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Abstract

canids. Then, the disarticulated remains and a mummified
hindlimb were transported into the cave by multiple events
of low-energy hydraulic flows. Inside the cave, some
specimens experienced exposure on the water table and
incrustation. The biostratinomic data suggest the
taphonomic history of deers around Gruta do Urso cave
occurred in arid conditions.

This work identifies and interprets taphonomic features of
the deer fossil assemblage recovered from the Gruta do Urso
cave, located in Tocantins State, Northern Brazil
Consequently, its results shed light on the origin of the
vertebrate assemblages in cave deposits and paleoecological
aspects of Quaternary deer of northern Brazil. The cervid
fossil accumulation of the Gruta do Urso cave includes
individuals of three species that died outside the cave and,
then, underwent disarticulation and weathering during a time

span between one and five years. During the necrolysis, they
experienced scavenging by large-sized felids and small-sized

1. Introduction

Brazilian caves outstand by preserving a large amount of
vertebrate remains of Quaternary age, including

Keywords: Taphonomy. Paleoecology. Cave deposits.
Cervidae. Quaternary.

megamammals and large-, mid- and small-sized vertebrates
that lived in South America from the Late Pleistocene to the
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Holocene (Cabral-de-Carvalho et al., 1969; Cartelle, 1992;
Auler et al., 2006). However, few taphonomic studies were
conducted in Brazilian caves so far (e.g. Auler et al., 2000;
Hubbe et al, 2011; Hubbe and Auler, 2012). The
comprehension of the taphonomic history of a fossil
assemblage deposited in caves is important to determine
how those fossils were transported to the cave, if those
fossils used the cave as shelter, and even to study some
paleoecological aspects, such as food web role and
environmental preferences (Andrews, 1990; Simms, 1994).

This work aims to identify and interpret the taphonomic
features of the deer fossil assemblage recovered from the
Gruta do Urso cave, located in Tocantins State, Northern
Brazil. Consequently, this work shed light on the
taphonomic history and paleoecological aspects of Late
Quaternary vertebrates preserved in Brazilian caves.

2. Study area

2.1. Location and genesis of the caves

The material was recovered from a sedimentary deposit
at the Gruta do Urso limestone cave in Aurora do Tocantins
(12°42'47" S and 46°24'28" W), Tocantins State, northern
Brazil (Fig. 1). The carbonate rocks from Aurora do
Tocantins are part of the Speleological Province of the
Bambui Group, where numerous caves have been found
(Zampaulo and Ferreira, 2009). The geology of the study
area is poorly known. The predominant rocks in the region
are rhythmic limestones and siltstones from the
Neoproterozoic Paraopeba Subgroup, although alluvial
deposits might occur locally (Dardenne, 1978; Dardenne and
Walde, 1979).

The information provided by the Servico Geoldgico do
Brasil on the geology of the municipality of Aurora do
Tocantins report carbonate and terrigenous deposits
(CPRM, 2000). The lower portion of the area is represented
by the Sete Lagoas Formation, which is composed of thick
deposits of mudstones, calcareous and dolomites presenting
stromatolites.

The Sete Lagoas Formation is covered by siltstone and
laminate siltstones of the Serra de Santa Helena Formation.
This carbonate-terrigenous set of rocks is superimposed by
dark calcarenites and marls, with organic material from the
Lagoa do Jacaré Formation. Superimposed over the Bambui
Group are the Cretaceous rocks of the Urucuia Formation.

The caves were developed mainly in the limestones of
Lagoa do Jacaré Formation, which consist in slightly
weathered dark gray metacalcarenites, massive or with
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horizontal lamination, with sparry calcite (generally in veins),
micritic calcite, ooids and small amounts of silica. In some
outcrops there are interbedded metacalcarenites, mudstones
and calcilutites (Avilla et al., 2013). Millimeter- to centimetet-
wide whitish gray intraclasts occur throughout the
predominant limestones (CPRM, 2006).

