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Abstract:Mesolithic populations from coastal areas are known as hunter-gatherer-fishers. This way of life is
visible in the landscape owing to the presence of large accumulations of shells named shell middens. These
anthropogenic refuse heaps are composed of high proportions of marine resources, yet studies dedicated to
marine components are relatively recent. Efforts have been made to record marine molluscs, but other
minorities are still invisible as a result of the small sizes of archaeological remains. Crustaceans are one of
these minorities and this article will focus on one of them: crabs. Why are these decapods persistently
ignored by most of archaeologists? Is this due to the scant presence of their remains in Mesolithic shell
middens? An overview of published data on crabs is presented here for the Mesolithic period on the
European Atlantic façade. The proportions of shell middens comprising these crustaceans is evaluated,
as well as quantities and identified species. We endeavour to identify the potential impact of excavation
methods and sampling on our knowledge of this marine resource. We present the methods developed to
extract data from small archaeological crab remains and show how, from a fragment of a crab finger
extremity, we can identify the species and estimate the original size of crabs. This methodological challenge
has a major impact on our knowledge of past maritime populations.

Keywords: Mesolithic, crabs, methodology, taphonomy, palaeoenvironment

1 Introduction

Along the Atlantic coast of Europe, shell middens are emblematic anthropogenic Mesolithic constructions
(Aldeias & Bicho, 2017; Astrup et al., 2021; Gutiérrez-Zugasti et al., 2011; Roksandic, Mendonça de Souza,
Eggers, Burchell, & Klokler, 2014) and elsewhere. Their relative abundance in the Mesolithic, and especially
in the Late Mesolithic period, is still a formidable “playground” for archaeologists. Numerous studies have
shown that this shell boom, especially at the end of the Mesolithic, is largely linked to the stabilisation of
the rise in sea level that began thousands of years earlier (Astrup, 2018; Dupont, 2006, pp. 8–9; Gutiérrez-
Zugasti et al., 2011; Milner, Craig, & Bailey, 2007). These archaeological sites left their mark on archaeol-
ogists on account of the sheer quantities and imposing mounds of waste that they represent. However, in
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some countries, part of their attraction lies in the angle of approach to the cultural sphere (for example, see
Dupont & Marchand, 2021). Indeed, many of these shell middens are actually necropolises and therefore
places where populations may have returned on a recurring basis. Thus, these sites are places where people
lived, but also, where they buried their dead. For a long time, the presence of burials in these sites relegated
the informative potential of the shell midden components to the background. In this way, the shell layer
was considered as a kind of sediment in which burials were built.

Whether or not these accumulations are associated with burials, lithics and large mammal bones
attracted archaeologists’ attention much earlier than other components of these waste mounds. There
are several reasons for this. On the one hand, the technical aspects of lithics can be used to attribute
approximate dates to sites, and on the other hand, they are associated with a valued activity for these
hunter–gatherer populations: hunting. It is undoubtedly on account of this latter activity that large
mammal remains are so highly valued by research. The fishing and consumption of shellfish may even
have conveyed a negative image (Dupont, 2021). As for large mammal bones, their size and immediate
legibility on the ground also undoubtedly contributed to their collection during the excavation. Milner
(2009) summarises this idea in a single sentence in the article dedicated to the study of the crabs from Sand:
“Consequently, Mesolithic dialogue often retains an androcentric bias with a proliferation of ‘boys and
arrows’ narratives directed on the importance of the deer hunt (Finlay, 2000).”

These various elements suffice to explain why Mesolithic populations have only eaten crabs for the past
15 years. Simply because archaeologists were not interested in them before that. They did not look for them
and when they did find them, they did not describe them. There are, however, some published data on
ancient excavations. The first mention we found is in 1874 when Grieve described “a portion of the claw
species of crab” at Inveravon (Scotland). In 1898, Anderson wrote that “crabs were represented only by the
claws of their great toes” at the site of Druimvargie Rock shelter (Scotland). In 1900, Madsen and colleagues
proposed the first determination of a single crab finger extremity with Carcinus maenas at Havnø (Madsen
et al., 1900, p. 110). In 1914, Bishop proposed a second one with Necora puber and Cancer pagurus asso-
ciated with Mesolithic levels at Cnoc Sligeach (Scotland). It was not until 1958 that Roche described the
abundance of Carcinus maenas and the rarity of Uca tangeri at Moita do Sebastião (Portugal).

These hunter–gatherer populations were subsequently reconsidered in the 1980s and the impact of
their food resources was finally taken into account as a potential aspect of societal organisation (Erlandson,
1988; Price & Brown, 1985; Straus, 1981; Testart, 1982; Yesner, 1980; Zvelebil, 1986). This slow evolution of
shell midden perceptions in prehistory has recently been described more specifically for the French Atlantic
coast (Dupont & Marchand, 2021). It has led to the development of studies combining archaeological and
palaeoenvironmental disciplines on the scale of the European Atlantic coast. They were initiated in Scot-
land (Mellars, 1978, 1987), Denmark (Andersen & Johansen, 1986), and then developed at the scale of
Atlantic Europe (Milner et al., 2007). This awareness of the informative power of shell midden components
has led to the multiplication of studies and even re-studies, such as for example in Ireland (O’Sullivan &
Breen, 2011; Woodman, Anderson, & Finlay, 1999), Portugal, (Arnaud, 1989; Bicho, Detry, Price, & Cunha,
2015; Soares & Tavares da Silva, 2004; Valente & Carvalho, 2009), Denmark (Andersen, 2013; Astrup et al.,
2021), Spain (González Morales, 1982; Gutiérrez-Zugasti et al., 2013, 2016), and France (Dupont et al.,
2009, 2010; Gruet, 2002; Tresset, 2000, 2005).

Marine molluscs thus eventually made their mark on prehistory. They now contribute to various
archaeological issues applied to the Mesolithic period, such as the territory, mobility, rituals, the human
diet, and the diversity of activities related to the ocean (Dupont & Gutiérrez-Zugasti, in press). The crab did
not undergo the same fate (Milner, 2009). The slow development of crab studies in archaeological contexts
is partly related to the misappreciation, on one hand, of the possibility of determining crabs from their
claws, and on the other hand, of their archaeological potentialities.

Using the database presented by Dupont (2016) and updated, more than 330 Mesolithic shell middens
are currently known along the European Atlantic façade. Some of them seem to be temporary camps with a
low volume of refuse; others are more voluminous and may correspond to more prolonged or repeated
occupations. The aim of our article is to assess the input of crabs in these shell middens, both quantitatively
and in terms of their scientific contribution. In this article, we only take into account the shell-middens,
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because, to our knowledge, crabs have not been found in prehistoric sites outside of shell deposits. First, we
propose an overview of known data on crabs in all the Mesolithic shell middens on the European Atlantic
façade. Second, we summarise potential developments for archaeological applications.

2 State of the Art: A Quantitative Assessment

2.1 Where Are the Crabs?

The assessment of the presence of crabs on Mesolithic shell middens on the scale of Atlantic Europe
requires a database. The one used here was presented by Dupont (2016) and is based on published data.
It lists the archaeological components of all the Mesolithic and Neolithic sites along the European Atlantic
arc (extending from Norway to the south of Portugal) where molluscs were consumed. For crabs, in this
database, for each archaeological site and represented period we list: the determined species, their quan-
tities in number of identifiable specimens (NISP), and minimum number of individuals (MNI) and their
weight in grams. When crabs are present but not identified or quantified, we indicate their presence with a
tick. When quantification is given without species determination, we use the Decapoda category. Informa-
tion about the conservation status of crabs, consumption patterns, or palaeo-biogeographic data is added
in the comments box. References are also quoted for each data entry.

As a result, we can first synthesis our knowledge on Mesolithic crabs (Figure 1). Our census of Meso-
lithic shell accumulations indicates a total of 338 levels. Among them, crabs are described in 60 levels for 55
archaeological sites (Figure 2, Tables 1–4). Quantitative values are published for 29 levels and if we combine
determination and quantification, only 15 Mesolithic sites present published data. If we only take species

Figure 1: Published data describing crab remains from Mesolithic shell middens along the European Atlantic façade (CAD C.
Dupont).
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Figure 2: Mesolithic shell middens with crabs (number of sites in Tables 1–4, CAD C. Dupont and L. Quesnel).
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determination into account, this number drops to 20 Mesolithic levels. Only six of them yield data on crab
size: Havnø, Ulva Cave, Beg-an-Dorchenn, Beg-er-Vil, El Mazo, and Toledo (Dupont et al., 2010; Dupont,
2011; Dupont, Gruet, Arthur, & Digard, in press; Gruet, 2002; Gutiérrez-Zugasti et al., 2016; Madsen et al.,
1900; Pickard & Bonsall, 2009). For Beg-an-Dorchenn, Beg-er-Vil, El Mazo, and Toledo, an estimation of
size is given in millimetres, for Havnø the presence of a single tall crab is specified and for Ulva Cave, the
one of juvenile or adult specimens.

2.2 The Impact of Methodology and Taphonomy on the Visibility of Mesolithic
Crabs

Crabs have only been detected at 18% of the published Mesolithic shell middens along the European
Atlantic façade. It is unclear as to whether this marine resource was exploited at all sites, but the fact
that sieving is only mentioned for 6% of the published sites may be one explanation for their rarity. For
example, the diversity of identified species seems to be linked to sampling methods. One of the obstacles
encountered in demonstrating this point is that excavation techniques are not always mentioned in pub-
lications. For sites where crabs were mentioned, we were only able to find the excavation technique used for
40% of them (Figure 3).

