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A B S T R A C T

The environmental and climatic conditions of the Late Pleistocene of Southern Belgium are here determined for
the final part of Marine Isotope Stage 3 (MIS 3) and for MIS 2 on the basis of a study of rodent assemblages. This
paper provides a synthesis of several sets of environmental and climatic data from Late Pleistocene sites, all of
which are located in southern Belgium. One has previously been published (Caverne Marie-Jeanne), and seven
are unpublished (Cavernes de Goyet, Trou des Nutons, Trou du Frontal, Trou de Chaleux, Grotte la Chefalize,
Trou du Chêne, and Trou du Sureau). The habitat weighting and quantified ecology methods are applied to ro-
dent material housed in the Royal Belgian Institute of Natural Sciences (RBINS, Brussels), and previous radiocar-
bon dates are updated, in order to reconstruct past environments. Among all the sites under analysis, the quanti-
fied ecology method shows that Trou de Chaleux corresponds to the coldest temperatures and lowest precipita-
tion. Trou de Chaleux, with a chronology between ca. 15,964–14,014 cal yr B.P., could probably be placed in
Greenland Stadial 2 (GS2) or Heinrich Event 1 (HE1). It has a rodent assemblage associated with a predominance
of open dry and rocky formations, the most abundant species being the collared lemming and the narrow-headed
vole. These data are found to coincide with previous studies carried out on the large-mammal, herpetofaunal,
and avifaunal associations of the site, as well as on small-mammal associations from other sites in southern Bel-
gium with similar chronology, such as Grotte Walou. Taken together, this indicates that these latest Pleistocene
intervals in southern Belgium were characterized by harsh climatic and environmental conditions. In contrast,
the other assemblages under study yielded much more heterogeneous results, frequently inconsistent with an at-
tribution to the Pleistocene. This is likely to be a result of their admixture with Holocene material due to recent
intrusions.

1. Introduction

The Late Pleistocene is a geochronological age that began with the
Eemian interglacial (ca. 126 ka) and ended at ca. 11.7 ka, with the be-
ginning of the Holocene (Walker et al., 2009). The last phases of this
age can be taken to be represented by the last part of Marine Isotope
Stage 3 (MIS 3), MIS 2, and the beginning of MIS 1 (ca. 11.7 ka) (e.g.
Lisiecki and Raymo, 2005; Walker et al., 2018). These stages are de-
scribed in all geological literature as the most intense phase of the Pleis-

tocene, characterized by major, rapid climate changes (e.g. Railsback et
al., 2015; Vermeersch, 2005). They range chronologically from ca. 40
to 11.7 ka. The last part of MIS 3 contains two Heinrich Events (H4 and
H3), dated respectively to between ca. 38–35 ka (H4) and between ca.
31–29 ka (H3). MIS 2 contains two Heinrich Events (H2 and H1), dated
respectively to between ca. 24–22 ka (H2) and between ca. 16–14 ka
(H1, or the Oldest Dryas), as well as the Last Glacial Maximum (LGM),
the period of maximum marine regression (Clark et al., 2009). The
chronological range of the LGM is controversial: for some authors it
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ranges from ca. 23 to 19 ka (Ravazzi et al., 2007), whereas for others it
ranges from ca. 26 to 19 ka (Clark et al., 2009). This glacial maximum
phase is followed by the most recent phase of MIS 2 and the beginning
of MIS 1, known as the Late Glacial, which precedes the Holocene and
ranges chronologically from ca. 14.7 to 11.7 ka. This period features a
set of climatic fluctuations called the Bølling period interstadial or
Greenland Interstadial 1 (GI-1) at about ca. 14.5 ka, with a rapid in-
crease in temperatures similar to today's, as well as the Younger Dryas
or Greenland Stadial 1 (GS-1), a climatic cooling with a loss of vegeta-
tion cover and a return to steppe conditions, dated to ca. 12.6 ka (e.g.
Ravazzi et al., 2007; Vescovi et al., 2007).

This is the climatic context of the Belgian Late Pleistocene assem-
blages housed in the Royal Belgian Institute of Natural Sciences
(RBINS). Rodent studies of these sites can provide new terrestrial data
to shed light on the past environment and climate of this region. In gen-
eral, there are some studies of Late Pleistocene small mammals in Bel-
gium, such as those of Trou des Blaireaux (Cordy and Peuchot, 1983),
Trou Jadot (Cordy and Toussaint, 1993), Grotte du Coléoptère (Dewez
et al., 1983), Grotte Walou (see review in Stewart and Parfitt, 2011),
Trou Al’Wesse (Brace et al., 2012; Miller et al., 2012), Grotte Scladina
(Cordy, 1992; López-García et al., 2017a), Trou du Diable (Toussaint,
1988), Trou Magrite (Cordy, 1995), and Caverne Marie-Jeanne (López-
García et al., 2017b). However, only a few of these sites contain de-
posits with studies of rodent remains and a stratigraphic origin that is
more or less clearly ascribed chronologically. These are Grotte Walou
(Stewart and Parfitt, 2011), Scladina (López-García et al., 2017a), and
Caverne Marie-Jeanne (López-García et al., 2017b).

Against this background, the aims of this paper are: 1) to identify
the rodent remains of the seven Late Pleistocene sites (Cavernes de
Goyet, Trou des Nutons, Trou du Frontal, Trou de Chaleux, Grotte la
Chefalize, Trou du Chêne, and Trou du Sureau) housed at the RBINS; 2)
to update the radiocarbon dating of the dated sites with the last version
of OxCal 4.4.4. (Bronk-Ramsey, 2021) in order to put this dating into
context with the atmospheric data from Reimer et al. (2020); 3) to ap-
ply different methods (the habitat weighting and quantified ecology
methods) to the rodent assemblages in order to reconstruct the past en-
vironment and climate of the sites that fall within MIS 2; 4) to try to
identify different oscillations of the latest Pleistocene on the basis of the
rodent assemblages together with the environmental and climatic data
obtained; and 5) to compare our results with other vertebrate studies
performed at the analysed sites, such as studies of amphibians and squa-
mate reptiles (Blain et al., 2022) and avifauna (Goffette et al., 2020), as
well as with the results from other sites with rodent studies, with a view
to establishing the wider context of the latest Pleistocene in southern
Belgium.

2. Material and methods

2.1. Rodent sorting and the palaeontological and taphonomical study

The rodent fossil remains used for this study come from the collec-
tions of the Royal Belgian Institute of Natural Sciences (RBINS) in Brus-
sels. This material consists of disarticulated bone fragments, mandibles,
maxilla, and isolated teeth, probably collected (we lack information on
the samples recovered) by water-screening with a 1 or 2 mm mesh
screen, judging by the dimensions of the bone remains, of which are ba-
sically represent by fragment of mandibles and maxilla with teeth and
isolated teeth. The fossil material was processed, sorted, classified, and
deposited in the collections of the RBINS. The studied fossil assemblage
comprises 2477 identified specimens, corresponding to 1380 individu-
als from eight different sites in southern Belgium, representing at least
14 rodent taxa (Table 1; Fig. 3). The rodent fossil fragments were iden-
tified mainly in accordance with the palaeontological criteria proposed
by Chaline (1972) and López-García (2011). The specific attribution of
this material is based principally on the best diagnostic elements:
mainly mandibles, maxilla, and isolated teeth for the different groups of
rodents under analysis. Moreover, the fossils were quantified using the
minimum number of individuals (MNI) method, by counting the most
represented diagnostic elements and taking laterality into account
where appropriate.

