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Hominin consumption of small prey has been much discussed over the past decades. Such resources are often considered to be unproductive in the Middle Paleolithic due to their limited meat yield and, hence, low energy return. However, ethnographic studies suggest that small prey—including shellfish—are a reliable, predictable and by no means marginal resource, and there is increasing evidence for their inclusion in hominin diets during the Middle Paleolithic and even earlier. Gruta da Figueira Brava features a MIS 5c-5b Neanderthal occupation that left behind substantial, human-accumulated terrestrial and marine faunal remains, capped by reworked levels that contain some naturally accumulated, recent Holocene material, namely the remains of small crab species and echinoderms. The brown crab Cancer pagurus (Linnaeus, 1758) predominates in the intact Middle Paleolithic deposit, and reconstruction of its carapace width, based on regression from claw size, shows a preference for relatively large individuals. The detailed analysis of the Cancer pagurus remains reveals that complete animals were brought to the site, where they were roasted on coals and then cracked open to access the flesh.
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1. Introduction

There is growing evidence for the Neanderthals' subsistence exploitation of small terrestrial animals. This has been demonstrated by several studies like Morin et al. (2019) for leporids, Blasco et al. (2016) for birds, Nabais and Zilhão (2019) for tortoises, to name just a few examples from southern France and the Iberian Peninsula. This evidence accords with the argument that Neanderthals preferentially consumed terrestrial animals (Naito et al., 2016; Jaouen et al., 2019), consistent with the scarcity of marine species in Middle Paleolithic faunal assemblages. Yet, we now know that fish and shellfish harvesting played a significant role in the subsistence economy of Last Interglacial Iberian Neanderthals (Zilhão et al., 2020).

Shellfish and other small size marine resources have been frequently considered to be a rather unproductive source of food in the Middle Paleolithic. According to Optimal Foraging Theory (OFT), such resources rank low because of their limited raw meat weight and energy return (e.g., Winterhalder and Smith, 2000; Dusseldorp, 2010). However, the Nutritional Ecology approach outlined by Hockett and Haws (2003, 2004, 2005) ranks marine resources much higher because of their protein and vitamin intake, fat content, reliability, and low-risk collection, and a number of studies (e.g., Hardy and Moncel, 2011; Langejans et al., 2012) have been able to demonstrate their dietary significance. This change of perspective has boosted the study of the archaeology of molluscs, while crustaceans and echinoderms still get relatively little attention.

An important contribution to the zooarchaeology of crabs is a study of the Lower Paleolithic occupation at Gesher Benot Ya'aqov, Israel (Ashkenazi et al., 2005). There is also brief mention of crab remains in faunal assemblages from the Spanish Upper Paleolithic levels of Altamira (Álvarez Fernández, 2010), and Fuente del Salín (Gutiérrez Zugasti et al., 2013). Crustacean and echinoderm remains become increasingly visible in the Late Pleistocene and Early Holocene, as apparent at several sites from northern Spain (e.g., Gutiérrez Zugasti, 2009, 2011; Gutiérrez Zugasti et al., 2016; García-Escárzaga et al., 2017; Dupont and Gruet, 2022). In Portugal, crustaceans are briefly mentioned in the Mesolithic sites of Toledo (Dupont, 2011), Fiais (Lubell et al., 2007), Cabeço da Amoreira (Pinto, 1986; Dupont and Bicho, 2015), Moita do Sebastião (Roche, 1958), Montes de Baixo (Silva and Soares, 1997), Poças de São Bento (Arnaud, 2000), Quinta da Sardinha (Ribeiro, 1884), Samouqueira I (Lubell et al., 2007), Cabeço da Arruda (Lentacker, 1986), Arapouco (Arnaud, 2000), Cabeço do Rebolador (Arnaud, 2000), Vale Frade (Araújo et al., 2014), Barranco das Quebradas 1, Barranco das Quebradas 4 and Rocha das Gaivotas (Carvalho, 2001; Valente, 2008; Dupont, 2011). However, it is only at the French Mesolithic sites of Beg-er-Vil (Gruet, 2002; Dupont and Gruet, 2005), Beg-an-Dorchenn (Dupont and Gruet, 2005; Dupont et al., 2010), Hoëdic and Téviec (Dupont et al., 2007), and the Neolithic site of Ponthezières (Gruet and Laport, 1996; Gruet, 2009) that in-depth studies of the prehistoric remains of crustaceans have been carried out (Dupont and Gruet, 2022). Otherwise, the archaeological remains of crustaceans and echinoderms are mostly underreported; more often than not, their presence is simply referred to in species lists.

Echinoderms and crustaceans are easily found in coastal areas. Echinoderms (sea urchins), e.g., Paracentrotus lividus [Lamarck, 1816; the scientific names of marine species used in this paper follow the WoRMS Editorial Board (2023) nomenclature], are distributed from Scotland to southern Morocco, including the Mediterranean Sea. P. lividus inhabits several substrates from rocks and boulders to sea meadows, living from the low-water limit down to −20 m. It is found at low densities in meadows of Posidonia oceanica (Linnaeus) (Delile, 1813), an endemic Mediterranean species, but it is more frequent in shallow, hard substrate algal communities, like the red alga Lithophyllum incrustans Philippi, 1837. It is commonly found in Portugal, in intertidal rock pools and shallow subtidal reefs. P. lividus thrives under highly variable environmental conditions (e.g., temperature and wave action) and can switch from grazing-feeding behaviors to drift-feeding when in its self-built burrow (Saldanha, 1995; Boudouresque and Verlaque, 2001; Tomas et al., 2004; Bayed et al., 2005; Jacinto et al., 2013). P. lividus is a “regular echinoid” featuring the typical spherical shape flattened at the top (with the anus at its center) and at the base (where the mouth is located). Its surface is made of test plates that are covered by needle-like spines. The edible part is the roe, which is only large enough for a few weeks in the year, thus making P. lividus a good seasonality indicator. It is easily harvested by hand at low tide, and is often found in large groups (Hayward and Ryland, 1995; Campbell, 2008; Martin, 2012). According to Campbell (2008), the most frequent processing technique is to break out the base and the mouth structures, and eat the roe.

