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Abstract: As micromammals are highly sensitive to changes in their habitat, variations in species
representation are often used to reconstruct local environmental conditions. However, taphonomic
aspects of micromammals are often overlooked, despite the fact that they can provide important in-
formation for our understanding of archaeological sites. La Roche-à-Pierrot, Saint-Césaire, is a major
archaeological site for our understanding of the Middle-to-Upper Palaeolithic transition in Western
Europe. Clearly documenting site formation processes, the post-depositional reworking of deposits
and the sequence of human occupations is fundamental for providing a secure archaeostratigraphic
context of the site. The exceptionally large accumulation of micromammals from recently excavated
stratigraphic units at the site makes it possible to track variations in the density of micromam-
mals across the stratigraphic sequence. The taphonomic analysis of micromammals demonstrates
these variations are not related to a change in the main accumulation agent or post-depositional
phenomena. A negative correlation between small mammal remains and archaeological material
suggests that peaks in micromammal densities can potentially be correlated with periods when the
site was abandoned or when human occupation was less intense, and therefore provide new data for
interpreting the Saint-Césaire stratigraphic sequence.
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1. Introduction

The analysis of micromammals has primarily focused on palaeoenvironmental re-
constructions, given their high potential for recording climatic fluctuations [1–5]. Most
taphonomic analyses of micromammal fossil accumulations tend to concentrate on identify-
ing biases in the representation of species in fossil assemblages and living communities. The
frequent documentation of such biases is due to the fact that micromammal accumulations
typically result from the feeding practices of one or more predators and post-depositional
phenomena, including the fossilisation process. These biases could affect both palaeo-
communities and skeletal part representation, as well as distorting the palaeoecological
signal [6–10]. Taphonomic studies of small mammals generally focus on the identifica-
tion of the principal accumulation agent and the characterisation of post-depositional
processes [11]. The relationship between micromammals (primarily small rodents and
insectivores) and the various categories of archaeological material recovered from a given
site has received little attention. Apart from the Chalcolithic site of El Portalón [12], the
Upper Palaeolithic sites of Peyrazet [13,14] and Taillis des Coteaux [15] and the Middle
Palaeolithic site of Les Pradelles [13], relatively few studies have focused on the correlation
between micromammals and archaeological material.

Here we test a simple hypothesis: as raptors are highly sensitive to disturbances
in their habitat [16,17], human activity on an archaeological site should be negatively
correlated with their presence, and consequently, with the quantity of micromammal
accumulated by these predators. As such, tracking shifting densities in micromammal
remains can provide complementary data for assessing the timing of human occupations
at a given site.

La Roche-à-Pierrot, Saint-Césaire is a key site for understanding the Middle-to-Upper
Palaeolithic transition and is perhaps best known for Neandertal remains recovered from a
level attributed to the Châtelperronian during excavations [18]. However, a recent techno-
typological and taphonomic revision of the lithic material from this level produced no
reliable evidence for a Neandertal-Châtelperronian association at the site [19]. A previous
analysis of the Saint-Césaire macrofaunal remains documented a negative correlation
between the relative abundance of carnivore remains and carnivore damage on bone
surfaces. When considered alongside additional evidence for human occupation, such as
the proportion of burnt faunal remains, these correlations were interpreted as reflecting
changes in the intensity of the site’s occupation [20]. Here we use micromammal remains
recovered during ongoing excavations at Saint-Césaire to further explore the timing and
frequency of the human occupations at the site.