Thus, 77 % of the archaeological sites where more than two species have been identified correspond to
samples sieved with fine meshes varying between 1 and 6mm. Claws are the main element discovered in

Table 2: Mesolithic shell middens located on the map in France with crab species and quantification

Number on
the map

Site Country Species NISP MNI Weight (g) References

22 Beg-an-Dorchenn
(D/M)

France Cancer pagurus 15 12 6.80 Dupont et al. (2010)
Carcinus maenas 2 2 0.04
Eriphia verrucosa 6 6 1.10
Xantho sp. 15 11 1.60

Beg-an-
Dorchenn (K)

Cancer pagurus 16 17.83
Eriphia verrucosa 2 0 0.65
Maja squinado 1 0.13
Xantho sp. 1 0.08

23 Beg-er-Vil (K) Cancer pagurus 64 39 13.60 Dupont and Gruet
(2005); Gruet (2002)Carcinus maenas 6 5 0.20

Decapoda
(undetermined)

294 69.31

Eriphia verrucosa 21 19 2.40
Necora puber 11 7 1.30

Beg-er-Vil (M/D) Cancer pagurus 2,389 353 140.94 Dupont et al. (in press)
Carcinus maenas 182 73 1.34
Decapoda
(undetermined)

735 1.29

Eriphia verrucosa 378 114 5.28
Maja squinado 17 9 0.49
Necora puber 131 39 1.07
Pachygrapsus
marmoratus

28 11 0.27

Xantho sp. 98 26 0.93
24 Hoëdic (Péquart) Decapoda

(undetermined)
+ Péquart and

Péquart (1954)
25 Téviec Decapoda

(undetermined)
+ Péquart, Boule, and

Vallois (1937)

+: presence.
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shell middens (Anderson, 1898; Arnaud, 1989; Clark, 1976; Coles, 1971; Dupont & Gruet, 2005; Dupont, 2011;
Grieve, 1874; Gruet, 2002; Madsen et al., 1900; Valente & Carvalho, 2009; Woodman et al., 1999), but
sediment sieving has resulted in the identification of some carapace fragments (Dupont et al., 2010;
Gutiérrez-Zugasti et al., 2016; Melton & Nicholson, 2004; Milner, 2009; Myers & Gourlay, 1991, p. 21; Pickard
& Bonsall, 2009). Fragments of crab mandibles have also been detected (Figure 4). This discovery is
possible on condition that sediments are sieved with a fine mesh (<2 mm), and sorted by qualified
individuals.

But sieving is not the only factor affecting the detection of the exoskeleton, as mineral content increases
from the carapace to the claw to the finger (Bosselmann, Romano, Fabritius, Raabe, & Epple, 2007, p. 67),
taphonomic biases can impact the preservation of crab remains (Rick et al., 2015). We observed this in situ at
the archaeological site of Beg-er-Vil in the north-western part of France (Dupont et al., in press). The size of
crab fragments at this Mesolithic site seems to vary depending on their position in the shell level, in relation
to the variability of soil acidity. The average weight of a crab fragment for the 2010 excavations at Beg-er-Vil
is 0.15 g (Dupont et al., in press). Thus, their generally lighter weight is one of the likely reasons for their
poor visibility in the archaeological record.

At the scale of Atlantic Europe, 53% of the crustaceans found have been determined. In some cases,
crustaceans have been deemed indeterminable (Péquart & Péquart, 1954). This assessment is clearly related
to their small size, but also to the historical context of the discovery of these archaeological remains. In
1954, archaeozoological studies were rare. Another assertion is perhaps currently more accurate: the
diversity of potential analyses on an archaeological site, such as the shell midden, does not allow archae-
ologists to recognise all the possibilities of specialised analysis.

2.3 Who are the Mesolithic Crabs?

In total, 13 species have been determined along the European Atlantic façade in a Mesolithic context:
Afruca tangeri (Eydoux, 1835), Atelecyclus rotundatus (Olivi, 1792), Cancer pagurus (Linnaeus, 1758),
Carcinus maenas (Linnaeus, 1758), Corystes cassivelaunus (Pennant, 1777), Eriphia spinifrons (Forskål,
1775), Inachus dorsettensis (Pennant, 1777), Lophozozymus incisus (Milne Edwards, 1834),Macropipus tuber-
culatus (Roux, 1830 [in Roux, 1828–1830]), Maja squinado (Herbst, 1788), Necora puber (Linnaeus, 1767),
Liocarcinus depurator (Linnaeus, 1758), and Pachygrapsus marmoratus (Fabricius, 1787) (Tables 1–4). Some
remains could not be specifically determined. Thus, we can add two genera (Pachygrapsus Randall, 1840
and Xantho Leach, 1814 [in Leach, 1813–1815]) and one family (Portunidae Rafinesque, 1815) to these
species. Other names appear in publications, such as Gelasimus tangeri, Uca tangeri (Lentacker, 1986;
Roche, 1958, 1965), and Xantho incises (Gutiérrez-Zugasti, 2009). We chose to use the valid name at the

Figure 3: Number of identified crab species according to the published excavation technique for the Mesolithic shell middens in
Atlantic Europe (CAD C. Dupont).
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time of writing our article (WoRMS, 2022). Some determinations can only be made at the genus level and
doubts have been voiced concerning the presence of Liocarcinus depurator and Macropipus tuberculatus
(Milner, 2009; Pickard & Bonsall, 2009) and the potential presence of lobster at Sand (Scotland)
(Milner, 2009).

Here we summarise the identified species from the most abundant to the least recurrent: European
edible crab Cancer pagurus (19 sites), green crab Carcinus maenas (16 sites), velvet swimming crab Necora
puber (7 sites), warty crab Eriphia verrucosa (6 sites), fiddler crab Afruca tangeri (3 sites), spider crab Maja

Figure 4: Comparison between modern crabs (a–d) and archaeological mandible fragments from Cabeço da Amoreira (e) and
Beg-er-Vil (f) (photos and CAD C. Dupont).
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squinado (3 sites), and marbled rock crab Pachygrapsus marmoratus (3 sites). The others have only been
detected at a single site. Size does not seem to be the only factor affecting species representation. The spider
crab, Maja squinado, for example, is a tall crab but its carapace and claws seem to be more porous
than those of the edible crab Cancer pagurus. The spider crab is also a difficult species to catch all year
round. Taphonomic biases, accessibility, and gustative preference may also be factors affecting crab
representativeness.

In brief, this indicates that crabs are not systematically examined, quantified, or determined. They do
however provide data on the Mesolithic way of life. We will thus expound the archaeological methodology
and its repercussions in order to encourage archaeologists to take crabs into consideration.

3 Archaeological Interest of Mesolithic Crabs

3.1 From Archaeological Crumbs to Complete Mesolithic Animals

In order to arouse the interest of archaeologists, we thought it would be interesting to present what can be
done with the small remains of crabs found in Mesolithic shell middens.

Although other skeletal parts are found on Mesolithic sites (see above), the fingertips of the crab claw
are the most recurrent (Figure 5).

The determination of these remains is possible by comparison with a reference collection. Indeed, each
species is composed of two propods and right and left dactylopods that can be identified according to their
size, shape, the aspect of their more or less granular surface, and the presence of more or less large-sized
pores with a specific arrangement. Some of these pores form localised alignments on the surface of the
finger. The presence of tubercles on the inner surfaces of propods and dactylopods is also very useful for
identification. Their shapes, numbers, and sizes are specific to each species.