The limestones often form plateaus that rise from the rest
of the terrain and comprise a partially active karst system.
Most caves occur above the ground level in high portions of
the plateaus. The caves originated during a period of
formation of karst relief in which the rocks that now
compose the plateaus were below the ground level. The
current outcrops were not developed by the uplift of the
plateaus, but by the different types of erosion of the
limestones and the erosive retraction of the Urucuia
sandstones which once covered the region and today occur
to the east of the study area (Avilla et al., 2013). Access to
the plateaus occurs mainly through vicinal roads and paths
that cut the vegetation. Currently, the region is situated
mainly within the Cerrado biome.

The Gruta do Urso cave is an epigenic, solutional,
ramiform to network cave with some branchwork passages
(sensu Palmer, 1991) and has great vertical and horizontal
development. The entire length of the cave has not been
completely mapped. The Gruta do Urso cave originated in a
phreatic zone, was later invaded and enlarged by vadose
water.

2.2. Stratigraphy

The fossils described here were collected from 2011 to
2014 in the Gruta do Urso limestone cave at Aurora do
Tocantins (12°42'47" S; 46°24'28" W), state of Tocantins,
northern Brazil. All excavations were leaded by the Professor
Leonardo dos Santos Avilla, director of the Laboratério de
Mastozoologia of Universidade Federal do Estado do Rio de
Janeiro — UNIRIO.

The fossils were found in a sedimentary deposit of a
lateral passage of the main room. The excavation within the
cave was stratigraphically controlled, and three stratigraphic
levels were recognized (from the bottom to the top): 1) a 16
millimeter-thick yellowish layer of coarser granulometry,
containing several detached angular clasts originated from
the cave walls; 2) a laminated reddish-grey loess-like
sediment with granulometry from very fine to fin, with a
thickness of 180 to 220 millimeters; only this layer (level 2)
contained fossil remains; and, 3) a superficial thin layer,
composed of sands cemented by CaCOs; this layer is around
2 cm thick (Fig. 2).
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Fig. 1. Location map of Gruta do Urso cave and Aurora do Tocantins, Tocantins State, Northern Brazil. 1. Location map of the study
area; 2. Map of the interior of the cave; numbers inside the cave represent the sequence of curves of the conduit.

The occurrence of sedimentary deposits covered by
carbonate incrustation lenses is also observed in many other
caves in the region of Aurora do Tocantins, possibly
corresponding to a large scale event of increased humidity,
causing changes in the pattern of recharge from the land
surface and consequently in the entire environment. Similar
occurrences were studied by Auler et al. (2009), who
identified three processes (clastic sediment input, erosion
and calcite deposition) that are linked to distinct
paleoenvironmental and paleoclimatic conditions.

The episodes of clastic input would be related to a drier
climate, spatse vegetation and intense sediment yield due to
runoff, while the precipitation of calcite would be related to
wetter conditions (Auler and Farrant, 1999; Brain, 1995;
Brook et al., 1997). Sediment erosion inside those caves can
be interpreted as cause of intermediate climatic conditions,
which were not humid enough for speleothem deposition

and not dry enough to allow transportation of sediment into
the caves (Auler et al., 2009).

Although there is no absolute dating for the Cervidae
remains, their age can be discussed based on both numerical
datings for other taxa and the faunal assemblage found
associated at that same level. Fossils of Panthera onca
(Linnaeus, 1758) found at the bottom and Morenelaphus
Carette, 1922 from the top of the fossiliferous level gave
dates ranging from about 22,000 and 3,800 BP, respectively
(Rodrigues et al, 2014). Furthermore, the armadillo
Propraopus sulcatus (Lund, 1842) is restricted to the Late
Pleistocene (see Castro et al., 2013) and the equid Egwus
(Amerbippus)  neogens (Lund, 1840) is a fossil guide for
Lujanian (Late Pleistocene-earliest Holocene; Cione and
Tonni, 1999, 2005). Therefore, the Cervidae fossils herein
studied can be attributed to the Late Pleistocene-eatly
Holocene age.
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Fig. 2. Stratigraphic log of the fossiliferous deposit of Gruta do
Urso.

