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Fish remains from three Upper Palaeolithic
cave deposits in southern Belgium?

Wim VAN NEER, Wim WOUTERS & Mietje GERMONPRE

Abstract

Fish remains are described that were excavated in the 19th century from Trou de Chaleux, Trou du Frontal
and Trou du Sureau, three Upper Palaeolithic cave sites in the Meuse basin, Belgium. After a critical assessment of
possible taphonomic agents acting in caves, it is concluded that the material — consisting mainly of medium-sized
and large salmonids, burbot and cyprinids — is anthropogenic. Using present-day behavioural information on the
identified fish species it is hypothesised that the exploited fish were an abundant and predictable food resource
during the spawning season, when they occurred en masse in shallow, marginal waters. Finally the possible fishing
techniques and the dietary role of freshwater fish in Palaeolithic times are discussed.
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Résumé

Cet article décrit les restes de poissons découverts au XIXeme sigcle dans le Trou de Chaleux, le Trou du Frontal et le Trou
du Sureau, trois sites en grotte dans le bassin mosan datant du Paléolithique supérieur. Apres avoir passé en revue les accumu-
lateurs possibles en grottes, il apparait que ’ichtyofaune, comprenant surtout des salmonidés, des lottes de riviere et des cypri-
nidés de taille moyenne et grande, est d’origine anthropique. En se basant sur le comportement actuel des espéces identifiées,
on peut estimer que ces poissons représentaient une ressource abondante et prévisible pendant la saison de reproduction, saison
a laquelle on les retrouvait en masse dans les eaux marginales, peu profondes. Finalement les techniques de péche possibles et

I'importance alimentaire des poissons d’eau douce au Paléolithique font I'objet d'une discussion.

Mots-clés : péche, Paléolithique supérieur, saisonnalité, taphonomie, grottes.

1. INTRODUCTION

The first description of Pleistocene finds
from Belgian cave sites dates from the 1830’s
(Schmerling, 1833). Some thirty years later
Edouard Dupont undertook major excavations
in numerous prehistoric caves in the south
of Belgium. He discovered important bone
accumulations dating essentially to the Last
Glacial (Dupont, 1873). The material included
large quantities of remains from herbivores
and carnivores, artefacts, bone tools and
ivory ornaments that were stored in the Royal
Belgian Institute of Natural Sciences. When
E. Dupont became a director of the institute
in 1868 (Vivé & Versailles, 1996), he appar-
ently did not have much time to devote to the
study of the fossil assemblages he excavated,
although the archives of the institute contain
many of his unpublished notes dating from
1905-1906. It is only during the last ten years
that a new interest in this bone material has

grown, resulting in publications on, among
others, the dating and the archaeozoology of
Belgian Magdalenian caves (Charles, 1996;
Germonpré, 1997; Charles, 1998), systematics
and osteometry of foxes (Germonpré & Sablin,
2004), cave bear palaeobiology (Germonpré &
Sablin, 2001; Germonpré, 2004) ancient DNA
of giant deer (Hughes et al., 2006) and of arctic
foxes (Dalen et al., 2007).

The aim of the present contribution is to
describe the thus far unstudied fish remains
of three Upper Palaeolithic caves that were
excavated by E. Dupont in the 1860’s (Dupont,
1873). The hand-collected material originates
from the caves of Trou de Chaleux, Trou
du Frontal (Furfooz) and Trou du Sureau

1 The authors would like to dedicate this paper to
their colleague Mircea Udrescu at the occasion of his
retirement. We thank him for the many years of fine

collaboration.
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Fig.1 — Location of the sites mentioned in the text.
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(Montaigle) (Fig. 1). The Trou de Chaleux and
Trou du Frontal caves are situated, within one
km of each other, in Carboniferous limestone
cliffs on the right bank of the river Lesse, a
tributary of the Meuse.

Trou de Chaleux is located at about 17 m
above the Lesse. One major bone horizon
containing a wealth of Magdalenian artefacts
was discovered. Three AMS dates on two cut-
marked horse cuneiforms and one musk ox
phalanx yielded ages ranging from 12,790 to
12,880 BP. In addition a fourth AMS date of
c. 3000 y BP on a cut-marked pig bone indi-
cates a limited amount of mixing of faunas of
very different age, probably spanning both the
Lateglacial and at least parts of the Postglacial
(Charles, 1996, 1998). Furthermore three con-
ventional radiocarbon dates exist, but most
were done on bulk samples composed of uni-
dentified bone splinters. The nature of the
contextual relationship between these bone
samples and the Magdalenian occupation is
unclear; the dates merely give an average age
of a mixture of bone fragments of uncertain
origin, while the AMS dates on the cut bones
can be directly linked with the human activ-
ity on the settlement (Charles, 1996, 1998;
Germonpré, 1997). The fauna is dominated by
horse remains; other herbivores include rein-
deer and musk ox. The assemblage also con-
tains carnivores such as red fox, arctic fox, large
canids, brown bear, wolverine, stoat, weasel,
polecat, badger and cat (Dupont, 1873). The
same publication mentions ‘poissons d’eau
douce’” which are considered anthropogenic
and are reported to pertain mainly to pike and
‘trout’ (Dupont, 1873: 184).

