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ABSTRACT
Archaeological research, conducted on the French part of Saint-Martin, in the Lesser Antilles,
documents the history of Amerindian communities on this island from the 4th millennium
BC to the 15th century AD. Eight sites, spanning almost completely this sequence, have
yielded extensive assemblages of invertebrate remains. Analysis and comparison of these
assemblages with contemporaneous settlements from nearby islands reveal trends in the
ways Amerindian communities exploited these resources. These results, especially when
contrasted with a palaeo-climatic frame recently produced for Saint-Martin, reflect the
intricate ways in which anthropic and natural systems interact.
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Introduction

Studying past human uses of natural resources offers a
prism through which to examine interactions between
the systems that human societies create (especially their
socio-economic aspects) and various parameters of
natural systems (dynamic biotopes and resources)
that cultural systems develop in, impact and respond
to. Integrated studies of coupled human and natural
systems (see Liu et al. 2007) are not yet numerous in
the Caribbean, where nevertheless the major issue of
past human uses of natural resources has been explored
archaeologically from many directions (see e.g.
Newsom and Wing 2004).

One investigative line pursued in this paper, comes
from assemblages of invertebrate remains (molluscs
and crabs) found at eight pre-Columbian settlements
excavated on the French part of the island of Saint-
Martin, in the Lesser Antilles. These sites cover almost
completely the known pre-Columbian sequence of this
island’s Amerindian occupation, from the 4th millen-
nium BC to the 12th century AD, but do not include
the terminal phase of the pre-Columbian period up
to the end of the 15th century AD (Figure 1).

The analysis and comparison of the large assem-
blages of invertebrates coming from these eight sites,
as well as of seven other collections from nearby islands
and settlements, have produced significant data about
Amerindian invertebrate exploitation strategies and
their evolution through time. Here, these data are dis-
cussed in relation to (1) the known socio-economic
characteristics of successive pre-Columbian Amerin-
dian communities in order to elucidate specific trends
of these systems, and (2) a recently constructed

palaeo-climatic framework for the island of
Saint-Martin.

Despite that the human and natural systems are
addressed here through incomplete parts – the aspect
of invertebrates’ exploitation on half an island – and
set of data, the perspective offered nevertheless pro-
vides interesting leads and trends which obviously are
simplified material traces of complex anthropic and
natural systems’ interacting dynamics. These prelimi-
nary projections are discussed here and will need to
be further explored, questioned, and refined through
larger data bases from various islands.

Environmental and cultural background

The Lesser Antilles: ecosystems and available
resources

The Caribbean archipelago is composed of more than
7000 islands, islets and cays. They form an arc extend-
ing eastward from the Yucatan Peninsula and south
from the Florida peninsula. The chain of the smaller
islands of the Lesser Antilles, to the east of Puerto
Rico, curves southward, terminating in Trinidad, off
the northern coast of Venezuela.

Most of the Lesser Antilles islands were formed
through subduction processes which resulted in two
splitting arcs, north of Dominica. The easternmost is
largely composed of extinct volcanoes that have
become the core of carbonate reef growth forming
low altitude islands. The westernmost archipelago
and the southern half of the Lesser Antilles are still
active volcanic complexes characterised by mountai-
nous islands.
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In these tropical to subtropical islands, temperatures
(average 24–29°C), humidity and rainfall (annual aver-
age 1000–2000 mm) vary with elevation, island size
and water currents. Warm, moist trade winds blow
consistently from the east creating rain forest /semi
desert divisions on the mountainous islands. The
region has distinct dry and wet seasons, with the latter
characterised by hurricane occurrence. The Caribbean

Sea is one of the largest salt water seas, with water
temperatures ranging from 22°C to 31°C.

On these islands, especially the smaller ones
(<100 km2) such as Saint-Martin, the interaction of
these multiple non-static parameters (e.g. geological,
geographical, climatic, etc.) produced complex and
diverse tropical environmental systems with specific
mineral, hydrological, plant, and faunal resources.

Figure 1. A. Localisation of the sites used in the study on the maps of Saint-Martin, Montserrat, Guadeloupe and Martinique;
B. Chart of the radiometric dates of the sites used in the study. Chart adapted from Bonnissent et al. (2016).