3. Material and methods

3.1. Excavation, preparation and description

The material was collected in four excavations
(January/2011, January/2012, June/2013 and January/2014)
in the Gruta do Urso. During the paleontological expeditions
to the caves of northern Brazil, great diversity and
abundance of fossil of mammals were gathered and they are
housed at the collection of fossil mammals at the UNIRIO
(Oliveira et al.,, 2011; Avilla et al.,, 2013; Rodriguez et al.,
2013; Castro et al., 2013; Rodrigues et al., 2014; Villa Nova
et al., 2015; Soibelzon et al., 2015; Gasparini et al., 2015).
Deer remains were recovered in the four expeditions,
providing us specimens enough to base this study.

The fossils were collected by digging and picking them
from the sedimentary deposit. After the curatorial
procedures (cleaning and formal inclusion in the collection)
in the laboratory, each fossil was identified by its taxonomy
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and anatomy. The taxonomical identification were based on
visiting extant (Mastozoology Section of Museu Nacional)
and fossil mammalian collections (Museu de Ciéncias
Naturais da Pontificia Universidade Catolica; MCL). The
anatomical identification was also based on Sisson and
Grossman (2008), Schmid (1972), Scherer (2009), and also
using a complete skeleton of Magama americana (UNIRIO-
PM 4970). The measurements used a digital calliper and were
based on Scherer (2009).

3.2. Taphonomic analysis

The material is composed of 28 specimens belonging to
the Cervidae (Mammalia, Cetartiodactyla) and is housed in
the paleomastozoological collection of the Laboratério de
Mastozoologia (LAMAS) da Universidade Federal do
Estado do Rio de Janeiro (UNIRIO). All specimens and
sedimentological data were recovered during four fieldworks
at Gruta do Urso. Bone modification criteria provided by
Haynes (1980, 1983), Hill (1980), Shipman (1981),
Behrensmeyer (1978, 1991), Lyman (1994) and Eberth et al.
(2007a, b). Taphonomic attributes evaluated were: (i)
taxonomic representation; (i) bone representation; (iii)
weathering; (iv) breakage; (v) abrasion; (vi) incrustation; (vii)
scavenging; (viii) color pattern; and (ix) aspects of transport.

The taxonomic representation was evaluated taking into
account the Number of Identifiable Skeletal Parts (NISP)
and the Minimum Number of Individuals (MNI) to quantify
taxa and skeletal parts, respectively (Lyman, 1994; Badgley,
1986). For each taxon, the MNI was calculated using the
most abundant skeletal element from either the left or right
side of the animal (Lyman, 1994). Taxonomic representation
consists in identifying the taxa recorded in the fossil
accumulation and the amount of skeletal elements per taxa.
Bone representation is related to the amount of specific
skeletal parts preserved in the fossil assemblage (Lyman,

1994).

Weathering and abrasion were evaluated using the
Behrensmeyer’s weathering stages (from zero to five;
Behrensmeyer, 1978) and Shipman’s abrasion stages (no
abrasion; moderate abrasion; heavy abrasion; Shipman,
1981), respectively. Regarding the breakage, we consider
only long bones (e.g. tibiae, humeri, femurs) and used the
classification of Shipman et al. (1981) for types of fractures.
We establish three stages of incrustation: (i) stage 0, bony
surface not covered by concretions; (i) stage 1, until 50% of
the bony surface covered by concretions; and (iii) stage 2, up
to 50% of the bony surface covered by concretions. The
description and interpretation of tooth traces are based on
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Haynes (1980, 1983), Mikulas et al. (2006) and Pirrone et al.
(2014). Color assignments were based on the Munsell Color
Chart. Regarding the aspects of transport, we apply the
Voorhies” groups (Voorhies, 1969) in order to infer the
distance of transport of the remains from their source area.
Then, using aspects of transport and abrasion, we classify the
Cervidae assemblage according to the classification of fossil
vertebrate assemblages of Aradjo-Junior (2016; in situ-
preserved assemblage; peripheral assemblage; ex situ-
preserved assemblage).

