal referred to Udelartitan celeste.

Locality and stratigraphic level: Town of Aratijo, near Quebracho, Paysandt depart-
ment, Guichén Formation (Figure 1).

Description. The third caudal centrum shows two chamber-shaped perforations on
the condyle surface. These have very irregular bottom surfaces, perhaps due to the highly
spongy bone being used as a substrate (Figure 3). The metacarpal shows a small circular
boring (about 5 mm diameter and 3 mm depth), probably a bore-probe, and near it an
elongate convex structure that we interpret as the mineral filling of a chamber (Figure 4).
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Figure 4. Metatacarpal fragment of Udelartitan celeste (FC.DPV-1900), showing bioerosion structures
tentatively identified as cf. Cubiculum isp.: (1) an incipient bore-probe, (2) a chamber filled with min-

erals.

Ichnogenus Osteocallis Roberts et al., 2007.

cf. Osteocallis isp. (Figure 5). Material. FC-DPV-3595, on the condyle of the first caudal
centrum and the cotyle of the second caudal centrum of Udelartitan celeste.

Locality and stratigraphic level. Town of Aratjo, near Quebracho, Paysandu depart-
ment, Guichén Formation (Figure 1).

Figure 5. Cotyle of the third caudal vertebra centrum of the holotype of Udelartitan celeste (FC-DPV-
3595) showing bioerosion structures tentatively identified as Osteocallis isp. (1 and 2). Latex casts on

the right. Scale bar 1 cm.
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Description. Shallow trails of grooves in the cortical bone. They form curved lines that
are approximately parallel to the external contour of the cotyle or condyle of each verte-
bra.

Comments: The bones from this locality are less well preserved than the first described
specimens FC-DPI-9924 and 9925. They have a rougher and more worn surface, which
makes it more difficult to distinguish traces on their surface.

5. Discussion
5.1. Tracemakers and Biology

Machichnus bohemicus could represent a small terrestrial reptile or mammal, probably
a multituberculate given the morphology of the traces attributed to the effect of gnawing
[38] and the context of its geological age.

Cubiculum isp. (Figure 2A) is considered to represent pupal chambers of scavenger
or osteophagous insects, probably dermestid beetles [5,22,25]. However, there is not
enough experimental evidence to assign the bowl-shaped trace FC-DPI-9925 to dermestid
pupation chambers [23]. This trace has a hole general morphology [6], and according to
the definitions used by Britt et al. [2], it could be an incipient bore-probe.

Osteocallis probably corresponds to the feeding tracts of insects [8,25,39]. The furrows
can be interpreted as an “external mining/harvesting” structure [2], in which the width of
the trace reflects the growth of the larva. “The general use of this ichnogenus to accom-
modate all shallow trails of grooves in cortical bone” was suggested by Paes-Neto et al.

[8].

5.2. Taxonomy of Bones

As described, the three first vertebrae of the holotype of Udelartitan celeste FC-DPV-
3595 have probable traces attributed to sarcosaprophagous insects. The bone material
from Arroyo Malo (FC-DPI-9924 and 9925), showing the presence of most of the ichnotaxa
described here, including those referred to small gnawing vertebrates, could also be as-
signed tentatively to Udelartitan celeste, particularly the vertebral remain FC-DPV- 9925,
given that it shows an hexagonal cotyle border, an autapomorphic trait of the species [34].

5.3. Taphonomy, Ecology of the Tracemakers, and Environment

Different degrees of preservation are observed in the ichnofossils analyzed, depend-
ing on the geographic location from which they originate. This is closely linked to the
degree of preservation of the bones that contain them. The dinosaur bones FC-DPI-9924
and 9925, from Arroyo Malo Town, have a less abraded surface than those from Aratjo
Town (FC-DPV-1900 and 3595). In both locations, the deposits of the Guichon Formation are
made up of sandstones and conglomerates of probable fluvial origin. In this context, the bones
of Udelartitan celeste (FCDPV-1900 and 3595) from Aratijo probably underwent greater
transport processes than those from Arroyo Malo (FCDPI-9924 and 9925).

The gnawing activity inferred for Machichnus bohemicus was perhaps related to ob-
taining dry organic matter or minerals from bones [38]. According to laboratory experi-
ences, as well as taphonomical and forensic observations, all suggested insect tracemakers
should have a better development in a terrestrial warm and dry environment
[1,12,13,15,17,40,41]. This is also supported by the interpreted paleoenvironment for the
Guichén Formation, i.e., fluvial deposition in arid to semi-arid climate, interspersed with
long intervals of no deposition [31].

It is also possible to infer subaerial exposure of the bones prior to their burial, since
the traces represent the activity of a sarcosaprophagous and scavenger fauna commonly
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References

associated with the last stages of terrestrial vertebrate decomposition, although a transient
burial can favor the development of certain insects [39].