2 N. SERRAND AND D. BONNISSENT



Before the arrival of humans, terrestrial ecosystems
lacked big mammals but included small rodents, chir-
optera, birds, amphibians, reptiles and land crabs.
Native fauna was vulnerable to abrupt changes (Pregill,
Steadman, and Watters 1994; Lenoble et al. 2008). Lit-
toral ecosystems, including mangroves, estuaries, and
intertidal transitions, were rich with fish, invertebrate
and crab communities but exposed to small scale/
short term variations. Finally, more stable marine eco-
systems hosted important coral reef formations and
large schools of fish, turtles and sea mammals.

These ecosystems and their resources, sometimes
unique to an island, evolved in time through highly
dynamic processes including alternating wet and dry
periods, droughts, sea level changes and various other
climatic trends occurring on short and long term scales
(Higuera-Gundy 1991; Hodell et al. 1991; Burney, Bur-
ney, and MacPhee 1994). The changing biogeography
of these ‘living islands’ was the scene where pre-
Columbian communities settled and developed during
at least 6500 years (Keegan 1999; and Boothroyd 2011).

Cultural chronology and subsistence economies

The initial peopling of the Caribbean archipelago,
around ca. 5000 BC (Cuba, Hispaniola, Trinidad),
probably occurred as distinct migration pulses orig-
inating in different parts of the surrounding continents,
including northeastern South America and Central
America (Yucatan Peninsula) (Boomert 2000; Rodrí-
guez Ramos, Pagán Jiménez, and Hofman 2013; Fitzpa-
trick 2015). These first communities developed during
several millennia, but, as they are seen through partially
preserved sites (due to sea-level transgression), they are
not yet fully understood. Lithic and shell tool traditions
are observed along with evidence of plant cultivation
practices (Pagán-Jiménez et al. 2015), sedentary pro-
cesses and, in the Greater Antilles, early production
of ceramics around 2000 BC (Rodríguez Ramos et al.
2008). Although not satisfactory, the common name
of Archaic Age communities will be used here to
refer to the populations of that period in the Lesser
Antilles.

These communities apparently interacted with new-
comers who arrived from the northern coasts of Vene-
zuela, into the Lesser Antilles around 500 BC. These
village, horticultural, pottery-making peoples of the
Cedrosan-Saladoid subseries migrated as far north as
the eastern tip of Hispaniola (Siegel 1991; Rouse
1992; Fitzpatrick 2015). The Early Ceramic Age is
characterised by cultural unity and strong cultural
interaction with various mainland groups (Boomert
2000). This pattern changes after the onset of the
Late Ceramic Age, ca. 600/800 AD, when cultural,
sociopolitical, and economic regionalisation occurs
(evidenced by the regional development of Ostionoid
and Troumassoid ceramic series), along with a growth

in the number of sites and colonisation of the remain-
ing unsettled islands of the Lesser and Greater Antilles
and the Bahamas. This time of divergent local develop-
ments also sees an increase in social complexity but
ends with the contact period (Fitzpatrick 2015).

Much has been written on the Caribbean pre-
Columbian subsistence economies and their complex
adaptation to local island conditions (see for example
Newsom and Wing 2004). Here, invertebrates played
an important role as food and raw material, especially
in the small islands of the Lesser Antilles. Their impor-
tance nonetheless fluctuated through time, probably
reflecting economic, cultural, and social processes in
human communities, as well as local and large-scale
palaeo-environmental dynamics.

Contexts and materials

The island of Saint-Martin, in the Northern Lesser
Antilles, is just 85 km2 (Figure 1A). It was undoubtedly
part of a larger geographical and cultural sphere during
Amerindian pre-Columbian times (Haviser 1991).

Saint-Martin island offered defined, yet varied, eco-
systemic potentials: the hilly central part (highest point:
424 m) formerly had dense dry forests; the coastline
alternates long sandy beaches, rocky headlands and
sandy bars in front of developed lagoon and mangrove
areas; and the geology includes some certain desirable
stone resources, which were heavily exploited (Saint-
Martin calcirudite, cherto-tuffite) and exported during
Amerindian times (Knippenberg 2006; Stouvenot and
Randrianasolo 2006).

Saint-Martin’s archaeological occupation is fairly
well documented (see Haviser 1988, 1995). Here, we
have chosen to focus on data resulting from works car-
ried out on the French part, representing two thirds of
the island’s surface. Over 20 settlements are known for
the Archaic, Early and Late Ceramic Ages, with a
sequence of about 100 radiocarbon dates spanning
from cal 3300 BC to 1500 AD (Bonnissent 2010; Bon-
nissent et al. 2013) (Figure 1B). Long-term and/or
spatially extensive excavation of several of these sites
permitted the recovery of abundant material remains
as well as understanding of the structural and func-
tional organisation of settlement space.

