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Abstract In this paper I review a host of natural and cultural
processes that have affected the preservation and integrity of
archaeological sites on islands in the West Indies, many of
which are located in low-lying coastal areas. Given the
position of the Caribbean lithospheric plate—juxtaposed
between four others—it is no surprise that by its very nature
the region is volcanically active and frequently associated
with earthquake and tsunami events. This makes coastal
zones, and related archaeological sites in the region, highly
susceptible to a wide range of destructive natural events. The
high frequency of tropical systems (hurricanes and storms) in
the Caribbean and rising sea level, coupled with human
activities such as sand mining, development, and looting,
makes the region’s archaeological record one of the most
vulnerable and threatened in the world. Ongoing research is
dedicated to understanding how past populations may have
been affected by these events in the past.

Keywords Prehistory - Tropical storms - Tsunamis -
Coastal geomorphology - Sea level rise - West Indies

Introduction

Recent natural catastrophes in the Gulf of Mexico, ranging
from major Hurricanes such as Ivan (2004) and Katrina (2005)
to the 2010 earthquake in Haiti, serve as stark reminders of the
fragility of the human experience for those who live in the
Caribbean. Although these two examples are highly visible
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and have without doubt exacted a terrible cost in terms of
human lives and livelihood, they are only a few of many that
have occurred in this region over the millennia.

Archaeologists in the Caribbean and elsewhere are
becoming increasingly interested in how these and other
natural phenomena affected peoples in the past and what this
meant for the survival and adaptation of human populations,
ranging from Amerindian groups who settled the islands of
the West Indies over 6,000 years ago to more recent historic
times. We are also recognizing that current human activities
in the region, largely revolving around tourism and
development, are exacting a heavy toll on the archaeological
record from which our interpretations are based.

The title of my paper is both literal and metaphorical—
literal in the sense that the majority of islands in the Caribbean,
most of which stretch along a fairly continuous arc from South
America north and westward toward the Gulf Coast of the
United States, are surrounded by shoals: shallow, sandy areas
offshore that are a hallmark of tropical island environments.
But these shoals are also metaphorical—the islands of the
Eastern Caribbean sit at a juncture where natural processes—
tectonic, volcanic, and climatic—have continually wreaked
havoc on local populations over time. Coupled with issues
faced more recently, including large-scale development,
agriculture, and sand mining, the Caribbean is an excellent
case study with which to examine how islands, islanders, and
archaeologists have responded to the continued wrath facing
the region’s archaeological record.

In this paper, I provide an initial review of what we know
thus far about the types of natural catastrophes that have been
documented in the Caribbean through the millennia, including
earthquakes, volcanic eruptions, paleotsunamis, and tropical
storms, and what this meant for human groups who settled, or
were beginning to settle, these islands in the past. Given
length restrictions this review is not entirely comprehensive,
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but does build on earlier work that has attempted to
understand how human populations in the Caribbean were
affected by these processes as well as the major impacts that
currently threaten archaeological sites in the region. Overall,
argue that the Caribbean, perhaps more than any other major
world region, has succumbed to such a large degree of
pronounced and dramatic environmental and anthropogenic
impacts that we risk losing a large portion of the available
information we have to study the past.

Environmental and archaeological background

The Caribbean Sea is by most accounts considered the second
largest sea in the world, ranking seventh overall in terms of
size of bodies of water. The Caribbean encompasses an area of
approximately 2,754,000 km? and stretches 2,300 km east-
west from the eastern fringe of the Lesser Antilles chain to
the Yucatan and 1,700 km north-south from Florida to
Panama (Fig. 1). The Caribbean is home to over 38 million

people and is one of the most urbanized island regions in the
world. Local populations here had an annual growth rate of
2.4% between 1990 and 1995 (McGregor and Potter 1997).
Barbados, for example, with 280,000 residents living in a
land area of only 430 km* (166 square miles), has over 650
people per square km, making it one of the most densely
populated countries in the world.

The islands of the Caribbean are comprised largely of three
major geographical groups—the Greater Antilles, Lesser
Antilles, and Bahamas Archipelago—but there are those
adjacent to the South American mainland (Margarita, Cura-
cao, Bonaire, and Aruba) as well as the Caymans, Virgin
Islands, and Trinidad and Tobago, that geologically are not
related to these three major chains. The largest islands of the
Caribbean—Cuba, Hispaniola, Puerto Rico, and Jamaica—
are comprised of both volcanic rock and limestone, while the
Bahamas, Caymans, and Barbados are exclusively limestone
or coralline in nature. The smaller islands of the Lesser
Antilles, stretching from the Virgin Islands to Grenada 130 km
north of Venezuela, lie along the subduction zone that interacts
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Fig. 1 Map of the Caribbean (drafted by Michael Scisco, BioGeoCreations)
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with the South and North American plates and are mostly
composed of volcanic rock. In geological terms, the
Antillean Island Arc is relatively young with no atolls
indicative of submerged volcanic peaks. The few atolls
found in the Caribbean lie along the far western edge
fringing Central America.

Biologically, the Caribbean is extremely diverse, con-
taining 2.3% of the world’s endemic plant species and 2.9%
of endemic vertebrate species which is significant consid-
ering that the region encompasses only 0.15% of the Earth’s
surface. In total, over 1,500 species of fish, 25 coral genera,
630+ mollusc species, and numerous sponges, crustaceans,
echinoderms, sea mammals, birds, and reptiles in marine,
freshwater, brackish, and terrestrial environments have been
recorded. This led to the Caribbean as being listed in the
top four of the world’s 25 ‘Hotspots’ by Conservation
International—regions that are relatively small—but con-
tain high percentages of endemic species.