4. Results

4.1. Abundance and size classes

Twenty-eight post-cranial elements assigned to cervids
were identified. They were assigned previously to Blastoceros
dichotomus, Mazama gonazonbira and Mazama americana by
Pereira (2015). Three bodied size classes were recognized
among the cervid specimens of Gruta do Urso cave: Large-
sized cervids (LC), mid-sized cervids (MC) and small-sized
cervids (SC). All skeletal elements belong to adult
individuals, as their epiphyses are fused to the diaphyses. The
abundance of individuals per size classes was defined using
the MNI, allowing recognizing five cervid individuals: one
LC individual, two MC individuals and two SC individuals.

4.2. Surface bone modifications

The taphonomic analysis performed herein is based on
the data presented in the Appendix 1 and Appendix 2.

Regarding the weathering stages, the stage 1 is
overrepresented in the sample (78.6% of the sample) (Fig.
3D, E). The commonest features are shallow cracks parallel
to the major axes. Around 10.7% of the sample is assigned
to the stage 0 (Fig. 3C). Only a specimen (UNIRIO-PM
4815) presents stage 2 of weathering (3.6% of the sample)
(Fig. 5A). Due to the presence of incrustation, weathering
stages were not attributed to 7.1% of the sample (see Fig.
3B).

Bone removal of the distal epiphyses of four elements
(UNIRIO-PM 3461, UNIRIO-PM 3454, UNIRIO-PM
3471 and UNIRIO-PM 3472) were observed. The specimen
UNIRIO-PM 3459 (Fig. 3A) also presents an irregular-
shaped bone removal which is deeper than those observed
in other specimens. Furthermore, there is a wide exposition
of the cancellous bone of the epiphysis of this specimen.
Shallow scratches were observed in the calcaneus UNIRIO-
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PM 4813 (Fig. 4D). They form a set of scratches parallel each
other and perpendicular to the major axis of the calcaneus.

Fractures are observed in 71.4% of the specimens.
Among the broken specimens, 95% present irregular
fractures perpendicular to the major axis. Around the
specimen UNIRIO-PM 3476 (Fig. 3E) presents spiral
fracture (5% of the broken specimens). Interestingly, all
broken elements are fractured near the central part of the
diaphysis.

Wear marks are rare in the cervid specimens and an only
specimen presents signs of this sort (UNIRIO-PM 3455).
Regarding the Voorhies’ groups, only the groups 1 (32.2%)
and II (67.8%) are represented. Although collected isolated,
some skeletal elements were associated a posteriori, during the
taphonomic analysis (Appendix 1). However, the most
significant association is made between the skeletal elements
of a hindlimb: the right tibia (UNIRIO-PM 4814), the right
metatarsus (UNIRIO-PM 4815), tarsal bones, calcaneus and
astragalus (UNIRIO-PM 4816). All these elements were
visually cemented by CaCOs (Fig. 4A, B).

Incrustation was observed on around 93% of the sample.
Among the encrusted bones, 84.6% are in the Stage 1 and
15.4% in the Stage 2. Only two specimens (UNIRIO-PM
3461 and UNIRIO-PM 3468) do not present signs of
incrustation (that is, they are assigned to the Stage 0). Surface
color of the specimens is assigned to the yellowish pattern
yellow HUE 5Y (8/4 and 8/6) of the Munsell Color Chart.
Furthermore, some specimens present staining by darkish
minerals (Appendix 2). Regarding the color pattern of the
incrustations, some bones vary from yellow-red HUE 2.5YR
to yellow-red HUE 10YR, depending on the amount of
siliciclastic  sediments associated to the incrustation

(Appendix 2).