Large assemblages of invertebrate remains were
recovered from these excavated materials, seven of
which were analysed by the first author (Serrand
2002, 2004, 2005a, 2008, 2013a, b) and one of which
was studied by A. Brokke (Anse des Pères; Brokke
1999). Due to high counts of abundance they are dis-
cussed in detail in this paper. The assemblages span
almost completely the pre-Columbian sequence from
the 4th millennium BC to the 12th century AD: three
are Archaic Age sites, two are Early Ceramic Age
villages and three date to the Late Ceramic Age
(Figure 1). Invertebrate samples from the most recently
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occupied sites of Prune Bay (Bonnissent and Stouvenot
2005) and Red Bay (Hénocq and Petit 1998) extend up
to the 15th century AD (Figure 1A, no. 11, 12), thus
documenting the end of the pre-Columbian sequence,
and will be analysed soon to complement our under-
standing of insular resource exploitation.

The details of the past invertebrate analyses have
been reported elsewhere (Serrand 2002, 2004, 2005a,
2008, 2013a, b). These data are used here to address
diet and subsistence; they are summarised and
expressed in Theoretical Alimentary Values (%TAV),
an extrapolation which permits placing species into a
hierarchy. TAV are obtained by multiplying each
species’ MNI by a theoretical coefficient proportionate
to the mean size of the taxon in question, and thus indi-
cate the relative contribution of that species to diet
(Figure 2A).

Comparison of the data from the eight Saint-Martin
sites (Etang Rouge 1–3, Lot 73, Orient Bay 1, Hope
Estate, Anse des Pères, Pointe du Canonnier, Orient
Bay 2, and BK76) and seven other settlements from
nearby islands (Radio Antilles and Trants in Montser-
rat, Cathedrale and Gare Maritime de Basse-Terre in
Guadeloupe, Dizac, Trabaud and Macabou in Martini-
que) reveals trends or even recurrent patterns.
Although unsatisfactory, this comparison is made
using the three major chrono-cultural partitions com-
monly followed in Caribbean archaeology: Archaic,
Early Ceramic Age, and Late Ceramic Age

Patterns of the Saint-Martin sequence and
other neighbouring islands’ sites

Archaic Age settlements

Fourteen Archaic settlements between 3300 BC and the
early first century AD are known on Saint-Martin
(Bonnissent 2010; Bonnissent et al. 2013, 2016) (Figure
1). Although two of these settlements are located
farther from the coast, most known occupations are
located on coastal sand bars in front of present-day
or former lagoon areas (Bonnissent et al. 2016). The
occupation sequences of these sand bars are the more
marked as the same spots were visited over long
periods of time, from one to two millennia at the
three studied settlements (Figure 1B) (Romon, Bertran,
and Serrand 2008; Bonnissent et al. 2016). Most of
these occupations represent camp spots used repeat-
edly for the acquisition, preparation or use of animal,
plant and stone resources (Bonnissent et al. 2016).

This is the case of the three most studied Archaic
Age settlements, Etang Rouge (3320–830 BC), Lot 73
(1930–870 BC), and Orient Bay 1 (790 BC-70 AD)
(Figure 1A, no. 1, 3, 4) (Serrand 2005a, 2008, 2013a;
Romon, Bertran, and Serrand 2008; Bonnissent 2010,
2014; Bonnissent et al. 2005, 2013, 2016). The faunal
assemblages at Etang Rouge and Lot 73 reflect food

activities (preparation, consumption, or even stocking)
of selected profitable marine bivalves with one domi-
nant species at each camp zone: either ark clams
(Arca zebra) or clams (Codakia orbicularis) (Figure 2B).
In Orient Bay 1, a similar targeting was put on adult
conchs (Lobatus gigas) to use their shell (especially
the lips) for intensive production of adze tools (Figure
2B). This production and access to L. populations were
key to the settlement of the Orient Bay 1 camps in this
bay. Subsistence motives were less important than at
Etang Rouge or Lot 73 as is witnessed by the fact
that, in addition to conchs, only locally accessible mol-
luscs and most easily accessible specimens were har-
vested (Serrand 2007a, 2013a).

