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Abstract: The La Guillerma archaeological locality is located in the northeast sector of Buenos Aires
province (Argentina). Two of its sites (LG1 and LG5), dated between ca. 1400- and 600-years BP, have
a great amount of faunal remains including deer, rodents, fish and small birds that are subjected
to taphonomic agents and processes (e.g., weathering, manganese, roots). Previous studies have
shown osteophagic behaviour in different insects (e.g., Coleoptera, Blattodea). In this paper, we
evaluate their incidence on La Guillerma faunal assemblage. We performed an analysis on marks
that were identified in bone remains of various taxa and applied the criteria for identifying bone
alteration by insects (i.e., by measuring each trace and comparing them with the types of insect marks
described in the literature). Fifteen specimens (LG1 = 6 and LG5 = 9) exhibited different types of
modifications (e.g., pits with striae in base, pits with emanating striae, striations) that are related
to the action of insects. Although the proportion of affected bones is low in relation to the total
sample, we highlight our study as the first detailed analysis of insect marks on archaeological bones
from Argentina. We also emphasize the significance of addressing insect-produced modifications on
Argentinean archaeological sites.

Keywords: taphonomy; faunal remains; pampas; late Holocene; bone damage

1. Introduction

Many taphonomic processes may modify animal carcasses and bones between the
time of death and the burial (e.g., [1-3]). Also, some parasites can modify bone tissue
during the life of the animal [4,5]. The analysis of surface modifications on bone remains
and the recognition of the different agents involved have exponentially grown during the
last few decades. This identification is primarily supported by the experience observing
fossil and modern sites and by experimental studies (e.g., [1-3]). However, insects have not
been considered as a major taphonomic agent until recently [6-10]. In fact, insect damage
has often been inferred in the fossil record with no comparative data. Thus, laboratory
experiments on this issue require urgent attention [2,11].

Recent studies have shown that analysis of osteophagus insects had great importance
in the interpretation of the bioarchaeological record since their damage could be misinter-
preted either as cultural modifications or as pathologies [8,12,13]. Other studies emphasize
the considerable contribution that insect activity plays in the site formation processes and
the alteration or destruction of faunal remains [14].

The aim of this article is to assess the incidence of insects as taphonomic agents
that affected the archaeofaunal assemblages of the La Guillerma archaeological locality
and to evaluate their importance as a formation process in sites from the Salado River
Depression. This area is located in the Argentinean pampas and is drained by the middle
and lower course of the river (Figure 1). The chronological dates situate the occupations in
the late Holocene, between 2400- and 400-years BP, and the archaeological contexts show
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a varied repertoire of technological and subsistence remains [15-17]. Based on the use of
resources, the settlement pattern and technology, these groups have been characterized as
hunter-gatherer-fishermen with pottery [18].
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Figure 1. Location of La Guillerma archaeological locality.

2. Background
2.1. Research Area

The Salado River Depression is located northeast of the province of Buenos Aires and
has a temperate and humid climate. Its hydrographic network, formed by the Salado River
and several shallow lakes, configures a wetland and lentic environment [19]. To the north-
east of the river there are soft hills covered by grasslands. Near the northeast edge, there
are talares (Celtis tala) arranged as isolated crescent-shaped archipelagos [20]. Although
climatic fluctuations have been detected in several regions of southern South America
during the late Holocene, the palaeoenvironmental, palaeoclimatic and palaeoecological
reconstruction of the pampas is still tentative and yet not calibrated for interpretation on
an archaeological scale [21].

An interdisciplinary study on the Late Quaternary of Salado River middle basin [22],
which considered stratigraphical, geomorphological and paleontological data, proposed
a model of palaeoenvironmental reconstruction that distinguishes dry conditions be-
tween 8000 and 3000 years BP, followed by a gradual return towards wet conditions
from 3000 years BP to present time. This last period includes a moment of water deficit
conditions circa 1800 years BP, represented by a short depositional hiatus [22]. The data
available for the first stages of European arrival indicate more arid conditions, which corre-
spond to the Little Ice Age (approximately 1450-1850 AD). After this, a more humid period
followed. During the 19th and 20th centuries, rains and floods became more frequent [23].