2. Site Presentation

The site of La Roche-à-Pierrot is a collapsed rockshelter located in southwestern France
on the commune of Saint-Césaire (Figure 1A). Excavated by F. Lévêque between 1976 and
1987, the site yielded Neandertal remains and a complex Mousterian-Châtelperronian-
Aurignacian cultural sequence [21]. Marquet’s [22] palaeoecological analysis of rodent
remains from Lévêque’s excavations highlighted a cold phase reflected in the presence of
Lasiopodomys gregalis and Microtus oeconomus. The large fauna mainly comprises reindeer,
bison and horses, with carnivores (spotted hyena, wolf and fox) only sporadically present
across the stratigraphic sequence. The presence of small taxa, such as lagomorphs and
birds, were interpreted as primarily reflecting background accumulations [20].
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Figure 1. (A) Location of La Roche-à-Pierrot, Saint-Césaire (orange circle); (B) topographic plan with
the excavation grid: the square on the right corresponds to the currently excavated area and the red
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inset to the study area; (C) stratigraphic log with the correspondence between Lévêque’s layers
(EJF, EJO, EJOP, EGPF) and the stratigraphic units (SU) identified during the new excavations. The
stratigraphic portion studied in the present paper is represented in red.

Excavations at Saint-Césaire were resumed by F. Bachellerie and E. Morin in 2013–2014,
and by I. Crevecoeur since 2015. The goal of these new excavations is to produce a better
understanding of the site’s stratigraphic sequence and associated formation processes [23].
As it was impossible to establish a direct stratigraphic link between the site’s sections,
stratigraphic units (SU) were—to avoid confusion—numbered from 15 to 19 in the area
that was the primary focus of the new excavations. Here, we focus on this series of newly
excavated stratigraphic units. The stratigraphic sequence in this area of the site comprises
SU 15 to the top of SU 19. Directly underlying a humic deposit referred to as SU 15-humus,
the 10 cm thick SU 15 is characterised by dark brown clayey sediments with some evidence
for post-depositional reworking. The limited number of lithic artefacts from SU 15 makes
it impossible to establish a reliable archaeological attribution for this unit. The 20 cm thick
SU 16 is characterised by brown clayey sediment with heterometric limestone fragments
and contains a lithic assemblage comprising both Middle and Late Aurignacian lithics.
SU 17 is made up of yellow/brown silt-clay sediment with numerous small limestone
fragments and contains a still difficult to characterise Aurignacian industry. SU 18 is
approximately 20 cm thick and is composed of yellow/orange sandy-silty sediment with
numerous small limestone fragments and decimetric blocks. The SU 18 lithic assemblage
comprises a mix of Mousterian and Châtelperronian artefacts, which is consistent with a
recent revision of material recovered by Lévêque from a broadly equivalent archaeological
unit (EJOP upper; [19]). The lowermost SU 19 is a yellow/orange sandy/silty sediment
with numerous, sometimes large limestone blocks that seals the underlying Mousterian
(Lévêque’s EGPF). This unit is about 20 cm thick and contains only a small quantity of
bone and lithic artefacts.

3. Material and Methods

The micromammal sample analysed here comes from a succession of 2 cm spits
excavated in sub-square J4 III (e.g., spit 176–178 cm, the datum point “0” being situated in
the cliff above the stratigraphic sequence) (Figure 1B). This area of the site was selected
because it corresponds to a zone where the SUs were the thickest, making it possible to
follow a continuous series of spits down to the fallen stone blocks that mark the limit
with the relatively sterile level separating the yellow upper sequence (EJ units) from the
underlying grey Mousterian (EG units) levels (Figure 1C, and see [21] for more details). All
sediments were recovered from successive 2 cm spits and subsequently water-sieved using
4 and 2 mm meshes after the sediment volume was estimated by litre (minus stones with a
maximum dimension of 10 cm or more). The mesh size used to sieve the sediments is quite
large for micromammal sampling, and this could have had an impact on the representation
of some very small taxa (such as Sicista sp.) and small bone elements. Sub-square J4 III
is divided into four subunits (a, b, c and d), all corresponding to 16ths of a square metre.
All objects greater than 2 cm (e.g., lithic, fauna) were piece-plotted in three dimensions
with the help of a Total Station. We focused on micromammals, specifically rodents
and insectivores, which form the bulk of the small vertebrate accumulation. Avifauna,
herpetofauna, ichthyofauna, and lagomorpha are present but only in small proportions.