These three sites share a heavy emphasis on and
selection of specific resources, here mostly marine
ones given the corpus of coastal sites. Targets and strat-
egies vary among sites and across time (Bonnissent
et al. 2016; Serrand 2008). For example, – at Etang
Rouge 3, key resources found in temporarily successive
camp areas differ, from an emphasis on ark clams, then
ark clams and conchs, and finally clams (Serrand
2008). These trends are restricted in the range of tar-
geted taxa, with only a few species consistently col-
lected (ark clams, clams, oysters, conchs, topsnails).
These selected species are probably related to com-
bined, but as yet undetermined, economic, societal,
seasonal and palaeo-environmental parameters. But,
no matter the species’ variations and the reasons, the
exploitation strategies remain selective by nature. In
fact, this is a very common trait for most Archaic settle-
ments on Saint-Martin, as well as elsewhere in the
northern Lesser Antilles (see synthesis in Serrand
2007a), whether the settlements are coastal or inland
(as at the inland site of Plum Piece, for example) (Hof-
man and Hoogland 2003; Hofman, Bright, and Hoog-
land 2006). In addition, another recurrent trait is that
shell use as a raw material (mostly conch (L. gigas)
and helmet (Cassis spp.) shells) is limited to tool pro-
duction (adze and container types) with no known
shell ornament manufacture for that period in the Les-
ser Antilles.

Early Ceramic Age settlements

The patterns diverge for the known Early Ceramic Age
occupations associated with the Cedrosan-Saladoid
subseries. Unfortunately, the Saint-Martin record is
less abundant for this period, with four sites of which
only two show typical characteristics of villages and
possess large assemblages of invertebrates.

The most ancient Hope Estate settlement, two km
from the coast, yielded a characteristic early Cedro-
san-Saladoid ceramic assemblage with a Huecan com-
ponent and dates ranging from 400 BC to 700 AD
(Hofman and Hoogland 1999; Bonnissent, Hénocq,
and Stouvenot 2002; Bonnissent 2010, 171–365)
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(Figure 1A, no. 5). The latest one, Anse des Pères, while
also characterised by Cedrosan-Saladoid ceramics, is
dated to between 730 and 960 AD which makes it con-
temporary with some Saint-Martin Late Ceramic Age
sites (Hofman and Hoogland 1999; Bonnissent 2010,

391) (Figure 1A, no. 8). The two other, less documen-
ted sites, Pinel Ouest and Cul-de-Sac, appear as satellite
camps and may be contemporaneous with the latest
phase of Hope Estate (Bonnissent 2010, 367, 389)
(Figure 1A no. 6, 7).

Figure 2. A. Synthetic table of theoretical coefficients used in the calculation of Theoretical Alimentary Values (%TAV); B. Proportions
of Theoretical Alimentary Values (%TAV) per taxa in the three Saint-Martin Archaic Age sites of Etang Rouge 1–3, Lot 73 and Orient
Bay 1; C. per biotope; Theoretical Alimentary Value (%TAV) is an extrapolation used to put species into a hierarchy, obtained by
multiplying each species MNI by a theoretical coefficient proportionate to the relative alimentary contribution of that species, sup-
posing mean sized individuals.
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The Hope Estate invertebrate assemblage shows that
the villagers collected several different profitable mar-
ine species (Figure 3A) – topsnails Cittarium pica,
conchs L. gigas and nerites (Nerita spp.) – which they
complemented with terrestrial land crabs (Gecarcinids)
and some easily accessible but less profitable species of
the rocky intertidal areas (i.e. chitons, dog winkles, etc.)
(Serrand 2002).

The paucity of data for the very Early Ceramic
period on Saint-Martin, makes us turn to a few con-
temporary early sites of the neighbouring islands, for
a larger view: on the island of Montserrat, Radio Antil-
les dated to ca. 500–40 BC and Trants, dated from ca.
500 BC to 400 AD (Watters 1980; Petersen 1996; Wat-
ters and Petersen 1999; Figure 1 no. 16, 17); and, on
Guadeloupe, Cathedrale de Basse-Terre, dated to ca.
50–420 AD (Bonnissent et al. 2004a), and Gare Mari-
time de Basse-Terre, dated to ca. 240–540 AD
(Romon et al. 2006, 2013) (Figure 1 no. 14, 15).
These sites share characteristics of early Cedrosan-Sal-
adoid villages, the two last being potentially parts of the
same settlement. Their invertebrate samples are exten-
sive, with the exception of Radio Antilles (only 410
MNI) (Serrand 2002, 2004, 2006).