The La Guillerma archaeological locality was inhabited during the late Holocene
and includes five sites, distributed over a series of elevations along the left margin of the
Salado River, at approximately 40 m from its bed. LG1 and LGS sites (which are 100 m
apart) have a great abundance of ceramic sherds, stone artifacts, and plant and animal
remains [15,17,18]. The dates made on these materials showed human occupations between
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ca. 1200- and 600-years BP for LG1 and ca. 1400- and 660-years BP for LG5 (for further
information, see Table 1 and Figure 3 in [15]). The soils show a marked horizonation, with
a clay-sandy silt texture, and the pH of the surface horizons is lightly acid. However, LG5
has better internal drainage conditions that favours the bone remains conservation [18].
These are shallow sites, given that archaeological remains are predominantly deposited in
the first 30 cm of the soil and are subjected to pedogenetic processes. Among them, a high
biological activity including the action of roots, burrowing animals, and microfauna causes
the dispersion or concentration of materials [18,24].

Regarding the archaeofaunal record, mammals include deer (Blastocerus dichotomus
and Ozotoceros bezoarticus), rodents (coypu (Myocastor coypus), guinea pig (Cavia aperea),
tucu-tucu (Ctenomys sp.), among others) and undetermined armadillos. Among fish,
we identified catfish (Rhamdia quelen), tiger fish (Hoplias argentinensis), mullet (Mugil pla-
tanus) and black drum (Pogonias courbina). Small birds, such as Eudromia elegans, Fulica sp.
and other undetermined Anatidae are also predominant. The estimations of NISP were:
LG1 = 2486 and LG5 = 6049 [16,18].

Taphonomic analyses carried out on the archaeofaunal assemblages, following the
criteria described by Lyman [3] and Fernandez-Jalvo and Andrews [2], showed the action
of different agents and processes that altered bones from both sites but in low proportion.
In LG1, roots affected 5.3% (n = 132) whereas the presence of manganese oxide deposits was
observed on 5.39% (n = 134). In this site, low stages of weathering (sensu Behrensmeyer [25])
were registered on 6.31% (n = 157) of the specimens, being more present on big mammals’
bones. In less percentages, we registered the action of rodents (0.68%, n = 17) and carnivores
(0.12%, n = 3). In LG5, modifications generated by roots (decolouring and dendrite marks)
were observed on 2% of bones (n = 121). In similar rates (2.11%, n = 128), manganese
produced dark spots. In greater proportion (3.38%, n = 205), we observed weathering,
mainly stages 1 and 2 (sensu Behrensmeyer [25]). Only one specimen displayed a puncture
made by carnivore (0.01%), and 0.43% (n = 26) of bones exhibited traces generated by
rodents. Sometimes, these marks obliterated evidence of anthropic manipulation, which is
also in low proportion [18,26-28]. In spite of the recognition of anthills and insect burrows
during excavations, along with changes in colour and texture in discrete sectors of the
sedimentary context, no insect marks had been identified.

2.2. Insects as Taphonomic Agents

Insects are important soil formation agents, due to their colonizing capacity in a
variety of substrates and their ability to rework sediments and use organic matter as raw
material to make nests [29]. Ants, termites and other taxa can mix and modify soil and, in
the process, affect an archaeological site and its content [30]. In particular, McBrearty [31]
noted that termite bioturbation activity in African sites modified the soils’ properties and
produced pseudofeatures as well as the movement of materials.

Apart from insect remains and associated features, their presence can also be detected
by the modifications made on the bone record. Recent studies have shown that analysis of
osteophagus insects had great importance in the interpretation of the bioarchaeological
record, since their damage could be misinterpreted as cultural modifications or as patholo-
gies [8,12]. Other studies emphasize the contribution that insect activity plays in the site
formation processes and the alteration or destruction of faunal remains [14] and its utility
to reconstruct past environmental and climatic conditions [6,32].

A great variety of insects can produce damage to bones in many ways. Among
these, beetles (Dermestidae, Tenebrionidae and Scarabaeoidea), termites (Kalotermitidae
and Termitidae), ants (Formicidae), moths (Tineidae), blowflies (Calliphoridae), mayflies
(Polymitarcyidae) and cockroaches (Blattidae) have been registered in Buenos Aires
province [33,34].

Dermestid beetles can produce striations, extensive pitting, and edge gnawing [14].
They can also make deep conical perforations when penetrating into the bone [7]. Holden
et al. [35] found in an experiment that both dermestid and tenebrionid larvae leave dif-
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ferent kinds of damage in different stages of carcass decay, so they conceive that other
beetle families may modify bone as well. Also, several researchers have described either
archaeological or palaeontological examples of bone alteration by termites [6,10,36,37].
Experimental studies have shown that they produce striations, boreholes, edge gnawing,
pits with smooth base, pitting, destruction, smoothed abrasion, polish, surface removal
and surface coating. The last two types of damage are more frequent [14]. Cockroaches
have been noted as another potential agent of bone alteration, as they colonize corpses.
Parkinson [32] made experiments with the species Periplaneta americana, which resulted in
three types of modification, namely discolouration, destruction and gnawing.

