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Abstract: Interdisciplinary approaches bave been used not only to interpret past patterns of natural resource
utilization but also to provide useful tools for conservation biology and resource management. I report bere
the depletion of the pearl oyster (Pinctada imbricata) beds off the coast of Cubagua, Venezuela, in the six-
teenth century and the replacement of the oyster by the turkey-wing mussel (Arca zebra). I used bistorical tax
data to conclude that the rapid depletion of this resource was the result not only of overexploitation in a
short period of time but also of the ecology of the place used by bumans to carry out such activity. Under con-
ditions of ecological stress generated by overexpoloitation, the turkey-wing mussel outcompeted the pearl oys-
ter, thus preventing its recovery. Finally, I propose that the exploitation of the pearl oyster beds directly
influenced the demograpbic, social, and cultural conditions of the indigenous buman populations in the Ca-
ribbean and, to a certain extent, in Africa.

Muerte e Impuestos: El Caso del Agotamiento de los Bancos de Ostras Perliferas en Venezuela en el Siglo XVI

Resumen: Se bhan utilizado enfoques interdisciplinarios no solo para interpretar patrones bistoricos de uso
de recursos naturales, sino también para proporcionar berramientas iitiles a la biologia de la conservacion y
el manejo de recursos. Aqui reporto el agotamiento de los bancos de ostras perliferas (Pinctada imbricata) en
la costa de Cubagua, Venezuela, en el siglo XVI y el reemplazo de esta ostra por el mejillon (Arca zebra).
Utilicé datos bistoricos de impuestos para concluir que el rapido agotamiento de este recurso fue resultado
no sélo de la sobreexplotacion en un corto periodo de tiempo sino también de la ecologia del sitio utilizado
por bumanos para llevar a cabo tal actividad. Bajo condiciones de estrés ecologico generados por la sobre ex-
plotacion, el mejillon desplazé competitivamente a la ostra, evitando asi su recuperacion. Finalmente, pro-
pongo que la explotacion de los bancos de ostras perliferas influyé directamente sobre las condiciones de-
mogrdficas, sociales y culturales de las poblaciones bumanas indigenas en el Caribe y, basta cierto punto, en
Africa.

Introduction

There has been increasing interest in approaching con-
servation biology from a historical perspective, which
implies an interdisciplinary approach (Meine 1999).
Jackson (2001:5411) has said that “Paleoecological, ar-
chaeological, and historical data are the only means for
extending ecological records back long enough to docu-
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ment . . . the magnitude of earlier anthropogenic
change.” Past approaches have centered on population
abundance and species extinction when humans oc-
cupy new areas (e.g., Simmons 1993; Coates 1998).
Overexploitation (the “overkill” model; Martin 1973,
1990) and habitat modification (Agenbroad et al. 1990
and papers therein) resulted in species extinctions
(termed neoextinctions or Holocene, historical, contem-
porary, or present-day extinctions; Carlton 1993) as hu-
mans moved from one continent to another. For the
American continent this phenomenon took place in the
last 10,000-15,000 years. Yet the exact mechanisms by
which those extinctions occurred are not well under-
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stood (Webster & Webster 1984; Forester & Machlis
1996; Pimm 1996).

Because most neoextinctions can be attributed di-
rectly or indirectly to humans, the study of the interac-
tions between the environment and human social orga-
nization and behavior can help us better understand the
mechanisms leading to these types of extinctions. This
understanding, in turn, may be used to establish more ef-
fective conservation policies, particularly in developing
nations, where there are still large human populations
living in rural areas or still practicing semi-indigenous
modes of living. This interdisciplinary approach has al-
ready been used to reject the hypothesis of the “ecologi-
cally noble savage” (e.g., Alvard 1995; Kallendorf 1995;
Buege 1996; Headland 1997) and to incorporate an envi-
ronmental perspective into historical interpretations
(e.g., Ponting 1991; Sale 1991; Pastor Bodmer 1992; Si-
mon 1997; Diamond 1998; Martin & Szuter 1999). Most
neoextinction studies have dealt with terrestrial ecosys-
tems and species, but recently some authors have
started to focus on this phenomenon in coastal ecosys-
tems (e.g., Jackson 2001).

Despite progress in understanding ecological issues
from a historical perspective (e.g., Crumley 1994; Balee
1998; McCann 1999a,b; Egan & Howell 2001), some
questions remain. One involves the impact of humans
who arrive in environments inhabited by other humans
with very different economic and social structures.

The arrival of Europeans on the American continent
offers a clear opportunity to analyze neoextinctions.
Post-Columbian extinctions are not only relatively re-
cent but also much better documented than prehistoric
ones, which provides an opportunity to better under-
stand the interplay of social and ecological factors. I de-
scribe what I believe was the first case of depletion of a
natural resource by Europeans on the American conti-
nent: the demise of pearl oyster (Pinctada imbricata)
beds around the island of Cubagua off the coast of Vene-
zuela.