These four settlements show similar trends in the
exploitation of invertebrates, with an emphasis on
resources collected, on the one hand, in terrestrial spaces
(Figure 3B) – Gecarcinid land crabs and freshwater
dwelling neritines (Neritina punctulata andN. virginea)–
and, on the other hand, on the interfaces between these
terrestrial spaces and the marine environments, namely
the intertidal rocky zones (nerites, chitons, limpets and
various other small gastropods). This is associated
with a constant, although sometimes discrete, contri-
bution of conchs and topsnails. Notably, the profitable
resources appreciated by the former Archaic groups –
i.e. large gregarious bivalves – are no longer exploited;
indeed, bivalves are little represented if not totally absent
(Serrand 2002, 2004, 2006, 2007a).

As in the former period, targeted prey vary between
sites or during the occupations’ sequences (Serrand
2002). Despite this variation, besides the constant
inclusion of topsnails and conchs, exploitation strategies
remain similarly focused on the accessible terrestrial and
intertidal environments and their resources. Those are
collected in quantities but with no targeting of the big-
gest species/specimens, in a pragmatic way. Another
salient trait of the Early Ceramic Age assemblages is
an intensive use of shells as raw material worked with
a high level of technical skill (Serrand 2002, 2004,
2006, 2007a) that is characteristic of other Cedrosan-Sal-
adoid craftproduction (Knippenberg 2006).

Both patterns remain relatively constant during the
period but with a possible shift in resource exploitation
for food in the end of the period. The later site of Anse
des Pères (Figure 3C) is of particular interest since,
while its ceramic assemblage is Cedrosan-Saladoid, its

dates (730–960 AD; Hofman and Hoogland 1999; Bon-
nissent 2010, 391) are later than typical for the accepted
end of this cultural period. Now, the invertebrate data
from this site (Brokke 1999, 105) shows differences
with the very Early Ceramic Age Hope Estate site
and its Montserrat and Guadeloupe contemporaries:
while land crabs are still well represented (with a smal-
ler mean size compared to the Hope Estate specimens;
Serrand 2002), topsnails and the bivalve A. zebra pre-
dominate (Brokke 1995, 1999; Nokkert 1999).
A. zebra contributes about 10% to invertebrate MNI
at Anse des Pères. At Hope Estate or the montserratian
sites, bivalves never account for more than 5% of the
invertebrates’ MNI and more often for less than 2%.
The pattern of increased contribution of bivalves to
diet at Anse des Pères may be weakened by a small
MNI (1001) but is worth underlying given that this
trend becomes more marked in the following period
of the Later Ceramic Age.

Late Ceramic Age settlements

The transition between the Early and Late phases of the
Ceramic Age in Saint-Martin has been discussed in
Bonnissent (2010, 536). Five Late Ceramic Age settle-
ments are known from the island, all coastally located
and dated to the 7th–16th centuries AD. The invert-
ebrate assemblages from three of these sites – Pointe
du Canonnier (unpublished), Orient Bay 2, and BK76
(77–78) have been well studied (Serrand 2013b,
2016). These three settlements are associated with cer-
amic assemblages of the Mamoran-Troumassoid sub-
series (Bonnissent 2010). Pointe du Canonnier (660
and 890 AD), the earliest, is a large village settlement
(Bonnissent 2010, 397; 2012, 110–114). The Orient
Bay 2 site (740–960 AD) is likely a camp for acquisition
of stone and food resources (Bonnissent 2010, 150;
Bonnissent et al. 2013). BK76 (77–78) (700 and 1170
AD) is another large village occupation (Samuelian
et al. 2016; Sellier-Segard and Samuelian, in press).

At these sites, invertebrate exploitation trends show
some continuity from the former period, but with no
such uniform patterns, as well as and heavy dominance
of topsnails C. pica (Figure 4A). Other species from the
rocky intertidal biotope, are remain important,
especially nerites as well as conchs and star snails. Ter-
restrial / freshwater invertebrates – land crabs, neri-
tines – when present generally occur in low numbers.
Based on the abundance of infaunal bivalves, sandy
bottom biotopes also tend to be better represented at
these early Late Ceramic Age sites which is not surpris-
ing given their coastal locations (Figure 4B).