Quantification is then based on three units: NISP, MNI, and weight applied to sieved samples. Sieving is
essential here as selection by sight in the field tends to overlook most crabs’ fragments, which are often less
than a centimetre long. The NISP and weight correspond to all the detected crab remains. The MNI varies
among authors. The simplest method consists in counting all the fingers and dividing the total by four
(Milner, 2009). A more detailed MNI can be obtained by taking into account the dactyl and propodus
remains (Pickard & Bonsall, 2009). A more detailed combined MNI can be obtained by taking into account
the lateralisation of both propods and dactylopods (Gruet, 2002). Lateralisation is determined by taking into
account the curvature of the fingers towards the animal’s body (Figure 5). The accuracy of this number can
be increased by adding the size of the crab to calculate the MNI. In spite of the low frequency of counts in
Mesolithic contexts, we note that crab remains are said to be as abundant as the remains of marine shells in
some Mesolithic sites: Culverwell (Mannino et al., 2003) and Téviec (Péquart et al., 1937). They also seem to
be relatively abundant in all the Oronsay middens (Mellars, 1978), but also at Arapouco (Arnaud, 1989),
Cabeço da Amoreira (Pinto, 1986), Cabeço do Rebolador (Arnaud, 1989), and Sand (Milner, 2009). Three
mentions are made of rare quantities of crab at Samouqueira I (Lubell et al., 2007), Hoedic (Péquart &
Péquart, 1954), and Howick (Bailey & Milner, 2007). Some authors only use complete claws to reconstruct
crab size (Milner, 2009; Pickard & Bonsall, 2009). But with a comparative collection it is possible to
correlate partial segments of claws (propods and dactylopods) with the original breadth of the carapace
(Dupont et al., in press; Gruet & Laporte, 1996; Gutiérrez-Zugasti et al., 2016). This approach requires many
samples of each potentially fished species comprising a range of small to large-sized individuals. These
correlations can be obtained by two methods: by close visual comparison or by establishing a correlation
equation with systematic measurements taken between identifiable points. We can obtain approximate
values of crab size by using a comparative collection with grades of propods and dactylopods from small to
tall specimens by visual comparison (Dupont & Gruet, 2005; Dupont et al., 2010). The second method,
which consists in establishing correlation equations, shows very good results, with correlation coefficients
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Figure 5: Finger fragments of crabs from shell middens – edible crab Cancer pagurus: (1) Beg-er-Vil, (a) left dactylus and (b) left
propodus; Warty crab Eriphia verrucosa: (2) Beg-er-Vil, (a) right dactylus, (b) left dactylus, and (c) right propodus; (3) Toledo,
right propodus; Velvet swimming crab Necora puber: (4) Beg-er-Vil, (a) left dactylus, (b) right dactylus, and (c) right propodus;
Green crab Carcinus maenas: (5) Beg-er-Vil, (a and b) right dactylus; (6–8) Toledo, right propodus, right dactylus, and left
propodus; (9) Cabeço da Amoreira, left dactylus; Afruca tangeri: (10) Cabeço da Amoreira; Spider crabMaja squinado: (11) Beg-
er-Vi; Furrowed crab Xantho sp.: (12) Beg-er-Vil, left dactylus; Pachygrapsus sp.: (13) Toledo, right dactylus; Marbled rock crab
Pachygrapsus marmoratus: (14) Beg-er-Vil, (a and b) right dactylus (Photos Beg-er-Vil: O. Digard (1) and M. Arthur (2, 4, 5, 12,
14), Toledo and Cabeço da Amoreira C. Dupont, CAD: C. Dupont).
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often exceeding 0.90 (Dupont et al., in press; Gruet & Laporte, 1996). Therefore, using claw fragments, it is
possible to identify the distribution of crab size in a shell midden.

Theoretically, the obtained size can be related to the mass of meat of the animal (Dupont & Gruet,
2005) and therefore to the potential quantity of food. The yield is more than 50% if we consider the weight
of meat in relation to the weight of the animal (Dupont & Gruet, 2005). Crabs, for example, have a higher
yield than most shellfish, with the exception of the limpet. Thus, claw tips could well be “the tip of the
iceberg” and may represent a significant part of the diet of Mesolithic populations. These quantities of
crabs would also have contributed to the diversity of the Mesolithic diet and could have prevented vital
deficiencies. They are rich in omega-3 fatty acids (Anacleto, Maulvault, Barbosa, Nunes, & Marques, 2016)
and “essential elements such as K, Ca, Cu, Zn, Se, and n – 3 PUFA, namely, EPA and DHA” (Maulvault
et al., 2012, p. 6).

3.2 Only Food?

Some animals are known to eat crabs, such as mammals (foxes, sea otters, etc.) or birds (European sea
eagle, gulls, etc.; Erlandson & Moss, 2001). In the same way as for small proportions of shells in anthro-
pogenic shell middens, some crab accumulations can be due to natural agents.

The presence of crabs at the archaeological sites can result from different human activities. The most
visible is catching crabs for human consumption. Many cooking methods are associated with crabs; they
can be grilled, roasted on heated stones, steamed, or boiled. They can also be used in soups. The main
method of Mesolithic cooking is presumed to be grilling, because of the localised presence of burns on the
tips of the claws, such as at Sand (Milner, 2009). This hypothesis is, however, often difficult to confirm
because very often the burnt parts are the only preserved parts (the fingertip). The rate of calcination
can often be high for crab remains: between 25 and 77% El Mazo, (Gutiérrez-Zugasti et al., 2016), 45% of
the 3,049 fragments observed in the 2013 survey of Beg-er-Vil (Dupont et al., in press). For example, at
Beg-er-Vil, due to fragmentation, it is not always possible to ascertain whether these burns are localised.
Furthermore, hearths were often located on or in Mesolithic shell middens. Thus, most archaeologists
remain cautious in their conclusions as many scenarios could potentially explain the origin of these burns,
such as use as fuel, accidental burning, and burning in cooking (Milner, 2009). Possible markers of crab
consumption include breakage types (Zilhão et al., 2020). In most cases, claws are crushed to gain access to
their flesh (Milner, 2009). However, these anthropogenic breaks are often combined with those of natural
origin, rendering identification difficult (Milner, 2009). In a site such as Beg-er-Vil where, as we have
already mentioned, a crab fragment weighs on average 0.15 g (2010 excavation, NISP = 3,262; Dupont
et al., in press), it seems impossible to differentiate between natural and anthropogenic breaks. In our
comparison collection, we observed that the simple drying of crab fingers in the sun causes them to crack
and break vertically and horizontally. The microwear analysis of the macro-tools left at sites could perhaps
contribute to identifying the deliberate crushing of crab claws. For example, a significant number of
pebbles were left at the Beg-er-Vil site (Marchand, Calvo Gomez, Cuenca Solana, Henin, & Nukushina,
2019) and they may have been used for this purpose.

Some authors also suggest the possible use of crustaceans as bait (Lentacker, 1986; Milner, 2009). This
activity is difficult to prove in archaeology as the carapace and claws were probably crushed and laid as bait
on the seashore or in the sea. Crabs can also be accessorily transported to a settlement with other marine
materials, such as rocks or seaweed. For example, seaweed can be used as food, but also to keep molluscs
or fish in a wet and fresh atmosphere. These marine plants can be used for transport from the sea to the
settlement, but also inside the settlement itself prior to consumption. It is a means for keeping food fresh for
several hours or days, depending on the season. This method is still used on the Atlantic coast of France.
Crabs can also be intrusive when the site is near the seashore (Connock et al., 1993). Some parts of the crab
skeleton may have been reused, such as the carapace of tall specimens as receptacles (Milner, 2009), or the
extremity of huge crab fingers as pipes (Datta & Ghosh, 2013). The first use is difficult to detect on Mesolithic
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sites due to the porosity and the fragility of crab carapaces. However, the use of crab claws as pipes could
potentially be identified on archaeological remains. The size of the chosen crab finger is tall. The tip is
broken and the extremity should show evidence of localised burning. To our knowledge, no such finds have
been documented in Europe but crab pipes are known in Australia (Kuipers, 1986) and India (Datta &
Ghosh, 2013), for example.

Most of these activities can be differentiated on the basis of carcinological analysis. What do the
Mesolithic remains along the European Atlantic coast tell us?

Using the abovementioned methodology, we can advance hypotheses on the rare Mesolithic sites that
have been studied from the crab point of view. This methodology is, of course, dependent on the techniques
used during excavation. Recently, we showed that sieve mesh size can have an impact on the representa-
tiveness of the smallest species and individuals (Dupont et al., in press). It may even impact the pattern of
Mesolithic crab exploitation deduced by archaeologists (Dupont et al., in press). At Toledo, sieve rejects on
a 2 mm mesh indicated that crabs were selected for their large size (Dupont, 2011). This selection of large
individuals generally indicates human consumption. This is also the case at El Mazo, which shows a certain
preference for the selection of larger specimens (Gutiérrez-Zugasti et al., 2016). For the latter example, the
authors infer non-intensive crab collection as similar mean sizes were recorded throughout the shell layer
sequence (Gutiérrez-Zugasti et al., 2016). A different scenario was observed at Ulva Cave (Pickard & Bonsall,
2009) and at Beg-er-vil (Dupont et al., in press), where both juveniles and adults were collected for the main
species. This composition may correspond to the combination of two activities: consumption and seaweed
collection for food and fuel (Pickard & Bonsall, 2009). The planned spatial analysis of a large area of the
Beg-er-Vil shell midden will probably be able to verify this hypothesis in the long term. For the latter site,
natural crab intrusion can be ruled out as it was more than 500m from the coastline during the Mesolithic.

The composition of the malacofaunal spectrum can also reveal behavioural aspects of coastal hunter-
gatherer-fishers populations. For example, at Beg-er-Vil, the most consumed crab species seem to be
linked to a combination of two factors: species with the largest individuals, and accessibility on the
foreshore at low tide (Dupont et al., in press).

Estimates of the food supply that these tiny crab finger fragments could represent have already been
tested. Based on the reconstructed size of the original carapace, we can calculate the fresh mass of the
animal (Dupont et al., 2010). Some calculations have been made in the shell midden of Beg-an-Dorchenn. A
square metre of the midden, which yielded 9.55 g of crab remains, can be evaluated as equivalent to 13 kg of
fresh whole crab (Dupont et al., 2010). Lentacker (1986, p. 18) judged at Cabeço da Arruda that “Their meat
amount is too small to be of any economic value. If, however these crab claws are the remains of part of the
diet, they could indicate a scarcity of other more valuable or more palatable food.” The consumption of
Carcinus maenas can be linked to its abundance. Adult breadth of this species is around 73 mm (Hayward &
Ryland, 2007). This size can be judged small, but this type of crab is not only confined to poor populations.
It has already been reported on the London market and in American restaurants (Crothers, 1968).