Before Columbus’s arrival on the American continent,
pearls were used as ornaments among indigenous peo-
ples of the southern Caribbean. By the time of Colum-
bus’s first voyage to America in 1492, pearls were al-
ready considered an important commodity in trade
between Europe and what was known then as the Indies
(de Silva 1978; Bernabeu 1995). Trade records, paint-
ings, and engravings of the fifteenth and sixteenth cen-
turies show that pearls were in great demand and were
used in abundance by people of rank and fortune (Kunz
& Stevenson 1908). Pearls were among the most valu-
able commodities that Spanish ships carried to Europe
(Mosk 1938; Haring 1964).

Until 1530 the value of pearls shipped from America
to Europe averaged more than one-third of all the yearly
production of the gold and silver mines on the American
continent. Before the establishment of Mexican and Pe-
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ruvian mines, pearl exports from the New World under
Spanish control exceeded the value of all other exports
combined (Kunz & Stevenson 1908). I characterize the
historical, economic, social, and political circumstances
that led to the depletion of the pearl oyster beds of Cu-
bagua and establish the connections between those fac-
tors and the natural history of the resource that was de-
pleted. I use this information to make a case that the
pearl harvest was an unsustainable use of a resource that
lead to its rapid local depletion and that had important
impacts on native peoples.

Geographical Background

Coche, Cubagua, and Margarita are three major islands
off the eastern coast of Venezuela. They are grouped po-
litically as part of the state of Nueva Esparta and are lo-
cated about 10, 17, and 25 km, respectively, from the
Araya Peninsula on the mainland of Venezuela. The is-
land of Cubagua is 9 km south of the coast of Margarita
(Willis 1976) (Fig. 1).

Cubagua is an island of subeliptic shape with a total
area of 22 km? of mostly flat landscape and a coastline
lined with cliffs (Kugler 1957; Anonymous 1970). The
exception in this general landscape is the northeast cor-
ner of the island, where there is a rectangular-shaped
lowland known as La Cabecera de Cubagua (Fig. 2). The
events that led to the extinction took place in this low-
land in the town of Nueva Cadiz.

Cubagua is, ecologically speaking, a dry desert with an
annual precipitation of 250 mm. The island is well
drained due to the sandy and clay soil over mostly lime-
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Figure 1. Map of the area in which the exploitation of

the pearl oyster beds and related bistorical events in
the Caribbean took place.
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Figure 2. Map of the islands of Marvgarita, Coche, and
Cubagua. Shaded areas represent former or current
pearl oyster beds (after Salaya & Salazar 1972).

stone bedrock (Helmer 1962). The island’s only fresh
water occurs in small, underground reservoirs. All plant
species are sparse and typically xerophytic (Johnston
1909; Olivo Chacin 1989).

Methods

To reconstruct the circumstances under which the pearl
oyster beds became depleted, I synthesized historical,
economic, political, social, and biological information
related to the pearl oyster and its exploitation. For the
historical narrative I relied on historic accounts (e.g., de
Las Casas 1552/1992; Lopez de Goémara 1554/1965; de
Castellanos 1589/1857), modern studies of earlier docu-
ments (e.g., Morén 1954; Otte 1961; Helmer 1962), and
archaeological findings on the islands (summarized by
Willis 1976).

To understand the impact of exploitation on the popu-
lation ecology of the Cubagua pearl oyster beds, I calcu-
lated the number of individual oysters taken, based on a
summary of tax records (Otte 1977). To ensure that my
calculations were made in the most conservative man-
ner, I developed the following protocol:

(1) 1 only used data from 1515 on, the year in which
precise tax records began to be kept, despite the
fact that significant exploitation had taken place in
previous years.

(2) 1ignored pearls that were not declared to the tax
authorities. Historic and contemporary estimates
show that more than half the pearls extracted were
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not declared, in order to evade taxes, or were used
as local currency (Benzoni 1565; Otte 1977).

(3) [lignored decimals and rounded numbers up to the
nearest low integer.

(4) Because official figures from 1509 on represented
a 20% tax of the production, I multiplied these fig-
ures by five to obtain the gross production.

(5) To generate the most conservative estimates of
oysters collected per pearls produced, I assumed
the highest estimates of pearl productivity or yield
per number of oysters collected in Cubaguan wa-
ters between 1515 and 1541.

(6) Given that the Spanish records primarily contained
information about the weight and quantity of the
pearls rather than their quality, I assumed that all
pearls were of the highest quality and weight (five
carats). In that way assumptions about the number
of pearls produced were maximized per unit of
effort. Thus, to apply the most conservative ap-
proach, I assumed the highest possible productiv-
ity and the lowest number of oysters extracted per
pearl.

