
ORIGINAL PAPER

Sourcing nonnative mammal remains fromDosMosquises Island,
Venezuela: new multiple isotope evidence

Jason E. Laffoon1,2
& Till F. Sonnemann1,3

& Marlena M. Antczak1
& Andrzej Antczak1

Received: 10 May 2016 /Accepted: 9 December 2016 /Published online: 27 December 2016
# The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract Archeological excavations of Amerindian sites on
Dos Mosquises Island, Los Roques Archipelago, Venezuela,
uncovered a wide range of evidence reflecting seasonal ex-
ploitation of local resources and multiple ritual depositions of
large quantities of ceramic figurines, lithics, and faunal re-
mains. Zooarchaeological analysis revealed the presence of
modified and unmodified bones and teeth from numerous
imported mammal species. Local geographic and environ-
mental conditions preclude permanent establishment of terres-
trial mammal populations and as such, there are no native
mammalian taxa on the island itself or the surrounding ocean-
ic archipelago. The presence of these faunal remains on Dos
Mosquises can be attributed to the intentional movement of
animal resources from the mainland to Los Roques by indig-
enous groups in the Late Ceramic Age (~AD 1200–1500).
Despite attributions to a mainland source region, little else is
known about the origins of these unique specimens. Here, we
apply strontium (87Sr/86Sr), oxygen (δ18O), and carbon (δ13C)
isotope analyses of tooth enamel from various archeologically
recovered taxa including deer, peccary, tapir, ocelot, margay,
opossum, fox, and weasel to investigate their geographic ori-
gins via comparisons with macro-regional models of precipi-
tation δ18O and bioavailable 87Sr/86Sr. The 87Sr/86Sr results

are highly variable both for the overall assemblage and be-
tween specimens within the same taxa, indicating origins from
different geochemical environments of mainland South
America. The combined archeological and isotopic evidence
are consistent with origins within the late pre-colonial
Valencioid Sphere of Interaction which encompassed the
Lake Valencia Basin, surrounding regions, and several off-
shore island groups including Los Roques archipelago.
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Introduction

It has long been recognized that the pre-Columbian Caribbean
was characterized by complex patterns of human migration,
mobility, and exchange (Fewkes 1907; Lovén 1935; Rouse
1964). Highly dynamic systems of exchange operated at mul-
tiple scales ranging from local (island), to regional (archipe-
lagic), to macro-regional (circum-Caribbean), often simulta-
neously (e.g., Hofman and Hoogland 2011). Multiple lines of
evidence have demonstrated the migrations of people
(Fitzpatrick and Ross 2010; Laffoon 2013; Rouse 1986;
Siegel 1991), and the movement and/or circulation of artifacts
and raw materials (Knippenberg 2007), languages (Granberry
2013), plants (Newsom and Wing 2004; Pagán-Jiménez
2013), and animals (Giovas et al. 2012; Kimura et al. 2016;
Newsom and Wing 2004) into and throughout the broader
Caribbean region in pre-Columbian times (see also, Curet
and Hauser 2011; Hofman and Hoogland 2011; Hofman
et al. 2007, 2008, 2011, 2014a, b; Keegan et al. 2013;
Rodríguez Ramos 2010; Rouse 1992; Siegel 2005; and
others). These processes attest to the variability of interactions
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that occurred among and between island and mainland
Amerindian communities, with some evidence clearly indicat-
ing more intensive and/or durable ties between certain regions
of the insular and mainland Caribbean relative to others (e.g.,
Boomert 2000; Hofman et al. 2011; Rouse 1992). Long-
distance maritime exchange has often been most clearly evi-
denced by the presence of imported or exotic materials and
objects in pre-Columbian archeological assemblages of the
insular Caribbean with known or suspected external
(mainland) origins, such as gold or guanin (an alloy of gold,
silver, and copper) (Siegel and Severin 1993; Valcárcel Rojas
and Martinón-Torres, 2013; Antczak et al. 2015), jade
(García-Casco et al. 2013; Harlow et al. 2006), and various
other semi-precious stones (Boomert 1987; Cody 1993).
Thus, although it has been clearly established that these net-
works of exchange were prevalent throughout the prehistory
of the region and included the long-distance maritime trans-
port of a wide range of artifacts and materials, until recently,
relatively little research had been conducted to more thor-
oughly explore their geographic origins. The limited informa-
tion concerning the origins of much of Caribbean material
heritage represents a notable lacuna in our knowledge of
pre-colonial social articulations as provenance data have the
potential to substantively contribute to reconstructions of past
networks of interaction and exchange, and current debates and
dialogs concerning how these relate to various other socio-
cultural developments in the broader region (e.g. Hofman
et al. 2011, 2014a; Laffoon et al. 2014; Mol et al. 2015;
Pavia et al. 2013; Rodríguez Ramos 2013).

In particular, research questions related to the topics of
animal exchange and trade have been understudied in the
broader region despite the documented importance of animals
for both insular and mainland Amerindian groups. For exam-
ple, previous zooarchaeological research in the Caribbean has
demonstrated the intentional inter-island transport and intro-
duction of hutias (a medium-sized endemic rodent) from
Hispaniola (and/or Cuba) to Puerto Rico, the Bahamas, and
possibly the Virgin Islands by Amerindians (Newsom and
Wing 2004; Wing 2001, 2012). Furthermore, human agency
has also been clearly implicated in the translocation of a wide
range of mammalian species from mainland South America
into the Antilles in pre-Columbian times (Newsom and Wing
2004; Stahl 2009; Wing 2001, 2008, 2012), including agouti
(Newsom and Wing 2004; Wing 2001, 2012), armadillo
(Giovas et al. 2012; Wing 2012), dog (Grouard 2001;
Newsom and Wing 2004; Wing 2008, 2012), guinea pig
(LeFebvre and deFrance 2014; Newsom and Wing 2004),
opossum (Giovas et al. 2012; Grouard 2001; Newsom and
Wing 2004; Wing 2012), and possibly also deer and peccary
(Giovas et al. 2012; Giovas et al. 2015). Recently, there has
been renewed interest in research pertaining to the presence of
nonlocal (mainland) animals and animal remains in the
circum-Caribbean. This pattern reflects the growing number

and variety of nonnative faunal taxa are recovered from insu-
lar archeological deposits; better documented spatial-temporal
distributions for various taxa; and continued development of
multidisciplinary frameworks to investigate the geographic
origins of faunal remains and the implications of these for
disentangling regional patterns of social interaction (e.g.,
Antczak 1995; DeFrance 2013; Giovas 2013; Giovas et al.
2012; Haviser 1994; Laffoon et al. 2014; LeFebvre and
deFrance 2014; Wing 2012).