3.3 From Biotopes to Palaeoenvironments

The determination of crabs opens up access to a whole range of known data on their biotopes, including the
substrate, tolerance to salinity, and bathymetry. It can provide an indirect picture of the environments near
the site but also of human behaviour. Indeed, populations may simply have fished crabs on foot at low tide,
or they may have used more sophisticated techniques.

Bathymetry provides a first indication of rhythms of capture. Amongst the determined species, only two
live in the subtidal zone: Atelecyclus rotundatus and Macropipus tuberculatus (Table 5). They can be
collected after a storm on the seashore or maybe in tidal pools on the lower shore. Species accessible on
lower shores can only be caught during low spring tides while those living on the high and middle shore
can be caught virtually all year round. Both species are poorly represented in Mesolithic shell middens on
the European Atlantic coast. The quantities of Macropipus tuberculatus identified at Sand are not specified
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and this species can be confused with Liocarcinus depurator (Pickard & Bonsall, 2009). As for Atelecyclus
rotundatus at Ulva Cave, only one individual has been determined (Milner, 2009).

AdultMaja squinado are also subtidal most of the year. These crabs come close to the coast from spring
to summer. They can then wash up on the beach in large numbers or be caught safely by walking in shallow
water. Such species are recorded at Ulva Cave, Beg-an-Dorchenn, and Beg-er-Vil (Dupont et al., 2010, in
press; Pickard & Bonsall, 2009). Again, this predominantly subtidal species is poorly represented in the
assemblages of these sites.

Although edible crabs are accessible all year round on the foreshore, adult Cancer pagurus are currently
more accessible from spring to autumn, when they return to shallower conditions.

A mention of Cancer pagurus behaviour is also evoked for the Morton site (Coles, 1971). This could be
the case at Beg-an-Dorchenn where 8 edible crabs show a size superior to 120 mm (Dupont et al., 2010).
Such dimensions are currently accepted as being related to subtidal specimens (DORIS, 2021). It is also
possible that some current conditions differ slightly from the biotope of these animals in the Mesolithic.
One example is the modern overexploitation of foreshores, which means that, over a human life span, some
of the sizes accessible at low tide are smaller than in the past.

It must be noted that these species are difficult to access due to the depth of the water in which they
live, and seem to have been collected in smaller quantities. They are also absent from other sites for which

Table 5: Seasonal availability and crab biotopes in Mesolithic sites (after Bouvier, 1940; Hayward & Ryland, 2007; Ingle, 1997;
Latrouite, 1992; Pickard & Bonsall, 2009)

Latin name Common name Shoreline availability Substrate

Atelecyclus rotundatus
(Olivi, 1792)

Circular crab Difficult alive, subtidal zone Sandy and gravelly substrates

Cancer pagurus
(Linnaeus, 1758)

European
edible crab

Year round for juveniles, more
frequent from April until November
for adults, middle shore to
subtidal zone

Rocky shores under stones

Carcinus maenas
(Linnaeus, 1758)

Shore
green crab

More accessible from spring to
autumn, all the seashore to
subtidal zone

All marine substrates, tolerance
for brackish waters, absent from
exposed coasts

Corystes cassivelaunus
(Pennant, 1777)

Masked crab Year round, lower shore to
subtidal zone

Burrows in sandy to soft
substrates

Eriphia spinifrons
(Forskål, 1775)

Warty crab Year round, middle and lower shore
to subtidal zone

On rocky substrates under
stones and in crevices

Afruca tangeri (Eydoux, 1835) Fiddler crab Year round, all the seashore Burrows in sandy and muddy
substrates

Inachus dorsettensis
(Pennant, 1777)

Scorpion
spider crab

Year round, lower shore to
subtidal zone

On sandy and muddy shores,
among seaweed on rocky shores

Liocarcinus depurator
(Linnaeus, 1758)

Sandy
swimming crab

Year round, lower shore to
subtidal zone

On sand, muddy sand, and
gravel

Macropipus tuberculatus
(Roux, 1830 [in Roux,
1828–1830])

— Difficult alive, subtidal zone Rocky substrates

Maja squinado (Herbst, 1788) Common
spider crab

Year round, lower shore for juveniles.
From April to summer, lower shore for
adults. Year round, subtidal zone for
all specimens.

Rocky substrates among
seaweed on sandy bottoms

Necora puber
(Linnaeus, 1767)

Velvet
swimming crab

Year round, lower shore to
subtidal zone

Rocky substrates under stones
and in crevices

Pachygrapsus marmoratus
(Fabricius, 1787)

Marbled
rock crab

Year round, high shore to
subtidal zone

Rocky substrates under stones
and in crevices in sandy and
muddy bottoms

Lophozozymus incises (Milne
Edwards, 1834)

Furrow crab Year round, lower shore to
subtidal zone

On stony substrates
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quantification is given (Tables 1–4). The correlation between accessibility and the proportion of species was
noted at Beg-er-Vil (Dupont et al., in press). The multiplication of these quantitative analyses would
indicate whether or not this behaviour can be generalised on the scale to the whole of Atlantic Europe.
In the current state of knowledge, it tends to show fishing for these seafoods at low tide, with more
abundant species from high and medium tidal ranges. This type of fishing is still carried out by populations
along the French Atlantic coast. It only requires a simple curved pole to dislodge the crabs from their
cavities (Figure 6). This type of fishing is handed down from generation to generation. Information on the
location of holes in the rocks with abundant crabs is thus passed on, depending on the tidal range. Not all
holes are accessible at every tide. Some species lodge in holes, others hide under rocks that are also
regularly turned over and repositioned by fisherfolk.

Of course, we cannot exclude the possible use of nets or traps for the capture of crabs, but in the light of
current data, these more elaborate capture techniques do not seem to have been required on the foreshore
for archaeological sites with quantified data.

Biotopes are of interest in that they help us to understand modifications to the palaeoenvironment or
to Mesolithic territories. Some species tolerate brackish waters and can point to the presence of huge and
sheltered estuaries in the past. If we take into account all the Portuguese shell middens from the Muge
and Sado complexes (Arnaud, 1989; Dupont & Bicho, 2015; Lentacker, 1986; Roche, 1958), and also the
less known Early Mesolithic sites such as Toledo and Vale Frade, the species Carcinus maenas is present
in most of them (Dupont, 2011; Araujo, personal communication). It could be interesting to assess the
proportions of this species in combination with malacological, and ichthyological studies in order to
attempt to measure salinity levels at the foot of each settlement. These studies can help to recreate the
morphology of such estuaries. At an archaeological site, they would also indicate if crabs were collected
from one or several areas of the coast and point to selective or opportunistic exploitation of the seashore.
Such analyses have been carried out simultaneously at Beg-er-Vil and at Cabeço da Amoreira (Dupont &
Bicho, 2015). We were able to compare the diversity of malacofaunal spectra with that of carcinological
spectra. At Beg-er-Vil, diverse biotopes were exploited with a dominance of rock species for both molluscs
and crustaceans, whereas at Cabeço da Amoreira, shellfish collection and crab fishing target a single
environment: mudflats. These differences between the two sites can be explained by the accessibility of
the environments near the sites. They show that Mesolithic hunter-gatherer-fishers adapted their foraging
to environments in the vicinity of the site. The search for marine resources seems to represent opportu-
nistic behaviour.

We also need to draw attention to climatic data. If we compare the modern biogeographical dis-
tribution of each species to its occurrence at Mesolithic sites, we observe some interesting distortions
(Figures 7 to 9). One, published by Roche (1965), concerns Afruca tangeri. Its present northern limit is

Figure 6: Crab fisherfolk on the French Atlantic coast with his tool (Photo C. Dupont 2021).
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Figure 7: Mesolithic shell middens with Necora puber, Atelecyclus rotundatus, Pachygrapsus marmoratus and P. sp., Corystes
cassivelaunus, and limits of their modern biodistribution (CAD C. Dupont and L. Quesnel).
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Figure 8: Mesolithic shell middens with Macropipus tuberculatus, Portunidae, Afruca tangeri, Lophozozymus incises, Xantho
sp., Inachus dorsettensis, and limits of their modern biodistribution (CAD C. Dupont and L. Quesnel).
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Figure 9:Mesolithic shell middens with Cancer pagurus, Carcinus maenas, Eriphia verrucosa,Maja squinado, and limits of their
modern biodistribution (CAD C. Dupont and L. Quesnel).
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around “Cabo de Sõa Vicente” (South Portugal) and the archaeological records indicate warmer con-
ditions during the Mesolithic. Its presence does not seem to be coincidental since this species is
recorded on three shell middens attributed to the Mesolithic: Cabeço da Amoreira (Dupont & Bicho,
2015; Lentacker, 1986; Roche, 1965), Cabeço da Arruda (Lentacker, 1986), and Moita do Sebastião
(Roche, 1958; Figure 8). This tendency is also published with the presence of Maja squinado at
Ulva Cave (Pickard & Bonsall, 2009), in an area where the spider crab is currently rare (Quéro & Vayne,
1998; Figure 9). We also note the presence of Eriphia verrucosa close to its current northern limit at
Beg-an-Dorchenn (Dupont et al., 2010; Figure 9).

All these cases need to be studied in detail in the future because they are not strictly contemporaneous.
The case of the fiddler crab is the most indicative, but two other species seem to confirm a tendency towards
warmer or mild conditions during the Mesolithic, similar to the present day climate.