History

Pre-Columbian Period

The earliest inhabitants of the Caribbean basin were the
Paleo-Indians who arrived on Cubagua about 4325 B.P.
(2325 B.C.) =80 years. They traveled from the mainland
to the islands by means of rafts and were subsistence
fishers (Rouse & Cruxent 1963; Cooke 1998). On the
mainland they collected and gathered food and hunted
big game but did not practice agriculture or use stone
tools. These peoples probably migrated in response to
the extinction of the large game animals and the decline
of the big game-hunting culture on the mainland (Watts
1987). In the Caribbean, Paleo-Indians were followed by
Meso-Indians (about 3000 B.P.), who also visited Cuba-
gua. Meso-Indians were more technologically sophisti-
cated and reached the Greater Antilles from what is to-
day Venezuela by using their navigational skills. They
also lacked agricultural skills and were mostly collectors
and fishers. Only a few Meso-Indians remained by the
time Europeans arrived: a small group in western Cuba,
the Guanahacabibe (wrongfully called ciboney), and an-
other unnamed group in the southwestern peninsula of
Hispaniola (Watts 1987).

Throughout the Caribbean, Meso-Indians were sup-
planted by the Neo-Indians. The Neo-Indians were com-
posed of two distinct groups: the Arawaks and the Car-
ibs. The Arawaks originated in South America. They
started colonizing the Greater Antilles beginning about
2100 B.p., and they visited Cubagua (Rouse & Cruxent
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1963). They were the first Amerindians encountered by
Columbus. Arawaks were mostly farmers who some-
times lived in stable villages. They also consumed fish,
shellfish, turtles, and manatees (Rouse 1964). Land ani-
mals played a minor role in their diet (Watts 1987).

The Caribs came from the Orinoco region, and they
came after the Arawaks. They colonized the Lesser An-
tilles about 1000 B.p. By the time of Columbus, the Caribs
were living in what are today northern Brazil, the Gui-
anas, Venezuela, and the Lesser Antilles. The Arawaks
dominated the islands north of Venezuela (including
Margarita, north to Cubagua), Trinidad, and the Greater
Antilles. Like other cultures before them, the Arawaks
visited Cubagua but never established permanent settle-
ments there (Rouse & Cruxent 1963). The Caribs, also
practiced agriculture, as did the Arawaks, but because
they were aggressive expansionists and thus tended to
move more, they depended more than the Arawaks in
their hunting, fishing, and collecting. The Arawaks
feared the Caribs as warlike groups who, during certain
periods, raided Arawak settlements for slaves and some-
times practiced cannibalism. Spaniards involved in the
pearl oyster fishing in Cubagua exploited this fear of the
Caribs. It is difficult to determine the population size of
all indigenous people and thus their potential effect on
natural resources. Past attempts to estimate population
size have been controversial (for a summary and analysis
of these controversies, see Henige 1998). An accepted
figure for the number of humans inhabiting the area
considered for this study at the time of Columbus’s ar-
rival is 50,000 (Lockhart & Schwartz 1983).

The most likely reason that none of these native peo-
ples settled permanently in Cubagua was the lack of
fresh water. Because none of these cultures had a writ-
ten language, we know they used oysters for food and
pearls for ornamentation only through the accounts of
the Spaniards (Willey 1971; Willis 1976).

Discovery and First European Exploitations (1498-1502)

Christopher Columbus was the first European to realize
the economic potential of Cubagua. During his third
voyage in 1498, he obtained more than six marks (about
1.4 kg) of pearls by trading hawk bells (small brass bells
used to decorate bustles, dance sticks, bonnets, and
bags), beads, and sugar for them with the Arawaks of
the Paria Peninsula, on the eastern continental coast of
what is today Venezuela (Fig. 1). Arawaks boarded Co-
lumbus’s ship and, while trading the pearls they wore,
told him where the pearl oyster beds were. Because of
spoiling cargo and his deteriorating health, however, he
elected to continue to his final destination. He never re-
turned to those waters (Sauer 1966).

Columbus’s political enemies in Spain took advantage
of the fact that he never set foot on the Paria Peninsula,
which in legalistic terms meant he had never taken pos-
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session of the land. These enemies of Columbus issued
capitulaciones (contracts) allowing others to explore
what Columbus had discovered. Thus, at least two voy-
ages to the Paria Peninsula were undertaken in 1499,
one by Alonso de Hojeda (or Ojeda) and the other by
Peralonso (or Pedro Alonso) Nifio. Besides cutting valu-
able brazilwood (Caesalpina echinata) (Defilipps 1998),
these explorers obtained 44.16 kg of pearls through
trade (Sauer 1966). The richest pearl oyster beds were
east of Cubagua and Coche, east and southeast of Marga-
rita, and northwest of the Araya Peninsula (Fig. 2). From
1500 on, this section of the coastline was known as the
Costa de las Perlas (Pearls’ Coast) (Morén 1954). An ex-
pedition led by Luis Guerra in 1502 yielded a costal (sack-
full, approximately 46 kg) of pearls (Mosk 1938). Because
the Spanish Crown had declared the pearl trade a royal
monopoly, it is possible that many more Spaniards from
the mainland, Hispaniola, or Borinquen (Puerto Rico)
ventured illegally into Cubagua during those years, leav-
ing no historical record of their exploitation or their im-
pact on the pearl oyster beds.