Nowadays, crustaceans—barnacles from the Maxillopoda class, and crabs, shrimp, and lobsters from the Malacostraca class—are some of the most appreciated seafood. Barnacles are found attached to hard substrates in all marine habitats, and on all zones of the shore. They are divided into two orders: the Sessilia (acorn barnacles) that grow their shell directly onto the substrate, and the Pedunculata (goose barnacles and others) that attach themselves by means of a stalk (Lohse and Raimondi, 2007). In the studied assemblage, only the acorn barnacle Perforatus perforatus (Bruguière, 1789) was found. It has a volcano-like shape composed of six test plates that attach to the substrate at the base, whereas the top forms an opening (the operculum) that is covered by two pairs of movable plates, the terga and the scuta (Southward, 2008). P. perforatus occurs naturally from SW Wales to West Africa, and in the Mediterranean Sea, in semi-exposed and shady rock surfaces, crevices, cave entrances or encrusted onto shells and the skin of marine mammals. The breeding season of this species begins earlier and lasts longer in the Portuguese Atlantic coast essentially due to favorable water temperatures and food availability provided by the Canary/Iberian upwelling (Cunha et al., 2018). P. perforatus is one of the larger barnacles of European coasts and, although not eaten, can be used as fishing bait (Claassen, 2013).

Crabs are easily identifiable through their outer shell, or exoskeleton. The exoskeleton needs to shed several times in a lifetime to accomodate the animal's growth. This process (known as molting) happens in hiding, since the animals get very soft and defenseless. It is also frequently associated with reproduction, e.g., in the Cancer genus: molting female crabs attach themselves to hard-shelled males with copulation occurring in the process (see a summary in Oesterling, 2012). The other notable feature of crabs is their pincers, which function in defense and feeding. They yield substantial amounts of meat and are the most taxonomically diagnostic elements. In all crab species, two types of pincers exist: crusher (shorter and stouter; generally on the right), and cutter (longer and thinner; generally on the left) claws. Each pincer has two fingers—a dactylopodus (flexible finger) and a propodus (unmovable finger) (Crothers and Crothers, 1988; Ingle, 1996; Gruet, 2002)—from which carapace body size estimations can be calculated based on measurements described below. On rocky seashores, crabs will shelter under stones or in nearly any hole, cave or crevice. Therefore, most seawater crabs can be found in the intertidal zone, and even subtidal species (like Maja squinado Herbst, 1788) come to shore for reproduction (Ingle, 1996; Gruet, 2002).

Here, we report on the first known Middle Paleolithic marine crustacean assemblage, adding to the growing body of evidence mentioned above. We present a detailed study of the crab component of the Neanderthal diet as revealed by the evidence from the Portuguese cave site of Gruta da Figueira Brava (38° 28′ 14″ N, 08° 59′ 10″ W) (Figure 1A).
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FIGURE 1
 Gruta da Figueira Brava. (A) Site location. (B) Plan of the cavities (elevations are in m above sea level). (C) The cave's three entrances seen from the sea. (D) Stratigraphic profile of Area F; units IL2 and IL3 contain occupation remains from Phase FB3, units IH2-IH3 to IH8 contain occupation remains from Phase FB4; IT0 denotes the reworked deposit. [(B) and (D) are reproduced from Zilhão et al. (2020), published under a CC BY license, with permission from The American Association for the Advancement Studies, original copyright 2020].




2. Gruta da Figueira Brava

The cave is located about 30 km south of Lisbon, on the southern slope of the Serra da Arrábida, just 5 meters above modern sea level. The area features thermo-mediterranean climatic conditions and a vegetation cover dominated by evergreen trees and shrubs, as well as several Mediterranean perenial herbs (e.g., thyme, lavender) (Ribeiro, 1945).

Currently, Gruta da Figueira Brava features three main entrances (Figure 1B). The interior can only be accessed via Entrance 1, which connects to the areas behind the other two, speleothem-cluttered, entrances. In Area C, the archaeological deposit is sealed by a stalagmitic crust and was excavated in the 1980s. An extremely narrow passage connects this area with a small chamber, Area F (Figure 1C). The archaeological deposit in this chamber, also protected by a stalagmitic crust, was excavated in 2010–2013 (Figure 1D). In Entrance 3, exteriorly of Area F, the cave remains partially protected by an overhang. Here, the Last Interglacial cobble beach underlies brecciated Upper Pleistocene deposits rich in charcoal, bone, shells and stone tools. When the cave was in use, the now-unroofed Gruta da Figueira Brava marine abrasion platform formed the bedrock floor of a large cave whose original morphology was lost due to littoral erosion caused by Late Glacial and Holocene sea level rise (Figures 1B, C; Zilhão, 2012; Zilhão et al., 2020).