Continued developments in isotopic analyses have contrib-
uted to an enormous expansion in the application of biomo-
lecular approaches within archeology in general, and
bioarchaeology in particular. Isotope analyses are well-
established methods for archeological studies of human
paleomobility (see reviews in Bentley 2006; Makarewicz
and Sealy 2015; Montgomery 2010; Pilaar Birch 2013;
Slovak and Paytan 2011), and in recent years, there has been
a considerable increase in the application of similar methods
to study patterns of animal exploitation, exchange, and trade
in the past. Isotope zooarchaeology offers enormous potential
for sourcing studies in the circum-Caribbean, owing to the
geographically circumscribed nature of the island settings,
the geological and environmental diversity within the insular
Caribbean and between the islands and mainland, and the
pronounced differences in biodiversity and species distribu-
tions between them. For example, several recent studies in the
broader region have successfully used isotope analyses to ex-
plore patterns of animal trade among the ancient Maya
(Thornton 2011); to document the inter-island movement of
dogs within the Lesser Antilles (Laffoon et al. 2013a); and to
investigate the long-distance exchange of exotic animal tooth
pendants from mainland areas of Central/South America to
locations on Puerto Rico (Laffoon et al. 2014).

In this study, we apply multiple isotope analyses to an
assemblage of mammal dental remains (enamel) from the sites
of Dos Mosquises (n = 20) and Domusky Norte (n = 1),
Venezuela. The Dos Mosquises site is located on a tiny island
of the same name in Los Roques archipelago (Fig. 1), an
offshore oceanic atoll ca. 135 km north of the central coast
of Venezuela in the Southern Caribbean (i.e., the chain of
islands situated along the northern coast of South America
from Aruba in the west to Trinidad in the east). Previous
archeological investigations of Dos Mosquises and its sur-
roundings revealed the presence of enormous shell deposits
dominated by queen conch (Lobatus gigas) shells, and ritual
caches containing ceramic figurines, a wide range of imported
lithic tools, and the largest assemblage of exotic mammal re-
mains (n = 93) ever recovered from the pre-Columbian insular
Caribbean (Antczak and Antczak 2005, 2006). Based on rel-
ative and absolute dating and association with diagnostic
archeological materials, particularly ceramics, the Dos
Mosquises faunal remains can be attributed to Valencioid sea-
farers who returned to the island(s) repeatedly during the
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terminal phase of the Late Ceramic Age (ca. AD 1200–1500),
until approximately the time of European contact (Antczak
and Antczak 1999, 2017). A single deer mandible specimen
derives from an Ocumaroid context on the neighboring island
of Domusky Norte and slightly predates the Valencioid de-
posits on DosMosquises but was included in this study owing
to the similarity in depositional context between the two sites.

Although DosMosquises island and the surrounding archi-
pelago provide access to abundant marine resources, they are
lacking in other essential subsistence resources. For example,
terrestrial fauna and flora are exceedingly scarce, and fertile
soils and reliable freshwater sources are absent altogether.
These environmental conditions likely precluded permanent
or year-round human habitation and indicate that pre-
Columbian occupations were likely seasonal and focused on
the extraction of specific (marine) resources (Antczak and
Antczak 1999, 2006). Of particular importance for interpreta-
tions of the site’s faunal assemblage is that not only the island
of DosMosquises, but the entire Los Roques archipelago, was
devoid of terrestrial mammals in pre-Columbian times
(Antczak and Antczak 2006). Therefore, unlike most isotope
provenance studies, the nonlocal nature of the mammalian
assemblage can be established based on biogeographic prin-
ciples. However, although nearly all of the mammalian spec-
imens have been identified to the level of species, the taxo-
nomic identifications are not highly informative of their exact
mainland origins as most of them possess very extensive nat-
ural ranges within the Neotropics. Therefore, unlike similar
isotopic provenance studies, the isotopic data generated for
this study are not primarily used to identify which specimens
are local and which are nonlocal but rather to investigate the
possible geographic origins of the specimens and the associ-
ated archeological implications of the proposed origins.

Isotope provenance studies

Principles of isotopic variation

Strontium (87Sr/86Sr) isotope analyses is the most widely used
isotopic method for archeological studies of human (e.g.,
Ericson 1985; Price et al. 1994; Sealy et al. 1995) and animal
(e.g., Balasse et al. 2002; Gakuhari et al. 2013; Guiry et al.
2015; Hartman et al. 2015; Price et al. 2015; Thornton 2011),
mobility, migration, and provenance studies. The principle of
this method is that the strontium isotope composition of skel-
etal tissues is in equilibriumwith that of the local biogeochem-
ical environment, as Sr passes from rocks, via soils, into and
through local food webs (Ericson 1985; Price et al. 2002).

Variation in biogenic 87Sr/86Sr ratios is primarily controlled
by combined variations of inputs from the lithosphere, hydro-
sphere, and atmosphere (Price et al. 2002; Sillen et al. 1998).
The relative proportional contributions of these different in-
puts can vary based on a wide range of local environmental
conditions such as the presence and deposition of sea spray or
marine-derived precipitation (Kennedy et al. 1998; Laffoon
et al. 2012), dry fall or atmospheric dust, weathering of bed-
rock, and soil conditions (Bern et al. 2005; Graustein and
Armstrong 1983; Pett-Ridge et al. 2009). It is the bioavailable
87Sr/86Sr as opposed to environmental or bedrock 87Sr/86Sr
that is most relevant for provenance studies of biogenic tissues
such as teeth and bones (Price et al. 2002; Sillen et al. 1998).
Nonetheless, inputs of Sr from the local underlying geology
are generally considered to exert the most significant control
on bioavailable 87Sr/86Sr values and importantly, there is no
significant fractionation of 87Sr/86Sr as it moves from the lith-
osphere to the biosphere (Blum et al. 2000). The 87Sr/86Sr of
geological substrates is a product of the original 87Rb

Fig. 1 Map showing the location
of Dos Mosquises Island and Los
Roques Archipelago, Venezuela.
Image Source: Worldview 2—
Digital Globe (Google Earth,
2016a, b)
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abundance in the parent material and time, as 87Sr is the ra-
diogenic product of the decay of 87Rb with a half-life of ca. 49
billion years (Faure and Mensing 2005). As such, younger
rocks generally possess less radiogenic (lower) 87Sr/86Sr
values and older rocks possess more radiogenic (higher)
87Sr/86Sr. Marine carbonates can be considered an exception
to this general pattern as they exhibit 87Sr/86Sr which correlate
with the 87Sr/86Sr of seawater at the time of formation. In
practice, nonlocal samples are defined as those whose isotopic
composition falls outside of a range of estimated or measured
absolute isotopic variation, which can be derived from various
proxies such as local population variation, measurements of
bioavailable 87Sr/86Sr in local plants or animals, and predic-
tive models of spatial 87Sr/86Sr variation (Bentley 2006).

