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ABSTRACT
In order to gain better understanding of the Neanderthals’ subsistence exploitation of marine crustaceans, 
this work presents evidence on the consumption of brown crabs using experimentation following-up from 
the archaeological evidence recovered from the 2010-2013 excavation of Gruta da Figueira Brava (Portugal). 
Amongst the aquatic fauna from occupation phase FB4, which dates to MIS-5b, brown crabs (Cancer 
pagurus) are numerous. The average carapace width estimated from their remains is 16 cm, and skeletal 
part analysis reveals the introduction of complete animals and their on-site processing. Due to the lack of a 
referential corpus for the interpretation of archaeological crab taphonomy, we experimented with the 
processing of two raw, two boiled, and two roasted brown crabs. We found that manual processing of 
large adult Cancer pagurus is only possible for the disarticulation of the walking legs, and the separation of 
the claws. Experimental results indicate that archaeological crabs were roasted, which weakened the shell 
and facilitated breaking it open. Though it is also possible to manually disarticulate the fingers, most times it 
requires a small hammerstone. Impact scars and longitudinal fractures bear witness to the use of such tools 
to access the meatier parts of both the propodus and the dactylopodus.
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Introduction

Gruta da Figueira Brava is located 30 km south of Lisbon (as 
the crow flies), in Portugal (Fig. 1A). Currently, it is positioned 
at the bottom of an escarpment on the southern slope of Serra 
da Arrábida, at 5 metres above sea level. Its surroundings are 
characterised by a thermo-mediterranean environment, where 
evergreen trees are predominant, as well as many 
Mediterranean shrubs and herbs, like thyme and lavender, 
among others (Ribeiro 1945).

The cave has three main entrances, but currently, access to its 
interior is only possible through Entrance 1, since all others are 
speleothem-cluttered (Fig. 1B). In the 1980s, excavations were 
conducted in Entrance 2 (or Area C; Antunes 2000), whereas the 
most recent archaeological works (between 2010 and 2013) were 
performed in Entrance 3. The last excavations revealed an inner 
chamber interiorly of Entrance 3 (or Area F; Fig. 1C) where an 
untouched infill has been sealed by flowstone (Fig. 1D). Exteriorly 
to Entrance 3, another trench was opened revealing brecciated 
deposits also rich in Last Interglacial archaeological materials, like 
stone tools, bones, shells and charcoal (Zilhão 2012; Zilhão et al.  
2020).

The human occupation was dated by U-series and OSL, span
ning the ca. 86–106 ka interval. They correspond to four human 
occupation phases, where several terrestrial and aquatic animal 
remains were recovered (Zilhão et al. 2020). Most of the faunal 
remains including almost all crab remains come from the last phase 
of occupation – phase FB4 – dated to early MIS-5b. The preceding 

phase FB3, which dates to the end of MIS-5c, held only two crab 
remains (Zilhão et al. 2020; Nabais et al. 2023). Palaeobotanical 
reconstructions indicate that climatic conditions and the plant 
cover during the MIS-5 sequence were similar to today’s (Badal 
et al. 2011, 2012). However, due to lowered sea levels, the coastal 
topography and the position of the shoreline were very different. 
They varied significantly throughout the time of occupation, and in 
phase FB3 the coastline was about 1500 m away from the cave, 
whereas in phase FB4 that distance corresponded to about 
2000 m (Zilhão et al. 2020).

Gruta da Figueira Brava Neanderthals’ intake of marine foods 
was regular. Adult brown crabs (Cancer pagurus) with an average 
carapace width of 16 cm were specifically targeted; they were 
brought to the cave, and processed and consumed therein (Zilhão 
et al. 2020; Nabais et al. 2023). This resource was part of a broad 
spectrum subsistence strategy that provided them with an ample 
array of important nutrients. Marine resources have been consid
ered as marginal foods for most of the Palaeolithic (e.g. Colonese 
et al. 2011; Jerardino 2015). This is especially true whenever the 
caloric value and energy intake of different animals are compared 
(e.g. Stiner 2001; Dusseldorp 2010) since, for instance, one deer 
provides higher quantities of food than a single crab. However, the 
paradigm changes when many nutrients which are essential to 
a healthy diet are considered, like vitamins, iron, calcium, omega- 
3, among others (e.g. Hockett and Haws 2003; Haws and Hockett  
2004). Even today, brown crabs are widely consumed in southern 
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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 seen from the sea, with identifications of the 
three different entrances. D) Stratigraphic profile of Area F; units IL2 and IL3 correspond to phase FB3; units IH2-IH3 to IH8 correspond to phase FB4; IT0 denotes the 
reworked deposit. (Panels B and D are reproduced from Zilhão et al. (2020), published under a CC BY licence, with permission from The American Association for the 
Advancement of Science, original copyright 2020).
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European countries, Portugal in particular. They are sold alive and 
eaten all year-round, peaking during the Summer and the 
Christmas holidays (Barrento et al. 2008, 2009). Normally, they 
are boiled or steamed, and both the brown meat from the carapace 
and the white meat from the muscles in the claws are consumed 
(Maulvault et al. 2012).