U-series and OSL dating place the accumulation of the archaeological deposit, which spans four human occupation phases, in the ca. 86–106 ka interval (Zilhão et al., 2020). Except for two crab remains from Phase FB3 and one barnacle remain from Phase FB2, the crustacean material discussed here comes from the most recent phase, FB4, which dates to MIS 5b. Climatic conditions were very similar to present, as indicated by the plant cover reconstructed from the paleobotanical evidence. However, the outline of the coast was significantly different due to the lowered sea level (Badal et al., 2011; Zilhão et al., 2020).

Table 1 provides a list and counts for the mammals, birds and reptiles recovered in the 1980s excavations. Due to the non-separation of deposits affected by burrowing, this assemblage contains an undetermined quantity of Holocene intrusions. In the case of the larger size vertebrate taxa, it was possible to identify such intrusions based on bone surface appearance (i.e., degree of fossilization, patina, concretion coating) (Cardoso, 1993; Antunes, 2000). However, this approach is inapplicable in the case of the remains of marine invertebrates (molluscs, crustaceans and echinoderms), which the 1980s researchers analyzed in bulk. They provided no specimen counts, only a list of taxa, which includes Paracentrotus lividus, three species of barnacles (Chthamalus stellatus Poli, 1791; Chthamalus montagui Southward, 1976; and Perforatus perforatus Bruguière, 1789), and three species of crabs (Cancer pagurus Linnaeus, 1758; Maja squinado Herbst, 1788; and Portumnus sp. Leach, 1814) (Callapez, 2000).


TABLE 1 Faunal list from the 1980s excavation of Area C of Gruta da Figueira Brava (after Cardoso, 1993, p. 531 and Antunes, 2000, p. 259).
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In the 2010–2013 excavations, the reworked parts of the deposit were processed separately. The faunal analysis from the Last Interglacial levels reveals a mammal species composition like that described for the 1980s assemblage, with minor differences, namely the absence of the larger taxa (e.g., rhinoceros, elephant, marine mammals), and a narrower range of carnivores. Similarly, the 2010–2013 stone tool assemblage compares well with that from the 1980s excavation. Both are typically Mousterian assemblages dominated by quartz and in which the limited number of imported flints document use of the Levallois method (Zilhão et al., 2020).



3. Materials and methods

The faunal assemblage studied here was archaeologically excavated between 2010 and 2013. Most remains were hand-collected in the excavation trench, and otherwise retrieved from dry-screening with 3 mm meshes, followed by wet-screening or floatation of the residue in the field laboratory. All fragments identified to species during excavation were triangulated on site (X, Y, Z) and given a unique identifier number. The remainder were gathered in appropriately spit/quadrant-specific general finds bags.

The study of the crustacean and echinoderm remains was carried out in the Archaeomalacofauna Laboratory of the Center de Recherche en Archéologie, Archéosciences, Histoire (CReAAH) of the University of Rennes 1 (Rennes, France). Identifications were based on the reference collection and aided by handbooks, such as, Southward (2008) for barnacles, Southward and Campbell (2006) and Mougne (2015) for echinoderms, Crothers and Crothers (1988), Ingle (1996), and Gruet (2002) for crabs (Figure 2).
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FIGURE 2
 Distinctions between crab species based on claw morphology. In some species, left and right claws show some differences, but in other species they are similar. (A–D) Pachygrapsus marmoratus left propodus (A), left dactylopodus (B), right dactylopodus (C) and right propodus (D). (E–H) Carcinus maenas left propodus (E), left dactylopodus (F), right dactylopodus (G) and right propodus (H). (I) Maja squinado right claw right dactylopodus, right claw on anterior side, right claw on dorsal side and right propodus. (J, K) Cancer pagurus right dactylopodus (J) and right propodus (K).


Every fragment was studied in detail. The portion of the skeletal element present was recorded along with the anatomical part identified and, whenever possible, sided (left, right, indeterminate). Echinoderms were quantified based on their inner skeletal structure, the Aristotle's lantern, whereas for barnacles the test plates were used for such calculations. The Minimum Number of Individuals (MNI) for crabs was based on the highest figure of left or right propodus (unmovable finger) or dactylopodus (flexible finger) for each stratigraphic unit. The Minimum Animal Units (MAU) were computed, following Binford (1978), by dividing the number of propodus or dactylopodus by the number of times they occur in the body of the animal. After quantification by stratigraphic unit, both the MNI and the MAU, were agglomerated according to the site's occupation phasing (FB4, FB3, and FB2). The finds from the reworked deposit were considered, as their naturally accumulated Holocene components provided a standard against which to assess the taphonomy of the in situ Pleistocene assemblages: mode of accumulation, and agents (natural, carnivore/raptor or human) thereof.

As mentioned above, claw size and carapace width are correlated, and so crab pincers can be used for body size estimations (Figure 3). Based on a group of 50 crabs from the reference collection, with both sexes and several sizes represented (from small to large individuals), an allometric equation predicting carapace width from the length of dactylopodus and propodus fragments was determined (r = 0.98). Carapace width estimations were only calculated for Carcinus maenas (Dupont, 2017) and Cancer pagurus (Dupont et al., in press).


[image: Figure 3]
FIGURE 3
 Crustacean biometry. (A) From left to right: Measurements taken on complete barnacles, and complete plate. (B) From top to bottom: Measurements taken on crab dactylopodus (flexible finger) and propodus (unmovable finger); note that proximal and distal lengths should be measured from the interior side of claws, where the protuberances are located, whereas width and length should be measured from the exterior side, where the claw protuberances are absent.