The taphonomic study of small mammals is based on a descriptive
and systematic method that studies the changes resulting from preda-
tion (Andrews, 1990). For this preliminary study, the alterations caused
by digestion present in the first lower molars were observed and de-
scribed in accordance with Andrews (1990) and Fernandez-Jalvo et al.
(2016) for the arvicoline rodent species, allowing us to identify and rec-
ognize the action of the predators that accumulated the small-mammal
remains.

2.2. Radiocarbon dating

The sites of Grotte la Chefalize, Trou du Chêne, and Trou du Sureau,
which are without an absolute dating and whose chronological attribu-
tion is unclear, are not used for the environmental and climatic recon-
struction, and although the data inferred from these sites will be dis-
played in the tables and figures, they are not used for further interpreta-
tion.

The radiocarbon datings from the other sites analysed, Cavernes de
Goyet, Trou des Nutons, Caverne Marie-Jeanne, Trou du Frontal, and
Trou de Chaleux (Charles, 1998; Brace et al., 2012; Germonpré, 1997,
2004; Germonpré and Sablin, 2001; Germonpré et al., 2009; Van

Table 1
Representation of the percentage (%) of the MNI of the species by layer from the studied sites. MNI = minimum number of individuals; NISP = number of iden-
tified specimens.

Goyet (A) Goyet (M/A) Goyet(M) Nutons Marie-Jeanne(2) Frontal Chaleux Chefalize Chêne(2) Chêne(3) Sureau

Arvicola amphibius 4.4 9.5 8.9 12.5 14.2 6.7 1.1 36.4 16.3 25.0 31.4
Chionomys nivalis 0.6 9.5 1.8 0.0 0.8 0.0 0.0 0.0 0.7 0.0 0.0
Clethrionomys glareolus 6.6 0.0 0.0 3.1 3.3 6.7 0.3 9.1 1.4 0.0 1.0
Dicrostonyx torquatus 33.1 26.2 26.8 43.8 9.4 0.0 28.8 0.0 2.7 0.0 0.0
Lemmus /Myopus 0.6 2.4 48.2 0.0 1.5 0.0 0.0 9.1 2.7 0.0 1.0
Lagurus lagurus 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Microtus agrestis 4.4 4.8 3.6 6.3 5.1 6.7 0.0 0.0 4.8 0.0 12.4
Microtus arvalis 22.7 23.8 3.6 12.5 36.6 40.0 18.4 18.2 23.1 52.5 9.5
Stenocraneus anglicus 22.7 19.0 7.1 15.6 20.1 13.3 47.5 18.2 27.9 10.0 21.0
Alexandromys oeconomus 2.2 4.8 0.0 0.0 5.1 6.7 3.9 0.0 13.6 12.5 14.3
Microtus (Terricola) subterraneus 1.7 0.0 0.0 3.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cricetus cricetus 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 6.8 0.0 8.6
Apodemus gr. sylvaticus-flavicollis 1.1 0.0 0.0 3.1 2.3 20.0 0.0 9.1 0.0 0.0 1.0
Glis glis 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Total 100 100 100 100 100 100 100 100 100 100 100
MNI 181 42 56 32 393 15 358 11 147 40 105
NISP 320 60 96 51 711 20 688 15 263 71 182
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Strydonck et al., 2001), were calibrated with OxCal 4.4.4. (Bronk-
Ramsey, 2021 (Table 2; Fig. 2) in order to update them, and put into
context with the atmospheric data from Reimer et al. (2020) (Fig. 2).

2.3. Palaeoenvironmental reconstruction

To reconstruct the past environment at the different sites under
analysis, we use the habitat weighting method (see Evans et al., 1981;
Andrews, 2006), distributing each rodent taxon where it can be found
at present in accordance with López-García et al. (2017a and b). The
habitats are divided into five types (in accordance with Cuenca-Bescós
et al., 2005; Blain et al., 2008; López-García et al., 2010). These types
are defined as follows: “open dry”, meadows under seasonal climate
change; “open humid”, evergreen meadows with dense pastures and
suitable topsoil; “woodland”, mature forest, including woodland mar-
gins and forest patches, with moderate ground cover; “water”, areas
along streams, lakes, and ponds; and “rocky”, areas with a rocky or
stony substratum.

2.4. Palaeoclimatic reconstruction

In order to assess the palaeoclimatic data from the different sites un-
der study, we use

the quantified ecology (QE) method, which was developed by
Jeannet (2010). This method is based on a combination of the geo-
graphic and climatic distributions of small-vertebrate species today. In
this case we use the rodent data, calculated from the

sum of the climatic parameters (mean temperature and mean pre-
cipitation) by species, divided by the total of the species represented at
each of the studied sites. On the basis of these methods, two climatic
factors are estimated: the mean annual temperature (MAT) and the
mean annual precipitation (MAP). These climatic parameters are com-
pared with the modern climatic data (over a period of 30 years) from
the meteorological stations of the municipalities of Namur, Givet, and
Dinant (Climate-Data.org) located near the sites in question (Fig. 1).

3. Studied sites and results

3.1. Cavernes de Goyet

The system of caves and galleries known as “Cavernes de Goyet”
(50° 26′ 39″ N, 5° 00′ 51″ E) is located 130 m a.s.l. in a carboniferous
limestone cliff 10 km southeast of the city of Namur (Ulrix-Closset,
1975; Otte, 1979; Cahen and Haesaerts, 1984) (Fig. 1). Discovered in
1869 by Dupont (Dupont, 1869), the system underwent a complex his-
tory of field excavation campaigns, summarized in Otte (1979). The ro-
dent material analysed in this study comes from the excavations carried
out by the RBINS in 1937 and 1938, when a Middle Palaeolithic level
was discovered (de Bournonville, 1955). These excavations focused on
four main parts of the system of caves: the “Salle du Mouton”, a set of
galleries numbered 1 to 6, the “central corridor”, and the “well”. Except
for the Middle Palaeolithic level, these works seem to have found only
reworked ground (Eloy, 1943; Blouard, 1946; Eloy, 1952–1953). From
the labels kept in the RBINS drawers, various labelled samples are here
considered: 1) the “Salle du Mouton” 2e and 1er niveau Moustérien,
which probably refers to Mousterian levels; 2) the “Salle du Mouton” –
Terre noire, which is considered mixed Mousterian and Aurignacian;
and 3) the “Salle du Mouton” – Terre jaune, which is considered Auri-
gnacian in origin (Otte, 1979). The radiocarbon AMS dating of selected
bones reveals a chronological period from ca. 12 to 31 ka (Germonpré,
1997, 2004; Germonpré and Sablin, 2001; Van Strydonck et al., 2001)
(Table 2).