First European Settlements (1502—1508)

Unauthorized travelers established the first European
settlements in Cubagua, which consisted of clay and
straw huts (rancherias). These rancherias were occu-
pied for 3-4 months each year during trading (Rouse &
Cruxent 1963). In 1504, given the increasing demand
for pearls and the potential tax benefits to the Spanish
Crown, King Ferdinand ordered his governor at Hispani-
ola, Nicolas de Ovando, to build a fortress on the Costa
de las Perlas to provide protection and a base for pearl
commerce. The next year Ovando organized an expedi-
tion to scout for the best place for the fortress and to es-
tablish commercial relations with the natives. Ovando
returned to Spain with 39 marks (approximately 9 kg)
of pearls. In 1509 Ovando wrote a report to the king in
which he recommended not building a city on Cubagua
because of the lack of freshwater. He further explained
that having developed good relationships with the na-
tives, there was no need for further conquests because
trade could continue for many years. He also recom-
mended that visits to Cubagua be prohibited to those
who extracted pearls without paying taxes. These rec-
ommendations were never implemented (Sauer 1966).
In its early stages, trade went well. Apparently the
Spaniards tried to maintain good relations with the
Guayqueri Indians (the local Arawaks) of Margarita in
order to avoid the mistakes made in Hispaniola, where
the Spaniards alienated and eradicated the local labor
force. Natives were happy to trade pearls for wine, linen
shirts, wheat bread, firearms, and other European goods.
Friendly settlers were given a native woman as a wife or
concubine, and the Spaniards made themselves valuable
as protectors against the Carib attacks and the incur-
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sions of other Spaniards from the mainland who sought
to enslave the Guayqueris.

However, tensions soon arose. As more Spaniards

poured into these islands, the natives started to demand
more for the pearls and insisted that the Europeans go to
Margarita Island to haggle for them. Further, because the
Guayqueris were more than satisfied with the initial
level of trade, they showed little interest in intensifying
pearl extraction. This irritated the growing number of
Spaniards who became convinced that the only means
of satisfying their demand for pearls was to enslave the
natives. Any native who resisted Spanish sovereignty or
who was labeled a “cannibal” could be legally enslaved
(Hulme 1986).

Large-Scale Exploitation (1508-1520)

The increasing demand for pearls led to the introduction
of enslaved natives from many other Caribbean islands
and coastal areas of Venezuela (Willis 1976). As early as
1508, large numbers of Lucayan Indians from the Baha-
mas were taken by force to Cubagua (Watts 1987). Lu-
cayan Indians were especially prized for their swimming
and deep-diving abilities, skills they had developed through
the aboriginal practice of diving for conchs (Strombus
spp.). The Lucayans could dive 30 m or more, and the
average pearl bed was at about 13 m and the deepest at
about 22 m (Mosk 1938). By 1518 the Bahamas had
been completely depopulated of Lucayans from a popu-
lation believed to be originally 60,000 (Muilenburg 1991).
Africans were also imported and taken to Cubagua to
toil in the pearl fisheries (Galtsoff 1950).

All contemporary accounts describe the treatment of
the native pearl divers as harsh. Divers worked from
dawn to dusk, six per boat. They dove to the pearl oys-
ter beds attached to a rope that was tugged after a
minute or so. The rope was used to quicken the time for
the divers to surface. Each diver was equipped with a
small pouch fastened to his waist or neck. There he
placed oysters as he collected them from the bottom. If
‘diving in deeper waters, the diver weighed himself
down with two heavy stones in order to reach the bot-
tom faster and remain there longer while spending less
energy. Divers were allowed little rest time between
dives, and if they delayed too long, the overseer whipped
them. In 1 or 2 weeks one of these boats would harvest
some 35,000 oysters. At night the pearl divers were
chained so they could not escape. Most divers died from
either hemorrhages caused by decompression or shark
attacks (Oviedo Y Valdez 1535; de Las Casas 1552/1992;
von Humboldt 1799-1804/1956; Morén 1954; Helmer
1962).