In order to quickly assess fragmentation, every remain was assigned to a size category in centimeters (e.g., 0–1 cm, 1–2 cm). Shell breakage was recorded according to Villa and Mahieu (1991): fracture outline was recorded as transverse, curved/V-shaped or longitudinal; fracture angle as oblique, right or mixed; surface edge as jagged or smooth; and the time of fracture was described as old or new based on appearance, in order to assess the damage caused by excavation.

Due to the lack of a referential corpus for the interpretation of archaeological crab taphonomy, we relied upon evidence derived from the study of mammals and molluscs (an experimental study on Cancer pagurus has recently been finalized1). Shell surface modification was assessed based on the presence/absence of percussion marks (such as pits, notches, impact scars, and adhering flakes) and butchery marks (like cuts, scrapes, and chops) (Binford, 1981; White, 1992; Capaldo and Blumenschine, 1994; Fisher, 1995; Díez et al., 1999; Pickering and Egeland, 2006; Blasco and Fernández Peris, 2012a,b). Additional information is given on the number of striations, and their distribution (isolated, clustered, crossed), orientation (transverse, longitudinal, oblique), delineation (straight or curved), location, and side of the skeletal element they are found on (posterior, anterior, medial, lateral). Burning was also recorded based on the experimental work conducted on mammals (Shipman et al., 1984; Nicholson, 1993) and molluscs (Villagran, 2014; Milano et al., 2016). Thermo-alterations were assessed based on the color scheme defined by such experiments (not burnt, brown, black, gray and white), which correlates with different temperatures of heat exposure. Unburnt crab claws can present a natural dark color on the external surface but not on the interior one, which is naturally very light colored, whereas manganese stains are patchy and tend not to show on claw sections: in crabs, therefore, burning was identified by surface observation of shell fragments' sections.

Carnivore mark classification used the categories defined by Binford (1981), Andrews (1990), and Fisher (1995): punctures, pits, scores, crenulation, and digestion. The number of marks, their location on the anatomical element and their distribution (isolated, clustered, crossed) were recorded. The maximum length of carnivore punctures was recorded in millimeters. Other modifications—abrasion, dissolution, incrustation, sediment filling, and concretion coating—were also observed and their presence or absence was recorded.



4. Results


4.1. Taxonomic and body part frequencies

The sea urchin sample comprises five remains: one hemipyramid, and four test plates (Table 2). Species identification is based on one test plate that is large enough to allow the diagnostic count of pore-pairs, indicating the presence of Paracentrotus lividus (Lamarck, 1816). All specimens come from the reworked parts of the deposit that contain Holocene intrusions.


TABLE 2 Number of identified specimens (NISP), Minimum number of individuals (MNI), and minimum animal units (MAU) per taxon and occupation phase of Gruta da Figueira Brava.
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Based on test remains (Figure 4A; no terga or scuta plates were recovered) 81.25% (NISP = 130) of the barnacle assemblage could be identified as Perforatus perforatus (Bruguière, 1789). About a quarter of the remains (38.13% or NISP = 61) come from the reworked deposit, but the great majority was found in the MIS 5 deposit; most are from Phase FB4, and a single remain is from Phase FB2 (Table 2).


[image: Figure 4]
FIGURE 4
 Crustaceans from Gruta da Figueira Brava. (A) Perforatus perforatus recovered from reworked sediment; note their good preservation and absence of calcareous concretion. (B) Cancer pagurus carapace and pincer fragments with black burns; recovered from the MIS-5 deposit. (C) Cancer pagurus dactylopoda showing impact flakes on their ventral proximal side, reflecting pincer disarticulation; recovered from the MIS-5 deposit. (D) Cancer pagurus pincers with longitudinal breaks; recovered from the MIS-5 deposit [Images (B) and (D) are reproduced from Zilhão et al. (2020), published under a CC BY license, with permission from The American Association for the Advancement Studies, original copyright 2020].


With regards to crabs, a total of 809 remains were recovered and examined; more than half (or 56.7%) were identified to species (Tables 2, 3). The taxonomic identification was based on pincers (propodus and dactylopodus) and mandibles, allowing the identification of five different species. The assemblage from the MIS 5 deposit is overwhelmingly dominated by Cancer pagurus (Linnaeus, 1758; the brown crab), which is also represented in the reworked deposit, where most remains of this taxon feature the diagnostic concretion coating of the in situ material and therefore must correspond to Pleistocene-age finds. Conversely, Pachygrapsus marmoratus (Fabricius, 1787; the marbled rock crab) is absent from the in situ Pleistocene assemblage, despite being the dominant taxon amongst the non-concretion-coated crabs of the reworked deposit. Maja squinado (Herbst, 1788; the spider crab) occurs more frequently in the MIS 5 deposit than in the reworked deposit. A few non-concretion-coated remains of Eriphia verrucosa (Forsskål, 1775; the yellow crab) and Carcinus maenas (Linnaeus, 1758; the green crab) were found in the reworked deposit and, like P. marmoratus, must correspond to Holocene intrusions.


TABLE 3 Body part representation per taxon among the Crustaceans from Gruta da Figueira Brava.
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4.2. Fragmentation and type of fracture

The remains from the reworked deposit tend to show less fragmentation when compared to those found in the in situ MIS 5 deposit. This is clear for barnacles, which, in the reworked deposit, are complete in 75.40% (NISP = 46) of the cases, as opposed to only 53.54% (NISP = 53) in the in situ MIS 5 deposit; their robust calcite tests explain the high degree of completeness seen in both cases. The sea urchin remains all show recent fractures.