The rodent remains from the different levels of Goyet's “Salle du
Mouton” amount to a total of 476 identified specimens and 279 individ-
uals, corresponding to 11 taxa (Table 1). The most abundant species in

“2e and 1er niveau Moustérien” and “Terre noire” are Dicrostonyx
torquatus (collared lemming), Stenocranius anglicus (=Lasiopodomys gre-
galis, priority discussed by Baca et al., 2019, 2023; Lemanik et al.,
2020) (narrow-headed vole), and Microtus arvalis (common vole), rep-
resenting 78.5% of the total number of individuals in “2e and 1er
niveau Moustérien” and 69% in “Terre noire”. The most abundant
species in “Terre jaune” are Lemmus/Myopus (Norway/wood lemming,
see discussion in Arbez et al., 2023) and D. torquatus, representing 75%
of the total number of individuals (Table 1). For the taphonomic study,
a total 481 arvicolinae first lower molars were observed. Among the
types of digestion, according to Andrews (1990) and Fernandez-Jalvo et
al. (2016), light (ca. 80%) and moderate (ca. 20%) digestion predomi-
nates, indicating that the accumulation is associated with predation.
This kind of digestion can probably be associated with Category 2
predators, which in general not display a specific prey consumption
pattern. Unfortunately, there is no data for birds from Cavernes de
Goyet (Goffette, 2023). The habitat weighting method applied to the ro-
dent assemblage reveals a landscape with a predominance of open dry
and rocky formations (between 43.6% and 61.6%), also with a good
representation of forest landscape (between 24.1% and 36.3%) (Table
3). The quantified ecology method for reconstructing climatic parame-
ters shows that the mean annual temperatures and mean annual precip-
itation were lower than at present (MATGoyet = −7.8 to −5.8 °C;
MAPGoyet = −307 to −300 mm) (Table 4). At present, MAT = 10.3 °C
and MAP = 864 mm at the weather station at Namur (Climate-
Data.org).

3.2. Trou des Nutons

Trou des Nutons (50° 12′ 50″ N, 4° 57′ 24″ E) is a 25-m-long, 2.5-m-
wide cave located about 30 m above the right bank of the Lesse River,
about 5 km southeast of the city of Dinant on the territory of the Fur-
fooz village (Fig. 1). Two levels from this site described by Dupont
(1868) delivered osteological material. The upper layer (first ossiferous
layer) was attributed to the “Âge du Renne” (meaning “reindeer age”),
whereas a deeper layer (second ossiferous layer) delivered bones con-
sidered older and attributed to the “Âge du Mammouth” (meaning
“mammoth age”). Various radiocarbon datings suggest a latest Pleis-
tocene age of around 12.8 ka, in agreement with the Magdalenian ma-
terial culture uncovered at this site. However, one older date has been
obtained (21.8 ka), and more recent material is certainly also present,
as shown by several radiocarbon results that fall within the Holocene
(Germonpré et al., 2009; Charles, 1998) (Table 2).

The rodent remains studied here from the first ossiferous layer are
scarce: 51 specimens and 32 individuals, corresponding to eight taxa,
have been identified (Table 1). Among these remains, the best-
represented species are D. torquatus, S. anglicus, M. arvalis, and Arvicola
amphibius (European water vole), representing 84.4% of the total num-
ber of individuals (Table 1). For the taphonomic study, a total 50 arvi-
colinae first lower molars were observed. Among the types of digestion,
according to Andrews (1990) and Fernandez-Jalvo et al. (2016), light
(ca. 71%) and moderate (ca. 28%) digestion predominates, indicating
that the accumulation is associated with predation. This kind of diges-
tion can probably be associated with Category 2 predators, which in
general not display a specific prey consumption pattern. Among the
possible candidates for this category of predation, we find Bubo scandia-
cus (Snowy owl) present at the site (Goffette, 2023).The habitat weight-
ing method applied to the rodent assemblage reveals a landscape with a
predominance of open dry and rocky formations (44.5%), also with a
good representation of forest landscape (31.3%) and stable water-
courses (16.4%) close to the cave (Table 3). The quantified ecology
method for reconstructing climatic parameters shows that the mean an-
nual temperatures and mean annual precipitation were lower than at
present (MATNutons = −5.3 °C; MAPNutons = −335 mm) (Table 4). At
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Table 2
Radiocarbon dates for the different sites analysed, calibrated with the OxCal 4.4.4. software (Bronk Ramsey, 2021).
Reference n° site level species element 14C date BP 14C cal yr B.P.

(68,3%)
14C cal yr B.P.
(95,4%)

reference

OxA-24,122 Marie-Jeanne 2 Dicrostonyx teeth 12,275 ± 55 14,292–14,090 14,456–14,057 Brace et al., 2012
Oxa-24,123 Marie-Jeanne 2 Dicrostonyx teeth 20,

930 ± 140
25,365–25,055 25,670–24,916 Brace et al., 2012

GrA-3238 Goyet - 3rd
cave

Horizon
1

Ovibos moschatus phalanx 12,620 ± 90 15,202–14,866 15,310–14,790 Germonpré, 1997

GrA-3237 Goyet - 3rd
cave

Horizon
1

Equus sp. vertebra 12,770 ± 90 14,351–14,058 14,629–14,020 Germonpré, 1997

GrA-3239 Goyet - 3rd
cave

Horizon
1

Crocuta crocuta calcaneum 27,
230 ± 260

31,488–31,205 31,740–31,004 Germonpré, 1997

Utc-8957 Goyet - 3rd
cave

Horizon
1

Equus sp. bone 12,560 ± 50 15,083–14,840 15,139–14,801 Stevens et al., 2009

OxA-12,121 Goyet - 3rd
cave

Horizon
1

Ovibos moschatus bone 12,775 ± 50 15,309–15,149 15,454–15,074 Stevens et al., 2009

OxA-V-2223-
48

Goyet - 3rd
cave

Horizon
1

Equus sp. bone 12,775 ± 55 15,316–15,143 15,474–15,064 Stevens et al., 2009

OxA-6592 Goyet - 3rd
cave

Horizon
1

Coelodonta antiquitatis bone 16,
320 ± 140

19,874–19,538 20,118–19,376 Stevens et al., 2009

OxA-V-2223-
44

Goyet - 3rd
cave

Horizon
1

Equus sp. bone 31,
750 ± 200

36,328–35,894 36,502–35,551 Stevens et al., 2009

Beta-239,920 Goyet – Large canid Skull 31,
680 ± 250

36,280–35,737 36,504–35,422 Germonpré et al., 2009

KIA-25296 Goyet - 3rd
cave

Level A1 Large canid bone 13,680 ± 60 16,638–16,408 16,792–16,321 Germonpré et al., 2009