Given the lack of a referential corpus for the interpretation of 
archaeological crab taphonomy, we undertook experimental work 
to better understand shell modification patterns observed on Gruta 
da Figueira Brava’s brown crab assemblage. Based on observations 
derived from studies of mammal bone surface modification, our 
hypotheses were that (1) dactylopoda and propoda got separated 
manually, or by using a hammerstone; (2) the use of the latter 
would have left diagnostic impact scars on the ventral side of the 
proximal dactylopoda; (3) opening the claws to access the white 
meat inside would result in longitudinal fracturing; and (4) if the 
crabs were roasted, roasting-induced thermo-alterations (e.g. black
ening) would be apparent in the cracked open remains of fingers.

Materials and methods

A total of seven live brown crabs (Cancer pagurus) were acquired 
from ‘Aki-D’El-Mar Mariscos’, an aquafarm in Caldas da Rainha 
(Portugal) that supplies shellfish to restaurants in the region. As 
shown in Table 1, all were of similar size and weight: 18 cm of 
average carapace width and around 1 kg each. All measurements 
(Fig. 2B) were taken with a precision of 0.5 mm using a Digital 
Caliper Metrica 10008. Weight was measured with a 1 g precision 
on a Tristar KW2447 scale. The general state of conservation of all 
specimens was good with all elements of the body present, except 
for three individuals (crabs 2, 3 and 6) that lacked some of the 
pereiopods, or their distal parts (Table 1).

The crabs were processed immediately after the animals were 
put to death. The traditional Portuguese household procedure of 
washing their eyes and mouth with vinegar was used. Traditional 
recipes advise on briskly killing the animals before cooking in order 
to avoid the detachment of the pereiopods, thus preventing water or 
charcoal from getting inside the carapace. Therefore, the vinegar 
does not affect the experimentation itself since it is only used to 
quickly put down the animals before heat exposure.

In order to gain insight into various possible methods of 
Palaeolithic brown crab consumption, two of the experimental 
specimens were processed raw, two other were roasted on coals, 
and two other were boiled (the traditional Portuguese cooking 
method; Maulvault et al. 2012). After cooking, the claws were 
removed and processed, and the surface modifications of the 
remains resulting from the different gestures and specific interac
tions were examined macro- and microscopically.

Mariana Nabais and Rodrigo Portero processed three crabs each, 
one from each category: raw (crabs 1 and 2), boiled (crabs 3 and 4), 
and roasted (crabs 5 and 6). Mariana is a right-handed adult woman 
who processed all odd-numbered crabs; Rodrigo is a right-handed 
adult man who processed all even-numbered crabs. In order to 
understand the patterns forming on a naturally broken shell, our 
control was crab 7, which was left intact and exposed to the 
elements in order to investigate the taphonomical marks caused 
by weathering. Considering that after 15 months of weather expo
sure crab 7 has not yet decayed completely, we will only advance 
preliminary results. Crabs 1 to 6 were processed manually (Fig. 2D) 
and using the same hammerstone, an unmodified rounded quartz 
cobble (Fig. 2C) similar to those found in the surroundings of Gruta 
da Figueira Brava, which were the most common raw material used 
for on-site stone tool making (Zilhão et al. 2020).

Crabs 3 and 4 were boiled whole, separately, on a modern stove; 
each animal was placed in an aluminium pan containing 2 litres of 
water at 100°C, for 15 minutes (Maulvault et al. 2012). Crabs 5 and 
6 were put directly on coals that had reached a temperature of 
490°C, and they were both roasted for 30 minutes; crab 5 lying on 
the ventral side and crab 6 on the dorsal side, both turned around 
after 15 minutes. The temperature of water and embers was reg
ularly checked with an Infrared Thermometer Tarcher IR02B 
(−50°C to 800°C). After cooking, crabs 3 to 6 were left outside to 
cool down. When cold, they were weighted again in order to assess 
weight loss. Once processed and broken, all shell fragments from 
crabs 1 to 6 were rinsed and cleaned with toothbrushes, and then 
left outside to air dry before labelling and cataloguing.