From 1509 on, the Spanish authorities tried to stimu-
late the establishment of permanent settlements in Cu-
bagua. The Spanish government opened up the pearl
trade by reducing the tax from 50% to 20% of gross pro-
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duction, but the lack of water, wood, and construction
materials prevented the Spanish from establishing long-
term residency on the island. In 1512, the Spanish at-
tempted to encourage a permanent settlement by asking
the Dominican friars to settle off the coast of Cumana
(or the nearby Chichirivichi or Piritu), where the Manza-
nares River could provide fresh water to the colonists in
Cubagua. This failed because of the revenge the natives
took on the friars as a consequence of their mistreat-
ment by other Spaniards. In 1516, trade with natives in
wine and firearms for pearls was prohibited because of
increasing native hostility (Otte 1961).

In 1519 Charles V became King of Spain. An increased
demand for luxury in the court intensified the demand
for pearls. By that time, with a resident population of
nearly 300, Nueva Cadiz had become a true “frontier
town,” plagued by administrative corruption, drinking,
gambling, murder, adultery, and the rape of native women.
These excesses led, in 1520, to a major rebellion by the
natives. The Spaniards responded a year later with a pu-
nitive expedition that decimated many of the native
groups of the region (Simon Velasquez 1956; Otte 1961;
Muilenburg 1991).

Rise and Fall of Nueva Cadiz (1523-1545)

The Spaniards did not control the Pearls’ Coast politi-
cally and militarily until they built a fortress ‘at Cumana
in 1523. This brought the continental natives under con-
trol and allowed Cubagua to reach its economic splen-
dor. The Spaniards brought stones to the island from the

Araya peninsula and erected permanent brick buildings.

They also constructed public buildings and masonry
houses. The Franciscan monastery was probably the

most impressive of these buildings. It displayed elabo-
rately carved stone gargoyles imported either from the

South American mainland or Spain (Rouse & Cruxent

1963). The city of Nueva Cadiz was incorporated i
1527, becoming the first European city in South America.

It had a population of 223 Europeans and 700 natives.

Between 1530 and 1535 fisheries were being exploited to

the maximum and supported a total population of be-

tween 1000 and 1500 (Morén 1954; Otte 1961).

In 1528 the Spanish king authorized an associate to
dredge the pearl oyster beds from which the king would
receive one-third of the profits. The citizens of Nueva
Cadiz complained before His Majesty because they be-
lieved this practice would severely deplete the oyster
beds. As a result of these complaints the use of dredges
was authorized only beyond 6 fathoms (approximately
10 m). The first signs of exhaustion of the pearl oysters
occurred at this time (Fig. 3).

By 1531 the city had 1000 inhabitants, and depletion
in the pearl oyster beds became more acute (Moron
1954). In what may have been the first case of conserva-
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Figure 3. Pearl production in kilograms based on tax information from 1515, when tax records became available,
until 1542, when production fell to zero. Historical events are consistent with oyster exploitation and pearl produc-
tion. For example, large-scale production did not start until the Spaniards gained full control of the pearl oyster
bed areas; the city of Nueva Cddiz was incorporated at the beight of pearl production; the introduction of dredges
belped maintain production for 2 or 3 years (after which depletion of the beds became acute); restrictions and
moratoriums were never effective, probably because they were too little too late.

tion measures recorded in modern history, the Spaniards
limited both boat size and the number of divers per
boat. They also limited pearl diving to 4 hours per day at
depths not to exceed 13 m. These restrictions, however,
were applied only to certain beds. There is no evidence
that these new rules were enforced (Galtsoff 1950;
Helmer 1962).

In 1533 the Spaniards established a 6-month morato-
rium. From 1535 on the divers found the oysters only at
great depths. That year Cubagua began to be depopu-
lated in favor of newly discovered pearl oyster beds on
the South American coast, such as Cabo de La Vela and
Rio Hacha off the Guajira Peninsula (Fig. 1; Luengo
Mufioz 1949). In 1536 further depletion led the Span-
iards to extend the moratorium on pearl fishing in Cuba-
gua from January to September (Otte 1977). The next
year the Crown learned that no pearls had been ob-
tained in a year and a half. This, together with attacks by
pirates, resulted in the accumulation of debt on the is-
land. The Spanish could no longer successfully finance
the colony (Helmer 1962). By 1537 only one pearl fisher
per boat was allowed, and in 1539 there were only be-
tween 10 and 50 people left on the island. In 1541 a hur-
ricane-like storm (Vila 1948) destroyed the remaining
buildings. This was followed in 1543 by an attack by
French corsairs that forced the remaining Spaniards to
leave for Margarita. Therefore, in only 45 years, from Co-
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lumbus’s first trade to the abandonment of the colony,
the pearl oyster beds had been completely depleted.
Later attempts to recolonize Cubagua failed (Quiévreux
1900; Mosk 1938; Goggin 1968; Willis 1976). By the
1960s, 96% of the pearl oyster banks were completely or
almost completely depleted and the pearl oysters had
been replaced by the turkey-wing mussel (Salaya &
Salazar 1972).