Oxygen isotope analysis has a long history of applications
to environmental and climatic research. Oxygen isotopes have
been primarily utilized as temperature proxies as δ18O dis-
plays substantial spatial-temporal variation in precipitation
and surface waters linked to climatic and geographical condi-
tions (Dansgaard 1964). The δ18O of skeletal tissues reflects
the δ18O of body water which is dominated by consumed
water sources (Kohn 1996; Luz et al. 1984; Luz and
Kolodny 1985) and for most animals is highly correlated with
local precipitation. Oxygen isotopes in body water and thus
skeletal bioapatites are enriched relative to local water in
mammals in relation to internal body temperature and physi-
ochemical processes of water flux and possibly also to inter-
species variation in fraction effects as a result of variable
thermophysiology (Bryant and Froelich 1995; Martin et al.
2008; Podlesak et al. 2008; Sponheimer and Lee-Thorp
1999). δ18O of rainfall is controlled by relative enrichment
or depletion of 18O (relative to 16O) via evaporation and pre-
cipitation and is thus highly conditioned by climatic and geo-
graphic variables such as latitude, altitude, temperature and
amount of precipitation, and distance from coast or source of
evaporated water (Dansgaard 1964; Rozanski et al.1993). In
general, in more temperate climes, large intra-annual varia-
tions of rainfall δ18O are such that δ18O of incremental grow-
ing skeletal bioapatites (e.g., hypsodont enamel) are potential-
ly informative of seasonal mobility and patterns of animal
exploitation at smaller temporal scales (e.g., Balasse 2002;
Pilaar Birch et al. 2016). Conversely, smaller seasonal varia-
tions in δ18O of rainfall in tropical climes are expected to
produce less intra-annual variations in bioapatite δ18O and
thus are potentially more directly informative of geographic
origins (Laffoon et al. 2014).

Carbon isotope (δ13C) analyses of skeletal materials are the
oldest and most well-established isotopic method for
paleodietary studies in archeological research (van der
Merwe and Vogel 1978; Vogel and van de Merwe 1977).
The principle of this method is that the isotopic composition
of diet is reflected in the isotopic composition of consumer’s
(biogenic) tissues. Extensive research over the last four

decades has contributed greatly to elucidating the underlying
sources of isotopic variation within (between different trophic
levels) and between various ecosystems (DeNiro and Epstein
1978, 1981; Schoeninger et al. 1983; Schoeninger and DeNiro
1984). Continued developments in isotopic techniques, meth-
odologies, and theories provide a solid foundation for the in-
terpretation of stable isotope data such that they are now one
of the most widely utilized tools for paleodietary assessments
in archeological research (Ambrose and Krigbaum 2003;
Katzenberg 2008; Lee-Thorp 2008). Variation of δ13C in the
tissues of terrestrial mammals is ultimately conditioned by the
δ13C of plants at the base of the food web. Plant δ13C is
controlled by various factors but primarily by differences in
photosynthetic pathways of carbon fixation (Bender 1971;
Smith and Epstein 1971). The majority of plants use the C3

pathway with average δ13C of −26.5‰, but a small minority
of plants, such as tropical grasses and sedges, use the C4 path-
way with average δ13C of −12.5‰ (Smith and Epstein 1971).
Asmentioned, δ13C analysis is predominantly used for dietary
studies and less widely for mobility studies. However, owing
to both the natural, and anthropogenic, distributions of C3 and
C4 plants worldwide and at smaller spatial resolutions, δ13C
isotope analyses of various human and animal tissues (teeth,
bones, hair, feathers) are increasingly applied to provenance
and mobility research in various fields of research ranging
from wildlife ecology to forensics (e.g., Ehleringer et al.
2015; Font et al. 2015; Hobson et al. 2012; Veen et al.
2014). Additionally, owing to the existence of geographic var-
iation in ancient foodways, δ13C isotope analyses are also
increasingly applied to paleomobility studies in archeology,
alone or more commonly in conjunction with other isotope
data (e.g., Cook and Price 2015; Santana et al. 2016; Sayre
et al. 2015; Schroeder et al. 2009). In this study, we use δ13C
data as a complement to these other isotope proxies, and as
indicators of inter- and intra-taxa variation in dietary niches.

Isotopic variation in northern South America

Although substantial research has been conducted on isotopic
variation in Mesoamerica (e.g., Hodell et al. 2004; Price et al.
2010; White et al. 2007; Wright et al. 2010) and the insular
Caribbean (Bataille et al. 2012; Laffoon 2012; Laffoon et al.
2012, Laffoon et al. 2013b), to date, relatively less is known
about terrestrial isotope variation in northern South America.
The lack of isotopic data from archeological skeletal materials
in this region is especially notable. As such, the use of isotope
data as a provenance tool is primarily reliant on subcontinental
or macro-regional predictive models of bioavailable 87Sr/86Sr
(Bataille et al. 2012) and precipitation δ18O (Terzer et al.
2013) isotope variation. Assessments of geographic origins
within the broader region can also be complemented by com-
parison with published baseline isotope data from north-
central Venezuela (Laffoon 2012; Laffoon et al. 2012) and
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with multiple isotope results from exotic animal teeth pen-
dants from other contexts within the circum-Caribbean (e.g.,
Laffoon et al. 2014; Thornton 2011). Owing to the vast size of
the region spatial variation of 87Sr/86Sr and δ18O can only be
discussed in very general terms. 87Sr/86Sr variation in northern
South America is highly variable. The lowest values (<0.708)
can be found in areas underlain by igneous bedrock (e.g.,
basalts and andesites) such as in isolated pockets of the north-
ern Andes of Columbia and western Venezuela. Intermediate
87Sr/86Sr values (0.708 to 0.710) characteristic of continental
geological settings are the most widespread and can be found
throughout the vast majority of low-lying areas of northern
South America. Higher 87Sr/86Sr values (0.710 to 0.715) as-
sociated with metamorphic deposits are more rare and restrict-
ed to highland areas of the eastern and western cordilleras of
the northern Andes, the Coastal Range (Cordillera de la
Costa), and the Peninsula of Paria. The highest 87Sr/86Sr
values (>0.715) are limited to the Precambrian craton of the
Guiana Shield region, occupying most of northeastern South
America east of the Orinoco River.