5. Discussion

This taphonomic analysis indicates that the deer
specimens of Gruta do Urso cave experienced an array of
taphonomic processes during their taphonomic history.
Interestingly, the large amount of inferred taphonomic
processes is related to the biostratinomic phase
(Behrensmeyer, 1991).

The presence of the earlier stages of desiccation marks in
the cervid specimens suggests that these elements
experienced weathering prior to burial during a time span
between one to five years (Behrensmeyer, 1978). That
categorization of weathering was based on systematic
observations and describes five stages with liked time of
exposure in an arid climate.
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Fig. 3. Taphonomic features observed in the deer remains from Gruta do Urso cave. A. UNIRIO-PM 3459, distal fragment of left femur
with drying bone removal caused by dryness of the epiphyseal cartilages; B. UNIRIO-PM 1310, proximal fragment of left tibia with black
staining; C. UNIRIO-PM 3454, distal fragment of right humerus with two types of staining; D. UNIRIO-PM 4814, proximal fragment
of right tibia with stage 1 of incrustation; E. UNIRIO-PM 3476, proximal fragment of right radius with weathering stage 1 and spiral
fracture; F. UNIRIO-PM 3460, proximal fragment of right tibia with blackish staining and stage 1 of incrustation; arrows indicate
taphonomic signatures. Scale bar= 5 cm.
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Fig. 4. Articulated elements of a right hindlimb of Mazama americana (UNIRIO-PM 4814, UNIRIO-PM 4815 and UNIRIO-PM 48106).
A. medial view of the hindlimb with weathering stage 2; B. lateral view of the hindlimb with stage 2 of incrustation. Scale bar= 5 cm.
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Fig. 5. Taphonomic features observed in the deer remains from Gruta do Urso cave. A. UNIRIO-PM 1310, proximal fragment of left
tibia with stage 2 of incrustation; B. UNIRIO-PM 3460, proximal fragment of right tibia with stage 2 of incrustation and
permineralization; C. UNIRIO-PM 4815, right metatarsus of fracture produced during the collecting; D. UNIRIO-PM 4813, left
calcaneus with tooth marks (scratches); E. UNIRIO-PM 4816, articulated podial elements (calcaneus, astragalus and tarsus); F. UNIRIO-
PM 48106, view of the articular surfaces of the articulated elements; arrows indicate taphonomic signatures. Scale bar= 5 cm.
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Stage 0 indicates no sign of cracking and possible range
to 1 year of exposure; Stage 1, the bone shows cracking
parallel to the fiber structure and possible range from 1 to 3
years of subaerial exposure; Stage 2, outermost concentric
thin layers of bone shows flacking tending to separate and
flake first and possible range from 3 to 5 years of subaerial
exposure; finally, the Stages 3, 4 and 5 demonstrate cracking
bones more opened or falling apart in situ what indicate a
time of exposure more than 5 years until around 30 years

(Behrensmeyer, 1978).

Considering that only the Stages 0, 1 and 2 are observed
in the deer remains of Gruta do Urso, we interpret a time
span of subaerial exposure of five years for the
thanatocoenosis analyzed herein. Considering that this
process does not occur inside caves, we can infer that the
individuals died outside the cave and, then, were transported
to inside of it (a peripheral assemblage sens# Aradjo-Junior,
2016). Consequently, we can rule out the idea that the cervid
assemblage of Gruta do Urso is a leftover concentration
produced by predators or scavengers inside the caves.

Although we can rule out the hypothesis that cervid
remains  were deposited inside the cave by
predators/scavengers, it is not possible to discard completely
the action of these organisms during the taphonomic history
of the fossil assemblage, as bone removals and scratches
have been observed in some specimens. Thus, although
neither predation nor scavenging had occurred inside the
cave, they occurred sometime outside the Gruta do Urso.