4 Discussion: From Crab to Thinking

This overview points out the fact that the presence of crab remains in the archaeological record is largely
underestimated. They are rarely identified and only occasionally quantified. However, these specific and
quantitative data open up access to topical discussions concerning Mesolithic populations. Were these
people dependent on the marine environment for their diet? Did crabs make a real contribution to the diet
of Mesolithic populations? If so, in what proportions? What is the relationship between the sea and
Mesolithic societies? Is contact with the marine environment a way of maintaining a stable residence?
What type of environment surrounded the site during site occupation? Have climatic conditions induced
changes in coastal settlements? Did the available marine resources vary during the Mesolithic?

Crab remains can provide us with information on these topics, but sampling methods need to be
adapted to excavation strategies in order to contribute to the archaeological record. Sieving large volumes
of sediment with a fine mesh (around 2mm) seems to be an answer. With a finger, it is now possible to gain
access to the exploited species, their biotopes, the original size of the crab, and a quantification of the meat
yield. All data on crabs are particularly relevant if they can be combined with studies of other marine
resources (shells, urchins, fish, marine mammals, birds, etc.) and incorporated into the larger archaeolo-
gical picture.

“Once natural resources are transformed into food through processing and cooking, food becomes a
form of material culture which is bound up inextricably with symbolism, ritual, and cultural identity”
(Milner, 2009). Crab is undoubtedly one of those resources that can tell us more about human populations
from the time of capture to abandonment in waste heaps. Crab fishing may only have been reserved for
part of the population (De Oliveira Côrtes, Zappes, & Beneditto, 2014; Magalhães, Barbosa, & Py-Daniel,
2006). For example, it is reserved for women and children among the Yanomami Indians of South
America, who are familiar with crabs’ hiding places (Magalhães et al., 2006). This memory of places of
capture has also been described on the French Atlantic coast. There is also a generational transmission of
periods of abundance of certain crabs on the coast (De Oliveira Côrtes et al., 2014). This crab acquisition
phase can also be regulated depending on the available resources. There may thus be rotations of
exploited areas throughout the year (De Oliveira Côrtes et al., 2014).

Most of the foreshore crabs identified in Mesolithic levels can be caught by hand, although there are
many different ways of catching them. They can be baited in a trap using a line, a scale, or a trap. Other
tools are also known to trap them such as nets or dredges.

Crab moulting may also have intrigued people. The animal leaves its carapace to start a new life and is a
symbol of regeneration and immortality in many countries (Vadon, 2013). Thus, the crab is used in rituals to
symbolise the passage to adulthood among Yanomami women (Magalhães et al., 2006). In addition to its
moult, its appearance, its life in the sea, and the way it walks have given rise to many legends and popular
beliefs throughout the world. For example, it is used as a totem (Rivers, 1909) or as a “homem-caranguejo”
God (Arcuri, 2009). The representation of the Roman god “Océan” is characterised by crab or lobster claws
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on the head (Fuchs, 2010). It is also particularly sought after in China as a delicacy for its “Yin” effect
(Halsey, 2021).

Crustaceans were and are a highly prized food item in the diet of several populations around the world,
whether they are consumed in small or large quantities. They are described in both ethnological and
archaeological records (for examples Baudry et al., 2018; Gruet & Laporte, 1996; Keegan, Carlson, Delancy,
& Hayes, 2018; Lavallée & Béarez, 2012; Lidour, Béarez, Beech, Charpentier, & Méry, 2021; Magalhães et al.,
2006; Mougne, 2015; Rick et al., 2015; Serrand, Vigne, & Guilaine, 2005; Zilhão et al., 2020). In many cases,
coastal populations catch them for food and differentiate species by their taste (for example Magalhães
et al., 2006). In some populations, food taboos surround these crustaceans (Rivers, 1909; Vadon, 2013).
As scavengers, they consume corpses, which means that they have sometimes been associated with death
or bad omens. Some populations also developed specific tools for shelling crabs. Some of these tools are
currently available on tables. For example, the Ming dynasty in China has eight different tools for eating
crabs (Vadon, 2013).

Crabs are not absent from funerary contexts either. Representations of them have been found in such
contexts (Bodson, 1989; del Solar Velarde, 2015).

These few examples have been listed to illustrate the contrast between the possibilities of thematic
development in archaeology and the lack of interest shown by archaeologists. We hope that this review
will arouse archaeologists’ interest and prompt them to include the search for these ten-legged animals in
their excavations.

Acknowledgments: The English version was corrected by Louise Byrne, a native English speaker. We thank
the two reviewers for their comments, which helped to improve the article. One reviewer mentioned us a
published crab we omitted in the first version of the paper. Catherine Gorlini (CNRS, CReAAH) helped in the
search for antique books and papers.

Funding information: The translation was financed by International Research Network PrehCOAST “Coast-
inland dynamics in prehistoric hunter–gatherer societies” by the CNRS-INEE.

Conflict of interest: Authors state no conflict of interest.

References

Álvarez-Fernández, E. (2011). Humans and marine resource interaction reappraised: Archaeofauna remains during the late
pleistocene and holocene in cantabrian Spain. Journal of Anthropological Archaeology, 30, 327–343. doi: 10.1016/
j.jaa.2011.05.005.

Álvarez-Fernández, E., Iriarte, M. J., & Arrizabalaga, A. (2010). El Abrigo de J3 (Hondarraribia, Guipúzcoa): Concideraciones de
tipo metodológico y primeros resultados sobre los recursos marinos de un conchero de época mesolítica. Férvedes,
6, 17–24.

Aldeias, V., & Bicho, N. (2017). Embedded behavior: Human activities and the construction of the mesolithic shellmound of
Cabeço da Amoreira (Muge, Portugal). Geoarchaeology, 31, 530–549. doi: 10.1002/gea.21573.

Anacleto, P., Maulvault, A. L., Barbosa, V., Nunes, M. L., & Marques, A. (2016). Shellfish: Characteristics of crustaceans and
mollusks. In B. Caballero, P. M. Finglas, & F. Toldrá (Eds.), Encyclopedia of food and health (pp. 764–771). Oxford:
Academic Press.

Andersen, S. H. (2013). Tybrind Vig. Submerged mesolithic settlements in denmark. Jutland archaeological society publications,
77. Højbjerg: Jutland Archaeological Society.

Andersen, S. H., & Johansen, E. (1986). Ertebølle revisited. Journal of Danish Archaeology, 5, 31–61. doi: 10.1080/
0108464X.1986.10589957.

Anderson, J. (1898). Notes on the contents of a small cave or rock-shelter at Druimvargie, Oban; and of three shell-mounds
in Oronsay. Proceedings of the Society of Antiquaries of Scotland, 32, 298–313.

Arcuri, M. (2009). O Tahuantinsuyu e o poder das huacas nas relações centro x periferia de Cusco. Revista do Museu de
Arqueologia e Etnologia, Suplemento 8, 37–51.

Arias Cabal, P. (1991). De cazadores a campesinos. la transición al neolítico en la región cantábrica. Santander: Servicio de
Publicaciones de la Universidad de Cantabria, Asamblea Regional (serie Universitaria, 6).

690  Catherine Dupont and Yves Gruet



Arnaud, J. M. (1989). The mesolithic communities of the Sado Valley, Portugal, in their ecological setting. In C. Bonsall (Ed.),
The Mesolithic in Europe (pp. 614–631). Edinburgh: John Donald.

Arnaud, J. M. (2000). Os concheiros mesoliticos do vale do Sado e a exploração dos recursos estuarinos (nos tempos pré-
históricos e na actualidade). In actas do encontro sobre arqueologia da Arràbida (pp. 21–44). Lisboa: IPA (Trabalhos de
Arqueologia, 14).

Astrup, P. M. (2018). Sea-level change in mesolithic southern Scandinavia. long- and short-term effects on society and the
environment. Højbjerg: Jutland Archaeological Society (Jutland Archaeological Society Publications, 106).

Astrup, M. P., Benjamin, J., Stankiewicz, F., Woo, K., McCarthy, J., Wiseman, C., … Bailey, G. (2021). A drowned mesolithic shell
midden complex at Hjarnø Vesterhoved, Denmark and its wider significance. Quaternary Science Reviews, 258, 1–20.
doi: 10.1016/j.quascirev.2021.106854.

Bailey, G. N., & Milner, N. (2007). The faunal remains at Howick. In C. Waddington (Ed.),Mesolithic Settlement in the North Sea
Basin: A case study from Howick, North-East England (pp. 137–146). Oxford: Oxbow.

Baudry, A., Dupont, C., Dréano, Y., Gruet, Y., Arthur, M., & Bailon S. (2018). Chap. V–L’exploitation des ressources animales à
Port-Blanc. In M.-Y. Daire & A. Baudry (Eds.), Hoedic, une île d’Armorique à la veille de la Conquête romaine. 10 ans d’étude
pluridisciplinaire (pp. 161–244). Saint-Malo-Rennes: CeRAA et AMARAI éditeurs (Les Dossiers du CeRAA, supplément
AM-2016).

Bell, M. (1987). The molluscs. In N. D. Balaam, B. Levitan, & V. Strker (Eds.), Studies in plalaeoeconomy and environment in
south-west england (pp. 201–213). Oxford: British Archaeological Reports (BS 181).