It is important to note that relatively little is known about
past (e.g., Late Holocene) δ18O variation, and there is essen-
tially no δ18O data from archeological skeletal materials with-
in this study region. As such, estimates of δ18O are by neces-
sity based on modern precipitation δ18O data (from Global
Network of Isotopes in Precipitation (GNIP)) from a finite
number of measuring stations (IAEA) interpolated across
large areas (Terzer et al. 2013). Owing to these caveats, esti-
mates of spatial variation of δ18O in northern South America,
and associated interpretations, must be considered tentatively
and critically. Estimates of δ18Oprec presented here are based
on the regionalized cluster model of Terzer et al. (2013) mod-
ified and scaled for the circum-Caribbean region (Laffoon
et al. 2014). In northern South America, temporal variation
of δ18O of precipitation (δ18Oprec) is observed both seasonally
relating primarily to intra-annual differences in the tempera-
ture and amount of rainfall, while long-term variation related
to climate changes (at least in the late Holocene) are, like most
tropical areas, minimal compared to spatial variation of geo-
graphic variation (Lachniet and Patterson 2006, 2009). Spatial
variation of δ18Oprec is primarily conditioned by altitude and
distance from the coast (Dansgaard 1964; Rozanski et al.
1993). The highest δ18Oprec (greater than −4‰ VSMOW)
are recorded in low-lying areas of the coast, particularly the
near coastal areas of far northern Columbia and northwestern
Venezuela and most of northeastern Venezuela extending as
much several hundred kilometers from the coast. Lower
δ18Oprec values (from −4 to −6‰) are throughout much of
the lower altitude savannah and llanos of north-central and
interior Venezuela and the northwestern coast of Columbia.
The lowest δ18Oprec values (less than −6‰) of the broader
region are found exclusively in higher elevations in the north-
ern Andes and Coastal ranges. Lastly, although carbon

isotopes clearly display large-scale patterns of spatial variation
in the northern South America (e.g., Ehleringer et al. 2000),
δ13C of skeletal tissues are much more strongly influenced by
dietary ecology in general, and the δ13C of food sources more
particularly, such that any macro-regional assessment of δ13C
is not particularly informative especially in relation to the
large variety of taxa and associated feeding behaviors of the
samples included in this study.

Archeological context

The mammal remains analyzed in this paper were recovered
from the tiny Dos Mosquises Island (350 × 480 m) located in
the Los Roques Archipelago, an atoll-shaped coral formation
with nearly 50 sandy cays situated 135 km north of the central
Caribbean coast of Venezuela. Los Roques has no natural
freshwater sources or autochthonous mammals, but avifauna
and marine life is richly diversified. Systematic archeological
excavations in this archipelago have been carried out since
1982, revealing 29 pre-Hispanic sites located on 21 islands
and dated to AD 1000–1500 (Antczak and Antczak 2006).
All the insular sites analyzed to date were interpreted as tem-
porary campsites largely used for the exploitation of queen
conch (Lobatus gigas), but also turtles, reef fishes, and prob-
ably, salt (Antczak and Antczak 2006). From approximately
AD 1200 to 1500, bearers of the Valencioid culture from the
Lake Valencia Basin on the adjacent South American main-
land were sending task-oriented groups to Los Roques islands
to gather large quantities of queen conch, a resource that was
sparsely present on the mainland’s central coast (Antczak and
Antczak 2005: 220). It has been calculated that between 3 and
5 t of queen conch meat were transported annually from Los
Roques to the mainland for delayed consumption and distri-
bution (Schapira et al. 2009). Valencioid Bbig men^ sustained
this insular enterprise by building and expanding the
Valencioid Sphere of Interaction in the north-central
Venezuelan region (Fig. 2) which most probably lasted until
the first decades of the sixteenth century (Antczak and
Antczak 1999, 2016). However, the success of the insular
expeditions depended not only on establishing and maintain-
ing socio-political alliances and exacting coordination of lo-
gistics, knowledge, and technology but also depended on the
beneficial assistance of the spiritual forces. The slaughter of
marine animals on such a large scale was intertwined with
rituals directed towards the spirits that protected the
animistically oriented Valencioid voyagers. Dos Mosquises
Island revealed rich deposits of pottery vessels, lithic tools,
and food remains, as well as hundreds of human pottery fig-
urines bundled together with possible shamanic Britual kits^
that included anthropomorphic and zoomorphic ceramic ves-
sels, burners, ocarinas and pipes, bone flutes, oleoresin, min-
eral ochre, bodily adornments, and the mammal bones and
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teeth discussed in this paper. It has been proposed that these
corpora of shamanic paraphernalia and votive offerings had
been used by adolescent and adult males who were the most
frequent occupants of the insular campsites as members of the
queen conch fishery task groups (Antczak and Antczak 2006).

Materials and methods

Sample descriptions

Mammal remains discussed here are part of a large assem-
blage of thousands of animal remains recovered in Los
Roques Archipelago excavations (Antczak and Antczak
2006). Among these remains, 124 bones belong to 11 different
mammal taxa; 93 of them come from the Dos Mosquises
Island site and represent a minimum number of 25 individuals
(Table 1). All taxa are represented by isolated elements and
not by complete or even partial skeletons. Given the high
quality of preservation, the intact nature of the deposits, the
ritual context, the bundling of skeletal elements with various
other exotic and symbolically loaded material culture, and the
fact that so many of the faunal skeletal elements display evi-
dence for modification (pendants and flutes), these remains
are interpreted as likely indicating the movement of animal
parts (as artifacts) as opposed to the transportation of entire
animal carcasses or living animals themselves.

These remains were assigned to four techno-functional cat-
egories (Antczak 1995). Among the category worked bones
and teeth are pointed bones, an awl/perforator, and flutes.
Three bone flutes recovered from Dos Mosquises were made
from the left radius of adult white-tailed deer (Odocoileus
virginianus) and two others, found at Cayo Sal, were made

out of the same skeletal element, but belonged to a brocket
(Mazama sp.). Pendants in this category include three incisors
of crab-eating fox (Cerdocyon thous), two canine teeth of
collared peccary (Dicotyles tajacu), and one molar tooth of
tapir (Tapirus terrestris). All were perforated for suspension
on a string. One vertebra of brocket has ground spine tips and
is also perforated for suspension. There is also another verte-
bra of brocket, worked in the samemanner as the previous one
but without perforation. The modified bone category includes
21 bones fromDosMosquises Island including mandibles and
maxilla fragments of at least 11 (MNI) individuals of small

Fig. 2 Map of north-central coast
of Venezuela and offshore island
groups, and approximate extent of
Valencioid Sphere of Interaction.
Image source: Landsat 7 satellite
imagery (Google Earth 2016a, b)

Table 1 Identified mammal bone specimens from the Dos Mosquises
site

Taxa NISP1 MNI2

Alouatta seniculus 1 1

Cerdocyon thous 3 2

Dasypus novemcinctus 47 1?