Overall, crab remains are mostly fractured (90.98%; NISP = 736). However, it is notable that 67.5% (NISP = 27) of the P. marmoratus assemblage corresponds to complete or nearly complete claws, confirming good shell preservation in a species that is naturally fragile and prone to breakage. The opposite happens to the robust shell of Cancer pagurus, for which only 7.03% (or NISP = 26) of the claw remains are nearly complete (Tables 3, 4). The use of power tools to excavate the heavily brecciated parts of the deposit does not seem to have had much impact on the crab remains, since most show no excavation-induced breakage; most recent fractures were observed in the reworked deposit (NISP = 83; cf. NISP = 5 in the MIS 5 deposit). Finally, when broken, most crab claws identified to species present transversal fractures, except for Cancer pagurus, among which longitudinal fractures predominate and complete pincers are absent (Table 4). Longitudinal fractures are regularly found on the outer edge of the pincers of Cancer pagurus, i.e., on the edge opposite to the claw's protuberances (Figure 4D). However, whenever the propodus and the dactylopodus are identified based on the presence of their distal ends, fractures tend to be transverse. Both longitudinal and transverse fractures on Cancer pagurus claws are clean and smooth edged with a right angle.


TABLE 4 Type of fracture on all crab claws identifiable to species from Gruta da Figueira Brava.
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4.3. Burning

Thermo-alterations were identified on two barnacle plate fragments, but were mostly found among the crab remains; none were seen in the sea urchin assemblage. In the crab assemblage, 8.41% (NISP = 68) of the remains are burnt (Table 5); black burns are the most frequent (Figure 4B), burning colors reflecting very high temperatures (gray and white) are nearly absent and, except for six carapace elements, it is the claws that are burnt, and almost exclusively Cancer pagurus ones. No burning was observed on remains of the taxa that only occur in the reworked deposit containing Holocene intrusions.


TABLE 5 Burning on the crab remains recovered from Gruta da Figueira Brava.
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4.4. Surface modification

No surface modifications were observed on sea urchin remains. Half of the barnacle assemblage (51.3% or NISP = 82) shows calcareous coatings, but only two remains feature sediment fillings and another two have dissolution marks on their dorsal side. Abrasion and incrustation are absent. There is evidence of one perforation, but due to its size and shape, it is probably due to gastropod predation.

Crab remains do not feature incrustation or abrasion marks, the latter implying the lack of exposure to strong tide activity. Focusing on the MIS 5 remains, all show coating with calcareous concretions, 18.2% (or NISP = 122) have sediment fillings, and dissolution was detected on ten specimens. No carnivore or rodent gnawing marks were detected, and anthropogenic incisions are also absent. A total of ten impact scars were found on the ventral side of the proximal end of Cancer pagurus dactylopoda (Figure 4C).



4.5. Body size

Carapace width could be measured in two Carcinus maenas remains from the reworked deposit, revealing a population ranging in size between 53 and 73 mm. The in situ deposit is overwhelmingly dominated by Cancer pagurus, whose carapace width was estimated from the length of the pincers to range between 111 and 223 mm, averaging 162 mm (Figure 5).
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FIGURE 5
 (Top left) Cancer pagurus carapace width (mm); the regression line reveals the biometric relationship between the size of the right propodus and the size of the carapace. (Bottom left) Distribution of carapace width estimates for Gruta da Figueira Brava's MIS 5 brown crabs. (Top right) Propodus measurements. (Bottom right) Width measurement.





5. Discussion


5.1. Agent of accumulation

Considering the scarce literature available for crustacean and echinoderm archaeological remains, most of the assumptions underpinning our identification of the agents of accumulation involved derive from criteria used in studies of other shellfish and small animal remains.

Natural accumulations are expected to show individuals in anatomical connection or in close association, with a relatively good state of preservation and low fragmentation (Bishop, 1986). As summarized by Erlandson and Moss (2001), several carnivores—e.g., canids, felids, bears, and otters—are opportunistic shellfish predators, and there are also several non-human primates that eat crabs (Russon et al., 2014; Koops et al., 2019). These animals can transport crabs to archaeological sites, and their participation in the accumulation can be inferred from the presence of their own skeletons and the identification of digestion, gnawing, and bite marks. A variety of birds can also be responsible for the accumulation of crab remains, e.g., cormorants, condors, sea eagles, corvids, and gulls. Such accumulations are often related with nesting and show high levels of fragmentation with random types of fracture, as those birds use gravity (dropping of the shellfish from high above onto rocks below) to break the shell open and expose the edible flesh (Erlandson and Moss, 2001).

An anthropogenic accumulation is expected to be found in stratigraphic association with stone tools and other features, such as hearths; to show surface modifications (like burning), patterns of mechanical fracture and, potentially, some cuts and percussion marks. Based on such criteria, Neanderthal mollusc accumulations have been identified in Gibraltar caves (Finlayson, 2008; Stringer et al., 2008), as well as in Bajondillo Cave, Spain (Córtez-Sánchez et al., 2011). Similar criteria have been used for the South African Middle Stone Age shellfish accumulations recovered from Sea Harvest (Volman, 1978), Hoedjiespunt (Will et al., 2013; Kyriacou et al., 2015), Klasies River (Thackeray, 1988; Langejans et al., 2012), Ysterfontein 1 (Klein et al., 2004), Pinnacle Point 13B (Marean et al., 2007; Jerardino and Marean, 2010) and Blombos Cave (Langejans et al., 2012). Moreover, an anthropogenic accumulation is expected to be size-selective, thus showing preference for larger animals with higher meat content.