Trou du Frontal (Furfooz) is located 16 m
above the Lesse River. It yielded not only a
Magdalenian assemblage, with a cut-marked
horse bone giving an AMS date of 12,800 BP,
but also a significant proportion of Postglacial
material, including a high number of pig and
sheep/goat remains. A human tibia was dated
to about 4,400 BP (Charles, 1998). The carni-
vores in the faunal assemblage are composed
of red fox, arctic fox, large canids, brown bear,
stone marten, stoat, weasel, polecat, badger and

cat (Dupont, unpublished notes). Freshwater
fish remains are mentioned, but no species or
quantities are indicated.

Trou du Sureau (Montaigle) is situated
in a Carboniferous limestone cliff 33 m above
the Flavion River. The latter is an arm of the
Molignée River, a tributary of the Meuse.
Several bone horizons were described by
Dupont (1873). Fish remains were found in
the second bone horizon, which also contains
Upper Palaeolithic artefacts (Otte, 1979). The
carnivore material pertains to red fox, large
canids, stone marten, stoat, weasel, polecat
and badger (Dupont, unpublished notes). No
dates are yet available for the second bone
horizon, but Dupont (unpublished notes)
assigned it to the “Age du Renne”. Typical
Pleniglacial species such as mammoth, cave
bear or cave hyena, found in the deeper hori-
zons of the cave, are lacking in this assem-
blage (Dupont, unpublished notes). We there-
fore tentatively attribute the second bone
horizon to the Late Glacial. Dupont (1873:
188) mentions an assemblage for this cave
that he describes as an unusual accumulation
of small mammals, terrestrial birds (575 indi-
viduals), anurans, shells and fresh water fish.
The remains being so numerous, the material
was only partially sampled in a random way.
It is unclear, however, if the fish remains that
are available for study are derived from this
assemblage or if they have been sampled from
other parts of the cave.

2. DESCRIPTION OF THE MATERIAL

The fish bones were identified with the aid
of the skeletal reference collections of modern
fish housed at the Royal Belgian Institute of
Natural Sciences. The skeletal elements of each
taxon were recorded and, whenever possi-
ble, the body length of the corresponding fish
was reconstructed by direct comparison with
modern specimens of known size. These recon-
structed sizes are expressed as standard lengths
(SL), i.e. the distance from the tip of the snout to
the base of the tail. An overview of the identified
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taxa is given in Table 1. Table 2 lists the skeletal
elements by which the various fish are repre-
sented and indicates the body size reconstruc-
tions. Below the various finds are described in
taxonomic order. Unless indicated otherwise,
the data that are provided on the distribu-
tion and habits of the fish species have been
borrowed from Philippart & Vranken (1983a;
1983b), Nijssen & de Groot (1987) and Froese
& Pauly (2006).

Remains of eel have only been found at
Trou du Frontal, and consist of two dentaries of
specimens measuring 60-70 cm SL (Fig. 2a) and
of a caudal vertebra of an eel of more than 50
cm SL. Given the small general size of isolated
eel bones and the recovery methods used, it
is probably no coincidence that remains were
found on only one of the investigated sites
and that they are from large individuals. Late
medieval sites excavated in Belgium during
the last two decades clearly show that eel are
always heavily underrepresented or absent in
hand-collected fractions and that their num-
bers increase dramatically in the 4 mm and,
especially, the 2 mm sieve fractions (Veeckman
et al., 2000). Eel spend a large part of their lives

in continental waters before returning to the
sea for reproduction. They inhabit all types of
freshwater.

Cyprinids represent about one fourth and
one third of the identified fish bones at Trou
du Frontal and Trou de Chaleux, respectively.
At Trou du Sureau only 4% of the remains are
from cyprinids. The carp family consists of
numerous species with a similar osteomor-
phology, which hampers identification. Of the
33 cyprinid remains present in the analysed
assemblages only one could be brought to spe-
cies with certainty, namely a pharyngeal plate
from Trou de Chaleux belonging to a nase
(Chondrostoma nasus) of 30-40 cm SL (Fig. 2b).
This gregarious species prefers shallow waters
with a fast current and occurs in the upper
reaches of rivers, i.e. in the grayling and barbel
zones of the classification proposed by Huet
(1959). During the spawning season, nase
migrate upstream and enter small tributaries
where they reproduce over gravel in shallow
water.