Archaeological investigations demonstrate that the Caribbe-
an islands were probably settled by “Lithic” peoples around
6000 BP, perhaps from somewhere in Mesoamerica when
colonists first reached Cuba and Hispaniola (often referred to as
“Casimiroid”); however, the evidence is ephemeral and not
well established (Keegan 1994; Rouse 1992; Wilson et al.
1998, 2007). Archaic peoples from South America (called
“Ortoiroid”) (see Rouse 1992; Petersen et al. 2004:32), then
occupied the Lesser Antilles between about 2000-500 BC.
Most of the well-known sites during this period are in the
Leeward (northern) islands in the Antillean chain. According
to conventional thinking, a new migratory group known as
“Saladoid” then began moving northward from South
America beginning around 500 BC, either displacing remnant
Archaic populations or arriving to find them already gone.
They settled Puerto Rico and islands throughout the Lesser
Antilles (Keegan 2000), but apparently ventured no further
west for nearly a thousand years. Saladoid groups produced a
rich array of artefacts (see Keegan 2000:143—144 for a brief
summary), but are most often recognized for their well-made
and beautifully decorated pottery. It should be noted that these
convenient labels for various migratory groups, although
widely used in the Caribbean today, likely mask more
complex social connections between the West Indies and
mainland South America that occurred through time (e.g., see
Fitzpatrick and Callaghan n.d.; Keegan 2006; Rodriguez
Ramos 2007; Rodriguez Ramos and Pagan Jiménez 2006;
Rodriguez Ramos et al. 2008). It also appears that these
separate migratory groups may not be distinct populations at
all given recent research suggesting that pottery was being
manufactured by Archaic (pre-Arawak) groups prior to the
“Ceramic Age” (see Rodriguez Ramos et al. 2008) and the
recognition that frequent movement of populations between
the Antilles and South America could have been relatively
easy (Fitzpatrick and Callaghan n.d.).

A new pottery series then develops in the Greater Antilles
around AD 500/600 called Ostionoid (broken down into
various subseries: Ostionan, Meillacan, and Chican) which
archaeologists have often attributed to descendent groups of
Saladoid who presumably pushed westward into Hispaniola,
south to Jamaica, and north into the Bahamas. Alternatively,
they could be the product of complex interactions between
Archaic, Saladoid, and/or Huecoid groups with people on the
South American mainland (Boomert 2000; Curet 2003, 2005;
Chanlatte Baik 1990; Rodriguez Ramos 2002, 2007
Rodriguez Ramos et al. 2008). In the Lesser Antilles at
about the same time there is a noticeable change in the
quality of pottery that led Rouse (1992) to mark this as a
distinct style that he called Troumassoid which is then
followed by another series known as Suazoid that occurs
from roughly AD 1000-1500. Based on more detailed
analyses of decorative patterns and manufacturing techni-
ques, it is generally agreed that Troumassoid and Suazoid are
variations of the same series of pottery that change over time
and as such, the preferred nomenclature is now Troumassan
Troumassoid and Suazan Troumassoid, respectively (Petersen
et al. 2004). Regardless, Saladoid peoples have traditionally
been considered to be ancestral to Arawakan speakers who
inhabited the Antilles at European contact.

A phenomenon that occurs throughout the Caribbean,
particularly with early settlers during the Ceramic Age c.
500 BC-AD 600, is the placement of villages along the
coast (Keegan 2000). This was likely for a number of
reasons: 1) it afforded easier access to both terrestrial and
marine resources; 2) allowed the use of boats as the primary
mechanism for transportation and interaction; and 3) made
settlement less challenging given that inland areas in the
islands are generally more rugged and mountainous. With
this in mind, I turn to examining the natural and cultural
processes that would have affected the lifeways of
prehistoric coastal inhabitants in the Caribbean as well as
the integrity of archaeological sites.

Natural processes affecting archaeological sites
Tectonic and volcanic activity

The geological history of the Caribbean is complex and
has been debated by scholars in the geosciences for
decades, particularly as it pertains to the origin and
movement of the Caribbean plate and whether this
represents an allochthonous or in situ phenomenon (e.g.,
see reviews and discussion in Burke 1988; Iturralde-
Vinent and Lidiak 2006; Meschede and Frisch 1998).
Nonetheless, the current position of the Caribbean Plate is
at the nexus of four other plates—the North American,
South American, Nazca, and Cocos—creating several
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major faulting and subduction zones, particularly along
the junction of the Caribbean and North American plate.
This makes the Circum-Caribbean seismically intense with
numerous earthquakes, landslides, tsunamis, and volcanic
eruptions recorded over the millennia.

The Antillean chain contains 20 active volcanoes (from
north to south): Mt. Scenery (Saba), The Quill (St. Eustatius),
Mt. Liamuiga (St. Kitts), Nevis Peak (Nevis), Soufriére Hills
(Montserrat), La Soufriere (Guadeloupe), Morne au Diable,
Morne Diablotins, Morne Trois Pitons, Wotten Waven
caldera, Valley of Desolation, Watt Mountain, Morne Anglais,
Grande Soufriere Hills, Morne Plat Pays (all on Dominica),
Mt. Pelée (Martinique), Qualibou (St. Lucia), Soufriere (St.
Vincent), Kick-‘em-Jenny (underwater between Grenada and
Carriacou), and Mt. St. Catherine (Grenada) (see Sigurdsson
and Carey 1991).