KIA-25297 Goyet Level B4 Large canid bone 24,
780 ± 140

29,148–28,876 29,220–28,741 Germonpré et al., 2009

KIA-22275 Goyet - 3rd
cave

Horizon
2

Alopex lagopus bone 12,380 ± 60 14,539–14,241 14,864–14,160 Dalén et al., 2007

OxA-V-2223-
49

Goyet - 3rd
cave

Horizon
2

Equus sp. bone 29,
420 ± 170

34,225–33,830 34,390–33,568 Stevens et al., 2009

KIA-22280 Goyet - 3rd
cave

Horizon
3

Ursus spelaeus bone 23,
580 ± 130

27,852–27,652 27,938–27,405 Germonpré and Hämäläinen,
2007

KIA-18986 Goyet - 3rd
cave

Horizon
3

Ursus spelaeus bone 27,
440 ± 170

31,548–31,222 31,712–31,147 Germonpré and Hämäläinen,
2007

KIA-22281 Goyet - 3rd
cave

Horizon
3

Rangifer tarandus bone 27,
590 ± 170

31,667–31,310 31,825–31,190 Germonpré and Hämäläinen,
2007

OxA-4194 Trou des
Nutons

– Cervus elaphus scapho-cuboid 2210 ± 80 2328–2126 2352–1999 Hedges et al., 1994

Lv-1137 Trou des
Nutons

– Unidentified Multiple bone
fragments

7720 ± 110 8600–8392 8980–8330 Gilot, 1984

OxA-4195 Trou des
Nutons

– Equus ferus phalanx 12,
630 ± 140

15,274–14,824 15,464–14,301 Hedges et al., 1994

OxA-4014 Trou des
Nutons

– Equus ferus pisiform 12,
870 ± 110

15,557–15,230 15,712–15,078 Hedges et al., 1994

KIA-25298 Trou des
Nutons

– Canis lupus Skull 21,810 ± 90 26,086–25,913 26,326–25,882 Germonpré et al., 2009

OxA-4193 Trou de
Chaleux

– Sus scrofa Humerus 3060 ± 85 3374–3162 3450–3000 Hedges et al., 1994

OxA-5679 Trou de
Chaleux

– Homo sapiens bone 8730 ± 80 9887–9552 10,120–9540 Bronk Ramsey et al., 2002

OxA-3632 Trou de
Chaleux

– Equus ferus cuneiform 12,
790 ± 100

15,430–15,115 15,590–14,988 Hedges et al., 1993

OxA-4192 Trou de
Chaleux

– Ovibos moschatus pisiform 12,
860 ± 140

15,580–15,176 15,785–14,970 Hedges, 1994

OxA-3633 Trou de
Chaleux

– Equus ferus cuneiform 12,
880 ± 100

15,555–15,254 15,694–15,114 Hedges et al., 1993

Lv-1568 Trou de
Chaleux

– Unidentified Multiple bone
fragments

12,
370 ± 170

14,646–14,151 15,141–14,014 Otte and Teheux, 1986

Lv-1136 Trou de
Chaleux

– Unidentified Multiple bone
fragments

12,
710 ± 150

15,446–14,906 15,630–14,784 Gilot, 1984

Lv-1569 Trou de
Chaleux

– Unidentified Multiple bone
fragments

12,
990 ± 140

15,734–15,324 15,964–15,155 Otte and Teheux, 1986

OxA-V-2216-
44

Trou de
Chaleux

– Equus ferus bone 12,375 ± 50 14,515–14,246 14,637–14,168 Stevens et al., 2009

OxA-V-2216-
45

Trou de
Chaleux

– Equus ferus bone 12,630 ± 55 15,141–14,969 15,259–14,837 Stevens et al., 2009

OxA-4196 Trou du
Frontal

– Homo sapiens Tibia 4430 ± 80 5273–4877 5290–4860 Hedges et al., 1994

GrN-10,179 Trou du
Frontal

– Homo sapiens Multiple ribs 4430 ± 30 5259–4887 5280–4870 Twiesselmann, 1971

(continued on next page)
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Table 2 (continued)
Reference n° site level species element 14C date BP 14C cal yr B.P.

(68,3%)
14C cal yr B.P.
(95,4%)

reference

Lv-1135 Trou du
Frontal

– Unidentified Multiple bone
fragments

10,
720 ± 120

12,810–12,499 12,970–12,200 Gilot, 1984

OxA-4197 Trou du
Frontal

– Equus ferus metacarpus 12,
800 ± 130

15,504–15,106 15,713–14,896 Hedges, 1994

Lv-1749 Trou du
Frontal

– Equus ferus bone 12,
950 ± 170

15,732–15,250 16,001–15,010 Dewez, 1992

Lv-1750 Trou du
Frontal

– Equus ferus + Canis
lupus

bone 13,
130 ± 170

16,018–15,506 16,250–15,264 Dewez, 1992

Fig. 1. Location of the different sites analysed. 1.Marie-Jeanne; 2. Goyet; 3. Chêne, Sureau; 4. Nutons; Frontal; 5. Chaleux; 6. Chefalize.

Table 3
Percentage representation of rodent taxa associated with open dry meadows
(OD); open humid meadows (OH); woodland environments (Wo); rocky envi-
ronments (R); and landscapes beside running water (Wa).

OD + R OH Wo Wa

Trou de Chaleux 42.7 13.8 29.5 14.0
Trou du Frontal 23.3 10.0 55.0 11.7
Marie-Jeanne (2) 33.6 10.1 35.8 20.5
Trou des Nutons 44.5 7.8 31.3 16.4
Goyet (A) 43.6 9.4 36.3 10.6
Goyet (A/M) 47.6 9.5 26.8 15.5
Goyet (M) 61.6 3.6 24.1 10.7

present, MAT = 9.8 °C and MAP = 899 mm at the weather station at
Dinant (Climate-Data.org).

3.3. Caverne Marie-Jeanne

Caverne Marie-Jeanne (50° 13′ 23″ N, 4° 48′ 51″ E) is located 25 m
above the right bank of a small tributary (Féron) of the River Meuse,
near the town of Hastière-Lavaux (Ballmann et al., 1980; Brace et al.,
2012) (Fig. 1). The cave is formed from Tournaisian (Early Carbonifer-
ous) calcareous deposits. The excavations at this site began in 1943,

Table 4
Relation of temperature and precipitation for the different sites analysed;
MAT. mean annual temperatures; MAP. mean annual precipitation; Δ. Aver-
age values in relation to present data; SD. standard deviation of values ob-
tained.