Three cyprinid bones from Trou du Frontal,
a quadrate of an individual measuring 30-40 cm

Troudu | Troude | Troudu

Frontal | Chaleux | Sureau
Anguilla anguilla (eel) 3 - -
Chondrostoma nasus (nase) - 1 -
Cyprinidae, cf. Barbus barbus (cyprinid, cf. barbel) 3 - -
Cyprinidae cf. Leuciscus (cyprinid, cf. chub/ide/dace) 3 1 -
Cyprinidae indet. (cyprinids) 17 5 3
Esox lucius (pike) 4 1 -
Thymallus thymallus (grayling) 9 7 37
Salmo salar (Atlantic salmon) or Salmo trutta trutta (sea trout) 5 - -
Salmo trutta fario (brown trout) 9 5 16
Salmonidae indet. (salmonids) 2 - 9
Lota lota (burbot) 37 1 10
total identified fish 92 21 75
unidentified fish 4 - 2

Tabl. 1 — Fish remains from the studied assemblages.
Figures represent number of identified specimens (NISP).
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Site Taxon Skeletal element SL in cm
Trou du Frontal
Anguilla anguilla 2 dentaries 60-70
1 caudal vertebra >50
Cyprinidae cf. Barbus 1 frontal 40-50
1 parasphenoid 40-50
1 quadrate 30-40
Cyprinidae cf. Leuciscus 1 frontal 30-35
1 basioccipital 30-40
1 pharyngeal plate 30-40
Cyprinidae indet. 1 basioccipital -
1 neurocranium fragment -
1 preopercular 40-50
2 preoperculars 50-60
2 pharyngeal plates -
1 ceratohyal 40-50
1 basipterygium 30-50
5 precaudal vertebrae 40-50
2 caudal vertebrae 40-50
1 soft fin ray -
Esox lucius 1 dentary -
1 maxilla 40-50
1 palatine 40-50
1 opercular 40-50
Thymallus thymallus 5 precaudal vertebrae 30-40
2 caudal vertebrae 20-30
2 caudal vertebrae 30-40
frzzlg; salar/Salmo trutta 1 precaudal vertebra 70-80
4 caudal vertebrae 70-80
Salmo trutta fario 1 precaudal vertebra 20-30
3 precaudal vertebrae 30-40
5 caudal vertebrae 30-40
Salmonidae indet. 1 precaudal vertebra 30-40
1 vertebra fragment 30-40
Lota lota 1 quadrate 50-60
1 cleithrum 50-60
1 basioccipital 50-60
4 precaudal vertebrae 35-40
14 precaudal vertebrae 50-60
16 caudal vertebrae 50-60
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Trou de Chaleux

Chondrostoma nasus 1 pharyngeal plate 30-40
Cyprinidae cf. Leuciscus 1 pharyngeal plate 40-50
Cyprinidae indet. 2 precaudal vertebrae 40-50
1 caudal vertebra 20-30
1 caudal vertebra 30-40
1 caudal vertebra 40-50
Esox lucius 1 precaudal vertebra 50-60
Thymallus thymallus 2 precaudal vertebrae 35-40
4 caudal vertebrae 35-40
1 caudal vertebra 40-50
Salmo trutta fario 2 precaudal vertebrae 40-50
3 caudal vertebrae 40-50
Lota lota 1 precaudal vertebra 40-50

Trou du Sureau

Cyprinidae indet. 1 basioccipital 15-20

1 preopercular -

1 supracleithrum -

Thymallus thymallus 1 opercular 30-40
3 precaudal vertebrae 25-30
11 precaudal vertebrae 30-40
5 caudal vertebrae 25-30
17 caudal vertebrae 30-40
Salmo trutta fario 1 dentary 40-50
1 precaudal vertebra 20-30
3 precaudal vertebra 30-40
11 caudal vertebrae 30-40
Salmonidae indet. 6 precaudal vertebrae 20-30
1 precaudal vertebra 30-40
2 caudal vertebra fragments -
Lota lota 1 cleithrum 30-40
4 precaudal vertebrae 30-40
2 precaudal vertebrae 50-60
3 caudal vertebrae 50-60

Tabl. 2 — Detailed inventory of the fish remains with indication of the skeletal elements found and of the reconstructed sizes.

Legend of Fig. 2 (to the right)
a: Dentary of eel from Trou du Frontal; b: Pharyngeal plate of nase from Trou de Chaleux; c: Palatine of pike from
Trou du Frontal; d: Right lateral view of caudal vertebra of grayling from Trou du Sureau; e: Caudal vertebra of
Atlantic salmon or sea trout from Trou du Frontal. Right lateral and posterior view; f: Right lateral view of caudal
vertebra of brown trout from Trou du Sureau; g: Basioccipital of burbot from Trou du Frontal. Scale bars are 1 cm.
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SL and a frontal and a parasphenoid of fish of
about 40-50 cm SL, show close similarities to
barbel (Barbus barbus), but due to the rather
poor state of preservation of the elements it was
decided to classify this identification as tenta-
tive. Four elements have been attributed with
the same reservation to the genus Leuciscus,
a taxon that is represented nowadays in the
Meuse basin by dace (Leuciscus leuciscus), ide
(Leuciscus idus) and chub (Leuciscus cepha-
lus) (Philippart & Vranken, 1983a). At Trou
de Chaleux a pharyngeal plate is preserved
of a Leuciscus measuring 40-50 cm. A similar
bone, but of an individual of 30-40 cm SL, was
found at Trou du Frontal where a basioccipi-
tal and a frontal were also identified of fish in
the same size range. If it is accepted that the
three Leuciscus species attained the same sizes
in Upper Palaeolithic times as today, the Trou
de Chaleux specimen with its reconstructed
standard length of 40-50 cm can be classified as
being either ide or chub. The latter two species
grow larger than dace, of which the maximum
reported total length is 40 cm (Froese & Pauly,
2006), which corresponds to 33.4 cm SL (using
the equation provided by the same source).
Although none of the aforementioned identi-
fications are straightforward, all taxa are typi-
cal for the upper reaches of rivers. Barbel, chub
and dace mainly live in the grayling and barbel
zone, whereas ide is typical of the barbel and
bream zone.