Despite the sheer number of volcanoes in the Lesser
Antilles, there have been few eruptions over the last
century. The most recent and well-documented is that of
Soufriere Hills on Montserrat which began erupting on 17
July 1995, displacing most of the 10,000+ inhabitants, but
with no fatalities. It erupted again on 25 June 1997 with
pyroclastic flows killing 10 people and 10 others that went
missing and presumed dead. Fifteen years earlier in 1979,
Soufriere on St. Vincent erupted, but prior to that, had
stayed dormant until the turn of the 20th century. It began
erupting on 6 May 1902 and continued for nearly a year,
lasting until 30 March 1903. In total, over 1,500 people
were killed. A few days later that same year, Mt. Pelée on
Martinique erupted on 8 May 1902 which destroyed the
town of St. Pierre and killed over 28,000 people. Apart from
Montserrat, the most frequently active volcano has been
Kick-‘em-Jenny which has erupted at least 11 times since
1939 (Lindsay et al. 2005; Sigurdsson and Carey 1991).

The recently recorded cases of volcanic activity in the
Caribbean, although dramatic, conceal the true frequency of
these events in the past. Archaeologists, historians, and
geologists have looked deeper in time and found abundant
evidence of destruction that would have affected prehistoric
populations and obscured the archaeological visibility of
settlement sites. Watters and Norton (2007) describe archae-
ological fieldwork on Montserrat prior to the eruption of the
Soufriere Hills volcano in 1995 (Druitt and Kokelaar 2002)
and later assessed the impact to these sites post-event. They
categorized the loss of primarily historical archaeological
resources into those that were: 1) destroyed/obliterated; 2)
entombed/buried; and 3) off-limits/unavailable. Among other
findings, they note that of the 50 identified plantation sites,
pyroclastic flows or surges had impacted nearly all of them
to some degree, and that the Radio Antilles Saladoid site is
probably “too deeply buried to ever again be researched”
(Watters and Norton 2007:50). Although this event clearly
affected the integrity and visibility of historical and
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archaeological sites in inland areas on Montserrat, it is also
noteworthy that pyroclastic surges extended all the way
down to the coast in some places, destroying villages like St.
Patrick’s which had existed since early historic times.
Fortunately, a recent effort by archaeologists from Brown
University as part of the Survey and Landscape Archaeology
on Montserrat (SLAM) project are documenting and
investigating sites on the island that should help determine
the current status and integrity of prehistoric and historic
sites on the island (Ryzewski et al. 2010).

Apart from the obvious destruction that volcanic events can
wreak on archaeological sites today, what about their
influence on societies in the past? Armstrong (1980) recorded
ash covering the Sugar Factory Pier Archaic site on St. Kitts
dating back to c. 2100 BC, emphasizing that there may be
many more sites in the Caribbean which are similarly
obscured, thereby skewing our interpretations of island
occupations across time. On St. Vincent, Callaghan (2007)
noted the presence of deep ash fall that had buried several
prehistoric sites (in one case, a single event was observed to
be 10 metres deep!). Inhabitants also seemed to have
preferred settling on parts of the island away from Soufriére
volcano which Bullen and Bullen (1972:95) report was
active around the time of Saladoid settlement in AD 295.
Callaghan (2010) has also explored the idea that volcanic
activity may have discouraged prehistoric settlements of
Caribbean islands. In his summary of eruptions over the past
4,000 years, he notes that there has been an event every
100 years on average and that during the Archaic Age,
volcanic activity was more frequent south of the Guadeloupe
Passage than to the north. This suggested to him that
eruptions may have been a deterrent to prehistoric settlers,
thus helping to possibly explain the paucity of Archaic sites
in the southern Lesser Antilles. Both Callaghan (2010) and
Armstrong (1980) recognized too that events such as these
may render many archaeological sites inaccessible or
unobservable to archaeologists.

In another study, Petersen et al. (1995:45) suggested that
the Trants site on Montserrat experienced “variably dense
concentrations of rocks superimposed on top of Amerindian
remains, with more Amerindian deposits clearly present
above the sometimes dense rocks.” The reason for the
distribution of these materials after initial Saladoid occupa-
tion around AD 200 was hypothesised to have occurred as a
result of a storm surge or pyroclastic event. Closer
examination seemed to support the latter, given that
eruptions of Mt. Pelée on Martinique around AD 210 and
AD 280 were thought to have buried the Vive site located
along the coast (Allaire 1989). The Trants site could have
either succumbed to Mt. Pelee’s eruption 230 km to the
south, or been affected by a contemporaneous event, not
unknown to occur in the Caribbean where two or more
volcanoes can erupt almost simultaneously. As Petersen et al.
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(1995:46) remarked, “[t]he rich record of adaptation to local
island life may have included by necessity a strong element
of catastrophic risk by the Amerindians.”

Paleotsunamis

In recent years, much attention has focused on catastrophic
tsunami events in the Indo-Pacific that have caused tens of
thousands of deaths and widespread destruction. Lesser known
are those that have occurred in the Caribbean—and while ones
documented historically have not caused the degree of damage
seen in the Pacific Basin—they have been both frequent and
destructive with at least 88 recorded between 1489 and 1998
(Lander et al. 2002; Scheffers 2004; Pelinovsky et al. 2004).