Bishop, A. H. (1914). An oronsay shell-mound - A scottish pre-neolithic site. Proceedings of the Society of Antiquaries of
Scotland, 48, 52–108.

Bicho, N., Detry, C., Price, T. D., & Cunha, E. (Eds.). (2015). Muge 150th, the 150th anniversary of the discovery of mesolithic
shellmiddens (Vol. 1/2). Newcastle: Cambridge Scholars Publishing.

Bodson, L. (1989). L’offrande aux divinités grecques de l’effigie des animaux. Anthropozoologica, 3, 69–78.
Bosselmann, F., Romano, P., Fabritius, H., Raabe, D., & Epple, M. (2007). The composition of the exoskeleton of two crustacea:

The American lobster Homarus americanus and the edible crab Cancer pagurus. Thermochimica Acta, 463, 65–68.
doi: 10.1016/j.tca.2007.07.018.

Bouvier, E. L. (1940). Faune de france, 37: Décapodes marcheurs. Paris: Librairie de la Faculté des Sciences.
Clark, G. A. (1971). The Asturian of Cantabria: Subsistence base and evidence for post-pleistocene climatic shifts. American

Anthropologist, 73, 1244–1247.
Clark, G. A. (1976). L’asturien des cantabres. État de la recherche actuelle. Congrès préhistorique de france 20e session,

Provence 1974 (pp. 84–101). Paris: Société Préhistorique Française.
Coles, J. M. (1971). The early settlement of Scotland: Excavations at Morton Fife. Proceedings of the Prehistoric Society, 37(2),

284–366.
Connock, K. D., Finlayson, B., & Mills, C. M. (1993). Excavation of a shell midden at Carding Mill Bay, near Oban, Scotland.

Glasgow Archaeological Journal, 17, 25–38.
Crothers, J.-M. (1968). The biology of the shore crab, Carcinus maenas (L.) 2: The life of adult crab. Field Studies, 2, 579–614.
Datta, A., & Ghosh, M. (2013). Subsistence patterns of the hunter-gatherers of the Andaman and Nicobar Islands: A case study

in South Andaman. In G. N. Bailey, K. Hardy, & A. Camara (Eds.), Shell energy: Mollusc shells as coastal resources
(pp. 255–262). Oxford: Oxbow Books.

De Oliveira Côrtes, L., Zappes, C., & Beneditto, A. (2014). Ethnoecology, gathering techniques and traditional management of
the crab Ucides cordatus Linnaeus, 1763 in a mangrove forest in South-Eastern Brazil. Ocean & Coastal Management, 93,
129–138. doi: 10.1016/j.ocecoaman.2014.03.021.

del Solar Velarde, N. V. (2015). Contribution des sciences archéologiques à la connaissance des choix techniques mochica
et cajamarca: Étude des matériaux céramiques du site de san josé de moro (viiie-xe s. apr. j.-c., pérou). (PhD thesis,
Unpublished doctoral dissertation). Université Michel de Montaigne - Bordeaux III, Bordeaux. https://123dok.net/
document/zxv2d5oy-contribution-arch%C3%A9ologiques-connaissance-techniques-mochica-cajamarca-mat%C3%
A9riaux-c%C3%A9ramiques.html.

DORIS. (2021). Données d’observations pour la reconnaissance et l’identification de la faune et la flore subaquatiques.
https://doris.ffessm.fr/.

Dupont, C. (2006). La malacofaune de sites mésolithiques et néolithiques de la façade atlantique de la France: Contribution à
l’économie et à l’identité culturelle des groupes concernés. Oxford: Archeopress (British Archaeological Reports,
International Series 1571).

Dupont, C. (2011). Chapitre EC. etude complémentaire: Les invertébrés marins du « concheiro » de toledo (Lourinhã, Portugal).
In A. C. Araújo (Ed.), O concheiro de Toledo no contexto do Mesolítico inicial di litoral da Estremadura (pp. 185–227).
Lisboa: Instituto de Gestao do Patrimónico Arquitectónico e Arqueológico (Trabalhos de Arqueologia, 51).

Dupont, C. (2016). Could occupation duration be related to the diversity of faunal remains in mesolithic shell middens along the
European Atlantic seaboard? Quaternary International, 407, 145–153. doi: 10.1016/j.quaint.2016.01.039.

Dupont, C. (2021). Au mésolithique, il ne suffit pas qu’une coquille soit bonne à décorer, encore faut-il qu’elle soit bonne à
penser. Bulletin de la Société Archéologique Champenoise, « Les derniers chasseurs, 40 ans après » Hommage à Jean-
Georges Rozoy, 113(2–3), 275–291.

Crab Remains for Reconstruction of Mesolithic Activities and Palaeoenvironments  691

https://123dok.net/document/zxv2d5oy-contribution-arch%C3%A9ologiques-connaissance-techniques-mochica-cajamarca-mat%C3%A9riaux-c%C3%A9ramiques.html.
https://123dok.net/document/zxv2d5oy-contribution-arch%C3%A9ologiques-connaissance-techniques-mochica-cajamarca-mat%C3%A9riaux-c%C3%A9ramiques.html.
https://123dok.net/document/zxv2d5oy-contribution-arch%C3%A9ologiques-connaissance-techniques-mochica-cajamarca-mat%C3%A9riaux-c%C3%A9ramiques.html.
https://doris.ffessm.fr/.


Dupont, C., & Bicho, N. (2015). Marine invertebrates and models of economic organization of the coastal zone during
the mesolithic: French and Portuguese examples. In N. Bicho, C. Detry, T. D. Price, & E. Cunha (Eds.), Muge 150th,
The 150th anniversary of the discovery of Mesolithic Shellmiddens (Vol. 1, pp. 89–103). Newcastle: Cambridge Scholars
Publishing.

Dupont, C., & Gruet, Y. (2005). Malacofaune et crustacés marins des amas coquilliers mésolithiques de Beg-an-Dorchenn
(Plomeur, Finistère) et de Beg-er-Vil (Quiberon, Morbihan). In G. Marchand & A. Tresset (Eds.), Unité et diversité des
processus de néolithisation sur la façade atlantique de l’Europe (6e-4e millénaires avant J.-C.), Nantes, 26–27 avril 2002
(pp. 139–161). Paris: Société Préhistorique Française (Mémoire, 36).

Dupont, C., Gruet, Y., Arthur, M., & Digard, O. (in press). A question of size! the importance of marine crabs in food remains from
mesolithic fisher–hunter–gatherers at Beg-er-Vil (Quiberon, Morbihan, France). In P. Stephan, G. Marchand, & Y. Pailler
(Eds.), Exploring the coast, sounding out the past: The methods and practices of maritime prehistory International webinar,
2–3 décembre 2021, France. Paris: Société Préhistorique Française.

Dupont, C., & Gutiérrez-Zugasti, I. (in press). 26. Shell middens & shells. In L. Nilsson Stutz, R. Peyroteo Stjerna & M. Tõrv
(Eds.), Handbook of Mesolithic Europe (xx-xx). New York: Oxford University Press.

Dupont, C., & Marchand, G. (2021). New paradigms in the exploitation of mesolithic shell middens in Atlantic France:
The example of Beg-er-Vil, Brittany. Quaternary International, 584, 59–71. doi: 10.1016/j.quaint.2020.09.043.

Dupont, C., Tresset, A., Desse-Berset, N., Gruet, Y., Marchand, G., & Schulting, R. (2009). Harvesting the seashores in the late
mesolithic of north-western Europe. A view from Brittany? Journal of World Prehistory, 22(2), 93–111. doi: 10.1007/s10963-
009-9017-3.

Dupont, C., Marchand, G., Carrion, Y., Desse-Berset, N., Gaudin, L., Gruet, Y., … Oberlin, C. (2010). Beg-an-Dorchenn: Une
fenêtre ouverte sur l’exploitation du littoral par les peuples mésolithiques du sixième millénaire dans l’ouest de la France.
Bulletin de la Société Préhistorique Française, 107(2), 227–290.

Erlandson, J. M. (1988). The role of shellfish in prehistoric economies: A protein perspective. American Antiquity, 53(1),
102–109.

Erlandson, J. M., & Moss, M. L. (2001). Shellfish feeders, carrion eaters, and the archaeology of aquatic adaptations. American
Antiquity, 66 (3), 413–432.

Fano Martínez, M. A. (1998). El hábitat mesolítico en el cantábrico occidental. transformaciones ambientales y medio físico
durante el holoceno antiguo. Oxford: Archeopress (BAR International Series, 732).

Finlay, N. (2000).“Deer prudence.” In C. Conneller (Ed.), ‘New approaches to the Palaeolithic and Mesolithic’. Archaeological
review from Cambridge (Vol. 17, No. 1, pp. 67–79).

Finlay, N., Cerón-Carrasco, R., Housley, R., Huggett, J., Jardine, W., Ramsay, S., & Wright, P. (2019). Calling time on Oronsay:
Revising settlement models around the mesolithic–neolithic transition in western Scotland, new evidence from Port Lobh,
Colonsay. Proceedings of the Prehistoric Society, 85, 83–114. Cambridge: Cambridge University Press. doi: 10.1017/
ppr.2019.2.