Now, this trend was underlined at the late Early Cer-
amic Age site of Anse des Pères (730–960 AD), which is
contemporary with the Late Ceramic Age sites of
Pointe du Canonnier and Orient Bay 2. At these
three sites – the former possesssing Cedrosan-Saladoid
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ceramics and the latter two bearing Mamoran-Trou-
massoid ceramics – bivalves account for approximately
13%, 5% and 1.5% of the TAV, respectively. Notably,
TAV values found at the early Early Ceramic Age
sites previously described vary between 1% and 4.5%.
Increased bivalve representation is especially apparent
at the Late Ceramic Age BK76 village, the latest ana-
lysed sequence, where bivalves, mostly from sandy

bottoms, account for 20% TAV (Serrand 2016).
Additional analysis will need to be completed to deter-
mine whether this pattern also occurs at Prune Bay and
Red Bay, where clams and ark clams are also well
represented.

Additional insight is provided by comparing three
sites from Martinique’s southern coast: Dizac (450–
700 AD). a late Early Ceramic Age site with a late

Figure 3. Proportions of Theoretical Alimentary Values (%TAV) in the Early Ceramic Age sites of Hope Estate (Saint-Martin), Cathé-
drale and Gare Maritime de Basse-Terre (Guadeloupe), and Trants and Radio Antilles (Montserrat): A. per taxa; B. per biotope; C. The
case of the Anse des Pères site.
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Cedrosan-Saladoid assemblage (Vidal 1999; Serrand
2005b) (Figure 1 no. 18); and Trabaud (1000–1200
AD) and Macabou (1200–1400) AD, both Late Cer-
amic Age sites (Allaire 1981, 1997; Grouard and Ser-
rand 2005) (Figure 1 no. 19, 20). Exploitation profiles
at these sites indicate diverse species exploitation,
dominated by bivalves (45–90% TAV), particularly
bivalves from sandy bottoms (Figure 5) (Serrand
2007b).

Discussion

Insights into the pre-Columbian Lesser Antilles
socio-economic systems through the perspective
of invertebrate exploitation

Following the simplified three chrono-cultural par-
titions commonly used in Caribbean archaeology,

several notable trends are evident in the invertebrate
data examined here.

Lesser Antillean
The targeting of invertebrate resources is a major strat-
egy of Lesser Antilles Archaic communities (Serrand
2007a), as evidenced by the remains from the Saint-
Martin non-sedentary camps, which were temporarily
but repeatedly occupied for specialised activities organ-
ised around specific resources. This pattern appears
prevalent on other islands, varying according to the
resources and environments locally targeted, as on in
Saint-Martin, for example, where sand bar-lagoon sys-
tems were selected for exploitation. The way the
Archaic populations managed their economic spaces
and components implied some mobility of the groups
and their good knowledge of territories and resources.

Figure 4. Proportions of Theoretical Alimentary Values (%TAV) in the three Saint-Martin Late Ceramic Age sites of Pointe du Canon-
nier, Orient Bay 2 and BK 76: A. per taxa; B. per biotope.
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This sort of flexibility based on an array of possible
options may have helped Archaic peoples optimally
manage various territories and complementary econ-
omic resources (Hofman, Bright, and Hoogland
2006), but may have also meant that they were vulner-
able to fluctuations in these resources and environ-
ments over time.

Lesser Antillean Early Ceramic communities
appear to have gathered select but mostly easily acces-
sible invertebrate resources from a limited range of
terrestrial, freshwater, and marine settings, with no
evident preference for high-energetic return species
with the possible exception of land crabs (Serrand
2007a). The territorial and economic strategy of
these communities appear to have involved returning
selected resources to the residential area: the villages
were central units around which the community econ-
omy was organised, supplemented by extra territorial

resources obtained through trade and contacts (i.e.
stone resources, finished goods, shell ornaments).
Mobility, while active in communities’ inter-relations
and exchanges, may be less a foundation of the every-
day economy whichseems consistent with the seden-
tary nature of Ceramic Age village communities and
with their important agricultural orientations. We
interpret the consistency, even relative conservatism,
in resource exploitation during this period, along
with rather standardised craft styles and productions,
as a sign of strong social and identity cohesion
inherent in the colonisation and settlement formation
processes in which these groups were involved. Sub-
sequent developments in later sites arise from econ-
omic and societal changes as well evolving biotope
and resource changes due to anthropogenic impacts
and changing palaeo-climatic and environmental con-
texts (Haviser 1991).