Tsunamis can be classified into four major categories: 1)
teletsunamis (those that originate from remote sources); 2)
landslide tsunamis (generated by the movement of mass
debris); 3) volcanic tsunamis (from some type of volcanic
activity); and 4) tectonic tsunamis (those that are produced
from sudden movement of the plates or crustal blocks) (see
Lander et al. 2002:58, 60-61). All four types are thought to
have occurred in the Caribbean, although those deriving
from landslides, volcanic eruptions, and tectonic activity
are considered to be more common.

In their review of paleotsunami events worldwide over
the last 4,000 years or so, Scheffers and Kelletat (2003)
provide descriptions of the varying types of sediments in
coastal environments that could be indicative of tsunamis
occurring. They note that in the circum-Caribbean there
have been tsunamigenic sediments recorded (north to
south) in the Caymans, Bahamas, Puerto Rico, Nicaragua,
Curagao, Bonaire, Aruba and Venezuela (see also Scheffers
2004). In some cases, events like these in the Holocene are
considered responsible for having moved boulders in
excess of 50 metric tonnes (mt) in Grand Cayman, 135mt
in Bonaire, and 281mt in Curacao. Some of these were
transported 100-160 m inland and several metres above sea
level. Scheffers (2002) also estimated that the amount of
sediment transported by a tsunami in the Netherlands Antilles
exceeded more than 1 million mt. Although the chronology
for many paleotsunamis in the Caribbean is still under
investigation, Scheffers’ (2004:171) work in the Netherlands
Antilles indicates that there were at least three tsunami
impacts during the Late Holocene at 500, 1500, and 3500
BP, well within the timeframe of human occupation here and
elsewhere in the Caribbean during the Ceramic Age.

In a critical review of the historical literature from the
Caribbean, Lander et al. (2002) developed criteria for
estimating the validity of probable tsunami events over the
last 500 years dating back to AD 1498. They suggest that
there were at least 91 waves reported that could have been
tsunamis; of these 27 were determined to be tsunamis, while
the other 53 lacked sufficient detail to make an unequivocal

assessment. Given the historical frequency of tsunamis in the
Caribbean (which occur every 26 years on average in the
Intra-Americas Sea Region), “the risk of potentially destruc-
tive tsunamis is greatest from the West Indies island arc with
its sub-aerial and submarine volcanoes, steep underwater
slopes and the active subduction zones of the Caribbean Plate
boundary marked by numerous earthquakes” (Scheffers
2004:171-172). Although the possible effects of past
tsunamis on archaeological sites in the Caribbean have not
been investigated in detail, it is quite probable that they have
affected them to some degree given the propensity for pre-
Columbian settlements to be located along the littoral zones of
islands. Future geoarchaeological research at archaeological
sites that focuses on examining evidence for tsunamigenic
sediments would surely be productive.

Hurricanes and other tropical storms

There is perhaps no other natural catastrophe more closely
associated with the Caribbean than hurricanes, and any
archaeologist who has spent time conducting fieldwork here
usually has at least one story of these interrupting research
activities. A hurricane is defined as “a tropical cyclone with
winds of 74 miles (119 km) per hour or greater that occurs
especially in the western Atlantic, that is usually accompanied
by rain, thunder, and lightning” (Merriam-Webster Dictionary
2010). The Caribbean Hurricane Climatology web page
<http://stormcarib.com/climatology/> provides a comprehen-
sive database of past hurricane and other tropical storm
activity in the Caribbean that has occurred between 1851 and
2008. It is important to note that only since 1944 have
reliable observations of tropical systems (those hurricanes
and tropical storms which are officially named) been made.
Over this 159 year period, the Eastern Caribbean experienced
260 named tropical systems that came within 60 nautical
miles of an island, averaging 1.6 per year. Those that reached
category 3 or higher occurred 39 times during this same time
interval, with 23 of those happening since 1944. Nonetheless,
the data provide a good indication of the frequency and
pathways for these events over the last century which can be
used as a proxy for what was happening in the past.

The powerful winds, torrential rain, and surges that
accompany tropical storm systems make them particularly
destructive to coral reef systems (Lewis 2002) and low
lying coastal areas where populations are concentrated and
which are extremely susceptible to flooding and other
associated processes. Scholars working in the Pacific Basin,
including Australia (Bird 1992; Przywolnik 2002) and
Tonga (Spenneman 1987), have documented the impact of
storms on archaeological sites. These have various effects,
ranging from the displacement and/or erosion of cultural
remains to the complete obliteration of sites. Although
storm-induced beach erosion is a major concern in the
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Caribbean (see Daniel and Abkowitz 2005), there has been
little work on the effects of these events on the archaeo-
logical record, although they are widely recognized (e.g.,
Delpuech et al. 1999:158; see Crock and Petersen 2001 for
one of the few descriptions for the region).