The specific climatic requirements for each kind of insect have also been addressed.
The cosmopolitan species Dermestes maculatus needs a minimum temperature of 20 °C to
feed and is more active during the warmer months [32]. In regards to termites, Kaloter-
mitidae need very little moisture to survive, while Termitidae live underground since
the soil has the capacity to hold water for a long period and keep the colony moist [38].
Trinervitermes trinervoides, a species of this last family, shows an increased activity during
autumn and spring [6]. Cockroaches, on their part, have adapted to highly diverse thermal
climatic ranges but prefer a warm and moist environment [32].

Other taxa have been noted to presumably modify bone. Go [39] analyzes a case
where a colony of ants nested inside human bone and modified it. Moth larvae tunneling
is common on horns and antlers [2], though it has not been registered on bone. Larval
blowflies may also produce small bores when they create pupation chambers [6,35]. Finally,
mayfly nymphs make U-shaped burrows on wood, and similar traces reported in bone
have been attributed to them [7].

3. Materials and Methods

The zooarchaeological assemblages from LG1 and LG5 are curated at the Instituto
de Arqueologia (Facultad de Filosofia y Letras, Universidad de Buenos Aires), where
reference collections of diverse taxa (birds, mammals and fishes) are also available. These
have been used for taxonomic and anatomical identification. As stated in the Background
section, the samples were LG1 = 2486 and LG5 = 6049 and several taphonomic agents,
and processes such as weathering, rodents, and roots of different sizes have modified the
faunal assemblages [16,26,27]. However, fifteen specimens (six from LG1 and nine from
LG5) displayed traces that had not been recognized previously.

We examined these marks using a high-intensity light from a two-led illuminator and
a low-power binocular microscope (Zeiss STEMI 305) with a magnification up to 40x. We
took note of their position on each specimen and measured them using the tools provided
by ZEN Blue edition software. We measured the diameter of holes, bores and pits. On
those specimens where the marks overlapped, we registered the length of the affected area.

We considered the proposals of Pirrone and collaborators [40], Parkinson [11,32]
and Backwell and co-authors [6,14] to analyze insect traces. For the description of the
general morphology of traces, we distinguished between pits, holes, chambers, tubes/bores,
furrows and grooves/striae. To broaden the analysis of traces, we followed Backwell and
co-authors’ criteria and considered different types of pits: pit with striae in base, pit with
smooth base, and pit with emanating striae [14]. We also regarded other modification
features such as pitting, etched surface, destruction, dissolution and the presence of surface
coating/discolouring [6,14,32].

4. Results

After our analysis, the fifteen bone specimens displayed, at least, one of the traces
associated with insect activities (Table 1, Figure 2). These values represent respective low
%NISP: LG1 = 0.24% and LG5 = 0.14%.
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Table 1. Traces on bones from LG1 and LG5 sites. * Diameter; ** Affected area.
Site # Taxa Bone Type of Modification Measure Observations
Pit with emanating striae 4.25 mm *
201 Mammalia Long bone Surface residue ~ Figure 10
Etched appearance -
LG1 Edge gnawing around
5 Mammalia Long bone Striations 4.89 mm ** nutrient foramen.
Figure 8B
340 Mammalia Long bone Pit with striae in base 241 mm * Figure 3C
4 Cervidae Long bone Hole 4.06 mm A smO(i:tih-Efs(;% boring.
Pit with striae in base 3.28 mm * &
Ozotoceris A smooth-based
217 : Tibia Hole 2.66 mm * boring.
bezoarticus .
Figure 9C
*
362 gzotocgrus Phalange 1 Bore 2.93 mm I]:S.Qre hc;lz.
ezoarticus Etched appearance - lgure
Long bone Pit with striae in base 2.68 mm * Foraging area.
205 Aves . . . - - . Overlapping of marks.
diaphysis Pit with emanating striae 512 mm Affected post
Striations - weathering.
Pit with emanating striae 3.52 mm * Af%*e1 1elgp5ost
220 Aves Femur Surface residue - wgathermg.
Figure 4A
Striations
LG5 2005 Mammalia Tibia Pit with striae in base 2.90 mm * Overlalg).ping of marks.
igure 3B
Etched appearance -
3713 Cavia aperea Femur Pit with striae in base 2.81 mm Overlalgpmg ;)i marks.
Striations - lgure
Myocastor Pit with emanating striae N 1gverlaplslnng cz}f’l mbarks.
1623 coypus Humerus Pit with striae in base 4.73 mm 1ssure a' ong the bone.
Figure 6
Striations
5332 Myocastor Humerus Pit with emanating striae 3.38 mm * Str1a.e on base.
coypus Figure 7
5519 Myocastor Radius Pit with striae in base 3.10 mm * Overiapping of
coypus Striations ~ grooves.
Figure 3D
5773 MCyoocaleior Tibia Pit with emanating striae 2.67 mm Figure 4B
yp Striations -
Overlapping of
14 Ozotocgrus Humerus Striations 3.35 mm ** grooves. Fissure along
bezoarticus the bone.
Figure 8A