Dicotyles tajacu 3 1

Didelphis marsupialis 1 1

Leopardus pardalis? 3 3

Leopardus wiedii? 22 8

Mazama sp. 5 2

Mustela frenata 2 2

Odocoileus gymnotis 5 3

Tapirus terrestris 1 1

Total 93 25

Taxa NISP1 MNI2

Taxonomic identifications conducted by O. Linares.
a Number of identified specimens
bMinimum number of individuals
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wild cats: margay (Leopardus wiedii) and ocelot (Leopardus
pardalis). All the mandibles and maxillae were broken into
two parts with one canine in each half. In seven mandibles, the
ascending ramus was broken or cut off diagonally just behind
the last teeth. Five mandibular bones display traces of cutting,
chipping, or incising. One left mandible fragment shows fine
traces of cutting and another right mandible has slightly
broader, shallow, probably incised grooves. In both cases,
the marks are situated on the buccal side at the point between
the horizontal and ascending ramii and run diagonally from
the superior-posterior (distal) to the inferior-anterior (mesial)
side of the mandibles. The morphology, location, and orienta-
tion of the marks indicate that the cuts would have been made
to facilitate the breaking-off of the ascending ramus. One
specimen shows heavy traces of chipping and cutting on the
upper side, which would have been done for better adjustment
of the string in the process of hafting. Another fragment has
traces of diagonal incisions most probably produced by the
pressure of a string that tied the fresh bone to the wooden
handle. Only one maxilla shows fine cutmarks on the zygo-
matic process. Similar marks, on human mandibular speci-
mens, have been interpreted byWhite (1992: 198-9) as a result
of cuts through the fibers of the masseter muscle. These marks
on Dos Mosquises specimens would have been left by the
stone cutting tool or molluscan shell knife when the skin and
associated soft tissues were removed (skinning marks). Both
types of implements produce morphologically similar cut-
marks on animal bones (see Toth and Woods 1989). The un-
modified bone category includes the skull of a red howler
monkey (Alouatta seniculus), two cranial vaults and one com-
plete mandibular ramus of margay cat (Leopardus wiedii), one
mandibular ramus of common opossum (Didelphis
marsupialis), and another two of long-tailed weasel (Mustela
frenata). All these specimens pertained to the heads of the
animals. Among the unmodified bones of the wild cats there
are terminal phalanges of ocelot or margay cat. The category is
completed by two left radii, one left tarsal of brocket (Mazama
sp.) and a claw of peccary (Dicotyles tajacu). In Domusky
Norte site, a mandibular ramus of brocket deer (Mazama
sp.) was recovered. Finally, the category of manufacturing
debris comprises splinters separated from the shafts of various
mammal long bones.

Sixteen of the modified, and all of the unmodified, bones
from Dos Mosquises Island were contextually associated with
dozens of ceramic vessels (often decorated), human figurines,
clay pipes and ocarinas, lithic microaxes, shell and stone pen-
dants, and beads. These contexts, spatially well delimited in
trenches A and B, have been interpreted as central areas of the
multifunctional Valencioid campsite (Antczak and Antczak
2006). The remaining five (22%) modified bones were found
scattered in the human burial area of trench C, where small
clusters that contained a few human clay figurines and deco-
rated potsherds were recovered. Looking outside Dos

Mosquises Island for specimens for comparative analysis
one unmodified mammal bone was recovered on the nearby
Domusky Norte Island (note the last specimen in Table 2).
Interestingly, this mandibular ramus of brocket (Mazama
sp.) was recovered in a small cluster of artifacts that included
human figurines, microvessels, land snail shell pendants, and
resin. Even though the ceramic assemblage of Domusky
Island (Ocumaroid series) is stylistically different from Dos
Mosquises pottery (mainly Valencioid series), there are strik-
ing similarities in the contextual bundling of the
abovementioned artifacts.

In Valencioid sites from north-central Venezuelan main-
land, only a small number of mammal bones have been sys-
tematically recovered and identified. The bones of deer, fox,
bear, peccary, jaguar, tapir, monkey, and dog were mentioned
among others (Berry 1939; Bennett 1937; Alvarez and Casella
1983; Morales 1984; Martín 1995; Sýkora 2006). The avail-
able archeological data from Lake Valencia area confirms the
special meaning attached by the bearers of the Valencioid
culture to some animals and their bones (Kidder 1948: 77,
Figs. 16, 2; Berry 1939: 566, 557, Pl. IV, 1; Marcano
1971[1889–1891]; von den Steinen 1904; Jahn 1927;
Osgood 1943: 23; Peñalver n.d.: 14). The abundance in
north-central Venezuela (the homeland of Dos Mosquises
Island occupants) of the majority of mammals represented in
the archeological record discussed here has been well docu-
mented from the sixteenth century to the present (Requena
1932: 233; Kidder 1948: 21; Dupouy 1946; Alvarado 1953:
247; Tello 1979; Mondolfi 1986; Eisenberg 1989; Grases
1987: 184). However, while the taxonomic identifications of
insular specimens clearly indicate mainland fauna, the exten-
sive natural ranges of these taxa (Emmons and Feer 1997;
Fittkau 1969; Linares 1998) preclude accurate identifications
to more specific geographic origins based on biogeography
alone, necessitating the use of alternative methods (i.e., iso-
tope analyses). In order to determine more specific locations
for the island specimens, 21 individual teeth were selected
from the above discussed assemblage of Dos Mosquises
mammal remains and analyzed for isotope compositions.
These teeth represent at least eight different mammalian taxa
(Table 2, Fig. 3). Themajority of the teeth have been identified
to species level, while three teeth could only be identified to
the genus level (e.g., Leopardus spp.).

Analytical methods

Sample preparation and measurements were conducted at the
Faculty of Earth and Life Sciences, VU University
Amsterdam. Details of analytical methods are reported else-
where (Booden et al. 2008; Laffoon et al. 2013b). Briefly, the
outer surface of the teeth were abraded to remove external
contaminants, and the surface enamel and to expose the inner
enamel, which was then extracted (2–5 mg) using a hand-held
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drill and a pre-cleaned, diamond-tipped drill bit.
Homogenized enamel (powder) samples were then sequential-
ly treated with 2.5% bleach (NaOCl) and 0.1 N acetic acid
(CH3COOH); rinsed to neutral pH with demineralized, deion-
ized H2O (Milli-Q); dried down; and then dissolved in 3 N
nitric acid (HNO3). Strontium separation via ion chromatog-
raphy was accomplished by loading nitrated samples onto
ultra-clean cation exchange columns loaded with Sr-specific
crown ether resin (Sr-Spec, Eichrom Inc.). Purified Sr samples
were loaded onto degassed rhenium filaments, and Sr isotope
compositions were measured on a ThermoFinnigan MAT 262
RPQ Plus, thermal ionization mass spectrometer (TIMS).
Repeat measurements of the NBS-987 international standard
yielded mean 87Sr/86Sr = 0.71025 ± 0.00002 (1σ). Typical
analytical uncertainty is <0.00001 and total procedural blanks
are <100 pg. The measured values were normalized by apply-
ing a correction equal to the difference between the measured
87Sr/86Sr value of the NBS-987 standard and the generally
accepted value of 0.710240. Oxygen and carbon isotopes
were simultaneously measured on a Finnigan DeltaPlus, iso-
tope ratio mass spectrometer (IRMS), following reaction of
the powdered enamel sample (~0.7 mg) with 100% ortho-
phosphoric acid (H3PO4) and sequestration of the released
carbon dioxide (CO2) with a Gasbench II universal automated

interface. Long-term reproducibility of the NBS-19 interna-
tional standard is <0.2‰ for both δ13C and δ18O. Stable iso-
tope values are reported in the delta (δ) notation, in parts per
thousand (‰) relative to Vienna Pee Dee Belemnite (VPDB).