Pike is represented at Trou de Chaleux
by a single precaudal vertebra of a fish meas-
uring 50-60 cm SL. At Trou du Frontal four
cranial elements, a dentary, a maxilla, a pala-
tine (Fig. 2c) and an opercular were found.
The three bones that allowed a size recon-
struction are from individuals of 40-50 c¢m
SL. Pike have a wide ecological tolerance and
can be found in almost every type of running
or stagnant water.

Salmonids are well represented at all
sites considered here, particularly at Trou de
Chaleux and Trou du Sureau where they rep-
resent 57 and 83% respectively of all identified
fish bones. At Trou du Frontal about one fourth
of the fishbones are from salmonids. About 90%

of the remains from this family could be iden-
tified to species. The majority of the salmonid
remains consists of vertebrae, a phenomenon
that does not need to result from phenomena
of processing or differential disposal, but thatis
most probably due to differential preservation
(Lubinski, 1996). Some of these vertebrae are
poorly preserved and only allowed identifica-
tion as ‘Salmonidae’, but the rest could be fur-
ther identified. Grayling (Thymallus thymallus)
could be recognized mainly on the basis of the
typical lateral ornamentation of the vertebral
centra (Fig. 2d), which differs from that seen in
the genus Salmo (Le Gall, 1984). Distinguishing
vertebrae of Salmo salar (Atlantic salmon) from
those of Salmo trutta (brown trout or sea trout)
should be possible on osteomorphological
grounds according to Le Gall (1984), a view that
is in contradiction with Desse and Desse (1976)
who underline that a great deal of intraspecific
variation exists and thus overlap amongst spe-
cies. It was possible, however, to specifically
identify most of the Salmo vertebrae by com-
bining the reconstructed body lengths and the
number of growth bands on the centra. One
precaudal and four caudal vertebrae (Fig. 2e)
from Trou du Frontal belonging to fish meas-
uring 70-80 cm SL can be identified as Atlantic
salmon (Salmo salar) or sea trout (migratory
brown trout, Salmo trutta trutta) because they
have only four growth zones (4+ in ichthyo-
logical jargon). Non-migratory brown trout
(Salmo trutta fario) of that age would only
measure about 30 to 40 cm maximally (Seifert
& Kolbing, 1989: 32). The majority of the Salmo
vertebrae are from smaller fish (Fig. 2f): most
of them must have measured between 30 and
40 cm SL and there are only a few specimens of
20-30 and 40-50 cm SL (see Tabl. 2). Some of the
specimens are rather poorly preserved, with
their edges damaged and the growth incre-
ments not clearly legible. However, those that
allowed a reading of the growth increments
had 3 or 4 growth bands, showing that they
belong to the slower growing non-migratory
Salmo trutta fario.

The grayling and brown trout occur in the
cool, oxygen rich waters of the upper reaches
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of rivers. Grayling are sedentary, gregarious
fish that prefer gravelly or sandy bottoms;
they occur in the lower part of the trout zone
and the upper part of the barbel zone, but their
main niche is the intermediate, grayling, zone
thatisnamed after the species. The brown trout
is a solitary and sedentary species that can be
found in a wide range of waters. Juvenile Salmo
trutta fario live in shallow waters, whereas the
larger fish prefer deeper waters and are there-
fore not found in the trout zone, but rather
in the grayling and barbel zone (Seifert &
Kolbing, 1989). Brown trout leave their terri-
tory only for reproduction, which takes place
in small tributaries with fast running water
over gravelly bottoms. Spawning usually
occurs in 15-30 cm deep water. Grayling use
spawning grounds similar to those of brown
trout, but reproduction happens later in spring
when river temperatures are rising (Philippart
& Vranken, 1983a; Maitland & Campbell, 1992:
161). The Atlantic salmon and the sea trout are
marine taxa that enter river to reproduce in the
trout zone. During their spawning run and the
actual reproduction they are very vulnerable
to predation.

Remains of burbot (Lota lota) have been
found at all sites in varying proportions:
40% of all identified fish remains at Trou du
Frontal, 13% at Trou du Sureau and 5% at Trou
de Chaleux. The majority of the bones are ver-
tebrae (Tabl. 2) and it is believed that the low
number of other skeletal elements (Fig. 2g) is
due to their fragility and the effect this has
on their preservation. At Trou du Frontal the
majority of the remains correspond to indi-
viduals of 50-60 cm SL, only a few specimens
measure 35-40 cm SL (Tabl. 2). At Trou du
Sureau half of the burbot are between 50-60 cm
SL, the others measure 30-40 cm SL. The single
bone found at Trou de Chaleux is from a fish
of 40-50 cm SL. Burbot prefer the deeper parts
of large lakes and rivers, but move inshore for
feeding. Larger individuals, such as the ones
found at the studied sites, feed mainly on fish.
The burbot is reputed to damage salmonid
spawning grounds, feeding on the eggs and
fry (Seifert & Kolbing, 1989).