These features are similar to those produced by felids
(bone remotions in the epiphyses) and canids (scratches in
the diaphyses) (Haynes, 1980; Aratjo-Janior et al., 2011;
Dominato et al., 2011).

Considering the shape and size of the traces and the
carnivore species recorded in the cave deposit (Rodrigues et
al,, 2014), it is likely that the bone remotions and scratches
have been produced by the large-sized felid Panthera onca
(Linnaeus, 1758) and the small-sized canid Cerdocyon thous
(Smith, 1839). Furthermore, this hypothesis is based on the
distribution of those species in the Cerrado (Savanna) and
Caatinga (Deserts and Shrublands) biomes of northeast
Brazil and coexists with other species during the Late
Pleistocene-Holocene, putting them in the same scenario at
the same period.

Likewise the desiccation marks, the overrepresentation of
disarticulated elements suggests a time span of subaerial
exposure of the carcasses prior to burial (Shipman, 1981;
Weigelt, 1989; Behrensmeyer, 1991).

During that time, scavenging, weathering and even the
transport may have influenced in the disarticulation of the
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cervid carcasses outside the cave. However, it is noteworthy
the presence of an articulated hindlimb in the fossil
assemblage (the right tibia, UNIRIO-PM 4814; the right
metatarsus, UNIRIO-PM 4815; and tarsal bones, calcaneus
and astragalus, UNIRIO-PM 4816). Additionally, the pattern
of curving of the hindlimb is intriguing (Fig. 5).

This pattern matches with that observed in mummified
carcasses in an arid climate (Weigelt, 1989; Aradjo-Junior and
Marinho, 2013). Thus, considering this evidence, it is likely
that an arid climate may have occurred during the
biostratinomic phase of the cervid assemblage of Gruta do
Urso.

This hypothesis reinforces the idea of the predominance
of dry climate which correspond with the Cerrado biome,
confirming in a first time the exposition of this material in a
elevate temperature and after occurring some event making
the transport to the cave.

Regarding the breakage pattern, all fractures observed in
the specimens can be assigned to biostratinomic processes
(Shipman et al., 1981). Scavenging, trampling and transport
have been erected as processes responsible for breaking
bones during the biostratinomic phase (Shipman, 1981;
Shipman et al., 1981; Behrensmeyer, 1991; Lyman, 1994).

However, considering the bone modifications observed
in the cervid remains, trampling (e.g. trample marks) has not
been observed (Behrensmeyer et al., 1986) what make this
process unlikely as further evidence. We also rule out the
hypothesis of the fractures have been produced during the
hydraulic transport, but the few evidences with this type of
mark (e.g. abrasion) demonstrate a low-energy transport
which would not have energy enough to fracture large-sized
bones.

The preservation of cervid remains in fine sands, the
predominance of the elements of the groups I and II of
Voorhies (1969) (phalanges, tibiae and humeri) and the
occurrence of minor abrasion are evidence in favor of the
hypothesis that the cervid remains experienced a low-energy
transport into the cave (Voorhies, 1969; Behrensmeyer,
1975; Shipman, 1981; Lyman, 1994; Eberth et al., 2007a).

However, differences in the staining of some bones
indicate that cervid remains experienced fossil diagenetic
alterations during different time spans or even different
places (Aratjo-Junior et al,, 2013). Thus, it is likely that
multiple events of specimen inputs — during multiple events
of sedimentary deposition into the cave — occurred during
the genesis of the cervid assemblage in Gruta do Urso.

A large amount of cervid specimens presents the stage 1
of incrustation. Such feature occurs only on half of the
specimens, suggesting that the incrusted portion experienced
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exposure on the water table in the upper part of the Gruta
do Urso deposit.