In particular, the dermestid beetles, whose body fossils are undoubtedly registered
since the Late Cretaceous [5], are scavengers that develop better in dry organic matter at
intermediate temperatures (e.g., [15,41-43).

6. Conclusions

The first traces of bioerosion in dinosaur bones are reported from Uruguay. They
were identified in sauropod remains coming from the Upper Cretaceous Guichon For-
mation, which crops out in the Paysandd department, northwestern Uruguay.

The bone specimens FC-DPI-9924 and 9925, from Arroyo Malo, the better-preserved
ones, bear the more conspicuous traces described herein: Machichnus bohemicus and Cubic-
ulum isp. Traces tentatively assigned to Cubiculum isp. and Osteocallis isp. are described
for the vertebrae of the holotype specimen of Udelartitan celeste FC-DPV-3595, along with
some other material attributed to this species from the same locality (FC-DPV-1900). These
last two numbers correspond to bones that are less well preserved, perhaps due to greater rolling.

Some of the bioerosion traces described (Cubiculum and Osteocallis) are attributed to
sarcosaprophagous beetles, probably dermestids, while others, attributed to Machichnus
bohemicus, could be interpreted as the gnawing activity of a small scavenger vertebrate,
probably a multituberculate mammal.

The insects probably responsible for the bioerosion fossil traces studied herein point
to depositional conditions characterized by dry and non-depositional episodes in a warm
climate for the referred stratigraphical unit.

The action of this scavenging fauna indicates a period of subaerial exposure of the
bones before their final burial.

Author Contributions: Conceptualization (D.P., M.V., M.S., V.M. and F.M.); methodology (D.P.,
M.V., V.M., M.S. and F.M.); software (D.P., M.V. and V.M.); data curation (D.P., M.V. and V.M.);
writing —reviewing and editing (D.P.). All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The raw data supporting the conclusions of this article will be made

available by the authors on request.

Acknowledgments: To Juan Bandera, who collected and donated the studied fossil material to Fac-
ultad de Ciencias/UdelaR. To Héctor de Santa Ana and Gerardo Veroslavsky, for contributing to
such donations and for their important stratigraphic suggestions. To Ivan Grela, for field assistance
and fossil donation. To Ana Clara Badin, for her valuable help in field work. To Viviana Gonzalez,
who collaborated on the drawing of the geological map. Contribution to project CSIC/UdelaR Grupo
I+D Paleontologia de Vertebrados (DP) and project CSIC I+D 22520220100415UD (VM).

Conflicts of Interest: The authors declare no conflict of interest.

1.  Rogers, R.R. Non-marine borings in dinosaur bones from the Upper Cretaceous Two Medicine Formation, northwestern Mon-
tana. J. Vertebr. Paleontol. 1992, 12, 528-531.

2. Britt, B.B.; Scheetz, R.D.; Dangerfield, A. A suite of dermestid beetle traces on dinosaur bone from the Upper Jurassic Morrison
Formation, Wyoming, USA. Ichnos 2008, 2, 59-71.

3. Bader, K.S,; Hasiotis, S.T.; Martin, L.D. Application of forensic science techniques to trace fossils on dinosaur bones from a

Quarry in the Upper Jurassic Morrison Formation, Northeastern Wyoming. Palaios 2009, 24, 140-158.



Foss. Stud. 2025, 3, 2 9 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Xing, L.; Roberts, E.M.; Harris, ].D.; Gringras, M.K.; Ran, H.; Zhang, J.; Xu, X; Burns, M.E.; Dong, Z. Novel insect traces on a
dinosaur skeleton from the Lower Jurassic Lufeng Formation of China. Palaeogeogr., Palaeoclimatol. Palaeoecol. 2013, 388, 58-68.
Xing, L.; Parkinson, A.H.; Ran, H.; Pirrone, C.A.; Roberts, E.M.; Zhang, J.; Burns, M.E.; Wang, T.; Choiniere, ]. The earliest fossil
evidence of bone boring by terrestrial invertebrates, examples from China and South Africa. Hist. Biol. 2015, 28, 1108-1117.
Pirrone, C.A.; Buatois, L.A.; Gonzalez-Riga, B. A New Ichnospecies of Cubiculum from Upper Cretaceous Dinosaur Bones in
Western Argentina. Ichnos 2014, 21, 251-260.

Gianechini, F.A.; de Valais, S. Bioerosion trace fossils on bones of the Cretaceous South American theropod Buitreraptor gonza-
lezorum Makovicky, Apesteguia and Agnolin, 2005 (Deinonychosauria). Hist. Biol. 2015, 28, 533-549.