The taphonomic study of micromammals followed the standard methodology and
data available in [6–10]. We focused primarily on the relative abundance, intensity and
frequency of digestion marks. The relative abundance of skeletal elements was calculated
using the formula provided by Dodson and Wexlar [24] and Andrews [7]:

Ri = Ni/(MNI × Ei)

where Ri is the relative abundance of element i; Ni, the number of elements i as measured
by MNE (Minimum Number of Elements); MNI, the Minimum Number of Individuals; Ei,
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the number of the element i in the skeleton. For our analysis, we considered the rodent
skeleton to comprise two hemimaxillae; two hemimandibles; four incisors; 12 molars; two
humeri; two radii; two ulnae; two femora; two tibiae; two scapulae; two innominates; two
tali; two calcanei; 24 ribs; 54 vertebrae; 78 phalanges and metapodia.

Traces of digestion on bone surfaces result from the action of the gastric juices of the
predator on the various bone elements. The frequency and intensity of these alterations
allows different categories of predators to be identified. For example, nocturnal raptors
produce less frequent and less intense bone surface alteration compared to diurnal raptors,
and even fewer compared to small carnivores [6–10].

To quantify the micromammal accumulation, we used the MNE as well as the density
of remains per litre of sediment (“MNE/L”). We performed a Pearson correlation test
using the Past (version 4.06) software to explore whether the density of micromammal
remains is negatively correlated with various indicators of human occupations, including
the abundance of macrofaunal remains, particularly as they were previously shown to
primarily reflect human activity [20,25]. More specifically, proxies considered to reflect
human occupation include the number of piece-plotted faunal remains (greater than 2 cm
as well as any remain considered identifiable in the field) and the number of lithic artefacts
(for simplicity, we only used those that are greater than 2 cm). We also included the same
types of material from an adjacent sub-square metre, J4 IV, in order to increase the sample
size of proxies for human activity, especially macrofaunal remains. In order to test whether
variations result from post-depositional processes or excavation methods, non-piece plotted
faunal remains and lithic artefacts recovered from the sieve residue were weighed and
subsequently calculated in grams per litre.

4. Results
4.1. Taxonomic Composition

The micromammal accumulation is dominated by Microtus arvalis/agrestis and La-
siopodomys gregalis (Table 1). We also note the presence of Arvicola amphibius and Microtus
oeconomus, including a few remains attributed to Spermophilus sp., Talpa sp. and Sorex sp. A
single lower first molar of Lemmus/Myopus sp. was identified in SU 17. Relatively small
differences in the taxonomic composition are evident between the SUs. Testing whether
these differences reflect sampling error or other factors requires a larger sample of strati-
graphic units (Table 1). In comparison with Marquet’s data [22], our sample includes fewer
remains of Lasiopodomys gregalis and higher numbers of Microtus arvalis/agrestis remains. In
addition, our sample does not include remains of Sicista betulina. It is unclear whether these
differences could be linked to the mesh size, reflect sampling bias, as Marquet’s samples
were fairly small, or spatial patterning in the distribution of different micromammal species
(Figure 2A–E).

Table 1. Micromammal species diversity at La Roche-à-Pierrot for each stratigraphic unit (SU), expressed in MNI (Minimum
Number of Individuals).

Species/SU 15-Humus 15 16 16/17 17 17/18 18 18/19 19

Microtus arvalis/agrestis
(Common/field vole) 5 63 33 77 106 26 28 3 1

Lasiopodomys gregalis
(Narrow-headed vole) 7 74 40 42 109 32 30 4 2

Arvicola amphibius
(European water vole) 0 5 0 0 8 1 1 1 1

Microtus oeconomus
(Root vole) 0 4 0 0 2 0 1 0 0

Lemmus/Myopus sp.
(Lemming) 0 0 0 0 1 0 0 0 0
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Table 1. Cont.