All actions were photographed and filmed using a Nikon D5300, 
a GoPro HERO3+ and an iPhone 8. Using a MS100 microscope 
(200x), the shell surfaces of crabs 1, 3 and 5 were examined at three 
specific points of the right side propodus: at the start of the ventral 
sulcus of the propodus, where it shows a natural black colour; at the 
end of that same ventral sulcus, where it presents a white colour 
when raw; and close to the articulation of the propodus with the 
dactylopodus, on the ventral surface, where there is a curvy sulcus 
(Fig. 3).

Results

We focused on the claws (Fig. 2A), since these are the skeletal parts 
that retain archaeologically identifiable processing marks; the car
apaces and walking legs were left intact and unprocessed after 
disarticulation (Fig. 2D).

No results are yet available for the non-processed, control indi
vidual left outside exposed to weathering (crab 7), as it is still 
naturally decomposing. However, after 15 months of weather expo
sure, few preliminary results can be advanced. Crab 7 has comple
tely lost its colour, and it is now showing a whole white surface, 
which is also visible on broken sections (Fig. 4). The damage 
observed so far refers only to the left claw, with a propodus showing 
a very clean transversal fracture, and the dactylopodus presenting 
a very straight L-shaped fracture (Fig.4), which do not seem to 
match any of the fractures recorded in the archaeological material 
(Fig. 6). It should be highlighted, however, that the decomposition 
process of crab 7 is not yet finished, and further analysis will be 
conducted whenever that process is concluded.

Raw crabs

Crabs 1 and 2 were processed raw immediately after the animals 
were put to death. Crab 1 was positioned on the floor with its 
ventral side upwards; the left side claw and each pereiopod were 
manually and individually disarticulated by pulling and rotating the 
claw and legs at the joint with the belly. The same was then made to 
the right claw and legs. This was followed by breaking of the joint 
between the left claw’s merus and carpus (Fig. 2A), using direct 
percussion with the quartz hammerstone on the joint’s ventral side. 
The same strategy was used to separate the carpus from the manus. 
To access the muscle inside the manus and its fingers, a single blow 
was then applied on the ventral side of the manus, resulting in the 
manual detachment of the dactylopodus from the propodus during 
which, one of Mariana’s fingers, was cut clean by the sharp edges of 
the shells’ fractures. The procedure was repeated for the right claw, 
except that the fingers were pulled apart and hammered at their 
articulation, which turned out to be less efficient, and so accessing 
the flesh inside required additional hammering of the manus’ 
ventral side.
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Crab 2 had its ventral side facing upwards on Rodrigo’s hand. 
Firstly, all right walking legs were manually disarticulated at the 
same time, by pulling and rotating them on their joints. Then the 
right claw was detached likewise. The same procedure was used for 
the left side’s legs and claw. The disarticulation of the merus from 
the carpus was done manually by pulling and rotation, but direct 
percussion was necessary to separate the carpus from the manus. 
Manual separation was performed on the left claw by pulling apart 
the propodus from the dactylopodus, resulting in a clean cut in 
Rodrigo’s hand. In the right claw, a blow inflicted on the manus’ 
ventral side separated the fingers, shattering the shell and allowing 
immediate access to the flesh.

Processing times were 3:10 minutes for crab 1 and 1:25 minutes 
for crab 2. Although access to the flesh was easily gained, its 

gelatinous nature and the fact that it remained glued to the inside 
of the shell hindered consumption.

Boiled crabs

The claws and legs of crab 3 were manually disarticulated following 
the same procedures used for crab 1 but with less effort, as cooking 
had notably loosened the joints. The separation of the merus from 
the carpus was easily done manually, but the disarticulation of 
carpus and manus required a single hammerstone blow, and one 
or two additional blows on the ventral side of the manus were 
necessary to separate the dactylopodus from the propodus.

Crab 4 was manually disarticulated in the same fashion as crab 2: 
all walking legs removed at the same time and the claws one by one. 