Figure 5. Proportions of Theoretical Alimentary Values (%TAV) in three Martinique sites: Diamant (Dizac), late Early Ceramic Age
site, Trabaud and Macabou, Late Ceramic Age sites: A. per taxa; B. per biotope.
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The economic systems of Lesser Antilles Late
Ceramic Age communities present interpretive com-
plexities. These groups are classically considered as
being part of a much larger mosaic of populations
(spread across the whole archipelago), settling in a
higher variety of locations, and exhibiting more
complex system of spatial organisation (satellite-,
micro-, specialised occupations, etc.). The new
diverse craft styles and productions are interpreted
as signs of a regionalisation process, as well as in
some places, of a growing socio-political complexity.
In this period, exploitation strategies may have
depended more on sites’ functional organisation
with respect to this more socially interactive and
multi-scalar economic spatial sphere. Late Ceramic
Age peoples may also have been reliant on a more
impacted resource base (Serrand 2007a). In the
absence of a broader understanding of the site func-
tions and outside interactions, it is difficult to reach
any firm conclusions about resource exploitation
patterns exhibited at these sites.

The issue of palaeo-climatic and palaeo-
environmental parameters

While patterns of invertebrate exploitation provide an
insight into the socio-economic systems of the Lesser
Antilles pre-Columbian communities, these developed
on ‘living islands’ with changing biographies (Cooper
and Boothroyd 2011). Examining the socio-economic

data presented here within the context of changing
palaeo-climate may thus offer additional understand-
ing. On Saint-Martin, multiproxy analysis of lacustrine
sediments from the Grand-Case Pond in the north-
western part of the island has revealed the existence
of three distinct climatic periods for the last 3700
years (Bertran et al. 2004; Bonnissent et al. 2004b;
Malaizé et al. 2011). Several indicators (carbonate
mud deposition, gypsum laminae, hurricane landfalls,
sand inputs) suggest that two separate phases, between
3700 and ca. 2500 years cal. BP (1750–550 cal BC) and
between 1150 years cal. BP to the present (800–1550 cal
AD), were punctuated by severe drought events as well
as higher hurricane occurences. The intermediate time
interval, from 2500 to 1150 yr cal. BP (550 cal BC–800
cal AD), would have been marked by more uniform
and wetter climatic conditions (Malaizé et al. 2011)
(Figure 6). The existence of such wet / dry phases
and hurricane activity variations, relate to movements
of the Intertropical Convergence Zone (ITCZ). Such
a climatic history agrees closely with that documented
from other records in the Caribbean area, such as the
Cariaco Basin, central coast of Belize or Barbados (Car-
bone 1980; Higuera-Gundy 1991; Hodell et al. 1991;
Burney, Burney, and MacPhee 1994; Tedesco and Thu-
nell 2003; Mangini et al. 2007). Nevertheless, it con-
trasts with the pattern observed in Vieques, Puerto
Rico (Woodruff et al. 2008), where phases of hurricane
activity differ probably due to a balance between two
distinct storm paths in response to latitudinal shifts

Figure 6. A. Palaeoclimatic dry / wet phases on Saint-Martin; B. Indication of the dry / wet phases on the chart of radiometric dates
of the sites udes in the study; C. Variations of the proportions of MNI for bivalves and land crabs on the sites used in this study. A and
B after Malaizé et al. 2011, fig. 11, p.11; B after Bonnissent et al. (2016).
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of the Intertropical Convergence Zone (ITCZ).
(Malaizé et al. 2011).

We chose to compare these three Saint-Martin cli-
matic phases, with local site chronology (Figure 6, a,
b, c) and the temporal trends for two components of

the invertebrates’ assemblages presented above: terres-
trial-freshwater molluscs and crabs; and bivalves on the
other. The relevant data are presented in Figure 6 as
MNI for the 15 sites listed above. Figure 7 includes13
other assemblages with smaller MNI that were also

Figure 7. A. Confrontation of the palaeoclimatic dry / wet phases recognised on Saint-Martin (after Malaizé et al. 2011, figure 11,
p. 11) and the relative proportions of MNI for bivalves and land crabs from 28 Lesser Antillean sites studied by the first author. The
sites are organised along a theoretical temporal sequence: the radiometric date ranges overlap between sites and the projection
doesn’t represent a formal continuity of time.
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studied by the first author (list, radiocarbon intervals,
and bibliographical references in Figure 7). Both
figures show that terrestrial-freshwater molluscs and
crabs are rare in Archaic sites assemblages, well rep-
resented in the subsequent Early Ceramic Age sites,
then generally (but not systematically) declined in the
Late Ceramic Age sites. In that same sequence, bivalves
fluctuate inversely (Serrand 2007a).