6. Conclusion

The cervid fossil accumulation of the Gruta do Urso cave
is a peripheral assemblage of individuals of different species
that died outside the cave. After the death, the carcasses
underwent disarticulation and weathering during a time span
between one and five years. During the decay, they
experienced scavenging by large-sized felids and small-sized
canids. Then, the disarticulated remains and a mummified
hindlimb were transported into the cave by multiple events
of low-energy hydraulic flows. Inside the cave, some
specimens experienced exposure on the water table and
incrustation. The taphonomic history of the cervid
assemblage seems to have occurred under an arid climate.
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Appendix 1. List of the deer specimens evaluated in this study and their degree of taphonomic signatures. IP= “Irregular and perpendicular to the longest bone

axis” fracture.

Speci . Skeletal Location in the Weathering Incrustation Type of Degree of
pecimen Species ,
element cave stages stages fracture abrasion

UNIRIO-PM 1310 Mazama americana Left tibia Conduit entrance Stage 1 Stage 2 P Unobservable
UNIRIO-PM 3454 Mazama gonazonbira Right humerus Main hall Stage 1 Stage 1 P No abrasion
UNIRIO-PM 3455 Mazama gonazonbira Right metatarsus Curve 5 Unobservable Stage 1 1P 1::[}; i:irg;e
UNIRIO-PM 3456 Mazama gonazonbira Right calcaneus Unknown Stage 1 Stage 1 1P No abrasion
UNIRIO-PM 3457 Mazama gonazonbira  Right metacarpus Unknown Stage 1 Stage 1 1P No abrasion
UNIRIO-PM 3458 Mazama gonazonbira Left metacarpus Unknown Stage 1 Stage 1 P No abrasion
UNIRIO-PM 3459 Mazama gonazonbira Left femur Unknown Stage 0 Stage 1 P No abrasion
UNIRIO-PM 3460 Mazama americana Right tibia Curve 4 Stage 1 Stage 2 P No abrasion
UNIRIO-PM 3461 Blastocerus dichotomuns Right humerus Curve 1 Stage 1 Stage 0 P No abrasion
UNIRIO-PM 3462 Mazama gonazonbira Right phalanx Unknown Stage 1 Stage 1 No fracture No abrasion
UNIRIO-PM 3463 Mazama gonazonbira Right metatarsus Unknown Stage 1 Stage 1 P No abrasion
UNIRIO-PM 3464 Mazama gonazonbira Left tibia Unknown Stage 1 Stage 1 P No abrasion
UNIRIO-PM 3465 Mazama gonazonbira Navicular Unknown Stage 0 Stage 1 No fracture No abrasion
UNIRIO-PM 3467 Mazama gonazonbira Right astragalus Unknown Stage 1 Stage 1 No fracture No abrasion
UNIRIO-PM 3468 Mazama gonazonbira Left astragalus Unknown Unobservable Stage 0 No fracture No abrasion
UNIRIO-PM 3469 Mazama gonazonbira Left calcaneus Unknown Stage 1 Stage 1 P No abrasion
UNIRIO-PM 3470 Mazama gonazonbira Left astragalus Unknown Stage 1 Stage 1 No fracture No abrasion
UNIRIO-PM 3471 Mazama gonazonbira Right humerus Unknown Stage 1 Stage 1 P No abrasion
UNIRIO-PM 3472 Mazama gonazonbira Left humerus Unknown Stage 1 Stage 1 P No abrasion
UNIRIO-PM 3473 Mazama gonazonbira Left metacarpus Unknown Stage 1 Stage 1 P No abrasion
UNIRIO-PM 3474 Mazama gonazonbira Right phalanx Unknown Stage 0 Stage 1 No fracture No abrasion
UNIRIO-PM 3476 Mazama gonazonbira Right radius Curve 5 Stage 1 Stage 1 Spiral fracture No abrasion
UNIRIO-PM 3477 Mazama americana Right metatarsus Curve 4 Stage 1 Stage 1 P No abrasion
UNIRIO-PM 4813 Mazama americana Left calcaneus Curve 5 Stage 1 Stage 1 No fracture No abrasion
UNIRIO-PM 4814 Mazama americana Right tibia Curve 3 Stage 1 Stage 1 1P No abrasion
UNIRIO-PM 4815 Mazama americana Right metatarsus Curve 3 Stage 2 Stage 2 1P No abrasion
UNIRIO-PM 4816 M. . Associated right .