MAT SD Current ΔMAT MAP SD Current ΔMAP

Trou de Chaleux 1.01 5.6 9.8 −8.79 480 77 899 −419
Trou du Frontal 4.4 5.4 9.8 −5.4 530 110 866 −336
Marie-Jeanne (2) 5 4.6 9.8 −4.8 529 102 866 −337
Trou des Nutons 4.5 6.3 9.8 −5.3 531 111 866 −335
Goyet (A) 4.5 6.3 10.3 −5.8 564 125 864 −300
Goyet (A/M) 2.5 6.3 10.3 −7.8 557 148 864 −307
Goyet (M) 3.5 6.4 10.3 −6.8 561 159 864 −303

conducted by M. Gilbert of the RBINS. The excavated deposits were
made up of ten layers, of which layers 10 to 7 were sterile and layers 6
to 2 contain a large number of faunal remains. The small-mammal re-
mains of the entire sequence were published in extended form by
López-García et al. (2017b). Here the focus is on upper layer 2, which is
latest Pleistocene in age (ca. 12–20 ka) (Brace et al., 2012) (Table 2).
This may help us in drawing comparisons with the other sites under
consideration.
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The rodent remains from layer 2 of Caverne Marie-Jeanne amount
to a total of 711 identified remains and 393 individuals, corresponding
to 13 taxa (Table 1). The most abundant species are M. arvalis, S. angli-
cus, and A. amphibius, representing 70.2% of the total number of indi-
viduals. For the taphonomic study, a total 682 arvicolinae first lower
molars were observed. Among the types of digestion, according to
Andrews (1990) and Fernandez-Jalvo et al. (2016), light (ca. 73%) and
moderate (ca. 16%) digestion predominates, indicating that the accu-
mulation is associated with predation. This kind of digestion can proba-
bly be associated with Category 2 predators, which in general not dis-
play a specific prey consumption pattern. Unfortunately, no predatory
birds are found in Marie-Jeanne layer 2 (Ballmann, 1973) Applying the
habitat weighting method to the rodent assemblage brings to light a
more or less equal representation of forest formations (35.8%) and open
and dry and rocky landscapes (33.6%), also with a good representation
of stable watercourses (20.5%) (Table 3). According to the quantified
ecology method of reconstructing climatic parameters, the mean an-
nual temperatures and mean annual precipitation were lower than at
present (MATMarie-Jeanne = −4.8 °C; MAPMarie-Jeanne = −337 mm) (Table
4). At present, MAT = 9.8 °C and MAP = 866 mm at the weather sta-
tion at Givet (Climate-Data.org).

3.4. Trou du Frontal

Trou du Frontal (50° 12′ 46″ N, 4° 57′ 22″ E) is located on the right
bank of the Lesse River 16 m above it, and is part of the Furfooz cave
complex (Dupont, 1866) (Fig. 1). The excavations yielded remains of
Magdalenian culture, together with large-mammal (herbivore and car-
nivore), bird, fish, amphibian, and reptile remains (Blain et al., 2022;
Dupont, 1873; Germonpré et al., 2009; Van Neer et al., 2007). Various
radiocarbon datings have situated the Late Pleistocene material be-
tween ca. 12.8–13.1 ka, but several bones have given a Holocene age
(Germonpré, 1997; Germonpré et al., 2009) (Table 2).

The rodent assemblage of Trou du Frontal is very scarce. A total of
only 20 specimens and 15 individuals have been identified, correspond-
ing to seven species, of which the most abundant is M. arvalis (40%), to-
gether with Apodemus gr. sylvaticus-flavicollis (20%) (Table 1). For the
taphonomic study, a total 16 arvicolinae first lower molars were ob-
served. Among the types of digestion, according to Andrews (1990) and
Fernandez-Jalvo et al. (2016), light (ca. 60%) and moderate (ca. 30%)
digestion predominates, indicating that the accumulation is associated
with predation. This kind of digestion can probably be associated with
Category 2 predators, which in general not display a specific prey con-
sumption pattern. As is the case in Trou des Nutons, among the possible
candidates for this category of predation, we find Bubo scandiacus repre-
sented at the site (Goffette, 2023). Bearing in mind that any possible in-
terpretation of this site should be treated with caution given the
scarcity of remains, the habitat weighting method shows a predomi-
nance of forest formations (55%), together with a relatively high com-
ponent of open dry and rocky environments (23.3%) (Table 3). The
quantified ecology method for reconstructing climatic parameters indi-
cates mean annual temperatures and mean annual precipitation lower
than at present (MATFrontal = −5.4 °C; MAPFrontal = −336 mm) (Table
4). At present, MAT = 9.8 °C and MAP = 866 mm at the weather sta-
tion at Givet (Climate-Data.org).

3.5. Trou de Chaleux

Trou de Chaleux (50° 13′ 11“ N, 4° 56’ 41” E) is located 6 km south-
east of the city of Dinant in a limestone cliff on the right bank of the
Lesse River (Ulrix-Closset, 1975; Cahen and Haesaerts, 1984; Otte,
1994) (Fig. 1). Various archaeological interventions have been under-
taken at the site, mainly in the second half of the 19th century (Dupont,
1865, 1867) and at the end of the 20th century (Otte, 1994). Several ra-
diocarbon datings constrain the Late Pleistocene assemblage between

ca. 12.4–13.0 ka, but two bones yielded results corresponding to the
Holocene (Germonpré, 1997; Germonpré et al., 2009) (Table 2). These
excavations yielded very abundant material attributed to upper Mag-
dalenian culture (Sonneville-Bordes, 1961; Otte, 1994; Charles, 1998;
Dewez, 1987), including a good representation of large-mammal, bird,
fish, amphibian, and reptile remains (Blain et al., 2022; Germonpré,
1997; Dupont, 1873; Van Neer et al., 2007). It should be noted that a re-
cent study of the avifauna (Goffette et al., 2020) shows that the pres-
ence of birds such as ptarmigans, pine grosbeak and the snowy owl is
consistent with Trou de Chaleux being attributed to the late Magdalen-
ian.

The rodent remains from Trou de Chaleux amount in total to 688
identified specimens and 358 individuals, corresponding to six taxa
(Table 1). The two most abundant species are S. anglicus and D. torqua-
tus, making up 76.3% of the total number of individuals. For the tapho-
nomic study, a total 688 arvicolinae first lower molars were observed.
Among the types of digestion, according to Andrews (1990) and
Fernandez-Jalvo et al. (2016), light (ca. 81%) and moderate (ca. 18%)
digestion predominates, indicating that the accumulation is associated
with predation. This kind of digestion can probably be associated with
Category 2 predators, which in general not display a specific prey con-
sumption pattern. Also, in this case it could coincide with the presence
of Bubo scandiacus identified in the site (Goffette et al., 2020; Goffette,
2023). Application of the habitat weighting method to the rodent as-
semblage indicates a landscape with a predominance of open dry and
rocky formations (42.7%), also with a good representation of forest
landscape (29.5%) and stable watercourses (14%) close to the cave
(Table 3). According to the quantified ecology method, the mean an-
nual temperatures and mean annual precipitation were lower than at
present (MATChaleux = −8.8 °C; MAPChaleux = −419 mm) (Table 4). At
present, MAT = 9.8 °C and MAP = 899 mm at the weather station at
Dinant (Climate-Data.org).