Surface pit is the most frequent type of modification (Figure 2). It was recorded on

mammals and bird bones. We distinguished between pits with striae in base (Figure 3) and
pits with emanating striae (Figure 4). We identified the former type in two specimens from
LG1 and five from LG5, while the latter category was displayed on one specimen from
LG1 and five from LG5. The diameter of pits with striae in base ranged from 2.41 mm to
3.59 mm. The pits with emanating striae are formed by multiple overlapping grooves that
are radially arranged. Their diameter measured between 2.67 mm and 4.25 mm.
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Types of modification
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Figure 2. Types of modification on LG1 and LGS5 sites.

Figure 3. Pits with striae in base. (A) Pit on C. aperea’s femur (Id. 3713). (B) Pit and etched appearance on a mammals’ tibia
(Id. 2005). (C) Pit on a fresh fracture surface (Id. 340). (D) Pit on a coypu radius (Id. 5519).
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Figure 4. Pit with emanating striae. (A) Pit, multiple striations and residue on bird bone (Id. 220). (B) Deep pit on a coypus’

tibia (Id. 5773).

Two specimens (Id. 205 and 1623) displayed both types of pits. One of them is a long
bone of a small-sized bird (Id. 205). This diaphysis exhibits two modified sectors. In one
of them, there is an area that displays a shallow pit with striae in base. In addition to
this, there are multiple parallel and sub-parallel striations (Figure 5A). The other sector
shows overlapping of pits with emanating striae along 5.12 mm (Figure 5B). These marks,
composed of multiple grooves radially arranged around a cavity, seem to have been made
after the exposure of the bone to aerial conditions; it exhibits weathering on the rest of the
cortical surface but not over these marks. The other bone is a coypu’s humerus (Id. 1623)
that is longitudinally fissured. In its medial shaft, it displays the overlapping of at least
a surface pit with striae in base and a pit with emanating striae. Besides these pits, there
are clusters of randomly oriented sub-parallel striations within an area of 4.73 mm. We
highlight that these marks are previous to the crack, and their deepest part is along it
(Figure 6A,B).

Figure 5. Pits on a bird bone (Id. 205). (A) Pit with striae in base and multiple striations. (B) Overlapping of pits with

emanating striae.
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Figure 6. (A) Pits with emanating striae over the crack, pit with striae in base, and striations on coypu’s humerus (Id. 1623).
(B) Details of the traces and the crack.

In some cases, the pits penetrate profoundly the cortical bone. On a coypu’s tibia
(Id. 5773), there is a pit with emanating striae on its distal diaphysis. It is formed by multiple
striations radially arranged around a deep center (Figure 4B). Notably, we identified pits
that combined attributes, such as the trace displayed on the cortical surface of a coypu
humerus (Id. 5332). This is composed of numerous parallel and sub-parallel striations
radiating from around the outer circumference of a shallow cavity. The last one has several
random grooves that overlap each other (Figure 7A,B).

Figure 7. (A) Pit with emanating striae and striae in base on coypu’s humerus (Id. 5332). (B) Details of the traces.

One remarkable issue is the record of this type of traces on weathered bird bones: the
previously mentioned (Id. 205) and the shaft of a femur (Id. 220), which displays a pit
with a smooth central cavity that has faint striations. Next to this trace, there are numerous



Quaternary 2021, 4, 45

9o0f17

sub-parallel striations (a few of them overlapped). It also has brown residue spots on the
cortical surface. However, the area affected by the grooves that compose the marks is
remarkably lighter, which means that the cracks produced by weathering are previous to
the traces (Figure 4A).

Numerous striations were observed, being more frequent in LG5 (LGl n=1,LG5n=7)
(Figure 2). They usually appeared overlapping (Figure 8A); and in specimen Id. 14, the
affected area is crossed by a fissure that runs longitudinally along the bone. Besides, on
specimen Id. 5 from LG1, grooves are parallelly disposed and transversely orientated
around the edge of a nutrient foramen. These marks are visible to the naked eye and
the affected sector measured 4.89 mm (Figure 8B). In general, this type of damage occurs
associated with other traces such as pits. One example is a femur of guinea pig (C. aperea;
Id. 3713) that shows a surface pit with overlapped striations in its base and a few parallel
striations besides it (Figure 3A), on the proximal sector of the bone’s shaft.