Species/SU 15-Humus 15 16 16/17 17 17/18 18 18/19 19

Spermophilus sp.
(Ground squirrel) 0 1 0 1 0 1 1 0 0

Sorex sp. (Shrew) 0 1 0 1 0 0 1 0 1

Talpa sp. (Mole) 0 0 0 0 0 0 1 0 0
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Figure 2. Rodent remains from La-Roche-à-Pierrot. (A) First lower molar (left) of Lasiopodomys gregalis;
(B) first lower molar (left) of Microtus arvalis/agrestis; (C) third upper molar (right) of Lemmus/Myopus;
(D) first lower molar (left) of Microtus oeconomus; (E) first lower molar (right) of Arvicola amphibius;
(F) first lower molar (right) of Lasiopodomys gregalis with signs of moderate digestion (category 2),
occlusal and lateral view; (G) rodent lower incisor (left) with signs of light digestion (category 1),
characterised by the reduction of enamel on the tip (Table 2).
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Table 2. Number (N) and percentage (%) of digested Arvicolinae teeth for each SU (Stratigraphic Unit), according to the
intensity of the alteration defined by Andrews (1990): 0 = null; 1 = light; 2 = moderate; 3 = strong.

SU

Incisors Molars

0 1 2 3
N Total

0 1 2 3
N Total

N % N % N % N % N % N % N % N %

15 82 92 5 6 2 2 0 0 89 62 97 1 2 0 0 1 2 64

16 83 89 6 6 1 1 3 3 93 104 96 0 0 1 1 3 3 108

16/17 95 95 5 5 0 0 0 0 100 177 95 7 4 0 0 3 2 187

17 251 93 18 7 0 0 0 0 269 374 95 12 3 5 1 3 1 394

17/18 66 94 4 6 0 0 0 0 70 92 95 4 4 0 0 1 1 97

18 57 92 3 5 2 3 0 0 62 94 90 5 5 2 2 3 3 104

18/19 1 _ 0 _ 0 _ 0 _ 1 6 _ 1 _ 1 _ 0 _ 8

19 0 _ 0 _ 0 _ 0 _ 0 2 _ 1 _ 2 _ 0 _ 5

4.2. Origin of the Micromammal Accumulation

Traces of digestion on Arvicolinae molars vary between 4% and 6% for SU 15–17, and
climb to 10% for SU 18, whereas for the incisors, evidence of digestion varies between
5% and 11%. Most teeth exhibit low degrees of digestion, with only a limited number
being heavily altered (Table 2). This low digestion rate and low intensity of digestion are
consistent with a category 1 predator [7,10], such as the barn owl (Tyto alba), short-eared
(Asio flammeus) or long-eared owl (Asio otus). The presence of remains exhibiting moderate
to extensive traces of alteration may highlight the limited contribution of another predator
(less than 3% of digested teeth) such as diurnal raptors or small carnivores (Figure 2F,G).

All of the SUs are dominated by maxillae and mandibles followed by humeri, femora,
incisors and molars. Small and fragile elements (ribs, phalanges, metapodia, vertebrae,
radii) are consistently under-represented (Table S1, Figure 3), a pattern likely reflecting a
similar post-depositional winnowing or destruction affecting all SUs equally.

4.3. Density Variation

The MNE/L ratio is very high at the top of the sequence (spits 147–150 to 168–170)
and includes two density peaks: one at spit 150–152 and a second at spit 166–168 (Figure 4).
This ratio is significantly lower towards the bottom of the sequence, except for a peak in
spit 176–178. A similar increase in density is also observed between spits 186–188 and
190–192. Density variations observed between smaller subunits (16th of a square metre)
are similar to those seen in sub-square J4 III as a whole. The small variations observed
between these subunits occur at the interface between SU 17 and 18 and are most likely
due to the fact that SU 18 was slightly higher in some places (as in J4 IIIb, spit 190–192 and
J4 IIIc, spit 188–190). Additionally, the limited number of micromammal remains in SU 18
is reflected in small variations in specimen counts when SU 17 and 18 were recorded in the
same spit during excavations.