3.6. Other sites

Three other sites whose remains are housed at the RBINS were stud-
ied, although they are without an absolute dating and their chronologi-
cal attribution is unclear. Methods for reconstructing the environment
and climate were not applied to these sites, but the number of identified
specimens and the minimum number of individuals appear in Table 1.

Trou du Chêne is a small cave that forms part of the Montaigle
caves, located to the south of Namur (Fig. 1). This cave was excavated
by Dupont in 1867 (Dupont, 1868). The material deposited at the
RBINS corresponds to two levels: “3e niveau ossifère”, ascribed by Otte
(1979) to the Upper Perigordian (ca. 35–20 ka), and “2e niveau os-
sifère”, probably associated with the Magdalenian (Otte, 1979). The
two levels yielded a total of 334 identified remains and 187 individuals,
corresponding to ten species (Table 1). In both levels, the most abun-
dant species are A. amphibius, M. arvalis, S. anglicus, and Alexandromys
oeconomus (Table 1).

Trou du Sureau is the largest of the Montaigle caves and is located to
the south of Namur (Fig. 1), a few metres east of Trou du Chêne. It was
also excavated by Dupont in 1867 (Dupont, 1868). Various layers have
been described for this site, which is very rich in mammals, birds, anu-
rans, shells, and fishes (Dupont, 1868, 1873; Van Neer et al., 2007). On
the basis of the lithic assemblage, Otte (1979) proposed that level 2 was
associated with a Perigordian occupation, probably related with the “3e
niveau ossifère” of Trou du Chêne, and that level 1 was a mixture be-
tween Mesolithic and Neolithic periods. The rodent material identified
from the RBINS pertains to level 2 of Trou du Sureau. A total of 182 re-
mains and 105 individuals have been identified, corresponding to eight
taxa (Table 1). The most abundant species, as in Trou du Chêne, are A.
amphibius, M. arvalis, S. anglicus, and A. oeconomus (Table 1).

There is no archaeological or geological information from Grotte la
Chefalize, but the general inventory number of the RBINS suggests that

6

http://climate-data.org/
http://climate-data.org/
http://climate-data.org/


CO
RR

EC
TE

D
PR

OO
F

J.M. López-García et al. Palaeogeography, Palaeoclimatology, Palaeoecology xxx (xxxx) 111976

the cave is located in the municipality of Jemeppe-sur-Sambre, about
15 km west of Namur. The rodent material that was deposited in the
RBINS in 1970 is labelled “Salle I" and “Salle II". The material identified
is very scarce, amounting to 15 specimens corresponding to 11 individ-
uals, ascribed to six taxa (Table 1). The most abundant species are A.
amphibius, M. arvalis and S. anglicus.

4. Discussion

4.1. Rodent assemblages from southern Belgium

Of the rodent species identified in the eight latest Pleistocene sites
under analysis here, the most commonly represented taxa are the water
vole (A. amphibius), the Arctic lemming (D. torquatus), the common vole
(M. arvalis), and the narrow-headed vole (S. anglicus) (Table 1). Al-
though the species D. torquatus and S. anglicus are not currently present
in Belgium, during the Late Pleistocene they were relatively abundant,
as evidenced by studies of Scladina cave (López-García et al., 2017a),
the lower layers (6 to 4) of Caverne Marie-Jeanne (López-García et al.,
2017b), and Grotte Walou (Stewart and Parfitt, 2011). On the one
hand, D. torquatus is a species linked nowadays to Arctic and sub-Arctic
tundra and forest-tundra (Tsytsulina et al., 2016), whereas S. anglicus is
currently reported to inhabit higher altitudes in grass steppes and
alpine and water meadows (Batsaikhan et al., 2008). On the other hand,
an abundance of A. amphibius and M. arvalis is relatively common in the
MIS 2 sites of western Europe, as it is evidenced by studies in Belgium

(Grotte Walou; Stewart and Parfitt, 2011), France (Royer et al., 2016),
the Italian Peninsula (Berto et al., 2019; López-García et al., 2014,
2015), and the Iberian Peninsula (Fernández-García et al., 2016; López-
García, 2011). The European water vole, A. amphibius, nowadays occu-
pies a range of habitats around rivers, streams, and marshes in lowlands
and mountains (Batsaikhan et al., 2021). In Belgium the species inhab-
its relatively open meadows with abundant vegetation, cultivated
fields, and gardens near watercourses (Frechkop, 1981). M. arvalis is
currently found in a great variety of habitats, including moist meadows,
forest steppe, moist forest, and agricultural areas (Yigit et al., 2016). In
Belgium the species inhabits non-humid, open, herbaceous meadows,
open areas, and forest edges, as well as cultivated fields and gardens
(Frechkop, 1981).

4.2. Marine Isotope Stage 2 sites with constrained chronology

The two MIS 2 sites analysed here that are best constrained chrono-
logically are Trou de Chaleux and Trou du Frontal (Table 2; Fig. 2).
With a chronology between ca. 15,964–14,014 cal. BP, Trou de
Chaleux could be located between Greenland Stadial 2 (Heinrich Event
1) and Greenland Interstadial 1 (the Bølling interstadial) (Germonpré et
al., 2009; Stevens et al., 2009; Goffette et al., 2020). The large-mammal
assemblage from Trou de Chaleux is dominated by horse, fox, and
muskox, suggesting open-dry and cold environmental and climatic con-
ditions (Charles, 1998; Germonpré, 1997). The avifaunal studies per-
formed by Goffette et al. (2020) show the presence of cold-environment

Fig. 2. Plot of the late Pleistocene radiocarbon dates calibrated with the atmospheric data (Reimer et al., 2020) [Prepared using OxCal v. 4.4.4; Bronk Ramsey, 2021].
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species, such as the snowy owl, ptarmigans, and the pine grosbeak, to-
gether with other species more characteristic of boreal or temperate cli-
mates, such as the grey partridge and the tawny owl. Most of the identi-
fied bird taxa are associated with open landscapes, but the western ca-
percaillie and the tawny owl indicate the presence of forested areas in
the vicinity of the cave. In addition, the presence of ducks, geese, and
swans indicates ponds or large water bodies near the cave. Recent intru-
sions are observed in the bird study, since a few bones belonging to the
domestic chicken are present, which was introduced to Belgium at the
end of the Iron Age at the earliest (Goffette et al., 2019). However, the
bird assemblage seems homogeneous overall and is generally consistent
with an attribution to the Pleistocene. The Pleistocene level of Trou de
Chaleux was covered by a thick layer of rocky blocks, which acted as a
protective barrier against burrowing mammals, preventing recent in-
trusions to some extent (Dupont, 1872). The studies of the amphibian
and squamate assemblages of Trou de Chaleux, carried out by Blain et
al. (2022), show a very low diversity, with only two taxa present (Rana
temporaria and cf. Vipera sp.), suggesting a predominantly dry and open
environment. Additionally, the application of the quantified ecology
method to the herpetofaunal assemblage indicates a very cold MAT in
relation to nowadays (−6.9 °C) and a low MAP (−264 mm) by compari-
son with current conditions. (See Fig. 4.)