3. DISCUSSION
3.1. Taphonomy

Although certain mammal and bird spe-
cies are known to eat fish, it appears very
unlikely that any of them has contributed
to the fish faunas described above. As will
be argued below, it is likely that most of the
fish encountered at the sites are derived from
shallow, inshore waters over gravelly bottoms
where these taxa abound during the annual
reproduction. Fish are very numerous during
the spawning season, but at the same time
they are very vulnerable to predation by both
man and animals. Nevertheless, it is believed
that the majority of the fish remains, if not all,
must be considered anthropogenic.

As mentioned in the introduction, all the
caves are located at a high elevation compared
to the present-day rivers along which they are
lying. This large distance to the river banks
eliminates the possibility that the fish remains
represent a natural death assemblage or an accu-
mulation by otters (Lutra lutra), the only piscivo-
rous mammal that can be expected in the Upper
Palaeolithic. Otter spraints, which contain a high
number of fish bones, are typically left along the
river margins (Ewer, 1973: 266). No remains of
otter have been reported from any of the caves,
and even if they had been present, they would
not offer a good explanation for the presence of
the fish remains found. If an otter were to die
naturally in the cave, or if such an animal had
been hunted by man and brought to the cave
for processing, a deposition could occur of fish
bone from the otter’s stomach contents. The
reconstructed sizes of the fish contradict such a
scenario. Studies on otter spraints have shown
that they only contain bones of fish of rather
small size, which are eaten whole. Larger fish
are normally represented only by scales and
by little or no bone at all (Brinkhuizen, 1994). A
study of the stomach contents of modern Lutra
canadensis, a related species, showed that the
trout had an average size of 11.5 cm total length
(TL) and that the largest individual measured
23 ecm TL (Harris, 1968: 76). The maximum
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length reported for cyprinids was 13 cm TL. For
pike an average total length was mentioned of
25 cm, but no maximum was given. An analysis
of spraints from Lutra lutra showed fish lengths
of 9.5-17 cm for salmonids, 22-42 c¢m for eel and
13-21 cm for pike (Jenkins et al., 1979). It is hence
obvious from the reconstructed sizes (Tabl. 2
and Fig. 3) that the majority of the fish in the
analysed caves are from larger fish than those
usually captured by otter.

The carnivores that have been positively
identified from the caves are red fox (Vulpes
vulpes), arctic fox (Alopex lagopus), large
canids (unclear if they are from wolf or dog),
brown bear (Ursus arctos), wolverine (Gulo
qulo), stoat (Mustela erminea), weasel (Mustela
nivalis), stone marten (Martes foina), polecat
(Mustela putorius), badger (Meles meles) and
cat (Felis silvestris). It is known that brown
bear actively prey on migrating or spawning
salmonids, but the other species mentioned
above only very occasionally capture fish.
Some rare records of such behaviour exist for
both species of fox, for wolf, stoat, polecat,
badger and cat (Lyneborg & den Hoed, 1972;
Ewer, 1973; Broekhuizen et al., 1992). Dead
fish are occasionally scavenged by foxes,
wolf, and badger (Lyneborg & den Hoed,

80 1 Oeel [Acyprinids

number of specimens

Hpike

1972; Neal, 1986). Again it is highly unlikely
that these species have contributed to the fish
assemblages found at the sites. None of these
mammals are cave dwelling species and since
they only rarely eat fish — except the brown
bear — the probability is very low that stom-
ach contents of hunted animals, butchered on
site, can explain the presence of fish remains.

A deposition of fish remains by birds also
seems very unlikely. At Trou du Frontal the
ornithofauna, mentioned by Dupont (1873),
consists of 14 species, among which are an
unidentified falcon and the eagle owl (Bubo
bubo). The raptors reported from Trou de
Chaleux include white-tailed eagle (Haliaeetus
albicilla), an unidentified owl species, and
kestrel (Falco tinnunculus). The owl may have
been an inhabitant of the cave, whereas the
kestrel and eagle owl prefer to nest on rocky
outcrops, sometimes at the entrance of a
cave, but never inside. The diet of owls and
kestrel does not include fish, but the white-
tailed eagle is a typical piscivorous species.
However, this eagle nests in large trees, not
in caves. The same is true for the only other
truly piscivorous raptor living in Western
Europe, namely the osprey (Pandion halia-
etus). The chances of undigested food of these