In one case, Watters and Petersen (1993:350) suggested
that a rapid sedimentation event at the Rendezvous Site on
Anguilla could have been the result of a hurricane. In
another, Clark et al. (2003) found what appears to be
discernible storm events at the Paso del Indio site in Puerto
Rico which dates between AD 450-1500. They analyzed
rates and levels of sedimentation at the site, observing
periodic flood events that, for the most part, would have
been attractive for site inhabitants growing crops along the
Rio Indio. However, they also recorded “a period of
frequent disturbance by large magnitude flows (c. AD
1000-1100)...represented by deposition of the storm
sequence...and [which] resulted in a drastic increase in
the rate of deposition” (Clark et al. 2003:646). Some of the
storm layers also contained remixed cultural material
suggesting movement and redeposition of site constituents;
considering that these were frequent events of great
magnitude, “the effects on the inhabitants were probably
severe” (Clark et al. 2003:646) and possibly the result of
“several storms occurring within a relatively short time”
(Clark et al. 2003:64). Although speculative, given that
Paso del Indio would have been only a few km from the
coast, the possibility exists that some of these depositional
sequences could have been caused by tsunamis which have
been seen in recent times to reach between 3 and 6 km
inland even in areas devoid of extensive drainage systems.

Climate change: coastal geomorphology and sea level rise

Decades of scientific research by climatologists worldwide
demonstrate that global sea levels are rising. Due to their low-
lying nature, this will disproportionately affect smaller island
nations such as those found in the Caribbean (e.g., see London
2004; Ramcharan 2004). Although there is general agree-
ment that sea levels will be variable across the world’s seas
and oceans depending on a local oceanographical and
geological factors, it is becoming clear that this will lead to
a host of deleterious effects that will only increase over the
next century, threatening to inundate coastal communities
and with that, the finite remains of the past.

Erlandson (2008), in an essay entitled “Racing a Rising
Tide”, outlines these threats which he reinforces in a paper
in this special issue of JCC (Erlandson 2010). This has
been a major topic for coastal archaeologists in the past
decade or so (see Erlandson and Fitzpatrick 2006; papers in
Rick and Erlandson 2008) and will continue to be at the
forefront of our concerns given the obvious impacts these
pose to coastal archaeological sites.
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Caribbean archacologists have noted a number of cases
where climate change has led to coastal geomorphological and
sea level changes during the Holocene that likely influenced
settlement patterns, affected the visibility and interpretation of
site locations, and impacted archaeological deposits (Littman
2001). Cooper and Peros (2010) provide an overview of a
newly developed research programme geared toward three
major impacts of climate change: sea level rise on a relative
scale; 2) shifts in precipitation; and 3) examination of the
frequency and intensity of storm events; and how these may
have influenced: 1) prehistoric settlement strategies; 2) food
procurement; and 3) architectural features. Although the
project is in its infancy, it will surely lend new insight into
how pre-Columbian populations reacted and adapted to
changing climatic conditions in the Caribbean as has already
been alluded to, but never firmly established, by a number of
previous studies.

Keegan (1995) provides a brief review of how sea level
fluctuations may have affected interpretation of site location
in the Caribbean. He notes how the anomalous inland
location of sites in the Turks and Caicos may only be the
result of slightly lower sea levels during the period of
occupation. Delpuech et al. (2001) describe sea levels on
Guadeloupe being about 1.8 m higher over the past
millennium which they attribute to a combination of tectonic
activity and subsidence. This served to submerge large areas
of land in a number of places, including several islets of the
Petit Cul de Sac marin that were shown on a map produced
in 1667 (Delpuech et al. 2001:103). Their findings suggest
that these coastline modifications may explain the absence of
earlier Archaic sites which are more abundant on nearby
northern islands such as Antigua and thus require investiga-
tion underwater to discover. These results are supported by
work at the site of Los Buchillones in Cuba where a partially
submerged Taino village was dated to ¢c. AD 1220-1640 and
contains well preserved palm thatch and wooden structures—
relative sea level here had risen over the last few thousand
years, but remained stable during the period of occupation
(Peros et al. 2006). Littman (2001) notes that in general, sea
level and shoreline stabilization after c. 4500-5000 BP
allowed people to settle coastal areas and river drainages
more easily, but that many would now be submerged.

The few cases presented here are indicative of the need to
explore past climate fluctations as an influential factor in
shaping how pre-Columbian peoples responded to the effects
of sea level change and coastal landscape modification. They
are also emblematic of the need for archaeologists to consider
these processes when constructing models of behavior (e.g.,
subsistence, conflict, settlement) that may have been influenced
by altered climatic regimes during the Middle to Late
Holocene. These are also important considerations when
selecting sites for future research that may be under immediate
threat as was stressed 30 years ago by Ruppé (1980).
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Cultural activities affecting archaeological sites
Sand mining and erosion

As noted previously, coastlines are vulnerable to a variety
of natural erosive factors. The degree to which they erode,
however, depends on many things such as on the proximity
and size of adjacent reef structures, lithology (basalts and
granite, for example, are more resilient to wind and wave
action than are looser soils and beach aggregates), wave
patterns, and local climatic regimes. Although beaches can
be comprised of varying lithological structures such as
clays, silts, gravels, cobbles, and boulders, sand (0.08-
4.6 mm in size) is often the most common sediment type. In
some cases, dunes may form, creating a natural buffer
between land and sea. Given the coastal and sandy nature
of many archaeological sites in the Caribbean, erosion by
the wave, tidal, and storm action is causing, and will
continue to cause, widespread destruction (for just a few
examples, see Watters 1983; Watters and Donahue
1990:375; Drewett 1991:221; Courtaud et al. 1999:278;
Pulsipher and Goodwin 1999:11; Wilson 2007; Reid 2008;
Schleupner 2008; see also Bruun 1962, 1983)

One of the major issues in the Caribbean, however, is
that dunes and other sources of beach sand have often been
targeted for mining by locals and developers to manufac-
ture cement or to replenish beaches in other locations. This
is a well-documented problem not only in the Caribbean,
but worldwide, and has drastically transformed coastal
environments. Sand mining is considered to be one of the
primary agents for altering or destroying coastlines in
Africa (Mensah 1997; Masalu 2002), the Pacific Islands
(Hesp and Hilton 1996; Hesp et al. 1999; Nunn 2000),
Azores (Borges et al. 2002), Maldives (Brown and Dunne
1988), Taiwan (Hou et al. 2002), and Korea (Cho 2006), to
name a few.