At Gruta da Figueira Brava, two different agents seem to have been involved in the accumulation of the crab remains. The reworked deposit shows high species diversity and is whence all specimens of Pachygrapsus marmoratus and Eriphia verrucosa come; most Carcinus maenas remains were also recovered therein. Even though the remains of these species are fragile and prone to breakage, preservation tends to be good and there is a high degree of completeness; there are several complete pincers, and most fractures are recent, ruling out accumulation by carnivores, which would typically feature a high degree of fragmentation. The same applies to the fragile test fragments of sea urchins. We can therefore conclude that these remains were not significantly exposed to damage, either from the dynamics of sedimentary accumulation or from the impact of marine dynamics (e.g., shell abrasion, or incrustation by barnacles or parasites). Likely, the remains represent recent Holocene natural deaths, whether in the cave itself or in the adjacent rocky beach, that eventually made their way into the sedimentary fill via natural agency, namely burrowing by small mammals. Indeed, nowadays Pachygrapsus marmoratus is common in the intertidal pools around Gruta da Figueira Brava. As is also the case with Carcinus maenas and Eriphia verrucosa, these crabs move along the creeks and crevices of the rocks, and they inhabit seashore caves whose wet environment provides welcoming shelter (Ingle, 1996). Moreover, no carnivore marks were identified in any crustacean or urchin remains, and overall carnivore presence in the cave is scant (Zilhão et al., 2020).

With regards to the in situ deposit, which is dominated by Cancer pagurus, the crab remains bear no evidence of carnivore or raptor modification. Moreover, brown crabs were selected for large carapace width (on average, 160 mm), which reflects a preference for adult males weighing around 800 g (Woll, 2006; Haigh et al., 2015). Apart from humans, the other agents capable of transporting such large crabs over the distances involved—during Phase FB4, where 99% of Cancer pagurus and Maja squinado remains belong, the site-to-shore distance was ~2 km (Table 2; Zilhão et al., 2020)—are the aquatic eagle and other raptors of similar size (Erlandson and Moss, 2001). However, such birds do not nest in caves, and even less so when human occupation is frequent and regular. In the adult age indicated by the body size estimations, the brown crab can inhabit the low waters close to the shoreline and has a preference for living in the sea floor, which argues against the archaeological specimens representing predation by land-based animals, as does the estimated site-to-shore distance. Finally, the type of fracture observed on crab pincers, the fact that many remains are burnt, and the impact scars suggesting claw disarticulation further corroborate the anthropogenic nature of the accumulation of the MIS 5 crabs.



5.2. Crab harvesting and processing

Archaeological crab remains are mostly identified by their pincers, which are the most diagnostic body parts. Unsurprisingly, all five crab species represented at Gruta da Figueira Brava were identified that way; however, the presence of diverse skeletal parts, even if some are poorly represented, bespeaks of the introduction of complete animals. Experimental work on the crab cuticles confirms that pincers are the body part most likely to preserve due to its low porosity (Plotnick et al., 1988; Mutel et al., 2008; Waugh et al., 2009). Krause et al. (2011) have also shown that pincers have a high calcium carbonate content and, hence, preserve better than the other parts of the exoskeleton.

The taxa identified at Figueira Brava can all be found in the Portuguese Atlantic coast, and they are all edible, even though some (e.g., Pachygrapsus marmoratus) are currently ignored due to their small size. All species are intertidal and can easily be found in low tide pools among algae, beach boulders, and rock creeks. However, large size adults of Cancer pagurus and Maja squinado are most commonly reported to be found in such locations only during the summer months (sometimes until October), when seawater warms up and the crabs migrate to the shore for reproduction. During the rest of the year, large size indivuals of these species remain confined to the subtidal zone (Ingle, 1996; Gruet, 2002; Woll, 2006).

Nowadays, several commercially important species of crabs are harvested using entrapment gear, like basket traps or pots, baited with herring, squid, or shad. Only sessile or slow-moving animals, like molluscs, gooseneck barnacles, and sea urchins are harvested by hand (Flick, 2012). Nonetheless, and despite the crabs' quick movement and escape strategies, there are several ethnographic examples of hand-collection from low tide pools, frequently aided by spears. The Nehalem Tillamook men of the northern Oregon Coast of America hunted crabs using long poles to stab them (Losey et al., 2004). This practice is also mentioned by von Brandt (1984) for coastal countries in Western Europe. Such a technique can be easily applied on shallow waters, as described by Swan (1972) for the Chinook of Willapa Bay in Washingston State (USA), who waded for crabs of large size in low tide pools. The Squamish people (Canada) are known to gather crabs from the beach in the summer (Conner and Bethune-Johnson, 1986). This is an activity described for women from several indigenous peoples from the Pacific Northwest Coast (e.g., the Haida, Murdock, 1963; the Kwakiutl, Wolcott, 1967; the Squamish, Conner and Bethune-Johnson, 1986); whereas men tend to be associated with crab hunting by spearing, as observed among the Makah (Renker and Gunther, 1990), the Eastern Abenaki speaking people (Snow, 1978), or the Wampanoag Indians of Massachusetts (Speck and Dexter, 1948). Batdorf (1990) notes that Dungeness crabs (from the Cancer genus) were hit by spears on the area behind the eyes, in order to daze the crab and to facilitate hand collection. The Cancer pagurus assemblage from Gruta da Figueira Brava shows clear selection for large size animals, which reflects individual hunting and not mass collection. Large individuals are easier to spot than smaller ones and, if crabs had been mass harvested, one would expect to find specimens of all sizes, as described by Losey et al. (2004) for the Oregon coast of America, which is not the case.