salmonids burbot

40-50

standard length in cm

50-60 60-70

Fig.3 — Reconstructed body lengths of the fish. The data from all sites were lumped.
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fish-eating raptors accumulating in caves are
therefore very low. In addition, it appears
that the reconstructed sizes of the fish found
at the studied sites are not in good agreement
with an involvement of white-tailed eagle
or osprey. Green (1976: 481) reports that the
pike and brown trout captured by ospreys in
Scotland measure between 10 and 60 cm TL,
with a mean of 31 cm. A coastal population,
studied in Corsica, consumed mainly mullets
(Mugilidae) of between 26 and 33.5 cm TL,
with a mean total length of 30 cm (Francour
& Thibault, 1996). The bream (Diplodus) con-
sumed in the same area had a similar average
length. For white-tailed eagle no data on fish
lengths were found, but observations of prey
fishes brought to nest-places in Norway sug-
gested estimated weights between 100 g and
6-8 kg, with most specimens between 0.5 and
3 kg (Willgohs, 1961). The same author also
believes that the importance of fish to the diet
of white-tailed eagle, as inferred from pellets,
is underestimated because their bones are to a
large extent digested and therefore only rarely
found in pellets. The latter statement suggests
that this raptor, although it apparently takes
larger fish than the osprey, would play only a
minor role in the deposition of fish remains.

3.2. Season and place of capture

The biology of the fish — in particular
their spawning behaviour — suggests when
fishing may have been easiest and most pro-
ductive. Most of the species identified at our
Upper Palaeolithic sites reproduce in shallow
inshore waters, making them an easily acces-
sible and predictable source of food. Salmon,
sea trout and brown trout reproduce in winter,
in shallow waters over gravelly bottoms. The
spawning grounds are usually between 15-30
cm deep and located in small tributaries rather
than in main rivers. The same areas are used by
grayling, but their reproduction season starts
later in spring when river temperatures start to
rise. All these salmonids suffer from predation
by several bird species and mammals such as
brown bear (Quinn & Kinnison, 1999), otter and

foxes (Maitland & Campbell, 1992: 126) at the
spawning grounds, but also at other shallow
parts of the river where migrating fish pass. Of
course, prehistoric man must also have used
these opportunities to capture migrating or
spawning salmonids. The only positively iden-
tified cyprinid species, the nase, reproduces
nowadays in early spring (March-April) and
has the same preference for fast-running water
of shallow depth (maximum 30 cm) over grav-
elly (or rocky) substrate. The other cyprinid
species barbel, dace/ide/chub, of which the
identification was only tentative, also spawn
in spring and again over gravelly bottoms.
Burbot on the contrary spawn in deeper waters
and their abundance at the Upper Palaeolithic
sites can therefore not be explained as a result
of higher vulnerability during their reproduc-
tion. However, the species actively searches for
spawning grounds of salmonids to feed on the
eggs and larvae. Because of the severe damage
that burbot cause it has even been suggested in
some of the fishery literature that the species
should be eradicated in the nursery reaches of
salmonid waters (Maitland & Campbell, 1992:
264). It is clear that burbot also become vulner-
able to predation because of these movements
to feeding grounds in shallow water. The same
scenario could explain the capture of eel near
Trou du Frontal, a species that reproduces in
the Sargasso Sea. Eel are also reputed to be det-
rimental to salmonid fry (Deelder, 1973: 3-6).

Numerous remains of vertebrae have been
found at the sites, but it appears impossible
to use them for the establishment of seasonal-
ity because the increments at their edges are
poorly legible. Furthermore, chances that rel-
evant information can be derived from fish
bones and otoliths may be less than generally
assumed because of the large individual varia-
tion that is observed in the timing of the onset
the growth season (Van Neer, 1993; Van Neer
et al., 2004). The length of the growth period,
and hence the width of the growth bands, is
also very variable, which hampers the estab-
lishment of the widths that are to be expected
for various seasons of capture. In fact, only ele-
ments that have a very narrow growth band



16 Wim VAN NEER, Wim WOUTERS & Mietje GERMONPRE

at their edges can be confidently used for a
seasonality estimate, and can in that case be
attributed to fish that are caught at the begin-
ning of their new growth season. This short-
coming is illustrated by the vertebrae found
in the Late Magdalenian levels at Bois Laiterie
where marginal increments could not con-
firm or reject the hypothesized fishing season,
despite the fact that they were better preserved
(Van Neer, 1997).

If it is accepted that the inhabitants of
the studied caves were opportunistic fishers,
exploiting the aquatic resources in the neigh-
bourhood at the time that they were most easily
accessible, a hypothesis can be formulated
regarding the length of time that fishing was
practised throughout the year. The months of
the year that the exploited species mentioned
in the foregoing paragraphs spawn today in
the Meuse basin, probably do not exactly cor-
respond to those of the Upper Palaeolithic, due
to the lower temperatures at the time. The start
of the reproduction may have been somewhat
delayed, until the necessary minimum tempera-
tures of the water were reached. Figure 4 gives a
schematic overview of the present-day spawn-
ing seasons of the species in the Meuse basin
(Philippart & Vranken, 1983a; 1983b). It is obvi-
ous, however, that regardless of the exact onset
of the respective spawning seasons, exploitation
of fish may have continued for several months.