Fuchs, M. E. (2010). L’Océan de münsingen BE: Une mosaïque entre l’air et l’eau. Annuaire d’Archéologie Suisse, 93,
123–136.

González Morales, M. R. (1982). El asturiense y otras culturas locales. La explotación de las áreas litorales de la Región
Cantábrica en los tiempos epipaleoláticos. Santander: Centro de Investigación y Museo de Altamira.

Grieve, D. (1874). Notes on the shell-heaps near Inveravon, Linlithgow. Proceedings of the Society of Antiquaries of Scotland,
9, 45–52.

Gruet, Y. (2002). Reconnaissance de quelques espèces communes de crustacés (crabes et balanes): Application au site
mésolithique de Beg-er-Vil (Morbihan, France). Revue d’Archéométrie, 26, 125–139. doi: 10.3406/arsci.2002.1028.

Gruet, Y., & Laporte, L. (1996). Crabes pêchés au néolithique final à ponthezières: Identification des modes de pêche
et application de la métrique. Revue Archéométrie, 20, 197–201. doi: 10.3406/arsci.2002.1028.

Gutiérrez Zugasti, F. I. (2009). La explotación de moluscos y otros recursos litorales en la región cantábrica durante el
pleistoceno final y holoceno inicial. Santander: PUbliCan, Ediciones de la Universidad de Cantabria.

Gutiérrez-Zugasti, I., Andersen, S. H., Araujo, A. C., Dupont, C., Milner, N., & Monge-Soares, A. M. (2011). Shell middens
in Atlantic Europe: State of art and new perspectives for future research. Quaternary International, 239(1–2), 70–85.
doi: 10.1016/j.quaint.2011.02.031.

Gutiérrez-Zugasti, I., Cuenca Solana, D., Rasines Del Río, P., Muñoz Fernández, E., Santamaría, S., & Morlote Expósito, J. M.
(2013). The role of shellfish in hunter-gatherer societies during the early upper palaeolithic: A view from El Cuco rock-
shelter, Northern Spain. Journal of Anthropological Archaeology, 32, 242–256. doi: 10.1016/j.jaa.2013.03.001.

Gutiérrez-Zugasti, I., Tong, E., García-Escarzaga, A., Cuenca-Solana, D., Bailey, G., & Gonzalez-Morales, M. (2016). Collection
and consumption of echinoderms and crustaceans at the mesolithic shell midden site of El Mazo (northern Iberia):
Opportunistic behaviour or social strategy? Quaternary International, 407, 118–130. doi: 10.1016/j.quaint.2015.11.149.

Halsey, S. R. (2021). A crab’s eye view of the food chain in contemporary China. Environment & Society Portal, Arcadia, 21.
doi: 10.5282/rcc/9315. https://www.environmentandsociety.org/arcadia/crabs-eye-view-food-chain-contemporary-
china.

Hayward, P. J., & Ryland, J. S. (Eds.). (2007). Handbook of the marine fauna of North-West Europe. Oxford: Oxford University
Press.

692  Catherine Dupont and Yves Gruet

https://www.environmentandsociety.org/arcadia/crabs-eye-view-food-chain-contemporary-china
https://www.environmentandsociety.org/arcadia/crabs-eye-view-food-chain-contemporary-china


Ingle, R. (1997). Crayfishes, lobsters and crabs of Europe: An illustrated guide to common and traded species. London:
Chapman & Hall.

Keegan, W. F., Carlson, L. A., Delancy, K. M., & Hayes, D. (2018). A crab-shell dichotomy encore: Visualizing saladoid shell tools.
Journal of Caribbean Archaeology, 18, 1–33.

Kuipers, L. (1986). Photo: An elderly woman smokes a pipe made from the claw of a crab. Thursday 27, March 1986.
https://ozoutback.com.au/Australia/bathurst/slides/1986032707.html.

Gruet, Y., & Laporte, L. (1996). Crabes pêchés au néolithique final à ponthezières: Identification des modes de pêche et
application de la métrique. actes du colloque d’archéométrie 1995, périgueux (pp. 197–201). Rennes: Pôle Régional
Archéologique de l’Ouest, Université́ de Rennes I (Revue D’archéométrie, Supplément).

Latrouite, D. (1992). Tourteau commun. In J-C. Quero (Ed.), Les algues et invertébrés marins des pêches françaises, 3° partie
(pp. 75–77). Archimer Ifremer RI DRV-92/018-RH. https://archimer.ifremer.fr/doc/00000/1536/.

Lavallée, D., & Béarez, P. (2012). Explotación de los moluscos, crustáceos y equinodermos. In D. Lavallée & M. Julien (Eds.),
Prehistoria de la costa extremo-Sur del Perú: Los pescadores arcaicos de la Quebrada de los Burros (10000–7000 a.P.)
(pp. 125–140). Lima: Institut Français d’études andines & Fondo Editorial de la Pontificia Universidad Catolica del Peru
Institut Français D’études Andines.

Lidour, K., Béarez, P., Beech, M., Charpentier, V., & Méry, S. (2021). Intensive exploitation of marine crabs and sea urchins
during the middle holocene in the eastern Arabian peninsula offers new perspectives on ancient maritime adaptations.
The Journal of Island and Coastal Archaeology. doi: 10.1080/15564894.2021.1962437.

Lentacker, A. (1986). Preliminary results of the fauna of Cabeço de Amoreira and Aabeço de Arruda (Muge, Portugal). Trabalhos
de Antropologia e Etnologia, 26(1–4), 9–26.

Lubell, D., Jackes, M., Sheppard, P., & Rowley-Conwy, P. (2007). The mesolithic-neolithic in the Alentejo: Archaeological
investigations, 1984–1986. In From the Mediterranean basin to the Portuguese Atlantic shore: Papers in Honor of Anthony
Marks (pp. 209–229). Faro: Universidade do Algarve (Promontaria Monográfica, 07).

Madsen, A. P., Müller, S., Neergaard, C., Petersen, C. G. J., Rostrup, E., Steenstrup, K. J. V., & Winge, H. (1900). Affaldsdynger fra
Stenalderen i Danmark. Copenhagen: Nationalmuseet (Denmark).

Magalhães, C., Barbosa, U., & Py-Daniel, V. (2006). Decapod crustaceans used as food by the Yanomami Indians of the Balawa-
ú village, State of Amazonas, Brazil. Acta Amazonica, 36(3), 369–374.

Mannino, M. A., Spiro, B. F., & Thomas, K. D. (2003). Sampling shells for seasonality: Oxygen isostope analysis on shell
carbonates of the inter-tidal gastropod Monodonta lineata (da Costa) from populations across its modern range from a
Mesolithic site in southern Britain. Journal of Archaeological Science, 30, 667–679. doi: 10.1016/S0305-4403(02)
00238-8.

Marchand, G., Calvo Gomez, J., Cuenca Solana, D., Henin, A., & Nukushina, D. (2019). Le macro-outillage en pierre du
mésolithique atlantique: Un référentiel bien daté sur l’habitat littoral de Beg-er-Vil (Quiberon, Morbihan). Bulletin de la
Société Préhistorique Française, 116(4), 615–656.

Maulvault, A. L., Anacleto, P., Lourenço, H. M., Carvalho, M. L., Nunes, M. L., & Marques, A. (2012). Nutritional quality and safety
of cooked edible crab (Cancer pagurus). Food Chemistry, 133(2), 277–283. doi: 10.1016/j.foodchem.2012.01.023.

Mellars, S. P. (1978). Excavation and economic analysis of mesolithic shell middens on the island of Oronsay (Inner Hebrides).
In P. Mellars (Ed.), The early postglacial settlement of Northern Europe, an ecological perspective (pp. 371–396). London:
Duckworth.

Mellars, P. (1987). Excavations on Oronsay: Prehistoric human ecology on a small island. Edinburgh: Edinburgh University
Press.

Melton, N. D., & Nicholson, R. A. (2004). The mesolithic in the Northern Isles: The preliminary evaluation of an oyster midden at
West Voe, Sumburgh, Shetland, UK. Antiquity, 78, 299.

Milner, N. (2009). Consumption of crabs in the Mesolithic: Side stepping the evidence? In K. Hardy & C. Wickham-Jones (Eds.),
Mesolithic and Later sites around the Inner Sound, Scotland: The work of the scotland’s first settlers Project 1998–004
(Scottish Archaeology Internet Publications 31). http://www.sair.org.uk/sair31/section3-13.htlm.

Milner, N., Craig, O. E., & Bailey, G. N. (Eds.). (2007). Shell middens in Atlantic Europe. Oxford: Oxbow Books.
Moreno Nuño, R. (2017). Sea molluscs from the shell midden of Pico Ramos. In L. Zapata (Ed.), Humans on the basque coast

during the 6th and 5th millenium b.c. the shell midden of pico Ramos (Muskiz, Bizkaia) (pp. 41–45), Bilbao: TRRRES.
Mougne, C. (2015). Exploitation et utilisation des invertébrés marins durant la protohistoire sur le territoire continental et littoral

manche-Atlantique français. (phD thesis,Unpublished doctoral dissertation). Université de Rennes 1, Rennes.
Myers, A. M., & Gourlay, R. B. (1991). Muirtown, Inverness: Preliminary investigation of a shell midden. Proceedings of the

Society of Antiquaries of Scotland, 121, 17–25.
Ortea, J. (1986). The malacology of La Riera Cave. In L. Straus & G. Clark (Eds.), La Riera cave stone age hunter–gatherer

adaptations in Northern Spain (pp. 289–298). Tempe: Arizona State University (Anthropological research papers, 36).
O’Sullivan, A., & Breen, C. (2011). Maritime Ireland an archaeology of coastal communities. Stroud, Gloucestershire: History

Press.
Péquart, M., Boule, M., & Vallois, H. (1937). Téviec: Station nécropole mésolithique du Morbihan. Archives de l’Institut de

Paléontologie humaine. Paris: Masson (Mémoire, 18).
Péquart, M., & Péquart, S.-J. (1954). Hoëdic, deuxième station-nécropole du Mésolithique côtier Armoricain. Anvers: De Sikkel.