The alignment of these palaeo-climatic and archae-
ofaunal data is admittedly course, and much more fine-
grained work will need to be carried out utilising
radiometric dates, site contexts and functions alongside
palaeo-climatic data. Nevertheless, some trends emerge
which suggest that the changing relative contributions
of terrestrial-freshwater molluscs and crabs to bivalves
may have some paleo-climatic basis: indeed, the
increased representation of lands crabs seems to partly
coincide with the wet phase, while higher frequencies
of bivalves are seen mostly during dry phases. This is
particularly interesting since these two types of
resources are key targeted prey and possible cultural
markers of specific periods, namely the Archaic Age
for the bivalves and the Early Ceramic Age for the ter-
restrial crabs.

These trends show that we need to address how
much the variability and instability of climate and
environments were potential factors at play in the
decision-making processes of pre-Columbian
societies, along with cultural, demographic, political,
and economic parameters (Bonnissent et al. 2004b;
Cooper and Peros 2010). It is obvious that gradual
(e.g. sea-level changes, increased aridity) or abrupt
(e.g. hurricanes, heavy swells) climatic changes
have had consequences on the coastal biotopes
where most invertebrate resources were collected.
These consequences were probably more significant
for resources which had been previously stressed
or weakened by long-term exploitation (or even
over-predation). This latter situation could apply to
the land crabs which exploitation was intensive
during the Early Ceramic Age and, globally, less
important afterwards. Signs of a decrease of the
individuals’ mean size have been observed, in time,
on sites or between early and later sites (Serrand
2002) but this issue has never been clearly establish-
ed.The short or long-term impacts on the availability
of such resources through time and the duration of
resilience mechanisms, although not yet understood,
clearly generated nonlinear or non-conclusive
dynamics with reciprocal feedback loops, time lags,
legacy effects, etc. (Liu et al. 2007).

Conclusion

The island of Saint-Martin was struck in September
2017 by Irma, one of the most significant hurricanes
of the last several decades. It caused massive

destructions of human facilities and deep alterations
of natural, already stressed and weakened, environ-
ments, notably coastal ones.

Similar dramatic events as well as more gradual fluc-
tuations in climate, such as alternating dry-wet seasons
or sea level changes, have impacted the water avail-
ability and landscapes of Caribbean islands in the
past. The consequences of the abrupt events (hurri-
canes, heavy swells) may have been rather local (on
the scale of one or a few islands) and less easy to detect
in the archaeological record (Cooper and Sheets 2012),
while their longer-term effects, combined with the gra-
dual fluctuations may be read on larger, regional scales.
All these likely had implications at various scales for
the economic and social landscapes of pre-Columbian
communities, especially with respect to their settle-
ment and food procurement strategies, as well as, poss-
ibly, their regional networks organisation, cosmogony,
etc.

Analyzing the exploitation of resources and food
procurement strategies, and their changes over time
thus remains one preferential area of research for
understanding human-environmental relations in the
past (Cooper and Peros 2010). It provides elements
for exploring possible interactions between environ-
mental circumstances (potentials, constraints), includ-
ing climate-induced environmental pressures and
human-induced stresses on fauna or biotopes, and cul-
tural decisions (particular cultural lifeways) in relation
to all other components of the communities’ systems
(including spiritual).

Employing a deep-time perspective, we have
sought to outline these elements here for the island
of Saint-Martin using an archaeo-faunal record con-
textualised within the framework of available climate
data. Although preliminary, this sketch based on a
long-term synthesis provides new insights into
understanding pre-Columbian social-ecological
systems.

Nevertheless, if the dynamic nature of environ-
ments, especially on islands, implies necessary read-
justments of the human groups and mitigation
strategies, the responses are complex, not necessarily
rational or optimal and include nonlinear dynamics,
reciprocal feedback loops, time lags, legacy effects
(Liu et al. 2007) the impact of which may be unclear
in the archaeological record.

Understanding these intricate dynamics therefore
needs improvement and actual integration and
extended synthesis of archaeological, bio-archaeolo-
gical, and palaeo-environmental sources of infor-
mation and the s. As in other regions, this is a
major research priority in the archaeology of the
island Caribbean with relevance to modern day miti-
gation strategies to counter the impacts of climate
change in the Caribbean and elsewhere (see Dearing
et al. 2015).
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