Information on the seasonal exploitation of
the birds and mammals for the sites considered
here is scanty thus far. At Trou de Chaleux and
Bois Laiterie cementum lines of ungulate teeth
were studied to establish the season of death
(Stutz, 1997), but the number of analysed speci-
mens was small and only few of them yielded
clearly legible growth zones. The estimated
season of death of two reindeer specimens
from Bois Laiterie is summer-late autumn (June
— December) and growth increment data from
Trou de Chaleux are limited to one caprid that
would have died during winter-early spring
(January — April) (Stutz, 1997). Additional
information for the latter site is provided by the
fox remains, which are believed to be anthro-
pogenic rather than the remnants of individu-
als that denned and died naturally in the cave.
The majority of the bones are from adult indi-
viduals showing that foxes did not use the cave
as a den. Cut marks and impact notches on the
long bones indicate meat removal and marrow
procurement (Charles, 1998, Germonpré &
Sablin, 2004). Head elements and phalanges are
underrepresented, suggesting that they were
removed with the skins. A few mandibles from
young arctic foxes are — based on the eruption
state of the first lower carnassial (Habermehl,
1961) — from about four months old individuals
that must have died in autumn (Germonpré,
unpublished data). This could indicate that the

Sep | Oct | Nov | Dec

Jan

Feb | Mar

Apr

May | Jun | Jul | Aug

salmon

sea trout

brown trout

grayling

nase

barbel

ide

Fig. 4 — Present-day spawning seasons in the Meuse basin of the identified fish, with indication of the water
temperature needed for the onset of reproduction (based on Philippart & Vranken, 1983a). Light gray areas
indicate variation seen in function of yearly oscillations in water temperature.
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foxes were trapped during this season and that
the Magdalenians therefore also used Trou de
Chaleux cave in autumn. At Trou du Frontal
the skeletal element distribution and the pres-
ence of a juvenile of about 2-3 months old could
indicate that this cave was used as a den site by
the foxes (Charles, 1998; Germonpré, unpub-
lished data). At Bois Laiterie, several remains
from juvenile foxes similarly imply that these
carnivores denned in the cave (Gautier, 1997).
Additional data will be needed to establish
more accurately the length of occupation
throughout the year of these cave sites and to
reconstruct in more detail the Magdalenian
resource scheduling.

3.3. The exploited species spectrum and
the fishing techniques

Upper Palaeolithic fishing in the considered
sites concentrated on salmonids, burbot and
cyprinids and it is likely that the former may
have been the major exploited taxon. It has been
noted that remains of salmon have a relatively
low survival rate because their bones are not
only relatively porous, but also have a high fat
content making them more vulnerable to disso-
lution by the fatty acids that are produced when
the tissues decompose (Lepiksaar & Heinrich,
1977). It should be underlined that the sampling
did not involve the use of sieves, which can

explain the observed absence of smaller taxa
and the bias towards the recovery of the largest
species and specimens. However, it is unlikely
that such smaller fish had a great dietary impor-
tance. The fish fauna retrieved through sieving
at the Upper Magdalenian site of Bois Laiterie
includes only remains of brown trout, gray-
ling and burbot, and which mainly belong to
large specimens. Except for a brown trout of
10-20 cm SL and another individual of 20-30 cm
SL, all the fish are larger than 30 cm SL (Van
Neer, 1997: 208). At Walou cave, where Upper
Palaeolithic and, mainly, Middle Palaeolithic
fish remains were collected through sieving
(Van Neer & Wouters, in press a and b), salmo-
nids and burbot occur that are similar in size to
those from the sites described here. However, in
addition there is a substantial number of small
salmonids measuring between 5 and 15 cm SL.
Cyprinids are mainly represented by small
individuals (most of them between 3 and 5 cm
SL) and also small stone loaches Barbatula bar-
batula (all between 3 and 8 cm SL) and bullhead
Cottus gobio (all between 5 and 10 cm SL) occur.
For Walou it was hypothesized that those small
specimens do not represent fish that were inten-
tionally captured by people, but that they rather
represent stomach contents of burbot, which
feeds preferentially on the small fish found.
Table 3 shows the percentage contribution of
the various taxa in the three Upper Palaeolithic

Trou du Trou de Trou du Bois Laiterie
Frontal (n=92) | Chaleux (n=21) | Sureau (n=75) (n=60)
eel 3.3 0.0 0.0 0.0
nase 0.0 4.8 0.0 0.0
cf. barbel 3.3 0.0 0.0 0.0
cf. chub/ide/dace 3.3 4.8 0.0 0.0
unidentified cyprinid 18.5 23.8 4.0 0.0
pike 4.3 4.8 0.0 0.0
salmon/sea trout 5.4 0.0 0.0 0.0
brown trout 9.8 23.8 21.3 61.7
grayling 9.8 33.3 49.3 5.0
unidentified salmonid 2.2 0.0 12.0 0.0
burbot 40.2 4.8 13.3 33.3