In the Caribbean, dunes at Josiah’s Bay in Tortola,
Diamond Bay on St. Vincent, and probably Grande Anse
Beach on Grenada, have completely disappeared due to
sand mining (Huber and Meganck 1990:103). Studies by
Daniel and Abkowitz (2003, 2005) illustrate the severity of
erosion—not only related to mining—but the effects this
has had in association with storm events. Baldwin (2000)
notes how the Red Jacket Mines Company, based in
Antigua, mined for sand on the neighbouring island of
Barbuda. In a single year (1990), the Company extracted
350,000 tonnes of sand from Barbuda and in 1994 the
island “was identified as the single most significant source
of sand in all of the eastern Caribbean (Baldwin 2000:210).
Despite some efforts by local Barbudans to attain an
injunction against this activity in 1993, it continued up
through 1997 and ultimately destroyed the largest source of
acquifer on the island (Baldwin 2000:210).

Ironically, one of the major problems is that when sand
is mined for use in construction, it often is not adequately
rinsed of salt using fresh water. This results in corrosion of
rebar-reinforced structures that compromise their stability. It
was perhaps no surprise then that when Hurricane Ivan
crashed into Grenada in 2004, over 90% of the structures
sustained some type of damage— many were simply turned
to powder from using inferior materials and building
techniques. This has also proved disastrous in Haiti where
there is little governmental oversight on building or the
quality of sand, mortar, and other binding agents used in
construction (Kidd 2010).

Unfortunately, there has been almost no attempt to
calculate how storms or sand mining may be affecting the
integrity of archaeological sites in the Caribbean. To help
ameliorate this issue, I began conducting the first system-
atic survey of the small island of Carriacou in the southern
Grenadines with colleagues from the Netherlands and UK.
We identified over a dozen sites, including two (Grand Bay
and Sabazan) that had exceptional evidence for deep
stratified deposits and remnants of a large prehistoric
settlement (Kaye et al. 2004; Fitzpatrick et al. 2010).

In 2003, we began investigating Grand Bay in more
detail and something we noticed immediately was that
photos taken by my colleague Michiel Kappers in 1999
showed a gradually sloping coastline for much of the site—
this, however, looked nothing like what we saw 4 years
later in 2003. Over the past 7 years we have mapped the
site and coastline in detail nearly every year with our Total
Station. Surprisingly, we found that Grand Bay was eroding
at an average rate of over 1 metre per year (Fig. 2). Storms
and tidal action were certainly obvious culprits, but
hurricanes are rare in the southern Caribbean. This changed
when Ivan came through in 2004 (the first in over 50 years)
and Emily the following year. Luckily our crew had left
before the former, but not the latter. Despite some of our
crew having to wait out Emily in 2005, it also gave us an
opportunity to examine the rate of erosion at Grand Bay
immediately pre- and post-hurricane. We noticed some
major impacts as a result, but primarily to those areas where
inlets had already been carved into the coastal profile.

A bigger problem as we came to realise was the nearly
constant sand mining taking place directly in front of the site
by locals. Each day, lorries or tractors would arrive with a
crew of three or four men shoveling sand into the back. On
some mornings we witnessed ten or more vehicles on the
beach engaged in this activity (Fig. 3). And while removing
such large quantities of sand alone can change erosion and
accretion patterns or interrupt and modify sand supply (see
Nairn et al. 2004:128), locals on Carriacou would often
target sand closest to the coastal profile at low tide which
was free from beach detritus like seaweed and garbage. The
undercutting of the profile to obtain cleaner sand ultimately
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Fig. 2 Map ofthe Grand Bay site
on Carriacou showing location of
5%5 metre excavation units and
sequential lines of erosion
between 2004 and 2010
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has led to widespread slumping that only increases after
periods of rain. Overall, we estimated that based on materials
recovered from excavation, we are losing on average over
280-300 cubic metres of soils (150+ anthropogenic),
13,000 kg of cultural remains, and dozens of features such as
burials and habitational remants (e.g., hearths, postholes) each
year (Fitzpatrick et al. 2006). Ironically, sand mining had
been done at other sites around Carriacou, but was stopped
after it became apparent that this was leading to the erosion
of historic graves (Fig. 4). Fortunately, efforts to document
the effects of erosion and sand mining is becoming more
sophisticated, with concerted efforts by a number of
archaeologists and other scientists in the Caribbean to record
sites using geographic information systems (GIS) and various
remote sensing techniques (see Robinson 2004; Reid 2008).
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Cultural heritage management: looting and development