Results and discussion

Relevant sampling information and isotope results are present-
ed in Table 2 (and displayed in Figs. 4, 5, and 6). The δ18O
values (Fig. 5) display a fairly limited range of variation
(range −5.5 to −2.3‰). This pattern is not overly surprising
given that there is relatively limited variation in precipitation
δ18O in the study region (Fig. 6). Furthermore, there are mul-
tiple sources of variation that could influence the patterning of
enamel δ18O within this sample set including inter-species
differences in fractionation of between consumed water and
bioapatite for mammals in general (Martin et al. 2008) and
felines in particular (Pietsch et al. 2011). Owing to these con-
cerns, and the additional potential complications of long-term
changes in precipitation δ18O within the study area, we con-
sider the δ18O data to be less informative of origins and we
place much more interpretive weight on the 87Sr/86Sr data.
Nevertheless, although the generated δ18O data are not

Table 2 Sampling information and isotope results for Dos Mosquises mammalian teeth

Sample no. Common name Taxa Element 87Sr/86Sr δ13C ‰ δ18O ‰

9060a Collared Peccary Pecari tajacu Canine 0.71135 −11.9 −4.3
16770a Brazilian Tapir Tapirus terrestris Molar 0.70965 −13.8 −3.2
9064a Common Fox Cerdocyon thous Incisor 0.71119 −9.2 −3.7
VEN6a Common Fox Cerdocyon thous Incisor 0.71149 −9.2 −3.4
582 Ocelot Leopardus pardalis Molar 0.71071 −9.0 −4.7
16,781 Ocelot Leopardus pardalis Premolar 0.71255 −6.9 −3.6
1599 Margay Leopardus wiedii Premolar 0.71245 −6.0 −3.1
583 Margay Leopardus wiedii Premolar 0.71317 −8.1 −4.2
609 Margay Leopardus wiedii Premolar 0.71104 −4.8 −2.3
613 Margay Leopardus wiedii Premolar 0.70971 −7.8 −5.5
621 Margay Leopardus wiedii Premolar 0.71436 −6.2 −3.2
1132 Margay Leopardus wiedii Premolar 0.71132 −7.0 −4.3
1154 Margay Leopardus wiedii Premolar 0.7099 −7.8 −4.7
16779 Margay Leopardus wiedii Premolar 0.71052 −6.2 −4.6
4502 felid Leopardus sp. Molar 0.70958 −10.0 −4.0
4504 felid Leopardus sp. Canine 0.70985 −7.9 −4.7
4505 felid Leopardus sp. Molar 0.70982 −8.8 −4.9
1135 Common Opossum Didelphis marsupialis Incisor 0.71032 −7.3 −5.0
4506 Long-tailed Weasel Mustela frenata Canine 0.7101 −7.7 −4.4
4507 Long-tailed Weasel Mustela frenata Canine 0.71079 −8.2 −5.1
4387b Brocket Deer Mazama sp. Molar 0.71131 −8.6 −4.5

a Perforated tooth root, likely for suspension as adornment
b Specimen recovered from Ocumaroid contexts from the neighboring island of Domusky Norte
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particularly informative of geographic origins in this particular
dataset, we report them here in the hopes that further advance-
ments in understandings of oxygen isotope fractionation pro-
cesses and the spatial distribution of water and bioapatite δ18O
in the study region will lead to more nuanced assessments of
origins in the future.

It is important to note that all samples possessed 87Sr/86Sr
that are much higher than those typically recorded for bio-
available samples in the insular Caribbean which rarely ex-
ceed 0.7095 and are entirely consistent with mainland origins
on South America. Furthermore, although no local bioavail-
able samples from Dos Mosquises were analyzed for Sr iso-
tope composition, based on the underlying bedrock geology
of marine carbonates, and any contributions from the sea–
spray or marine-derived precipitation, the local biosphere sig-
nal should be ~0.7092. As all of the analyzed specimens pos-
sess much higher values, we consider this indirect evidence
for the biogenic source for the measured Sr values. Similar to
the δ13C results and in contrast to the δ18O results, the
87Sr/86Sr data display a high degree of variance (range
0.7096 to 0.7144).

Closer inspection of the 87Sr/86Sr data (Fig. 7) reveals sev-
eral interesting patterns. First, none of the analyzed samples
possess 87Sr/86Sr less than 0.7095 or greater than 0.7145. As
the Sr isotope method of provenance primarily relies on ex-
clusionary principles, this result permits us to discount many

regions of the surrounding mainland as possible origins
(Fig. 8). More specifically, much of the Isthmo-Columbian
region, spanning northwestern Columbia into southern
Central America, is underlain primarily by igneous lithologies
possessing 87Sr/86Sr < 0.708 and can be excluded as possible
origins. Additionally, many of the valleys of Columbia and
extensive low-lying areas of northwestern and north-central
Venezuela contain sedimentary lithologies with large areas
having predicted bioavailable <0.7095 and can also be exclud-
ed. Lastly, most of the Guiana Shield region (southeast of the
Orinoco River) is underlain by a Precambrian craton
possessing very elevated 87Sr/86Sr (>0.715) and can also be
eliminated as possible source regions. The vast majority of the
analyzed samples (n = 17) possess 87Sr/86Sr values between
0.7095 and 0.7115. Although much of northern South
America remains poorly characterized in terms of bioavailable
87Sr/86Sr, these values fall generally within the range of bio-
available 87Sr/86Sr for northern coastal Venezuela (Laffoon
et al. 2012). Four feline samples (three margays and one oce-
lot) have 87Sr/86Sr values falling between 0.712 and 0.715.
Such moderately elevated values correspond to areas under-
lain by metamorphic bedrock and can be found in fairly large
swaths of the northern Andes of Columbia and Venezuela
including the central component of the Cordillera Occidental
(southeast of Lake Maracaibo), along the northern boundary
of the Guiana Shield (on the right bank of the Lower Orinoco),
and in much smaller isolated pockets in the Caribbean Andes
surrounding the Lake Valencia Basin, particularly in the
Serranía del Interior, the more southerly range that runs

Fig. 3 Selection of mammalian dental remains from Dos Mosquises
Island of which some teeth were analyzed for this study (see Table 2):
1, 2, maxillae Leopardus wiedii (nos. 631 and 640); 3, molar Tapirus
terrestris (no. 16770); 4, mandible Mustela frenata (no. 4507); 5–7,
mandibles Leopardus wiedii (nos. 609, 583, and 613); 8, canine
Tayassu tajacu (no. 9060); 9, 10, incisors Cerdocyon thous (nos. 9064
and VEN6); 11, 12, mandibles Leopardus pardalis (nos. 582 and 16781);
13, mandible Didelphis marsupialis (no. 1135); and 14, mandible
Mazama sp. (no. 4387)

Fig. 4 Bivariate plot of 87Sr/86Sr and δ18O values of Dos Mosquises
samples plotted by taxa. Asterisk indicates that element is perforated-
pendant
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parallel to and inland of the Cordillera de la Costa of northern
Venezuela.