The density measures and raw frequencies of micromammals used for the correlation
test are provided in Table S2, while Table 3 provides the results of the Pearson correlation
tests (Pearson’s r) as well as associated p-values. A statistically significant positive correla-
tion is observed between the density and MNE of micromammals, which is related to the
small volume difference between spits. Proxies for human occupation (macrofauna and
lithics) also show significant positive correlations between them. The significant positive
correlation between piece-plotted lithic and faunal material and sieve residues supports
variations in these variables reflecting human activity rather than excavation bias.
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18 200–202 6 10 14 10
18 202–204 16 23 14 18
18 204–206 30 6 21 19
18 206–208 2 26 13 13
18 208–210 4 8 19 10
18 210–212 9 4 5 6
19 212–214 7 9 6 7

Figure 4. Density of micromammal remains (MNE/L) along the stratigraphic sequence of the quarter
of a square metre J4 III and its smaller subdivisions (a, b, c, and d). Spits highlighted in orange
correspond to maximum density peaks. SU: Stratigraphic Unit.

As expected, there is a negative correlation between micromammals (density and MNE
micro) and the proxies for human occupation (N fauna and N lithics). All relationships are
statistically significant except for the comparison between lithics (J4 III) and the density
of micromammals (r = −0.303, p = 0.09). The lack of statistical significance between these
variables may be due to sampling bias, given the small number of lithic artefacts greater
than 2 cm recovered from the limited surface area of J4 III.
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Table 3. Pearson’s r correlation coefficient (lower left part of the table) and associated p-values (upper right part of the
table) for different variables along the spit sequence. Coefficient values in bold are associated with a significant p-value
at the 5% threshold. Negative correlations in orange, positive correlations in green, the darker shades indicate stronger
correlations. N = number of remains and W = weight of faunal remains and lithic artefacts recovered from the sieve residues
(g/L). “Density” corresponds to the density of micromammal remains (MNE/L); “MNE micro” refers to micromammals
and “fauna” to macrofauna.

Density MNE Micro N Fauna
J4 III

N Fauna J4
III-IV

N Lithics
J4 III

N Lithics
J4 III-IV

W
Fauna W Lithics

Density 1.97 × 10−10 0.681 0.040 0.091 0.002 0.604 0.717

MNE Micro 0.864 0.866 0.003 0.019 3.79 × 10−5 0.234 0.095

N Fauna J4 III 0.076 0.031 8.55 × 10−5 0.016 0.789 0.039 0.328

N Fauna J4 III-IV −0.364 −0.502 0.638 0.001 3.62 × 10−5 0.0002 0.002

N Lithics J4 III −0.303 −0.412 0.423 0.552 0.001 0.017 0.088

N Lithics J4 III-IV −0.521 −0.661 −0.049 0.662 0.556 0.012 0.002

W Fauna 0.095 −0.216 0.366 0.621 0.417 0.441 8.17 × 10−13

W Lithics 0.067 −0.300 0.179 0.531 0.306 0.530 0.907

5. Discussion

When compared with data presented by Andrews [7], the accumulation of small
mammals at Saint-Césaire is consistent with the action of a category 1 nocturnal raptor.
As short-eared (Asio otus) and long-eared owls (Asio flammeus) do not generally nest in
karst contexts [26,27], the assemblage was most likely produced by a barn owl (Tyto alba).
While this species has not been identified at the site, this does not exclude it from being
responsible for the accumulation [7].