Tabl. 3 — Percentage contributions of the various fish taxa in the studied assemblages, compared to those of Bois Laiterie.
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assemblages and compares this to the species
proportions in the Upper Magdalenian cave
of Bois Laiterie. On figure 5 the data are pre-
sented in an alternative way, with the mem-
bers of the cyprinid and salmonid families
combined. There is considerable variation in
the contributions of cyprinids, salmonids and
burbot that cannot easily be explained. Since
all the assemblages are of rather small size the
interpretation below should be considered as
tentative. Possibly, the absence of cyprinids in
Bois Laiterie — where sieving was carried out
(and thus a wider range of species could be
expected) — reflects a shorter fishing season
compared to the other sites. As shown above,
most cyprinids spawn later in the year than the
salmonids. The fact that grayling are relatively
rare among the salmonids of Bois Laiterie,
compared to the earlier spawning brown trout,
also suggests that fishing activities were more
restricted in time. The differences observed in
the other ichthyofaunas may also be related to
the length of the fishing seasons, but other fac-
tors may have played a role, such as differen-
tial preservation or selective sampling. It is not
excluded either that the larger range of species
at Trou de Chaleux and Trou du Frontal may be
related to the fact that these assemblages are of
questionable chronological unity (cf. presence
of domestic pig bones).

As already mentioned, an emphasis on
fishing of salmonids, burbot and, to some

Trou de Chaleux

Trou du Frontal

extent cyprinids, has also been noted in the
Middle Palaeolithic levels of Walou cave, simi-
larly located along a small river with cold,
oxygen rich water (Van Neer & Wouters, in
press a and b). The exploited species spec-
trum apparently did not change significantly
through time, but it is hard to reconstruct the
diachronic importance of fish in the food pro-
visioning. The proportion of fish versus other
vertebrate remains is a possible measure, but
due to problems related to differential pres-
ervation and sampling, it is difficult to quan-
tify the importance of the various resources
in nutritional terms. It is generally believed
that fishing in Middle Palaeolithic times was
a minor activity (Le Gall, 1992), carried out
in an opportunistic way (Bar-Yosef, 2004).
Isotopic analyses of human bone seem to indi-
cate that freshwater fish contributed only to a
small extent to the diet of Middle Palaeolithic
people (Balter et al.,, 2001; Bocherens et al.,
2001). Similar isotopic research shows that an
increased use of aquatic resources (fish, mol-
luscs, and/or birds) only began from mid-Up-
per Palaeolithic times (Richards et al., 2001). Le
Gall (1992) concluded, after a survey of about
30 Early, Middle and Late Magdalenian ich-
thyofaunas in France, that fishing only intensi-
fied in Late Magdalenian times, a phenomenon
that he relates to the changing climatic condi-
tions. The resulting gradual disappearance of
reindeer and wild horse, the favourite game

I Oeel @all cyprinids Mpike Eall salmonids Eburbot

Trou du Sureau Bois Laiterie

Fig.5 — Proportions of the major fish groups at Trou du Frontal,
Trou de Chaleux, Trou du Sureau and Bois Laiterie.
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species of the Magdalenians, combined with
reforestation would have affected the mode of
exploitation of the environment and may have
led to more intensive fishing activities. The
numerous Upper Palaeolithic artistic represen-
tations related to fishing also seem indicative
of a more frequent exploitation of freshwa-
ters (Cleyet-Merle, 1990). Atlantic salmon and
brown trout are the most frequently depicted
fish in French Upper Palaeolithic art, and the
importance of salmonids is also illustrated in
Belgium by a representation of brown trout on
a Magdalenian bdton de commandement found
in Goyet, at about 5 km southeast of Namur
(Twiesselmann, 1951).

Upper Palaeolithic artefacts that can be
confidently identified as fishing gear are rare.
Harpoons made of bone or reindeer antler
and ‘leister” elements are regularly found at
Magdalenian sites, but it is not certain that
these were used for fishing (Cleyet-Merle,
1990). Examples of such harpoons in Belgium
are known from Goyet (Dupont, 1873) and
grotte du Coléoptere (Dewez, 1975). In France,
gorges made of bone have been found, and pos-
sibly small bipointed stone tools made suitable
gorges as well (Cleyet-Merle, 1990). However,
since the fishing activities probably concen-
trated on fish that were occurring in large
numbers in shallow, inshore waters, it is not
necessary to invoke the use of elaborate gear.
Grasping by hand and also the use of any type
of wounding or striking gear, such as clubs or
spears, may have been effective in the wade-
able areas of the small rivers where fish came
to spawn. Such gear, made of wood, or various
types of baskets made of plant fibre, obviously
has only a rare chance of being preserved in
the archaeological record.

4. CONCLUSIONS

In summary, the Middle and Upper
Palaeolithic sites discussed here seem to indi-
cate that the targeted fish species, the place and
the season of fishing did not change through
time in the upper reaches of the Meuse basin.

People must have been well aware of the life
cycle of the fishes and took advantage of their
abundance in shallow water during the yearly
recurring, predictable, spawning season. There
may have been some variation in the length of
the fishing season, but it is unclear if human
strategies or fish behaviour at the different
localities were the main determining factor. The
available data for the region considered here
are still too limited to confirm the intensifica-
tion of freshwater fish exploitation suggested
by isotopic analyses of human bone (Richards
et al., 2001) and by the increasing proportions
of fish remains in archaeofaunas elsewhere in
Europe (Le Gall, 1992).
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