Figure. 2. A) Schematic diagram of Cancer pagurus anatomy with particular focus on cheliped anatomy (first image from Dupont et al. 2010; second image adapted from; 
Einarsson et al. 2016). B) Measurements taken on Cancer pagurus carapace and claws. C) Quartz hammerstone used for processing crabs 1 to 6. D) Cancer pagurus crabs 1 to 
6 after being experimentally processed.
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The merus-carpus joint was removed by hand, but separation of the 
carpus-manus joint needed one or two hammerstone blows. The 
right dactylopodus and propodus were detached by direct percus
sion, but the left side fingers were manually disarticulated; use of 
a hammerstone remained necessary to have access to the flesh 
inside the ventral side of the left manus.

Crab 3 was processed in 2:03 minutes, and crab 4 in 1:28 minutes. 
Access to the flesh was easy and its consumption effortless, since the 
cooked meat detached from the inner shell could be extracted as 
a block. After boiling, crab weight loss varied between 14% and 22%.

Roasted crabs

Crab 5 was easily processed by hand in the manner of crabs 1 and 3. As 
before, manual rotation effortlessly detached the merus-carpus joint, 
but direct percussion was needed to break the carpus-manus joint. The 
separation of the left dactylopodus and propodus was done manually 
with no resistance and at the first attempt, but a hammerstone was 
necessary for the detachment of the right claw’s fingers.

The manual disarticulation of crab 6 used the procedure described 
for crabs 2 and 4. All joints (merus-carpus, carpus-manus and propo
dus-dactylopodus) could be pulled apart by hand, and no percussion of 
the manus was necessary to access the flesh inside.

Overall, the joints were very loose, and the shell was extremely 
fragile, thus prone to breakage into small fragments, sometimes as 
a secondary effect of the disarticulation activity. Access to the flesh 
was particularly easy as it could be pulled out whole from inside the 
shell. Processing times were 2:38 minutes for crab 5, and 1:52 minutes 
for crab 6. After roasting, crab weight loss varied between 39% and 50%.

Thermo-alterations

Under the microscope, crystallisation of shell surface was observed 
on all the cooked crabs, whether boiled or roasted. Additionally, the 
colour of the boiled specimens’ shell changed from white to red, 
and a crazing surface with fine cracks formed. In the roasted 
animals, shell surface reddening occurred in areas that were not 
in direct contact with the coals, whereas those parts that were in 

Figure. 3. Shell surface modifications observed on the experimentally processed crabs at 160x magnification.

Figure. 4. Crab 7 after 15 months of weather exposure. Note the colour loss on both 
exterior and interior surfaces, and the very clean fractures on the left claw that do 
not match the breaks from processed animals.

6 M. NABAIS ET AL.



direct contact with the coals showed dark brown and black burns. 
In the burnt shell fragments of roasted crabs, such colour change 
was also apparent in cross section.

To sum up, cooked crabs presented a more fragile shell and 
looser joints than raw crabs and were thus easier to break and 
disarticulate. This was the more so in the case of the roasted speci
mens, possibly due to the higher temperature exposure.

Percussion and type of fracture

Most processing damage was observed on the propoda. Raw pro
poda fragments tended to be larger than cooked ones (Fig. 5), 
among which roasted specimens were observed to break into 
more numerous and smaller fragments. Fractures were mostly 
longitudinal, and percussion notches, sometimes in association 
with fine cracks, were observed (Fig. 5A and B). The propodus of 
roasted crab 5 also featured an impact scar (Fig. 5C).

The dactylopoda presented less processing damage, but long
itudinal fractures were observed on the dactylopoda of crabs 1, 3 
and 4 (Fig. 5D-F), and there were impact scars on the dorsal side of 
the dactylopoda of crabs 4 and 6 (Fig. 5G and H).

Discussion and conclusions

These experimental results (Figs. 4 and 5) contribute to the interpreta
tive framework for the identification of archaeological crab surface 
modification (Fig. 6). They demonstrate that the higher the 

temperature the crabs are exposed to during cooking, the higher the 
animals’ weight loss, the easier and faster it is to process them, and the 
smaller the size of shell processing debris. Weight decrease is mostly 
due to water loss, which is a naturally occurring phenomenon in the 
cooking and preparation of food, in this case clearly evident by the 
transformation of the raw gelatinous flesh in a ready-to-eat, solid meat 
block.

Separation of claw joints demanded the use of a hammerstone in 
raw crabs, but could be carried out manually in cooked crabs. 
Breaking the carpus-manus joint, however, required direct percus
sion in all experiments, while no hammerstone use was required to 
separate the propodus and dactylopodus of cooked crabs, which 
tended to break into smaller size fragments due to crystallisation 
and attendant increased splintery.