The present environmental and climatic reconstruction based on the
rodent assemblage of Trou de Chaleux is consistent with previously
published proxy studies. As expounded above, the habitat weighting
method shows a landscape with a predominance of open dry and rocky
formations, together with a good representation of forest landscape.
The quantified ecology method also reveals that Trou de Chaleux corre-
sponds to the coldest MAT (−8.7 °C) and lowest MAP (−419 mm) of all
the sites analysed (Table 4) with respect to present-day climatic condi-
tions (Dinant; Climate-Data.org). Together with the chronological
range of the site, these data suggest that the rodent accumulation could
have been produced during a cold interval, probably Greenland Stadial
2 (Heinrich Event 1).

By contrast, the chronology of Trou du Frontal places the site imme-
diately prior to Greenland Interstadial 2 (Heinrich Event 1), although
previous studies of the herpetofauna suggest that the deposit could con-
sist of a mixed Late Pleistocene and Early Holocene fauna (Blain et al.,
2022). The study of bird remains undoubtedly confirms the mixed na-
ture of the ‘1er niveau ossifère’ of this site, since it identifies both taxa
characteristic of cold climates such as the snowy owl, pine grosbeak,
and rock ptarmigan, and also a majority of temperate forest bird taxa,
with a large proportion of chicken remains (Goffette, 2023). This point
was also highlighted by the analysis of the large mammals (Charles,
1998). These results from other animal groups make it difficult to inter-
pret the data obtained from the rodent association, which is further-
more scarce, as pointed out above.

4.3. Other sites analysed

Of the six other sites analysed, Grotte la Chefalize, Trou du Chêne,
and Trou du Sureau, though they could correspond to a Late Pleistocene
assemblage, lack a clear chronological attribution for interpreting the
data. The other three sites, Cavernes de Goyet, Trou des Nutons, and
Caverne Marie-Jeanne, have a rather disparate chronological range
(Table 2; Fig. 2). Goyet has undergone a series of datings that range be-
tween the end of MIS 3 and MIS 2, with a radiocarbon calibrated age
from 36,504–14,020 cal. BP (Table 2; Fig. 2). Two groups of datings are
observed in the sum calibration of Goyet (Fig. 2). The first group com-
prises all the datings from ca. 36 to 27 ka, and the second group com-
prises the datings between ca. 20–14 ka. It is not possible to correlate
the analysed layers directly with the chronological datings, but the re-
sults obtained from the rodent assemblage detect a temperate signal
from the Mousterian and Aurignacian layers (see MAT in Table 3) in
comparison with the transitional layer (Mousterian/Aurignacian). Sim-

Fig. 3. Some of the identified rodents from the different sites analysed. A. left
m1 (first lower molar) Lemmus/Myopus from Goyet 2e niv. Inf.; B. left m1 Di-
crostonyx torquatus from Goyet 2e niv. Inf; C. left m1 Clethrionomys glareolus
from Goyet Terre Jaune; D. right m1 Microtus arvalis from Trou de Chaleux; E.
right m1 Stenocraneus anglicusfrom Trou des Nutons; F. left m1 Microtus (Terri-
cola) subterraneus from Trou des Nutons; G. left m1 Alexandromys oeconomus
from Trou de Chaleux; H. left m1 Microtus agrestis from Trou du Frontal; I. left
m1 Arvicola amphibius from Trou du Sureau. All teeth are in occlusal view.
Scale 1 mm.

ilar results have been obtained with the herpetofaunal assemblage pub-
lished by Blain et al. (2022), where the presence of Epidalea calamita
suggests a temperate signal for the Aurignacian and Mousterian levels.
Together with Trou de Chaleux, the data obtained from the rodent as-
semblage for the Mousterian/Aurignacian layer present the lowest val-
ues for mean annual temperatures (−7.8 °C in relation to present-day
temperatures) (Table 3), which, according to the calibrated dating,
could correspond to the data around ca. 30 ka, consistent with Heinrich
Event 3 (Fig. 2). Trou des Nutons and Caverne Marie-Jeanne (layer 2)
could present a similar chronological range of between ca. 26–14 ka
(Table 2; Fig. 2). This chronology is consistent with the interval be-
tween the Bølling interstadial and Interstadial 4 (Fig. 2). This extended
range makes palaeoenvironmental and palaeoclimatic interpretations
of both sites difficult. However, the rodent results suggest that the de-
position of this material could have been produced during a relatively
temperate period between the above-mentioned intervals. As laid out
above, Caverne Marie-Jeanne (layer 2) and Trou des Nutons present, to-

8

http://climate-data.org/


CO
RR

EC
TE

D
PR

OO
F

J.M. López-García et al. Palaeogeography, Palaeoclimatology, Palaeoecology xxx (xxxx) 111976

Fig. 4. Environmental comparison of the different sites studied by means of
the habitat weighting method applied to the rodent assemblages. OH = Open
Humid. A = Aurignacian levels; A/M = Aurignacian/Mousterian levels; M:
Mousterian levels.

gether with Goyet (Aurignacian), the highest values for the mean an-
nual temperature (Table 4). In the case of Caverne Marie-Jeanne (layer
2), these data coincide with previously published studies in molluscs,
which show an increase in species diversity in relation with the lower
layers, and also with the large- and small-mammal assemblages, which
show an increase in forest formations in relation to the lower layers
(Ballmann et al., 1980; López-García et al., 2017b). In the case of Trou
des Nutons, the analysis of the large-mammal and bird remains testifies
to a mixture of Pleistocene and Holocene material, which certainly ac-
counts for the more temperate climate reconstructed on the basis of mi-
cromammals (Charles, 1998; Goffette, 2023).

4.4. Comparison with other latest Pleistocene sites

Few sites in Belgium contain Late Pleistocene sequences with rodent
assemblages that have been studied from an environmental point of
view. In addition to the sites analysed here, such studies exist for the
lower layers of Caverne Marie-Jeanne (López-García et al., 2017b),
Trou Magrite (Cordy, 1995), Grotte Walou (Stewart and Parfitt, 2011),
and Scladina (López-García et al., 2017a). In the case of Trou du Diable
(Toussaint, 1988), a rodent study was performed by G. Brochet, but the
faunal list is not published, and the number of remains is too low for en-
vironmental interpretations. The rodent studies from Trou Magrite
(Cordy, 1995) are rather old (Middle Pleistocene) and difficult to com-
pare with our data. Taking into account these data and our results,
Grotte Walou (Stewart and Parfitt, 2011), Scladina (López-García et al.,
2017a), and the lower layers of Caverne Marie-Jeanne (López-García et
al., 2017b) can be compared with our only site with a clear chronologi-
cal range, Trou de Chaleux (Table 2; Fig. 2).