Economic Background

Although many of the pearls harvested were sent back
to Spain and used in clothes and jewelry for the nobility
and ornamentation for the church, most of them were
traded to other nations for manufactured goods. The
Spanish relied so heavily on pearls as a trade medium
that they were left with a broken economy once the
supply from the Americas was depleted (Helmer 1962).
Because Spain had traded its new wealth (including
gold) to other countries, it was left with practically no
long-term benefit from the pearls and gold into which it
had invested so much time and effort.

The Spanish on Cubagua used the great output of
pearls to live a luxurious lifestyle that they maintained
even after the yield of pearls diminished (Helmer 1962).
Lack of local resources and rapid, extraordinary wealth
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encouraged price inflation of essential goods. Prices for
products in Cubagua were about those for goods in
Santo Domingo (Otte 1977), which resulted in an insur-
mountable debt (Willis 1976).

The economy of Cubagua was unsustainable. The is-
land lacked essential natural resources. Water, wood, di-
versified sources of food, construction material, and
other necessities all had to be imported (Rouse & Crux-
ent 1963). Local food sources included oysters, turtles,
fish, wild mammals such as deer (probably captured in
Margarita Island) and rabbits (probably from both Mar-
garita and Cubagua), and marine birds from Margarita
and the mainland. A few remains of domesticated ani-
mals such as pigs, chickens, sheep, goats, and cows
have been found. These animals were probably slaugh-
tered immediately after being brought to the island be-
cause the lack of natural vegetation in Cubagua did not
provide appropriate conditions for grazing animals.
Some cats and dogs were also introduced (Wing 1961).
Pigs and chickens were a bit more conimon, probably
because they are less dependent on natural vegetation to
survive and can be fed with human refuse (Reitz 1991,
1992). The vegetables eaten at that time included the
manioc and the cassava, both brought from elsewhere in
the Caribbean.

A few pearls can still be obtained in the Cubaguan wa-
ters from natural extraction, yet the development of cul-
tured pearls in the early twentieth century (Matsui 1975)
rendered such extraction economically nonviable.

Social and Political Impacts of the Pearl Oyster Exploitation

In addition to its role as a pearl production center,
Nueva Cadiz served two other functions: it was a collec-
tion point for slaving activities on the mainland and a
jumping-off spot for the first Spanish attempts at coloniz-
ing the South American mainland. The expansion of agri-
cultural practices in the Caribbean, coupled with the
rapid extermination of most of the native population of
the larger islands by colonists, resulted in high demand
for slaves at correspondingly high prices. Nueva Cadiz’s
location made it a perfect spot to collect captured na-
tives from the mainland to be shipped to buyers in the
Greater Antilles. Further, to gain access to pearl oyster
beds, a person had to be a Sefior de Canoa (boat lord),
a title of legal stature that was achieved by owning at
least 12 pearl divers. In 1535 some Sesiores de Canoa
may have had up to 50 divers, and the wealthiest in the
island had more than one boat (Otte 1977).

The proportion of Europeans to non-Europeans (mostly
Native Americans, but also Africans) may have been 1:4
or 1:5 by the height of pearl exploitation (Rouse & Crux-
ent 1963). Because of the high mortality among slave
divers, the high demand for cheap slave labor and
women, and the low human population density along
the Venezuelan coast (approximately 50,000 at the time
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of Columbus’s arrival; Lockhart & Schwartz 1983), the
local indigenous population was rapidly decimated. There

" was a great deal of translocation of people, the most sig-

nificant example being the Lucayans.

Impact of Exploitation on Pearl Oyster Population Ecology

Based on tax records (summarized in Otte 1961), I esti-
mated that the total weight of pearls produced from
Cubagua between 1515 and 1542 was, at 2 minimum,
11,326 kg. One kilo equals 50 carats, so total gross pro-
duction was 566,300 carats. We do not know the actual
productivity of Cubagua’s pearl oysters. The most con-
servative calculation of pearl productivity is 200-300
oysters per carat (0.20 g) (Galtsoff 1950). Taking the
most conservative approximation of 200 oysters per
carat, this means that, at a minimum, 566,300 carats of
production were the result of harvesting 113,260,000
oysters. Although I have not been able to find any esti-
mate of the natural population size of this species in any
location that would put this number in context, this fig-
ure is astonishing, especially if one considers the conser-
vative nature of the estimate. The total number of oys-
ters harvested could be reasonably multiplied by at least
a factor of two if one assumes, as contemporary ac-
counts indicate, that less than half of the actual produc-
tion was declared. Also, it is important to remember that
for these calculations I used figures only from those
years for which there are tax records and ignored extrac-
tion in those years (1498-1514) for which tax records
were not kept. Further, historical records (Otte 1961)
indicate that, in actuality, only one pearl was produced
for every 1000 oysters collected. This would allow us to
further multiply my estimations by five. In other words,
it is reasonable that many more than one billion oysters
were extracted in <30 years.