How crabs were processed can be inferred from the burning and breakage patterns. Even though most burning is found on the pincers, it can be seen on carapace fragments too (Figure 4B), further supporting the notion that complete animals were processed at the site. Ethnographic studies indicate that crabs are not consumed raw, and that they are commonly boiled, steamed or roasted (Suttles, 1974; Batdorf, 1990; Emmons, 1991). Boiling and steaming are not likely to result in the burning of crab remains, but roasting on the coals does leave thermo-alteration marks. At Gruta da Figueira Brava, the most common are black burns. Microstructurally, the exoskeleton of crabs, the bones of mammals, and the shells of molluscs are different, but the lessons garnered from the experimental work done on molluscs by Villagran (2014) and Milano et al. (2016) can nonetheless be used to interpret crustaceans. Based on such studies, black burns on crab shell reflect exposure to fire temperatures between 300 and 500°C (Villagran, 2014; Milano et al., 2016), which are generally accepted as typical for cooking (e.g., Pearce and Luff, 1994; Montón-Subías, 2002). Ethnography demonstrates that crab meat is considered to be cooked when it no longer sticks to the shell (Batdorf, 1990). Exposure to temperatures starting at 300°C results in dramatic changes in shell surface color, texture, and microstructure: shells become more fragile and easier to break (Milano et al., 2016), and, when processed, they will shatter because of their lower density (Rick et al., 2015). The flaking marks found on the ventral proximal side of dactylopoda suggest manual disarticulation. The predominance of longitudinal fractures on Cancer pagurus pincers bespeaks of the intention to access the flesh within the fingers, while the carapace was targeted for its large brown meat content (Table 6), as is the case today.


TABLE 6 Meat yield for boiled and hand-picked Cancer pagurus crabs, which on average were of 800 g live weight, adapting from the values given by Woll (2006) for female crabs caught in October.

[image: Table 6]

Cancer pagurus is one of the crustaceans mostly consumed in Southern Europe—Portugal, Spain, France, and Italy—during the summer holidays and over Christmas (Barrento et al., 2008). The marks seen on the archaeological material are very similar to those empirically produced when eating them today. The disarticulation of the claw fingers is done by manually breaking the joint backwards, which is sometimes aided by a small hammer. Such hammers, however, are most valuable for breaking the fingers themselves to access the white meat inside, which recurrently produces the same kinds of longitudinal fractures observed on the archaeological material.



5.3. Dietary importance

Currently, crabs are seen as an important food resource, as they are considered to enhance good healthy living due to their high-quality and low-calorie protein, associated with a wide range of vitamins and minerals, but essentially due to the presence of long-chain polyunsaturated fatty acids (also known as PUFAs) including docosahexaenoic (DHA) and eicosapentaenoic (EPA) acids (Tsape et al., 2010; Hicks, 2012; Ovat et al., 2018). Cancer pagurus, in particular, provides ample doses of elements such as potassium, calcium, copper, zinc, selenium, and PUFAs. Overall, brown meat (i.e., the tissue in the body cavity, mostly gonads and the hepatopancreas) contains higher fat, cadmium, calcium, iron, magnesium, and copper, whereas muscle (i.e., the white meat in the legs and claws) has a higher zinc content. Therefore, such crabs are among the seafoods with a higher potential to contribute to the improvement of cardiovascular and neurological aspects of human health (Maulvault et al., 2012).

Such nutritional properties are even more relevant if the crabs in question are adult Cancer pagurus, as is the case at Gruta da Figueira Brava, and they can be enhanced through culinary treatment. Crab cooking results in a decrease of the moisture content and EPA but in an increase in mineral, protein, carbohydrate, carbon, zinc, bromine, and chlorine content (Maulvault et al., 2012). Therefore, despite the low ranking of crabs in diet-breadth models due to their small size and apparent limited caloric intake (e.g., Winterhalder and Smith, 2000; Bird and O'Connell, 2006), they offer the benefit of nutrient diversity (Hockett and Haws, 2003, 2005) and are an appealing protein, fat and PUFA package easily acquired from the nearby shore, within minimal processing and transport efforts. In terms of meat yield, the selection for 800 g crabs would guarantee about 200 g of edible crab meat, since about 70% of the weight corresponds to the exoskeleton (Table 6)—i.e., in terms of edible meat, a single crab is the weight-equivalent of up to 250 limpet shells.

With regards to current seasonal crab availability, opinions diverge, as noted by Gutiérrez Zugasti et al. (2016). For instance, Brown and Bennett (1980) report that Cancer pagurus juveniles can remain in intertidal waters year-round and that adults are rare on the shore during the winter months, but Silva et al. (2014) report year-round presence with little variation in specimen density. This could be explained by the optimal conditions of food availability provided by upwelling, which, for Portuguese coast Cancer pagurus, results in an earlier breeding season (Cunha et al., 2018). Even though seasonality is, therefore, difficult to assess, it is clear that, in Phase FB4, crabs were consistently consumed throughout. Food is not only consumed for the satisfaction of nutritional needs, but also to experience esteemed flavors and to fulfill specific roles in social life. As demonstrated by ethnographic studies in Australia (Bailey, 1975; Meehan, 1977, 1983), resources that appear as minor in quantitative or nutritional terms may in fact be of significant importance in social, as well as, in subsistence terms. For the Middle Paleolithic, however, whether such foods were perceived as tasteful, reflected some sort of festivity, added social value to whoever harvested them, or had other consumption-associated meanings is beyond our grasp.