The removal of artefacts and other cultural remains from
archaeological sites is pervasive, and the Caribbean is not
immune to the destructive effects of this activity. The
Caribbean, like many other parts of the world is dominated
by small island states, has relatively few natural resources
with which to sustain themselves economically, and often
resort to tourism on a mass scale. The combination of these
two issues, and multiple related ones, has caused an
indeterminable number of valuable archacological remnants
to be destroyed or removed from their original context.
The Caribbean has long been recognized by antiquarians
and archaeologists for the beautifully made pottery and other
artefacts such as shell adzes and ornaments, stone objects,
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Fig. 3 Excavation of Trench 446 at Grand Bay (looking north) in
2007. Note several lorries on the beach in top right hand corner
engaged in sand mining and erosion of the 5x5m excavation unit on
the right which was intact when work began in 2004

bone tools, and lapidary items that were produced by ancient
Amerindians, as well as historic structures and shipwrecks.
Unfortunately, the attractive qualities of these remains have
not gone unnoticed by visitors, souvenir collectors, and
looters as Roe (1985) and other scholars have noted for sites
throughout the Caribbean (e.g., Conrad et al. 2001:8-9;
Spooner 2004). Each year my colleagues and I go back to
the Grand Bay site on Carriacou where we see visible
evidence in the form of pottery sherd piles and holes from
people who have scoured the surface and coastal profile for
mementos to take home. The slight irony here, however, is
that the collection of material by non-archaeologists at some
sites may save them from being eroded away into the sea.
The Pearls site on Grenada is one of the more famous
examples in the Caribbean of digging, looting, and selling of

Fig. 4 Erosion of historic cemetery on Carriacou along the northeast part
of the island. Sand mining at this site was stopped after public outcry

cultural remains (e.g., Bullen 1964; Cody 1991). This is the
site of the former international airport, but which was later
moved to Pt. Saline near St. George’s. The resultant downturn
in the local economy as a result led to locals looting the site
for artefacts to sell to tourists. Today, this continues unabated
and has turned the largest and most important pre-Columbian
site in Grenada to a pock-marked moonscape of holes and
trenches (Fig. 5). This has the obvious effect of compromis-
ing the integrity and interpretation of these sites by removing
or displacing in situ remains. The unrestricted seeking of
artefacts for non-scientific purposes is problematic, but
cannot be stopped or easily regulated. One effort to
ameliorate this situation on a region-wide scale, however,
was a workshop conducted by Henri Petitjean Roget and
Gerard Richard and sponsored by the International Associa-
tion of Caribbean Archaeology that demonstrated ways for
locals to create replicas to sell instead of actual artefacts
(sensu Keegan and Phulgence 2010), something that locals in
Grenada are doing, but not exclusively (Fig. 6).

Keegan and Phulgence (2010) in their paper “Patrimony
or Patricide” discuss some of the other major problems
surrounding the preservation of archaeological sites and
associated remains in the Caribbean. One of the bigger
issues is that many countries here lack protective legislation
and have few (or no) trained archaeologists or dedicated
agencies on island that can respond to cases of impact or
destruction. This was certainly the case for Barbados when
I began working there in the early 1990s. During fieldwork
in 1995 with Peter Drewett, we became aware of a plan to
turn the large Heywoods site, located on the northwest
coast of the island (Drewett 2000, 2002) into a series of
high-end condominiums with an artificial marina. Luckily,
Drewett was able to convince developers to provide us with
time and resources (albeit limited) to investigate the site

i

Fig. 5 Series of trenches dug by locals into the Pearls site in Grenada
to apparently build a residence. It is clear, however, that this also
provided an opportunity for others to collect artefacts (June 2005)
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Fig. 6 A collection of authentic ceramic adornos (fop lefi and bottom
right) along with replicas made from stone sold by locals near the
Pearls Site in Grenada (June 2005)

that year; he was subsequently allowed to continue work
during later field seasons. What was surprising to me was
that developers were not required to conduct a comprehen-
sive environmental impact assessment that took into
consideration the effect the project might have on cultural
resources and make efforts to protect them.

According to the EIA, the marina plan emphasized
development that would attract upper income sections of the
tourism market. It was also to provide new high standard of
accommodation within existing tourism zones “in proximity of
the prime beach attractions” (Richard Gill Associates Ltd.
1995:2). The “Extensions of Tourism Development Plan”
stated that this site was to be specifically allocated for tourism
and recreational uses. The 1994 Manifesto of the Govern-
ment of Barbados provided a means for achieving maximum
tourist potential to earn foreign exchange and create jobs, and
was the political prelude for allowing such development.
Perhaps most noteworthy was one of the three principal
impacts identified under the section “Landscape and the
Environment.” This impact simply noted the “potential loss
of Arawak remains,” and suggested the possibility that an
indigenous Arawak settlement existed on or near the site.
“However, the previous cultivation of the land reduces any
potential archaeological importance” (Richard Gill Associates
Ltd. 1995:15).

Suffice to say, the Heywoods site is now almost completely
destroyed and now known as Port St. Charles, one of the most
exclusive villa resorts in the Caribbean. In this case, the desire
to generate much needed revenue trumped concerns for long-
term archaeological research and preservation of the site. The
Heywoods case study shows how impacts to a site can be on
the order of catastrophic when one considers the amount of
information lost archaeologically and environmentally. But,
the Heywoods salvage project can also serve as an example of
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a cooperative effort between developers and archaeologists to
collect archaeological data in the absence of laws requiring
them to do so.