The overall accumulation shows a strong over-representation of M. arvalis/agrestis
and L. gregalis, which may be related to the preferences of the main accumulating agent
to hunt in open landscapes. As mentioned above, further work is necessary to identify
the source of the variations in species frequencies recorded in the stratigraphic sequence.
Patterns of skeletal representation do not reveal any major changes in the preservation of
skeletal elements that seem to be due to post-depositional processes or shifts in the type of
predators. The observed variations in density of micromammal remains therefore appear to
be primarily linked to the activities of the accumulating agent rather than external factors,
such as variations in micromammal palaeocommunities.

Given that the micromammal remains were most likely accumulated by a noctur-
nal bird of prey, it is reasonable to assume that phases of human occupation created
unfavourable conditions for the presence of these birds at the site. The negative correla-
tions between the proxies for human occupation and the micromammal variables (density
measures) are consistent with this conclusion. The density peaks observed along the
stratigraphic sequence could therefore correspond to more ephemeral phases of human
occupation or periods when the site was abandoned. The high density of remains between
depths 162–170, with the density peak in the spit 166–168, could correspond to a period
during which human occupations were less frequent or more ephemeral. This portion of
the sequence corresponds to the transition between SU 17 (Indeterminate Aurignacian)
and SU 16 (Middle/Late Aurignacian). Among the various peaks, the one observed in spit
176–178 is considerably more marked and could correspond to the abandonment of the
site by human groups. Moreover, this particular accumulation episode of micromammals
within SU 17 distinguishes two portions of this SU 17 that were difficult to identify during
fieldwork. The small peak in spit 190–192 coincides with the base of SU 17, which is
markedly different from SU 18, which contains a limited number of small mammal remains.
This abrupt shift in small mammal density between SU 17 and SU 18 may prove useful
in future stratigraphic analyses. Our results confirm that the quantification of micromam-
mal accumulations can be a useful proxy for better documenting stratigraphic sequences,
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whereas accumulation peaks can provide evidence for phases of site abandonment. Track-
ing shifts in micromammal densities therefore represents a new complementary tool for
characterising the frequency and timing of human occupations at archaeological sites which
commonly rely uniquely on macrofauna and lithics. Moreover, with the development of
ancient DNA recovered from sediments [28,29], this type of analysis can aid in identifying
sampling areas most likely to preserve human DNA.

Our results may be difficult to place in a broader perspective as similar analyses
are still rare for Palaeolithic contexts. Nonetheless, they indicate that due consideration
should be paid to recovery methods employed during excavations. Among other factors,
clast content and sediment volume are particularly critical, as both may produce biases
in artefact density estimates. These problems may partly be controlled for by precisely
measuring spit volumes or recording spits of constant volume.

6. Conclusions

At Saint-Césaire, higher densities of micromammal remains seem to coincide with
phases of limited human occupation whereas lower densities appear to denote periods
when the site was only sporadically occupied or abandoned. In the upper part of the
archaeological sequence, four accumulation peaks provide new data for (a) securely assign-
ing spits to particular stratigraphic units in inter-unit transitional zones, and (b) identifying
different occupation phases within the same stratigraphic unit.

Shifts in micromammal densities may not always produce reliable results due to the
impact of post-depositional processes that remobilised archaeological material and/or
geochemical alterations that locally affected faunal preservation. Despite these issues,
micromammal proxies have considerable potential for documenting changes in patterns of
human occupation, particularly if they are coupled with standard taphonomic analyses of
microfaunal and macrofaunal remains and when these data are assessed in light of dynamic
site formation processes and estimated sedimentation rates. In sum, the development of
micromammal analyses should contribute to a more reliable interpretation of archaeological
sites as well as the timing and frequency of human occupations.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/quat4040033/s1, Table S1: Micromammal MNE (Minimum Number of Elements) for each
spit and SU, Table S2: Variables taken into account for the correlation test along the spit sequence.
N = Number of remains and W = weight of faunal remains and lithic artefacts recovered from the
sieve residues (g/L).
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