Crab Remains for Reconstruction of Mesolithic Activities and Palaeoenvironments  693

https://ozoutback.com.au/Australia/bathurst/slides/1986032707.html.
https://archimer.ifremer.fr/doc/00000/1536/.
http://www.sair.org.uk/sair31/section3-13.htlm.


Pickard, C., & Bonsall, C. (2009). Some observations on the Mesolithic crustaceans assemblages from Ulva Cave, Inner
Hebrides, Scotland. In J. M. Burdukiewicz, K. Cyrek, P. Dyczek, & K. Szymczak (Eds.), Understanding the Past. Papers
offered to Stefan K. Kozlowski. (pp. 305–313). Warsaw: University of Warsaw, Center for Research on the Antiquity of
Southeastern Europe.

Pinto, R. S. (1986). Les fouilles du Kjoekkenmoedding de Cabeço de Amoreira à Muge (Portugal). Trabalhos de Antropologia e
Etnologia, 26(1–4), 220–229.

Pollard, T., Atkinson, J., & Banks, I. (1996). It is the technical side of the work which is my stumbling block. A shell midden site
on Risga reconsidered. In T. Pollard & A. Morrison (Eds.), The early prehistory of Scotland (pp. 165–182). Edinburgh:
Edinburgh University Press for the University of Glasgow.

Price, T. D., & Brown, J. A. (1985). Aspects of hunter–gatherer complexity. In: T. D. Price & J. A. Brown (Eds.), Prehistoric
hunter–gatherers: The emergence of cultural complexity (pp. 3–20). New York: Academic Press.

Quéro, J-C., & Vayne, J-J. (1998). Les fruits de la mer et plantes marines des pêches française. Lausanne: Delachaux et Niestlé.
Ribeiro, C. (1884). Les kjoekkenmoedings de la vallée du Tage. Comptes rendus de la IXème session du congrès International

d’Anthropologie et d’Archéologie Préhistorique (Lisbonne, 1880) (pp. 279–290). Paris: Typographie de L’académie Royale
des Sciences.

Rick, T. C., Ogburn, M. B., Kramer, M. A., McCanty, S. T., Reeder-Myers, L. A., Miller, H. M., & Hines, A. H. (2015). Archaeology,
taphonomy, and historical ecology of Chesapeake Bay blue crabs (Callinectes sapidus). Journal of Archaeological Science,
55, 42–54. doi: 10.1016/j.jas.2014.12.016.

Rivers, W. H. R. (1909). Totemism in Polynesia and Melanesia. The Journal of the Royal Anthropological Institute of Great Britain
and Ireland, 39, 156–180. doi: 10.2307/2843289.

Roche, J. (1958). Le gisement mésolithique de moita do sebastião (Muge, Portugal). Lisboa: Instituto de Alta Cultura
(Archeologie, MCMLX).

Roche, J. (1965). Observations sur la stratigraphie et la chronologie des amas coquilliers mésolithiques de Muge (Portugal).
Bulletin de la Société Préhistorique Française, 62, 130–138.

Roksandic, M., Mendonça de Souza, S., Eggers, S., Burchell, M., & Klokler, D. (Eds.). (2014). The cultural dynamics of shell-
matrix sites: Diverse bioarchaeological perspectives. Albuquerque: University of New Mexico Press.

Serrand, N., Vigne, J.-D., & Guilaine, J. (2005). Early Preceramic Neolithic marine shells from Shillourokambos, Cyprus (late
9th–8th mill. Cal BC): A mainly ornemental set with similarities to mainland PPNB. In D. E. Bar-Yosef Mayer (Ed.), 9th ICAZ
Conference, Durham 2002, Archaeomalacology: Molluscs in former environments of human behaviour (pp. 122–129).
Oxford: Oxbow Books.

Soares, J., & Tavares da Silva, C. (2004). Alterações ambientais e povoamento na transição Mesolítico-Neolítico na Costa
Sudoeste. In A. A. Tavares, M. J. Ferro Tavares, & J. L. Cardoso (Eds.), Evolução geohistórica do litoral português e
fenómenos correlativos. Actas do colóquio, Lisboa, 3 e 4 de Junho de 2004 (pp. 397–423). Lisboa: Universidade Alberta.

Stevenson, R. B. K. (1946). A Shell-Heap at Polmonthill, Falkirk. Proceedings of the Society of Antiquaries of Scotland, 80,
135–139.

Straus, L-G. (1981). On marine hunter-gatherers: A view from Cantabrian Spain. Munibe, 33, 171–173.
Tavares da Silva, C., & Soares, J. (1997). Economias costeiras na Pré-História do Sudoeste portugês. O concheiro de Montes de

Baixo. Setùbal Arqueologica, 11–12, 69–108.
Testart, A. (1982). Les chasseurs-cueilleurs ou l’origine des inégalités. Paris: Société d’Ethnographie.
Tresset, A. (2000). Early husbandry in Atlantic areas. Animal introductions, diffusions of techniques and native acculturation at

the north-western fringe of Europe. In J. C. Henderson (Ed.), The Prehistory and Early History of atlantic Europe. Papers
from session held at the European Association of Archaeologists Fourth Annual Meeting in Göteborg 1998 (pp. 17–32).
Oxford: Archeopress (British Archaeological Reports, International Series 861).

Tresset, A. (2005). L’avifaune des sites mésolithiques et néolithiques de bretagne (5500 à 2500 av. J.-C.): Implications
ethnologiques et biogéographiques. Revue de Paléobiologie, 10, 83–94.

Vadon, C. (2013). Merveilleux crabes, 101 histoires pour un éloge de la biodiversité. Saint-Etienne: Belin (Hors collection Nature
et Vie Pratique).

Valente, M. J. (2008). As últimas sociedades de caçadores-recolectores no centro e sul de portugal (10000–6000 anos BP):
Aproveitamento dos recursos animais. (PhD thesis, Unpublished doctoral dissertation). Universidade do Algarve, Faro.

Valente, M. J., & Carvalho, A. F. (2009). Recent developments in early holocene hunter-gatherer susbsistence and settlement: A
view from southwestern Iberia. In S. McCartan, R. Schulting, G. Warren, & P. Woodman (Eds.),Mesolithic Horizons, Papers
presented at the 7th International Conference on theMesolithic in Europe, Belfast 2005 (pp. 312–317). Oxford: Oxbow Book.

Woodman P. C., Anderson E., & Finlay N. (1999). Excavations at Ferriter’sCIove, 1983–95: Last foragers, first farmers in the dingle
peninsula. Bray: Wordwell.

Woodman, P. (1978). The mesolithic in ireland: Hunter–gatherers in an insular environment. Oxford: Archeopress (British
Archaeological Reports, British Series 58).

WoRMS. (2022). World register of marine species. https://www.marinespecies.org/.
Yesner, D. (1980). Maritime hunter-gatherers: Ecology and prehistory. Current Anthropology, 21(6), 727–750.
Zapata, L., Milner, N., & Roselló, E. (2007). Pico Ramos cave shell midden: Mesolithic-neolithic transition by the Bay of Biscay.

In N. Milner, O. E. Craig & G. N. Bailey (Eds.), Shell middens in Atlantic Europe. Oxford, Oxbow.

694  Catherine Dupont and Yves Gruet

https://www.marinespecies.org/.


Zilhão, J. (2000). From the mesolithic to the neolithic in the Iberian Peninsula. In T. D. Price (Ed.), Europe’s first farmers
(pp. 144–182). Cambridge: Cambridge University Press.

Zilhão, J., Angelucci, D. E., Araújo Igreja, M., Arnold, L., Badal, E., Callapez, P., … Souto, P. (2020). Last interglacial Iberian
Neanderthals as fisher–hunter–gatherers. Science, 367, 1443. doi: 10.1126/science.aaz7943.

Zvelebil, M. (1986). Hunters in transition-mesolithic societies of temperate Eurasia and their transition to farming. Cambridge:
Cambridge University Press.

Crab Remains for Reconstruction of Mesolithic Activities and Palaeoenvironments  695


	1 Introduction
	2 State of the Art: A Quantitative Assessment
	2.1 Where Are the Crabs?
	2.2 The Impact of Methodology and Taphonomy on the Visibility of Mesolithic Crabs
	2.3 Who are the Mesolithic Crabs?

	3 Archaeological Interest of Mesolithic Crabs
	3.1 From Archaeological Crumbs to Complete Mesolithic Animals
	3.2 Only Food?
	3.3 From Biotopes to Palaeoenvironments

	4 Discussion: From Crab to Thinking
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