Except for Hypothesis 2 – use of a hammerstone would leave 
diagnostic impact scars on the ventral side of the proximal dacty
lopoda – our initial hypotheses were confirmed. With regards to the 
separation of the dactylopodus from the propodus, our experiment 
revealed surface damage on the dorsal side instead, and consisting 
of longitudinal fractures rather than impact scarring. Explanations 
for the different archaeological pattern (Fig. 6, and Fig. 4 in Nabais 
et al. 2023) could lie in the type of technical gesture used, or that the 
ventral ‘scar’ could simply represent a natural feature of the prox
imal dactylopoda, whose ventral side does present a bump-like 
feature associated with a transverse line. However, this relief is 
considerably less pronounced in our experimental specimens, and 
was not visible on all Middle Palaeolithic crab proximal 

Figure. 5. 1) Experimental results and close-up modifications on propoda and dactylopoda from crabs 1 to 6: A and B are percussion notches with associated fine cracking; 
C and D are V-shaped impact flakes; E and F are examples of longitudinal breaks on the dorsal side of dactylopoda; G and H show impact scars on the dorsal side of 
dactylopoda. 2) Natural line-like feature on the ventral side of the dactylopodus. 3) Section view of the thermo-alteration of a broken crab finger.

HISTORICAL BIOLOGY 7



dactylopoda. For now, the nature of this feature must therefore 
remain an open issue. Otherwise, our experiment supports that, at 
Gruta da Figueira Brava, brown crabs were roasted in direct contact 
with the coals, due to the ample evidence of burning, and then 
processed after cooling using hands and hammerstones to better 
disarticulate the tougher joints, and gain access to the flesh inside.

Much as ethnographically observed among northern North 
America indigenous peoples (Murdock 1963; Wolcott 1967; 
Conner and Bethune-Johnson 1986), Gruta da Figueira Brava’s 

MIS-5b Neanderthals must have manually collected their brown 
crabs in shallow water intertidal pools along a seashore that, at the 
time, was within easy reach of the site (Zilhão et al. 2020; Nabais 
et al. 2023). Based on both the archaeological and the experimental 
evidence, the cave’s inhabitants ate them cooked, in accordance 
with ethnographic evidence for crabs to always be boiled, steamed, 
or roasted (Suttles 1974; Batdorf 1990; Emmons 1991).

Nowadays, seafoods are highly recommended to prevent 
hypertension, coronary heart disease, and cancer. They are 
low in cholesterol and in saturated fatty acids, and rich in 
omega-3 polyunsaturated fatty acids (namely EPA and DHA), 
essential amino acids, vitamins, and trace elements (Sioen et al.  
2007; Maulvault et al. 2011). Brown crabs (Cancer pagurus) are 
amongst such highly nutritional quality foods, and are currently 
one of the major marine resources of economic importance in 
southern Europe (EUMOFA 2021; Maulvault et al. 2011). 
Additionally, it is currently accepted that cooked brown crabs 
have increased values of constituents such as proteins, carbohy
drates, copper (Cu), zinc (Zn), bromine (Br) and chlorine (CI) 
(Maulvault et al. 2012). However, there seems to be differences 
in the toxicological hazards associated with different parts of 
the crab, mainly related to cadmium (Cd), which is consider
ably more abundant in the brown meat of the carapace than in 
the white meat of the legs, underpinning recommendations for 
white flesh to be consumed independently of the type of pre
paration, and for brown meat to be ingested parsimoniously 
(Maulvault et al. 2011, 2012).

Brown crab carapace remains were found at Gruta da Figueira 
Brava, suggesting that complete animals were brought back to the 
cave (Nabais et al. 2023). However, most remains are of the fingertips 
of claw elements. A parsimonious explanation of this pattern is that, 
due to their lower density (the mineral, calcium carbonate content is 
higher in the claws; Bosselmann et al. 2007), carapace fragments pre
serve less well in the archaeological record (Krause et al. 2011). 
Alternatively, crab carapaces could have been used for other purposes, 
as among the Wampanoag, who, after consuming the crabs’ legs and 
eggs, use the shells to make instruments, needles, awls, spears and good 
luck charms (Speck and Dexter 1948).
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Figure. 6. Archaeological crab remains recovered from occupation phase FB4 from 
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preference for longitudinal breaks. C) Black thermo-alterations on Cancer pagurus 
claw fragments; note that burns are located on exterior and interior surfaces.
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