Figure 8. (A) Striations on deer’s humerus (Id. 14). (B) Striations around a nutrient foramen (Id. 5).

We recorded a bore and two circular holes on big mammal bones from LG1 (NISP = 2).
The first phalange of pampas deer (O. bezoarticus; I1d. 362) has a bore (Figure 9A) measuring
2.93 mm in diameter. It is located on the distal end of the phalange and penetrates the
bone through to the medullary cavity. Besides, we observed the removal of outer lamellae
around its edge and the exposure of the underlying bone structure. The other two holes
have smooth bases, and their diameters are 4.06 mm and 2.66 mm (Figure 9B,C). One of
them (Id. 4) shows a pit with striae in base next to the deep hole.

The etched appearance is another type of surface damage observed on scarce frag-
mented bones from La Guillerma sites. We observed it surrounding the aforementioned
bore (Id. 362; Figure 9A) and around pits in Id. 2005 and Id. 201, exposing the underlying
bone structure (Figures 3B and 10A,B).

Finally, the surface coating was also recorded in association with other traces. In a
specimen from LG, this modification is present as a dark brown coating that coloured the
bone and is combined with etching around a pit (Id. 201, Figure 10), while a bird’s femur
(Id. 220, Figure 4A) has a brown coating that discoloured the cortical surface.
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Figure 9. (A) Borehole on phalange and etched surface around it (Id. 362). (B) Hole on a long bone
fragment (Id. 4). (C) Hole on a deer’s tibia (Id. 217).

Figure 10. (A) Pit with emanating striae and surface coating with removal of outer lamellae (Id. 201). (B) Detail of the

etched appearance.
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5. Discussion

As a result of our study, we identified seven types of modifications associated with
insect activities: pits with striae in base, pits with emanating striae, bore/tube, holes,
striations, etched appearance, and surface coating/discolouring. Now we will discuss each
of these types, their possible etiology, and their implications for the integrity of the osteoar-
chaeological assemblage of La Guillerma. In the first place, both pits with striae in base and
with emanating striae were recorded by Backwell and co-authors [14] in their experimental
observation of trogid beetles. On the contrary, they were not observed during actualistic
research with termite species Odontotermes badius. However, the authors suggested that the
lack of pits with striae and furrowing could be related to the length and time of exposure;
they conducted the experiment in winter when the insects were less active. In this sense, in
a previous research project, Backwell and collaborators [6] registered that Trinervitermes
trinervoides (after six months of trial) had generated surface pits (semi-circular depressions
with radially arranged edge gnawing that comprised overlapping individual sub- and
parallel striations) and star-shaped marks (several individual grooves radially arranged
around a cavity with smooth walls). Parkinson [32] also identified three types of surface
pits on bones after a set of experiments with Dermestes maculatus: (1.) highly variable shal-
low depressions with striations radiating around the outer circumference; (2.) semi-circular
shallow depressions with randomly orientated striations over them; and (3.) irregular
shaped depressions not associated with gnawing striations. Likewise, Holden et al. [35]
recorded small and medium circular pits with concave bases that were created by the
same insect.

With respect to the traces” depth, one of the deep pits (Id. 1623) had a fissure across
it. Pomi and Tonni [37] also recorded insect traces lying over cracks on the bones and
proposed that the marks were developed after the opening of the cracks. Rather, in our case,
we believe that the insect chewing could have weakened the bone, making it more prone to
fragmentation by other taphonomic agent or process (e.g., roots, burrowing animals), and
thus generating a deep crack. We support this idea on the basis that the recorded striations
seem to be cut by the crack, but they continue on each side. Otherwise, trace’s depth is a
variable that could be related to the presence of soft or desiccated tissues at the moment of
trace’s construction [8,11]. Another pit with emanating striae on a coypu bone (Id. 5773)
has a deeper centre that could have been produced while anchoring an apical tooth. On this
matter, Backwell et al. [6], after observing signs of wear damage on the medial side of the
apical tooth of T. trinervoides worker mandibles, proposed that “star-shaped marks radiate
around a well-defined central cavity that provides anchorage for one half of the mandible,
while the other half excavates the bone using an inward gesture” [6] (p. 83). These authors
observed that T. trinervoides’ mandibles are asymmetrical, with a single apical tooth that
produces individual striations. In this sense, Britt and collaborators [7] proposed that the
parallel grooves were generated by Dermestidae since their mandibles had two widely-
spaced apical teeth. Nonetheless, Holden et al. [35] registered that larval Tenebrionidae had
similar mandibles with two apical teeth. Therefore, they assert that mandibular marks are
difficult to assign since tooth structure may be similar among families and vary between
genera and species.