Paes-Neto, V.D.; Parkinson, A.H.; Pretto, F.A.; Soares, M.B.; Schwanke, C.; Schultz, C.L.; Kellner, A.W. Oldest evidence of oste-
ophagic behavior by insects from the Triassic of Brazil. Palaeogeogr. Palaeoclimatol. Palaeoecol. 2016, 453, 30—41.

Dyer, A.D.; R.H. LeBlanc, A.R.H.; Currie, P.J. Variation in lesion origins, histologic support for intra vitam bone resorption and
invertebrate bone boring in pachycephalosaur cranial domes. In Paleontological Society, 7th Biennial Symposium, Vertebrate Anat-
omy Morphology Palaeontology; 2018; ISSN 2292-1389.

Ozeki, C.S.; Martill, D.M.; Smith, R.E.; Ibrahim, N. Biological modification of bones in the Cretaceous of North Africa. Cretac.
Res. 2020, 114, 104529.

Benyoucef, M.; Bouchemla, I. First study of continental bioerosion traces on vertebrate remains from the Cretaceous of Algeria.
Cretac. Res. 2024, 152, 105678.

Martin, L.D.; West, D.L. The recognition and use of dermestid (Insecta, Coleoptera) pupation chambers in paleoecology. Palaeo-
geogr. Palaeoclimatol. Palaeoecol. 1995, 113, 303-310.

Laudet, F.; Antoine, P.O. Des chambres de pupation de Dermestidae (Insecta: Coleoptera) sur un os de mammifere tertiaire (phos-
phorites du Quercy): Implications taphonomiques et paléoenvironnementales. Geobios 2004, 37, 376-381.

Backwell, L.R.; Parkinson, A.H.; Roberts, E.M.; d’Errico, F.; Huchet, ]J.B. Criteria for identifying bone modification by termites
in the fossil record. Palaeogeogr. Palaeoclimatol. Palaeoecol. 2012, 337-338, 72-87.

Holden, A.R; Harris, ].M.; Timm, R.M. Paleoecological and taphonomic implications of insect-damaged Pleistocene vertebrate
remains from Rancho La Brea, Southern California. PLoS ONE 2013, 8, e67119.

Parkinson, A.H. Traces of Insect Activity at Cooper’s D Fossil Site (Cradle of Humankind, South Africa). Ichnos 2016, 23, 322
339.

Perea, D.; Verde, M.; Montenegro, F.; Torifo, P.; Manzuetti, A.; Roland, G. Insect trace fossils in glyptodonts from Uruguay.
Ichnos 2020, 27, 70-79.

Acosta-Hospitaleche, C.; Jones, W.; Rinderknecht, A. Bioerosive traces in a Pleistocene Anatid bone from Uruguay. J. S. Am.
Earth Sci. 2020, 107, 103-120.

Irazoqui, F.; Acosta-Hospitaleche, C. Bioerosive traces in fossil penguin bones (Aves, Sphenisciformes) from the Eocene of Ma-
rambio/Seymour Island (West Antarctica). Hist. Biol. 2021, 34, 2341-2349. https://doi.org/10.1080/08912963.2021.2017915.
Mikulas, R.; Kadlecova, E.; Fejfar, O.; Dvordk, Z. Three New Ichnogenera of Biting and Gnawing Traces on Reptilian and Mam-
malian Bones: A Case Study from the Miocene of the Czech Republic. Ichnos 2006, 13, 113-127.

Neumann, A.C. Observations on coastal erosion in Bermuda and measurements of the sponge Cliona Lampa. Limnol. Oceanogr.
1966, 11, 92-108.

Hopner, S.; Bertling, M. Holes in bones: Ichnotaxonomy of bone borings. Ichnos 2017, 24, 259-282.

Pirrone, C.A.; Buatois, L.A.; Bromley, R.G. Ichnotaxobases for Bioerosion Trace Fossils in Bones. ]. Paleontol. 2014, 88, 195-203.
Lucas, S.G. Two new, substrate-controlled nonmarine ichnofacies. Ichnos 2016, 23, 248-261.

Roberts, E.; Rogers, R.; Foreman, B. Continental insect borings in dinosaur bone: Examples from the Late Cretaceous of Mada-
gascar and Utah. ]. Paleontol. 2007, 81, 201-208.

McHugh, J.B.; Drumheller, S.K.; Riedel, A.; Kane, M. Decomposition of dinosaurian remains inferred by invertebrate traces on
vertebrate bone reveal new insights into Late Jurassic ecology, decay, and climate in western Colorado Peer] 2020, 8, €9510.
https://doi.org/10.7717 /peerj.9510.

Murphy, M.A ; Salvador, A. International Stratigraphic Guide -An abridged version. Episodes 1999, 22, 255271.