- agama americana podials Curve 3 Stage 1 Stage 2 No fracture No abrasion
UNIRIO-PM 5665 Mazama americana Right metatarsus Curve 2 Stage 1 Stage 1 1P No abrasion
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Appendix 2. Color of skeletal elements, staining and incrustation according to the Munsell Color Chart.

Specimen

Skeletal element

Staining

Incrustation

UNIRIO-PM 1310

UNIRIO-PM 3454

UNIRIO-PM 3455
UNIRIO-PM 3456
UNIRIO-PM 3457
UNIRIO-PM 3458
UNIRIO-PM 3459
UNIRIO-PM 3460
UNIRIO-PM 3461
UNIRIO-PM 3462
UNIRIO-PM 3463
UNIRIO-PM 3464

UNIRIO-PM 3465

UNIRIO-PM 3467
UNIRIO-PM 3468
UNIRIO-PM 3469
UNIRIO-PM 3470
UNIRIO-PM 3471
UNIRIO-PM 3472
UNIRIO-PM 3473
UNIRIO-PM 3474
UNIRIO-PM 3476
UNIRIO-PM 3477
UNIRIO-PM 4813
UNIRIO-PM 4814
UNIRIO-PM 4815
UNIRIO-PM 4816
UNIRIO-PM 5665

Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)

Yellow 8/4 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/4 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)

Yellow 8/6 (YELLOW Hue 5Y)

Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/4 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/4 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)
Yellow 8/6 (YELLOW Hue 5Y)

Black olive (YELLOW Hue 5Y)
Grayish olive 5/3 (YELLOW Hue 5Y)
and brown 5/8 (YELLOW-RED Hue

7,5YR)

Grayish olive 5/3 (YELLOW Hue 5Y)

Black olive (YELLOW Hue 5Y)

Grayish olive 5/3 (YELLOW Hue 5Y)

Brown 4/4 (YELLOW-RED Hue
2,5YR)

Yellowish brown (YELLOW-RED Hue 10YR)
Yellow 8/8 (YELLOW Hue 5Y)

Yellowish 7/6 (YELLOW-RED Hue 2,5YR)
Brown 5/8 (YELLOW-RED Hue 10YR)
Yellowish 7/6 (YELLOW-RED Hue 2,5YR)
Brown 6/8 (YELLOW-RED Hue 2,5YR)
Brown 6/8 (YELLOW-RED Hue 10YR)
Bright 6/6 (YELLOW-RED Hue 2,5YR)

Yellowish 5/6 (YELLOW-RED Hue 10YR)
Gray 5/6 (YELLOW-RED Hue 2,5YR)
Brown 6/8 (YELLOW-RED Hue 2,5YR)

Yellow orange 7/8 (YELLOW-RED Hue 10YR)
Yellowish 5/6 (YELLOW-RED Hue 10YR)

Brown 5/8 (YELLOW-RED Hue 10YR)
Brown 6/8 (YELLOW-RED Hue 10 YR)
Brown 6/8 (YELLOW-RED Hue 10YR)
Brown 6/8 (YELLOW-RED Hue 10YR)
Bright 6/6 (YELLOW-RED Hue 2,5YR)
Yellowish 5/6 (YELLOW-RED Hue 10YR)
Yellow 7/8 (YELLOW-RED Hue 2,5YR)
Yellowish 7/6 (YELLOW-RED Hue 2,5YR)
Bright 6/6 (YELLOW-RED Hue 2,5YR)
Brown 6/8 (YELLOW-RED Hue 2,5YR)
Brown 6/8 (YELLOW-RED Hue 2,5YR)
Brown 6/8 (YELLOW-RED Hue 2,5YR)
Brown 6/8 (YELLOW-RED Hue 10YR)
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