The carbon isotope results do not directly inform upon
questions concerning geographic origins but can complement
interpretations of the oxygen and strontium isotope results.
The δ13C results contribute fundamental baseline data
concerning the dietary ecology of the various analyzed taxa,
which is particularly important considering the overall lack of
baseline faunal stable isotope data for this macro-region. The
δ13C values display a very broad range of values (Fig. 4), as
expected based on the wide variety of sampled taxa and their
diverse dietary behaviors. For example, the tapir and peccary
samples have the two most depleted values in the dataset,
indicating predominant consumption of C3 plants. The single
deer specimen has an intermediate, moderately enriched δ13C
value indicating considerable contributions from both C3 and
C4 resources. The opossum is the most likely omnivorous
mammal in the sample set, and it too possesses an intermedi-
ate δ13C value. All of the other samples are best described as

carnivorous, and these display higher (enriched in 13C) and
more variable δ13C values ranging from −10.0‰ for one of
the unidentified felids to as high as −4.8‰ for one of the
margay samples. The generally higher δ13C values of the car-
nivorous taxa results from trophic level enrichment effects; the
direct consumption of C4 terrestrial animal protein (i.e., her-
bivores or omnivores that consume C4 plants), the consump-
tion of aquatic protein resources, or a combination of these
factors. Their high variation in δ13C values reflects dietary
differences likely related to variations in local habitats, re-
source availability, and the adaptability of these carnivorous
taxa in terms of prey selection.

Having presented the results of the three isotope systems
separately, we now asses them jointly. Assessment of the bi-
variate plot of 87Sr/86Sr and δ18O (Fig. 5) reveals that several
samples have nearly identical values for both 87Sr/86Sr and
δ18O. One example is a cluster including the peccary, the deer,

Fig. 5 Precipitation δ18O
isoscape of the circum-Caribbean
region with inset of north-central
South America. Map modified
from Fig. 3 in Laffoon et al.
(2014: 225) based on the RCWIP
model of Terzer et al. (2013) and
the data files available from IAEA
Web site (www.iaea.org/water)

Fig. 7 Histogram of 87Sr/86Sr values from Dos Mosquises mammalian
tooth samplesFig. 6 Enamel δ13C values of Dos Mosquises samples plotted by taxa
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and one of the margay samples (87Sr/86Sr, 0.7113; δ18O,
−4.3‰). Other examples include a cluster of two unidentified
felids and amargay (87Sr/86Sr, 0.7099; δ18O, −4.8‰) and both
of the fox samples (87Sr/86Sr, 0.711; δ18O, −3.6‰). These last
two clusters importantly consist of samples that are analytical-
ly identical (within error) in terms of their δ13C values.
Equivalent values for a particular isotope system does not
confirm shared origins; however, if two (or more) samples
found in the same or highly similar depositional contexts have
nearly identical values for three separate (independent) iso-
tope proxies, then shared or at least similar geographic origins
can be considered plausible, if not probable. Such interpreta-
tions are probably better supported for those samples which
cluster isotopically and are of the same taxa, as these are not
reliant on potentially problematic inter-species comparisons of
δ18O. Possible complications introduced by temporal varia-
tions in precipitation δ18O are likely reduced in our data set
owing to the relatively tight chronological clustering of the
samples (less than three centuries).

Besides the aforementioned data clusters, which cross-cut
taxonomic identifications, there appears to be little if any pat-
terning to the isotopic data relative to taxonomy. One notable
pattern is that the felid isotope data in general and the margay
samples in particular display a higher degree of variation than
the rest of the dataset for all three isotopic proxies. This pattern
could be an artifact of sample sizes, or alternatively may re-
flect more diverse origins for these specimens. One possibility
is that such a pattern could be correlated with the natural
distribution of the animals themselves, in terms of home range
sizes and habitat preferences. The mammal taxa included
herein have extremely variable home ranges, with the larger-
sized ones, such as the peccary and tapir, having home ranges
sometimes in excess of 100 km2, while on the other end of the

spectrum, margays typically have much smaller home ranges
from 10 to 15 km2 (Tewes and Schmidly 1987). As such, and
considering that Neotropical cats are generally solitary and
territorial creatures, it might be expected that the collection/
hunting of multiple individuals would require that they be
obtained from different areas and thus possibly would possess
different isotope values. The high variation in δ13C values
among the Neotropical feline samples, and margays specifi-
cally, lends some independent support to this notion assuming
that individuals of these species deriving from different lo-
cales may adapt their feeding behaviors to local ecological
conditions.

Based on comparative assessment of the isotopic evidence
and information derived from the archeological context, we
can tentatively propose a few possible scenarios. One possible
scenario, given the very widespread natural distribution of
these animals, is that despite being ultimately deposited on
Dos Mosquises by Valencioid task groups, they may have
been ultimately obtained via long-distance exchange from
outside of the Valencioid Sphere of Interaction. This scenario
is considered quite plausible, in light of the widespread circu-
lation of social valuables by Amerindians of the lowland tro-
pics (Boomert 2000), and recent isotopic evidence
documenting the long distance movement (>1000 km) of pen-
dants manufactured from the teeth of mainland mammals to
the insular Caribbean (Laffoon et al. 2014). In such a scenario,
it would not be possible to specify the origins of these speci-
mens beyond what has already been discussed. Conversely,
given the ubiquitous presence of Valencioid cultural materials
at the site, particularly ceramic figurines with clear affinities to
the Lake Valencia region, in direct association with the recov-
ered mammalian skeletal remains, it is reasonable to assume
that the animals also originated within the Valencioid Sphere

Fig. 8 Bioavailable 87Sr/86Sr
isoscape of the circum-Caribbean
region with inset of north-central
South America. Map adapted
from Fig. 2 in Laffoon et al.
(2014: 225) based on original
from Bataille et al. (2012)
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of Interaction. Based on these premises, it is noteworthy that
despite the fact that the isotope results indicate diverse origins
at local scales, the isotopic evidence for all of the analyzed
specimens is consistent with origins in and around the Lake
Valencia drainage (Figs. 7 and 8). For example, within the
Valencioid Sphere of Interaction, the samples with 87Sr/86Sr
values ranging from 0.7095 to 0.7115 are consistent with or-
igins in widespread areas underlain by continental-derived
sedimentary deposits, both within and surrounding the Lake
Valencia basin and along much of the Cordillera de la Costa.
The four samples with the highest 87Sr/86Sr values ranging
from 0.7115 to 0.7145 (three margay and one unidentified
felid) are consistent with origins underlain by more heavily
deformed metamorphic rocks, such as those found in much of
the Serranía del Interior and a smaller portion of the Cordillera
de la Costa between Lake Valencia proper and Caracas.