Some authors suggest that different traces represent transitional morphotypes [7,41].
Therefore, if the activity of the insect had continued, pits would have become holes or
boreholes. For that matter, Backwell et al. [6] considered that star-shaped marks and
surface pits were probably incipient boreholes made by termites searching for lipids. These
features were macroscopically visible in their analysis, ranging between 3.41 and 4.20 mm
in length and between 2.83 and 2.64 mm in width (with the exception of a borehole that
measured 6.09 by 3.06 mm) and holes with diameters between 1.54 and 3.63 mm. For D.
maculatus, there is a variable register of sizes in different experiments. Those infrequent
boreholes recorded by Parkinson [32] tended to be elliptical and small (less than 0.68 mm
long). Thus, the author asserted that they probably represent surface pits created by
larvae which penetrated into the cortical and trabecular bone, then into the medulla. Their
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distribution would be related to the exploitation of haversian canals and marrow access
and are not connected to the creation of pupal chambers. Holden et al. [35] registered
bores that ranged between 2.5 and 3.5 mm in diameter after their live experiments with
dermestids. Also, Zanetti et al. [42,43] documented that D. maculatus feeds on bone and
in the process generates diverse traces (e.g., spherical or ovoid depressions for refuge
and pupation). They observed that, in some cases, the largest marks measure more than
one centimeter.

Regarding bore and holes, the unique bore recorded in the sample perforates the bone
through to the medullae channel on the distal end of a deer phalange. This trace and
the two holes range ca. 2.7 to 4.1 mm in diameter. Taking these measures into account,
the diameters of bores and holes generated by dermestids and termites overlap. Those
recorded on La Guillerma sample have a range of sizes that are consistent with those
registered by the other researchers [6,35] for both termites and dermestids, so this data
would not allow us to attribute the modification to one or the other of these agents. In
relation to the site of emplacement, Backwell and co-authors [6] observed a similar result
during the experimental research with termites, as they discerned a predominance of
boreholes on proximal or distal ends. However, Parkinson [32] noted that marks produced
by dermestids tended to be located either on the epiphysis or close to the diaphysis-
epiphysis junction and not on the dense cortical bone areas. Thus, these two types of marks
that we have registered in La Guillerma could have been generated by different insects
or, as Parkinson [11] remarks, by the same insect in different larval developmental stages.
Besides, they could also be a consequence of different behaviours (feeding or pupation),
but it would be too speculative to state one of them from such a small sample.

Striations are more frequent in our sample, especially as individually discernible
traces. They are considered as the early forms of bone destruction [6]. We highlight the case
of a bone fragment from LG1 that displays parallel striations around a nutrient foramen
(Id. 5). Britt and co-authors [7] proposed that the concentration of traces around nutrient
foramina represent attempts to widen the opening. They interpreted that these areas and
articular bones were bored to consume marrow. They also suggested that the insects may
have consumed the cartilage and ligaments of articular ends prior to bone consumption.
Nevertheless, the modification of bones by dermestids would not be exclusively related
to diet. It could be a consequence of the exploration of available ways for the creation of
pupation chambers, a frequent behaviour in insects [32]. Holden et al. [35] observed that
larvae of both dermestids and tenebrionids expanded foramina. In the case of termites,
gnawing around vascular canals would have provided traction for the apical teeth [6].

Additionally, we observed the etched surface appearance on three mammal bones
(LG1 =2; LG5 =1) that exposed the underlying bone structure. Backwell et al. [6] mentioned,
after their experiments with termites, that this acid-etched appearance is a result of their
saliva or faecal rich material. But this damage was also recorded on experiments with
trogid beetles [14]. We discerned the combination of etched bone with surface residue on a
bone fragment from LG1 (Id. 201). However, we distinguished this dark brown coating
on another avian bone from LG5 (Id. 220). Noteworthy, we did not recognize the latter
as an isolated trace but rather we emphasise the difficulty to identify it on assemblages
that are affected by manganese stains or burning that could obliterate this residue or make
researchers misinterpret it [6,32]. The discolouration of the bone surface was also stated by
Parkinson [32] as an evidence of P. americana’s action, although it was not associated with
other damages on cortical bones.