6. Conclusion

The marine crustacean assemblage recovered from Gruta da Figueira Brava is the first known from the Middle Paleolithic. The anthropogenic nature of the accumulation found in the MIS 5 deposit, dominated by large size specimens of Cancer pagurus, indicating a harvest that targeted mature individuals with a high meat content, is unquestionable. Harvesting may have been done during the summer, when these animals come to shore for reproduction, but it is also possible that such resources were available and consumed year-round. It is likely that foraging was performed at low tide, by hand or with long poles. The catch was brought to the cave, cooked on coals, and consumed on site. Whether meanings other than the satisfaction of alimentary needs were involved must remain a matter for speculation; what is certain is that this resource provided coastal populations of Neanderthals with an ample array of nutrients rich in protein, DHA, calcium and sodium, which are important to a healthy diet.
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Carapace Mandible Leg Claw Propodus Dactylopodus Dactylus Carpus Indeterminate  Test LSS Hemipyramid

claw whole plate

Malacostraca

Cancer pagurus - - - 175 59 115 - 6 15 - - -
Maja squinado 1 4 - 16 10 7 - - 4 - - -
Carcinus maenas - - - - 2 2 1 - - - - -
Pachygrapsus marmoratus - - - - 12 14 - 2 12 - - -
Eriphia verrucosa - - - - = 2 - - - - - -
Crab indeterminate 3 4 1 5 - - - - 337 = = =
Maxillipoda

Perforatus perforatus - - - - - - - - - 49 81 =
Cirripedia - - - - - - . - - 7 23 -
Echinoidea

Paracentrotus lividus - - - - - - - - - - 4 1
Total 4 8 1 196 83 140 1 8 368 56 108 1

Note the predominance of claws among crabs.
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NISP

Mammals (terrestrial)

Mammuthus primigenius (Blumenbach, 1799) 10 173
Stephanorhinus hemitoechus (Kretzoi, 1942) 14 242
Bos primigenius (Bojanus, 1827) 75 12,98
Equus caballus (Linnaeus, 1758) 28 4.84
Cervus elaphus (Linnaeus, 1758) 116 20.07
Capra pyrenaica (Schinz, 1838) 101 1747
Sus scrofa (Linnaeus, 1758) 7 121
Oryctolagus cuniculus (Linnaeus, 1758) >100 >17.30
Ursus arctos (Linnaeus, 1758) 3 0.52
Panthera leo spalea (Goldfuss, 1810) 1 0.17
Panthera pardus (Linnaeus, 1758) 7 121
Crocuta crocuta spelaea (Goldfuss, 1823) 25 433
Caniis lupus lupus (Linnaeus, 1758) 1 017
Felis sylvestris (Schreber, 1777) 2 0.35
Vulpes vulpes (Linnacus, 1758) 8 1.38
Mammals (marine)

Pusa hispida (Schreber, 1775) 1 0.17
Delphinus delphis (Linnaeus, 1758) 6 1.04
Reptiles

Emys orbicularis (Linnaeus, 1758) 2 0.35
Testudo hermanni (Gmelin, 1789) >5 >1.04
Birds

Terrestrial and aquatic 65 11.25
Total 578 100
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Phase FB4 Phase FB3 Phase FB2 Reworked

MNI MNI MAU MNI MNI
Malacostraca
Cancer pagurus 324 29 23 2 1 0.5 - - - 44 (30) 6 45
Maja squinado 29 6 4.5 - - . - - - 13(2) 2 2
Carcinus maenas 1 1 0.5 - - - - - - 4 2 15
Pachygrapsus marmoratus - - - - - - - - = 40 6 6
Eriphia verrucosa - = —~ - = - N - - 2 2 1
Crab indeterminate 311 4 175 = = — - - e 39(8) 2 L5
Maxillipoda
Perforatus perforatus 75 33 33 - - - 1 1 0.17 54 26 26
Cirripedia 23 13 122 = = — - = = 2 3 2.17
Echinoidea
Paracentrotus lividus - - - - - - - - - 5 1 0.5
Total 763 86 74.95 2 1 0.5 1 1 0.17 208 50 45.17

In the Reworked column, the numbers in brackets refer to the number of concretion-coated crab specimens of MIS 5 age.
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Meat yield (g) Meat yield

Claws 504 63
Walking legs 208 26
Body 44 55
‘White meat total 1152 145
Brown meat total (including roe) 120 15
Total meat yield 2352 294
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Cancer pagurus 62 305
Maja squinado 1 41
Carcinus maenas - 5

Pachygrapsus - 40
marmoratus

Eriphia verrucosa - 2

Crab indeterminate 2 348
Total 65 741
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Cancer pagurus 14 230 111 - 355
Maja squinado 1 6 25 1 33
Carcinus maenas i - 4 1 5
Pachygrapsus marmoratus 4 - 14 10 28
Eriphia verrucosa = 1 1 = 2
Total 19 237 155 12 423

Note that transverse fractures predominate in most species, except for Cancer pagurus, among which longitudinal fractures predominate and complete pincers are absent.
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