To see whether human labor could sustain such pro-
duction, I used figures for the year of 1527, in which ex-
ploitation reached its highest level. In that year the pro-
duction was of 7170 marks (1,649.1 kilos, 82,455 carats)
of gross production. Using Galtsoff’s (1950) conserva-
tive production estimates and following the protocol de-
scribed in the Methods section, we can estimate that at
least 16,491,000 oysters were harvested that year. The
total human population in Cubagua for 1527 has been
estimated at 223 Europeans and 700 natives (Otte 1961).
Assuming that Europeans were not involved in the ac-
tual diving for pearls and that of the 700 local natives
only 500 were involved in diving for pearls, each one of
them would have harvested 32,982 oysters that year. As-
suming that these divers were not made to work on Sun-
days, they worked 313 days per year. Thus, on average,
they collected 105 pearls per day. We know natives
were made to work from dawn to dusk (i.e., at least 12
hours of labor per day), that each dive lasted about 1
minute (Helmer 1962), and that each diver’s pouch
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could contain several dozen oysters. Assuming, conser-
vatively, that they collected 12 oysters per dive (easy to
collect because they tend to clump together in groups of
6-12) and worked only 10 hours a day, the divers would
have made about nine dives per hour per day to reach
the above figures. Therefore, these calculations are con-
servative. Further, Rouse and Cruxent (1963) estimated
that the Nueva Cadiz population reached a maximum of
1500 residents. This figure suggests that there were
more than 1000 natives and Africans on the island, mak-
ing my calculations even more credible, especially be-
cause I did not take into account the oysters that were
obtained with dredges.

One factor that may have furthered the virtual extinc-
tion of the pearl oyster beds around Cubagua was that
the local species has a relatively low pearl productivity
and small size. For example, about 10% of the individu-
als of Pinctada galtsoffi of Hawaii contain pearls (Galt-
soff 1933), whereas from the contemporary accounts it
could be inferred that productivity was 1% or less of oys-
ters containing pearls. Also, Cubagua’s pearls seem to
have been rather small in size compared with those
from the Indian and Pacific oceans (Kunz & Stevenson
1908). Most of them were of 2, 3, 4, and 5 carats
(Benzoni 1565). Thus, to make this enterprise yield an
amount comparable to that achieved in other parts of
the world, the Spaniards had to make an additional ex-
tractive effort.

Although the biology of Pinctada imbricata Roding,
1798 (Pteriidae), is not fully understood (Gervis & Sims
1992), contemporary accounts and my own calculations
can help us infer the causes for depletion. For example,
we know that one of the reasons the Spaniards brought
Lucayans into Cubagua was their ability to dive deeper
than other indigenous people. As shallower oyster beds
became depleted and divers had to go deeper to obtain
pearls, depth complicated production. Results of recent
studies suggest that abundance and growth rates di-
minish beyond 8 m in depth (Verginelli & Prieto 1991).
That means that once the oysters found at their optimal
depth had been depleted, pearl production had to de-
crease exponentially regardless of the fishing effort.

Why did Pinctada imbricata fail to recover despite
establishment of quotas and moratoriums at the time of
exploitation and long after all attempts of exploitation
ceased? The answer may involve a combination of two
factors: reproductive cycle and competition.

Maximum recruitment for this species occurs in March
and the minimum in July. Moratoriums established by the
Spanish took place ad hoc. Because they had no knowl-
edge of the biology of this species, those moratoriums
were ineffective. Also, the life span of this species is only
5 years, and pearls are not produced until individuals
reach 4 years of age (Verginelli & Prieto 1991). Spaniards
harvested as many oysters as they could, including those
that were immature, because divers at that time did not
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use goggles, which would make the distinction between,
say, a 2-year-old oyster and a 4-year-old one virtually im-
possible, and because divers who surfaced with an empty
basket were whipped.

Today, most of what used to be the pearl oyster beds
have been replaced by beds of the turkey-wing mussels
(Arca zebra). P. imbricata and A. zebra are sympatric
in many areas of the Caribbean, practice suspension-
feeding, and are often exposed to the same food re-
sources and environmental conditions. Both species are
epifaunal, attaching by bysii to hard substrata in the
rocky and shallow sandy shores of sounds, bays, har-
bors, and lagoons. A. zebra, however, may have a com-
petitive advantage over P. imbricata.