We emphasise the presence of patches and lineation of traces (e.g., on two areas of
Id. 205). According to Britt et al. [7], the former corresponds to foraging areas and the
latter represents galleries. Those authors also mentioned, referring to termites, that “the
large pits are composites of small pits related to broad surface foraging/mining” [7] (p. 65);
so, they do not represent the size of the tracemaker. In this sense, within our sample, we
frequently recognized the overlapping of multiple traces as grooves or pits.
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As insects can access carcasses at different stages of decay, it has also been observed
that termites and dermestids alter fresh, dry, weathered and fossilized bones [6,14,32]. Our
analysis points to the action of insects on different bone stages: two avian bones distinctly
display evidence of light weathering over the cortical surface except on traces. Moreover,
Zanetti and co-authors [43] found that dermestids consumed and marked burned tissues.
The selection of bones at different diagenetic stages could be related to the consumption of
various trace elements (calcium, phosphorus and nitrogen), proteins and lipids [6].

In summary, insect traces recorded on LG1 and LG5 result in both surficial bioerosion
and modification of trabecular bone. Additionally, we recognized the two types of bioero-
sion by insects on bones mentioned by Huchet [44]: mechanical, produced by the action
of the mandibles (striations, pits), and chemical (etched surfaces), caused by proteolytic
enzymes contained in digestive juices.

Assessing Different Tracemakers

In reference to the tracemaker, diverse studies point out equifinality problems and
suggest considering a set of modification types, their association, frequency and distribution
patterns e.g., [6,11,32,41]. Although our sample is composed of few specimens with insect
traces, we can make some comments in this regard. In this preliminary research we
recorded macroscopically visible marks such as pits, holes and striations. A microscopic
approach showed more details of traces that are composed by other marks (e.g., pits with
striae in base).

To evaluate termites as possible tracemakers, we considered their presence in the
study area both in past and present times. In Buenos Aires, there is a register of termites
from the late Pliocene to the middle Pleistocene [45,46]. To date, three species have been
identified in the northeastern sector of this province: Rugitermes rugosus, Anoplotermes
meridianus and Anoplotermes cingulatus [47]. The first one belongs to Kalotermitidae, which
nest directly within their food source and consume mainly drywood; the second and third
correspond to Termitidae, which are subterranean. A. cingulatus feeds on decomposing
wood and soil, while A. meridianus eats humus and dry grass and leaves [47]. Both locate
food sources as they dig a network of tunnels and prefer fine-grained soils since they
facilitate excavation [38]. This is consistent with the soils’ texture of La Guillerma [18].

Regarding termites’ traces, we recognized pits with emanating striae that resembled
star-shaped marks, previously associated with termites” action [6,10,44]. The presence of
surface coating as a residue (probably made of faecal matter, earth, wood, and saliva [14,36])
and bone decoloring around it may support the identification of this bonemarker. However,
in addition to our small sample, we did not find termite mounds, carton-lined tunnels,
chambers or fossil nests in the study area. Laza [46] proposed that the cold climatic trend
that occurred by the late Pleistocene would have forced the retraction of termites towards
the north of Buenos Aires. Since then, their activity has been limited and that could be the
cause of their absence. Nonetheless, the warmer conditions of the late Holocene [22,23]
should have reactivated the action of termites, so it cannot be ruled out.

To contemplate dermestids as a potential tracemaker, we considered Parkinson’s
mention that, “the co-occurrence of surface tunnelling, destruction of bone, infrequent bore
holes, surface pits of varying classes and broad areas of gnawing striations can be used
as an indicator of D. maculatus activities” [32] (p. 139). In this sense, Backwell et al. [14]
emphasize that hide beetles produce invasive edge gnawing. We did not identify surface
tunnelling or large areas of edge gnawing. Regarding the latter, we only recorded foraging
areas (sensu Britt et al. [7]) conformed by overlapping of pits.

In the experiment with trogid beetles and O. badius, Backwell and collaborators [14]
found that the former insects caused more destruction and made more boreholes on
the bones. In addition, dermestids’ holes and boreholes are frequently described with a
tendency to be ovoid or elliptical (e.g., [14,32]). Having in mind that the holes and the
bore identified in LG1 specimens are round and their ranges both in size and shape as
isolated traces, we could consider termites as the possible causal agent. However, in two
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cases the marks are associated with other traces: the bore is surrounded by etched surface
(a trait that Backwell et al. [14] register in more proportion in termites). However, a hole
is clustered with a pit with striae in base (that these same authors only recorded in their
experiment with dermestids). Then, based on this inconclusive evidence and the fact that
our sample is too small, we cannot propose a unique causal agent.