Of the aforementioned sites, only one layer of Grotte Walou is
chronologically similar to Trou de Chaleux. The other sites are chrono-
logically older, but the cold and dry requirements detected in the ro-
dent taxa of Trou de Chaleux could be comparable with some layers of
these sites. In layer B-2/3/4 of Grotte Walou (dated to between
16,296–15,203 cal. BP; Pirson, 2011), the relative abundance of D.
torquatus and S. anglicus indicates cold and dry environmental condi-
tions (Stewart and Parfitt, 2011). In Scladina layer I too (dated to be-
tween ca. 43–40 ka), species associated with strictly dry requirements
such as Lemmus/Myopus, D. torquatus, M. arvalis, and C. nivalis are pre-
dominant (López-García et al., 2017a). In the lower layers of Caverne
Marie-Jeanne (6 to 4; MIS 3 in age), the conditions are similar to those
of the sites described above, with a predominance of species related to

dry and cool requirements: S. anglicus, M. arvalis, and D. torquatus
(López-García et al., 2017b). All the above mentioned layers of these
different sites coincide with MIS 2 of the Trou de Chaleux site, with a
predominance of just a few species associated with strictly dry and cool
requirements, as laid out above in Table 1, where S. anglicus, D. torqua-
tus, and M. arvalis are the predominant species in the rodent assem-
blage. In general and according to Cordy (1991), this is corroborated by
the mammal assemblages during these latest Pleistocene climatic peri-
ods in southern Belgium, which are characterized by a predominance of
the reindeer (Rangifer tarandus) and the collared lemming (D. torqua-
tus), indicating harsh climatic conditions, together with a predomi-
nance of tundra vegetation.

Furthermore, Trou de Chaleux can be compared with other latest
Pleistocene site in Central Europe sites. In Poland at Biśnik cave, Socha
(2014) identified in Layer 1 (with an age comprise between 16.2 and
15.2 ka) a rodent association dominated by the species D. torquatus,
S.anglicus and M. arvalis, indicating cold and dry environmental condi-
tions for this layer (Socha, 2014). Also, the in the synthesis proposed by
Royer et al. (2016) for Late Pleistocene southwestern French sites, iden-
tified that during the MIS 2 the rodents assemblages are relatively dom-
inated by the abundance of S. anglicus and D. torquatus. Also showing
that its last species (D. torquatus) disappear from the studied area before
the Younger Dryas (YD) and S. anglicus is perturbed by the Bølling inter-
stadial warming, decreasing in great number (Royer et al., 2016). As
observed in the previous paragraph, for the rest of the Belgian sites, the
rodent association of MIS 2 of Trou de Chaleux coincides with the inter-
pretations made for the aforementioned rodent studies from Central Eu-
rope.

5. Conclusions

The following conclusions can be drawn from the foregoing analysis
of the rodents from eight Late Pleistocene sites located in southern Bel-
gium: Cavernes de Goyet, Trou des Nutons, Caverne Marie-Jeanne,
Trou du Frontal, Trou de Chaleux, Grotte la Chefalize, Trou du Chêne,
and Trou du Sureau:

1) A total of 2477 rodent remains have been identified from eight
different sites in southern Belgium, housed in the RBINS. These
correspond to 1380 individuals and represent at least 14 rodent
taxa: Arvicola amphibius, Chionomys nivalis, Clethrionomys glareolus,
Dicrostonyx torquatus, Lemmus/Myopus, Lagurus lagurus, Microtus
agrestis, Microtus arvalis, Stenocranius anglicus, Alexandromys
oeconomus, Microtus (Terricola) subterraneus, Cricetus cricetus,
Apodemus gr. sylvaticus-flavicollis, and Glis glis.

2) Among the rodent species identified in these eight latest
Pleistocene study sites, the most commonly represented taxa are
the water vole (A. amphibius), the collared lemming (D. torquatus),
the common vole (M. arvalis), and the narrow-headed vole (S.
anglicus).

3) The preliminary taphonomic study performed on 1177 arvicoline
first lower molars from Goyet cave, Trou des Nutons, Caverne
Marie-Jeanne (layer 2), Trou du Frontal and Trou de Chaleux
shows that the agents responsible for the accumulation were
probably predators with an intermediate capacity for modification.
In the cases of Trous des Nutons, Trou de Frontal and Trou de
Chaleux, a possible candidate for the arvicoline accumulation
could be Bubo scandiacus (Snowy owl), present in the three
analysed sites.

4) The sites of Grotte la Chefalize, Trou du Chêne, and Trou du
Sureau, which lack an absolute dating and whose chronological
attribution is unclear, are not used for the environmental and
climatic reconstruction, and although the data inferred from
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these sites are displayed in the manuscript, they are not used for
further interpretation.

5) Of the other sites under analysis, Trou de Chaleux and Trou du
Frontal are the best constrained chronologically. With a
chronology of between ca. 15,964–14,014 cal yr B.P., Trou de
Chaleux could be located between Greenland Stadial 2 (Heinrich
Event 1) and Greenland Interstadial 1 (the Bølling interstadial).
The chronology of Trou du Frontal places the site immediately
prior to Greenland Stadial 2 (Heinrich Event 1). Together with
previous studies, however, the scarce rodent remains recovered
from Trou du Frontal suggest that it could be a mixed Late
Pleistocene and Holocene deposit, making it difficult to interpret
the data. The same applies to Trou des Nutons. By contrast, the
assemblage from Trou de Chaleux appears much more
homogeneous and reliable.

6) The present environmental and climatic reconstruction based on
the rodent assemblage of Trou de Chaleux is consistent with
previously published proxy studies of large mammals,
herpetofauna, and avifauna. The habitat weighting method
applied to the rodent assemblage shows a landscape with a
predominance of open dry and rocky formations, together with a
good representation of forest landscape. The quantified ecology
method shows that Trou de Chaleux corresponds to the coldest
MAT (−8.7 °C) and lowest MAP (−419 mm) of all the analysed
sites in relation to present-day climatic conditions. Together with
the chronological range of the site, these data suggest that the
rodent accumulation could have been produced during a cold
period, probably Heinrich Event 1 (Greenland Interstadial 2).

7) Trou de Chaleux can be compared with Grotte Walou (layer B-
2/3/4), which has a similar chronology, and where the relative
abundance of D. torquatus and S. anglicus indicates cold and dry
environmental conditions. Comparison with layers of other MIS 3
sites with strictly cold and dry conditions, such as Scladina (layer I)
or Caverne Marie-Jeanne (layers 6 to 4), shows that these Late
Pleistocene climatic periods in southern Belgium were in general
characterized by harsh climatic and relatively dry environmental
conditions.
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