Because the method of intense exploitation practiced
by the Spaniards likely generated resuspension of bot-
tom sediments, this could have greatly increased the
concentration of suspended particulate matter (SPM)
and altered the composition of the seston (suspended
particles). In many cases, resuspended inorganic materi-
als reduce the quality of the seston by diluting food par-
ticles that are suspended in the water column, such as
phytoplankton and particulate organic material (Ward &
MacDonald 1996). With high levels of SPM, A. zebra
preferentially ingests material that lowers the ratio of
carbon to nitrogen and enhances the quality of material
ingested by an average of 31%. Thus, they physiologi-
cally compensate for a decrease in food quality.

As a result of different gill structures, A. zebra has
lower feeding rates than P. imbricata and different
mechanisms for particle rejection and pseudofeces pro-
duction (Ward & MacDonald 1996). In other words, un-
der conditions of ecological stress generated by overex-
ploitation of P. imbricata and a higher concentration of
SPM, A. zebra would have been better suited to out-
compete P. imbricata. By occupying substratum previ-
ously covered with P. imbricata, A. zebra would have
prevented the effective recovery of the pearl oysters.
This is a likely scenario given that (1) several surveys
made in Cubagua and adjacent waters in the 1960s
showed that almost all the P. imbricata banks in the re-
gion were completely or almost completely decimated;
(2) A. zebra has ecologically replaced P. imbricata (Sa-
laya & Salazar 1972); and (3) there is no evidence that
A. zebra was exploited in significant numbers by the
Spaniards (it does not produce pearls). This pattern of
depletion of pearl oyster banks by overexploitation has
been documented elsewhere in the world (Galtsoff
1932; Carifio Olvera 1995; Jackson et al. 2001).

Conclusions
The combination of historical accounts, tax data, and

current knowledge of the biology of the species in-
volved provides a reasonable picture of the process lead-
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ing to the depletion or even extinction of a species or
population. Historical accounts and tax information are
consistent with each other in explaining the way in
which the pearl oyster beds became depleted (Fig. 3).
Although there is no way to test specific hypotheses be-
cause these events took place when scientific informa-
tion was nonexistent, such consistency may be the best
way to interpret the facts. This approach may be the
only one that can allow us to understand the dynamics
of the depletion of the pearl oyster beds. After all, histor-
ical data can be used to clarify underlying causes and
rates of ecological change and to provide useful informa-
tion for restoration ecology and management of coastal
ecosystems that cannot be derived from recent observa-
tions alone (e.g., Jackson et al. 2001).

The depletion of pearl oyster beds at Cubagua is also
interesting because it exemplifies a pattern of unsustain-
able development and illustrates a failed attempt at con-
servation at a time when there was no science to back
up conservation measures. It represents not only the
first but also what would prove a persistent example. of
overutilization of natural resources in the post-Colum-
bian Americas. Case studies like this are even more inter-
esting when one considers that ecological extinction
caused by overexploitation precedes all other pervasive
human disturbance in coastal areas (Jackson et al. 2001).
Therefore, the study of extinction through examination
of historical records is essential to our understanding of
the ecological history of a particular area. Similar results
based on tax information can be obtained by analyzing
the exploitation of marine mammals by coastal fishers in
the Caribbean (Romero et al. 1997, 2002; Romero & Hay-
ford 2000). g

My study demonstrates that exploitation based on the
determination to obtain maximum wealth as rapidly as
possible leads to the depletion of the resource itself and
to serious human rights abuses for the benefit of certain
social elites. Sadly, Cubagua’s example is not unique,
and overexploitation of pearl oyster beds leading to po-
litical, economic, and ecological turmoil has been docu-
mented in varying degrees elsewhere (e.g., Tuamotu Ar-
chipelago in French Polynesia [Rapaport 1995]; Scotland
[Green 1985-1986]; India and Sri Lanka [de Silva 1978]).
But because the colonial powers found well-structured
societies in those parts of the world, their impact was
not as great as that of the Spaniards on the Pearls’ Coast.
The demand for slaves in pearl-fishing operations has
had a significant social impact throughout history. As
late as the nineteenth century, slaves were taken from
Africa by Islamic slave traders for pearl fishing in the Red
Sea (Austen 1988). In their narratives, historical ecolo-
gists tend to consider humans as part of nature. The case
of the Cubaguan pearl oysters represents an extreme ex-
ample because of its effects on the human populations
involved, including those of Africans who were forcibly
brought to work in the pearl-fishing industry.
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Further studies that transcend standard academic bar-
riers and look at environmental problems from an inte-
grative and interdisciplinary viewpoint will generate
new insights in resource management and appreciation
of the human dimensions of many of the environmental
problems we face today. The combination of tax records
and historical and ecological information I present offers
one good example of such interdisciplinary research.
This approach in historical ecology (e.g., Balee 1998)
should produce new and better understanding of the re-
lationship between humans and the environment. This,
in turn, may initiate changes in the way conservation bi-
ologists are trained today. Interdisciplinary approaches
must be used to illuminate the human dimensions of
ecological problems (Jacobson & McDuff 1998).
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