The attribution of a specific tracemaker permits palaeoecological reconstruction based
on geographic distribution and climate requirements. However, this is a difficult task if no
comparative material from actualistic experiments is available [35]. In this sense, further
research on different carcass-exploiting insects will help infer tracemakers. Although
we cannot make thorough interpretations on past ecology and climate, as Farina and
Cicchino [34] state, there is a good entomological resilience to flood pulses in the coastal
system of Buenos Aires province, which is close to our study area. Thus, these events
would not have significantly affected its insects” ecology and population.

There were different moments in which insects could have had access to bone remains.
They could consume the bones when they were above ground, still having tissues and
medulla. However, they could also mark those remains after having been exposed to
environmental conditions. If the agent had subterranean habits (such as Termitidae), it
could have affected bones within the soil.

As it was registered on experimental studies (e.g., [6]) and inferred in taphonomic
analyses (e.g., [10]), termites can generate preservation biases and, in consequence, alter
the representation of skeletal elements and make taxonomic identification more difficult.
Also, the modifications produced by D. maculatus usually concentrate on epiphysis and
the diaphysis-epiphysis junction. Therefore, they can promote increasing separation and
fragmentation of elements, which may eventually result in their destruction. Although
gnawing of dense bone by dermestids is not prolific, they can destroy small bones (particu-
larly of Aves) within a short period [48]. P. americana and T. trinervoides also do significant
damage to bird bones [6,32]. Hence, insects may at least partially affect the representation
of Aves in archaeological and palaeontological sites.

We believe that the actions of insects could have created biases, for instance, if we take
into account that the holes and bore are present in large and thicker mammal elements,
and that they were not documented neither in bird bones nor in medium to small rodent
bones. On the other hand, as referred in one of the cracked elements, the mark could have
weakened the bone making it more prone to fracture. We cannot rule out that in smaller or
weaker bones the destruction could have been greater.

Since 1988, we have developed different studies on the faunal assemblage from La
Guillerma archaeological locality. As a result, we were able to comprehend the role of peo-
ple and nature as agents on the accumulation and modification of bone remains [16,18,26].
The analysis presented here has allowed us to identify for the first time the action of insects
on sites from the Salado River Depression. Our approach contributes to increasing the
background of this type of bioerosion in archaeological and palaeontological sites from
Argentina (i.e., [12,37]).

Overall, this analysis has shed light on a taphonomic agent that had not been thor-
oughly addressed and for which there is little background in Argentina. We are still unable
to assert which insect or insects were the tracemakers of the bones from La Guillerma sites
and therefore to make palaeoecological interpretations. Nonetheless, we have identified a
natural formation process that may have introduced variability in the archaeofaunal record
and even produce destruction of organic materials such as bone. In this regard, diverse
agents and processes were involved in La Guillerma shallow sites’ formation. However,
concerning the specificity of this kind of sites, we are not able to make statements about
the incidence of insects on soil characteristics or to distinguish different deposition events
yet. We had previously recorded the action of edaphic fauna and roots that altered the
disposition of archaeological remains within the soil and we had also identified weathering
and manganese stains on bone surfaces [16,18,24,26,49]. Moreover, the cultural formation
processes also played a role as the hunter-gatherer-fisher groups used to resettle period-
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ically in these sites over the centuries [15,16,18]. Hence, the bioturbation produced by
insects is one more factor, among others, that contributed to the forming of the shallow
archaeological sites of the study area.

Finally, we are aware that experimental analyses are required to improve our knowl-
edge of insect traces and to establish useful criteria to determine causal agents. In this sense,
documenting modern analogues will offer unequivocal data to link modification types
to specific taphonomic processes and agents [2,11]. Also, a future analysis of our sample
through higher magnification equipment will improve the accuracy of our identifications.

6. Final Remarks

The identification of insects (directly or indirectly) in an archaeological context im-
proves the interpretation of bioturbation processes since they can affect as well as displace
artifacts or ecofacts from their original context. In addition, insect-produced damage to
bone surfaces can obliterate cultural evidence and other formation processes. They are also
useful to make palaeoecological interpretations.

Our research provided a better understanding of the faunal assemblages from La
Guillerma sites, since it allowed us to identify and analyze a novel taphonomic agent in
the area. Despite this type of marks being scant, we should consider potential biases that
insects could have produced on bone remains. Moreover, they could also modify the soil
structure adding their action to other taphonomic agents such as earthworms [49]. We
encourage considering insects in the study of other archaeological sites in the pampas as
well as other Argentinian regions.

To improve our interpretation of traces and identification of uncommon taphonomic
agents, such as insects, the development of actualistic studies is imperative. For this reason,
we are starting experimental research that includes Coleoptera (D. maculatus) and local
termites (Cortaritermes cumulans).
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