Cohen, K.M.; Finney, S.C.; Gibbard, P.L.; Fan, ].X. The ICS International Chronostratigraphic Chart. Episodes 2023, 36, 199-204.
Bossi, L. Geologia del Uruguay; Departamento de Publicaciones de la Universidad de la Republica: Montevideo, Uruguay, 1966;
p- 466.

Lambert, R. Memoria explicativa de un mapa geoldgico de reconocimiento del Depto. de Paysandt y los alrededores de Salto.
Bol. Inst. Geol. Uruguay. 1940, 27, 1-41.



Foss. Stud. 2025, 3, 2 10 of 10

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Goso, C.; Perea, D. El Cretéacico post-basaltico de la cuenca litoral oeste del rio Uruguay: Geologia y paleontologia. In Cuencas
Sedimentarias de Uruguay, Mesozoico; Veroslavsky, G., Ubilla, M., Martinez, S., Eds.; DIRAC: Montevideo, Uruguay, 2003; pp.
141-169.

Soto, M.; Perea, D.; Versolavsky, G.; Rinderknecht, A.; Ubilla, M.; Lecuona, G. Nuevos hallazgos de restos de dinosaurios y
consideraciones sobre la edad de la Formacion Guichén (Cretacico, Uruguay). Rev. Soc. Urug. Geol. 2008, 15, 11-23.

Soto, M.; Perea, D.; Cambiaso, A. First sauropod (Dinosauria: Saurischia) remains from the Guichén Formation, Late Cretaceous
of Uruguay. .J. S. Am. Earth Sci. 2011, 33, 68-79.

Soto, M.; Carballido, J.; Langer, M.; Silva, J.; Montenegro, F.; Perea, D. Phylogenetic relationships of a new titanosaur (Dinosauria,
Sauropoda) from the Upper Cretaceous of Uruguay. Cretfac. Res. 2024, 160, 105894. https://doi.org/10.1016/j.cretres.2024.105894.
Veroslavsky, G.; Aubet NMartinez, S.A.; Heman, L.M.; Cabrera FMesa, V. Late Cretaceous stratigraphy of the southeastern
Chaco- Parana Basin (“Norte Basin”-Uruguay): The Maastrichtian Age of the calcretization process. UNESP Geociéncias 2019,
38, 427-449.

Rusconi, C. Sobre reptiles cretaceos del Uruguay (Uruguaysuchus aznarezi, n.g. n.sp.) y sus relaciones con los notostquidos de
Patagonia. Bol. Inst. Geol. Perf. Uruguay, 1933, 19, 3-64.

Soto, M.; Pol, D.; Perea, D. A new specimen of Uruguaysuchus aznarezi (Crocodyliformes: Notosuchia) from the middle Cretaceous
of Uruguay and its phylogenetic relationships. Zool. . Linn. Soc. 2012, 163, 5158-5193.

Longrich, N.R.; Ryan, M.J. Mammalian tooth marks on the bones of dinosaurs and other late cretaceous vertebrates. Palaecontol-
ogy 2010, 53, 703-709. https://doi.org/10.1111/j.1475-4983.2010.00957.

Cunha, L.S.; Dentzien-Dias, P.; Francischini, H. New bioerosion traces in rhynchosaur bones from the Upper Triassic of Brazil
and the oldest occurrence of the ichnogenera Osteocallis and Amphifaoichnus. Acta Palaeontol. Pol. 2024, 69, 1-21.

Paik, I.S. Bone chip-filled burrows associated with bored dinosaur bone in floodplain paleosols of the Cretaceous Hasandong
Formation, Korea. Palaeogeogr. Palaeoclimatol., Palaeoecol. 2000, 157, 213-225.

Martin-Vega, D.; Diaz-Aranda, L.M.; Baz, A.; Cifrian, B. Effect of Temperature on the Survival and Development of Three Fo-
rensically Relevant Dermestes Species (Coleoptera: Dermestidae). ]. Med. Entomol. 2017, 54, 1140-1150.

Howe, R.W. The effect of temperature and humidity on the length of the life cycle of Dermestes frischii Kug. Entomologist 1953,
86, 109-113.

Coombs, C.W. The effect of temperature and relative humidity upon the development and fecundity of Dermestes lardarius L.
(Coleoptera, Dermestidae). J. Stored Prod. Res. 1978, 4, 111-119.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.researchgate.net/publication/388217730

	1. Introduction
	2. Materials and Methods
	3. Geological Setting and Age
	4. Results
	Systematic Ichnology

	5. Discussion
	5.1. Tracemakers and Biology
	5.2. Taxonomy of Bones
	5.3. Taphonomy, Ecology of the Tracemakers, and Environment

	6. Conclusions
	References