Large scale development on many Caribbean islands
during the last 50 years or so has primarily revolved around
mass tourism geared toward European and North American
travelers, although agriculture and animal grazing from the
historic period to the present has also had major impacts
along coastal zones (Bélisle 1983; McElroy et al. 1990;
Ellison and Farnsworth 1996). The iconic palm-lined
beaches and tropical resorts are major attractants to visitors,
but these developments and their associated landscape and
infrastructure modifications are centred along the coast. The
Organization of American States (1983) estimated that in
the Caribbean, the majority of resorts are built within 800m
of the shoreline. As a result, this has tremendously affected
both the cultural and natural environment within the littoral
zone.

Baldwin (2000) describes the problem this has created in
Antigua, Schleupner (2008) for Martinique, and Siung-
Chang (1997:53) for the Caribbean in general, where
development, much of it geared toward tourism, is
considered to be one of the major agents in altering the
environment. Problems range from dredging channels for
harbors and marinas, yachts and cruise ships, beach
nourishment or replenishment, and concrete aggregate in
construction that has led to, among other things, the killing
of coral reefs due to increased sedimentation, illegal sewage
dumping in salt ponds, resort landscape creation that has
impacted mangrove swamps and salt ponds, boating and
diving activities that use reefs as anchors, and sand mining
that blocks tidal inlets and prevents tidal flushing. With
marine pollution resulting from agriculture, tourism, and
population growth becoming more widespread, the “long-
term” impacts on the ecological integrity of coastal
ecosystems and fisheries, and water quality for sustainable
tourism development, would make them among the most
serious pollution problems in the Caribbean” (Siung-Chang
1997:53). As Yaw (2005) demonstrates, however, there are
signs that some of these problems are being addressed as a
growing sector of the tourist industry begins focusing on
cleaner technologies to ensure the attraction of their
products to foreign visitors. One hopes that this kind of
effort becomes the norm, not the exception.

The cases 1 describe above demonstrate the added
challenge of archaeologists having to become advocates for
preserving the past. In places where local populations have
little or no connection to the prehistoric past and limited
financial resources, as is the case for much of the Caribbean, it
is often more difficult to convince governments that archae-
ological remains, particularly those prehistoric in nature, are
worth saving. My colleagues and I have had some success in
this regard on Carriacou though, where in 2008 the new Prime
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Minister made a special visit to observe our fieldwork, saw
what sand mining had done to the site, and placed a ban on
further sand removal. Suffice to say, it appears to be business
as usual—reports from colleagues on island indicate that this
activity is continuing unabated and now being done under
cover of darkness.

Although it is not the goal of this paper to provide a
comprehensive review on the status of legislation in the
Caribbean, Keegan and Phulgence (2010) provide a short
summary on the current status of preservation laws and
which are explained more fully in various case studies found
in Righter and Siegel (2010). But it is worth noting that
many of the islands who have not enacted laws such as
Grenada, St. Vincent, and St. Lucia, have instead formed
National Trusts based on the British model and been fairly
successful at regulating archaeological research and working
with local governments on important preservation issues.

Discussion and conclusions

The Caribbean compared to other world regions seems to be
disproportionately vulnerable to natural and coastal processes
which have affected human populations both today and in the
past. As one might imagine, this does not bode well for the
long-term preservation of archaeological sites. As I have
demonstrated, the wide range of cataclysmic events that have
been documented—volcanism, tsunamis, earthquakes, and
hurricanes—coupled with human related activities such as
development, sand mining, and looting, provide the perfect
storm for large-scale destruction of the Caribbean’s archaeo-
logical record in the not so distant future. As global climate
continues to change, which climatologists predict will lead to
an increase in sea level rise and sea surface temperature, shifts
in precipitation patterns, and more intense and/or frequent
tropical events, among many other problems, it is likely that
the Caribbean will experience other related catastrophes,
including landslides, coastal erosion, flooding, loss of
protective sandy beaches and coral reefs, and contamination
of freshwater sources that will only exacerbate the dire
situation at hand. As Pelling and Uitto (2001:50) note, the
Caribbean already has the most disaster prone island group
in the world—the Greater Antilles—in which Jamaica, Cuba,
and Haiti alone reported 44, 47, and 48 disaster events,
respectively, between 1990-1997. Given that the economies
of these islands are unstable and have weaker “political and
institutional development...[they] are heavy losers to repeat-
ed disaster shocks” (Pelling and Uitto 2001:50). This
certainly rings true for Haiti, which of all small island
developing states (SIDS) ranks second in the world in
number of deaths (n=13,372) from disasters between 1900—
97 and number one (n=342) from 1987-1997 (Pelling and
Uitto 2001:51). The recent earthquake, with an estimated

death toll that may reach 230,000, will represent an
unfortunate spike in future statistical comparisons.

The Caribbean is truly a remarkable place geologically,
biologically, geographically, oceanographically, and archaeo-
logically. As we ponder the ways to best understand how
humans in the past colonized the West Indies, the natural
events they responded to, and what this means for archae-
ologists today, we should remind ourselves and others that
preserving the past is a tremendous and challenging respon-
sibility. The shoals of the Caribbean, and the giants that sleep
within—whether they refer to erupting volcanoes, shifting
tectonic plates, hurricanes, rising sea levels, or hotels and
machinery—are on our shoulders. They require our upmost
attention, and if we fail to be proactive about investigating and
preserving these sites to the best of our ability, we face a much
greater archaeological calamity than we could ever have
imagined—the wholesale and catastrophic loss of a people’s
(and region’s), history.
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