Turning lastly to the archeological implications of these
results, a few tentative suggestions can be proposed.
Although it can be safely assumed that all of the individual
animals were hunted, it is unlikely that the main purpose of
hunting some of them (especially the carnivores) was for sub-
sistence (i.e., to consume their flesh). It seems more likely that
some of the animals, such as the margay and ocelot, and pos-
sibly even the fox, were hunted for other reasons, for example
for their fur or to make use of their teeth and bones as raw
materials. Even for the larger herbivorous mammals such as
the tapir and peccary, which were likely hunted for their meat,
the use of their teeth indicates that these animals’ remains
served multiple functions. This point taken together with the
rather conspicuous display of some of the teeth pendants as
items of personal adornment may suggest that much of the
mammalian faunal assemblage may represent Bhunting
trophies^ (Antczak 1995). As a corollary, the presence of
these objects in highly ritualized contexts together with iconic
Valencioid ceramic figurines could also be interpreted as ma-
terialized claims of access to Dos Mosquises (or the Los
Roques archipelago more broadly) and the rich marine re-
sources available for exploitation there (Antczak and
Antczak 2006).

Conclusions

Analyses of isotopic compositions (87Sr/86Sr; δ18O and δ13C)
were conducted on an assemblage of exotic mammal teeth
recovered from ritual deposits at the pre-colonial site of Dos
Mosquises, Los Roques Archipelago, Venezuela. Atypical of
most isotope provenance studies, the nonlocal nature of the
specimens was known a priori as these islands are and were
entirely devoid of terrestrial mammalian fauna. As such, re-
search questions focused on investigating the origins of these
artifacts on the South American mainland. The isotope results
displayed a high degree of variation in δ13C and 87Sr/86Sr, but

more homogenous δ18O. The variation in δ13C between cer-
tain taxa is interpreted as reflecting broad-scale dietary differ-
entiation between C3 and C4 herbivores, omnivores, and car-
nivores. Variation in δ13C within certain taxa (e.g., margay) is
interpreted as reflecting different diets and possibly also dif-
ferences in local ecological settings and habitats. The highly
variable 87Sr/86Sr results rule out the possibility of shared
origins for all specimens and indicate rather diverse geograph-
ic origins for the overall assemblage. Several sets of samples
(including different taxa) shared highly similar isotope values
for two or three independent isotope proxies and thus could
have originated from the same locations. The felids in general
and the margay in particular displayed highly variable values
for all three isotope proxies, indicating generally diverse ori-
gins. To what extent this latter patterning reflects natural dis-
tribution patterns of these species, or choices made by
Amerindian hunters, or systems of regional exchange cannot
be determined at this time.

Comparative assessment of the isotope results with the
spatial patterning of bioavailable 87Sr/86Sr in northern South
America based on empirical and predictive models enabled
many regions to be excluded as possible origins. The Lake
Valencia Basin and surroundings (corresponding to the
Central Cordillera Bioregion) taken together are the geograph-
ically most proximate region which possesses the necessary
geochemical variation to account for the isotopic diversity of
all of the analyzed exotic tooth specimens. Based on the total-
ity of the evidence (both isotopic and archeological), we ten-
tatively propose that all samples could have originated within
the spatial extent of the Valencioid Sphere of Interaction
which linked various Amerindian communities within the
Lake Valencia and surrounding regions during the Late
Ceramic Age. If this predicted Bregion^ of origin is accurate,
then this would indicate the movement of most of these spec-
imens within ~200–300 km from their proposed places of
origin on the mainland to the islands of Los Roques.
Alternatively, if the samples with the four highest 87Sr/86Sr
values (all felids) do not originate from within the
Valencioid Sphere of Interaction, then the next closest regions
that are consistent with such 87Sr/86Sr values are much farther
away (>500 km). In either case, these results represent another
well-documented example of long-distance movement of an-
imal remains and social valuables more generally by
Amerindian groups of the circum-Caribbean region.
Assessing these results within a broader context, it is clear that
different regions of the insular and mainland Caribbean be-
came engaged in very different forms of interaction and artic-
ulation at various times throughout the pre-colonial era. The
isotope results from this study are consistent with the direct
transport and deposition of materials from a fairly restricted
region of north-central South America by nonresident groups,
likely focused on seasonal resource extraction activities
starting in the Late Ceramic Age (~AD 600–1500). This
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contrasts with the results of previous similar isotope prove-
nance studies of mammal remains in the Caribbean region,
which indicate that permanent resident populations in places
such as Puerto Rico and Vieques, in the northeastern
Caribbean, were engaged in much longer distance exchange
networks extending from the Isthmo-Columbian region to the
Guiana Shield region thousands of kilometers away during the
Early Ceramic Age (Laffoon et al. 2014). Nonetheless, some
questions concerning these topics deserve further consider-
ation, including the timing of the collection of these artifacts
and the exact mechanism of their movement (direct acquisi-
tion or exchange).

Current and future research avenues including the further
development of isoscapes of bioavailable 87Sr/86Sr and δ18O
for South and Central America at multiple scales (local,
regional, macro-regional) can contribute to refined estima-
tions of geographic origins. The application of other types of
isotope analyses, including sulfur (S), lead (Pb), and neodym-
ium (Nd), also has the potential to shed further light on the
provenance of these and similar artifacts and are the focus of
ongoing research. Additionally, none of the mammalian bone
materials from Dos Mosquises, including rare specimens of
howler monkey (Alouatta seniculus) crania and deer (Mazama
sp.; Odocoileus virginianus) bone flutes that are unique in the
insular Caribbean, have yet been isotopically analyzed for
provenance purposes in part because of concerns with the
susceptibility of bone 87Sr/86Sr to post-mortem alteration.
However, owing to the exceptional state of preservations of
the bone materials, it may be worthwhile to pursue this line of
research as well. Analyses of patterns of microwear on these
skeletal remains may reveal more about the artifact biogra-
phies in relation to production and use (or lack thereof).
Such evidence may also further shed light on certain aspects
of the artifact life histories that are missing, i.e., between the
endpoints of the location(s) of origin of the raw materials (on
the mainland) to their locations of deposition (on Dos
Mosquises). Placing these artifacts within a larger compara-
tive framework assessing the production, use, movement, and
meaning of other components of the archeological assem-
blages of Dos Mosquises and the Valencioid Sphere of
Interaction more generally is the focus of ongoing research.
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