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ABSTRACT
This study analyses zooarchaeological material recovered from the late precolumbian site of El
Flaco (AD 990–1450), northern Dominican Republic. The faunal assemblage from this inland
settlement demonstrates terrestrially focused modes of faunal exploitation but with some
resources obtained from coastal ecosystems, such as mangrove forests, sandy-bottom, and
reefs, which are located approximately 20 km to the northwest. This study establishes last
occurrence dates for extinct taxa; examines the spatial distribution of fauna; explores modes
of food procurement; and the effects of agricultural activities on local fauna by investigating
animal remains from three excavation units. A diachronic study of animal remains from one
artificial mound demonstrates changing patterns in resource exploitation, such as an
increasing consumption of land crab over a roughly 100-year period. This study follows
previous research that examined the isotope ecology of endemic species from El Flaco that
indicates some hutias were possibly scavenging or being fed cultivated plants.
Palaeoenvironmental data suggest that Indigenous landscape transformations led to the
creation of mosaic environments, which may have attracted and supported certain species,
implying that the inhabitants of El Flaco likely did not have to venture far to trap or hunt
many of the animals upon which they relied.
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Introduction

Zooarchaeological investigations in the insular Carib-
bean indicate that late precolumbian societies inter-
acted with a wide range of animals, reflecting the
high degree of species biodiversity and endemism
within this tropical oceanic island system. Only two
domesticated animals coexisted with Indigenous
peoples, guinea pigs (Cavia porcellus) and dogs
(Canis familiaris), both of which have been studied
extensively (Grouard, Perdikaris, and Debue 2013;
Kimura et al. 2016; LeFebvre and deFrance 2014;
Newsom and Wing 2004; Oswald et al. 2020). These
animals form minor components of assemblages at
most sites, suggesting that people relied mainly upon
‘wild’ animals which were usually hunted or trapped
within a range of 3–5 km from settlements (Grouard
2002; Giovas 2013; Wing and Wing 2001). At coastal
sites in the Greater Antilles, and on the relatively smal-
ler islands of the Lesser Antilles, a demonstrably
greater importance was placed on the exploitation of
coastal habitats, with marine fauna generally consti-
tuting around 70% of the minimum number of indi-
viduals (MNI) at many sites (Carder and Crock
2012; Carder, Reitz, and Crock 2007; Giovas 2016,

2013; Grouard 2001; LeFebvre 2007; LeFebvre and
Giovas 2009; Newsom and Wing 2004; Steadman
and Jones 2006). In contrast, inland sites often demon-
strate greater dependence on terrestrial animals
(Grouard 2010; Newsom and Wing 2004; Scudder
1991).

This paper presents the findings from the study of
faunal remains recovered from the late precolumbian
settlement of El Flaco, Dominican Republic (Hofman
and Hoogland 2015) with the aim to reconstruct
aspects of its food culture through time and to inves-
tigate the impact of agricultural activities on the local
fauna. Located approximately 20 km from the coast
and nestled in the leeward foothills of the Cordillera
Septentrional, El Flaco overlooks the fertile Cibao Val-
ley in Hispaniola’s northern interior. The site was reg-
ularly occupied between AD 990 and 1452, with a
latest radiocarbon date of AD 1490, suggesting poss-
ible contemporaneity with the arrival of Columbus
(Hofman and Ulloa Hung 2019; Hofman and Hoog-
land 2015; Hofman et al. 2018; Hofman, Valcárcel
Rojas, and Ulloa Hung 2020). This small settlement
is situated at the terminus of the theorised ‘ruta de
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Colón’, a pass through the Cordillera Septentrional
that Christopher Columbus traversed during the semi-
nal European expedition into inland Hispaniola in AD
1494 (Guerrero and Veloz Maggiolo 1988; Hofman
et al. 2018; 2020; Ortega 1988).

Human Niche Construction and Garden
Hunting in the Neotropics

The abundance of certain animal species within
archaeological assemblages may be explained as
being the result of human niche construction activities
(Odling-Smee, Laland, and Feldman 1996; Boivin et al.
2016). This is because human alterations to natural
plant communities by deforestation or the planting
of economically important species result in changes
in ecosystems, which in turn create adaptive pressures
on animals inhabiting them (Smith 2001, 2007, 2011;
Boivin et al. 2016; Zeder 2015). Evidence from the
humid Neotropics indicates that some animals, mostly
dietary generalists or synanthropic in behaviour,
might benefit from these landscape changes. Farming
can attract certain animals to altered environments
due to an increased food supply from domestic
crops but also as a by-product of landscape changes,
which create beneficial mosaic environments (Linares
1976; Arce-Peña et al. 2019; Loiselle and Blake 1992;
Ramírez-Barajas and Calmé 2015; Smith 2005).
These attracted animals may in turn be targeted by
people tending farming plots, a practice known as
‘garden hunting’ (Linares 1976). Isotopic studies of
‘wild’ animal remains in the Neotropics indicate vary-
ing degrees of human influence on the diets of ani-
mals, which may point to scavenging from farming
plots, particularly of cultivated maize (Zea mays).
This may explain relatively higher carbon (δ13C) iso-
tope values for deer and birds at precolumbian main-
land sites in Panama (Sugiyama et al. 2020), and for
hutias in the Bahamas (LeFebvre et al. 2019) and in
Hispaniola (Shev, Laffoon, and Hofman 2021).

Following Zeder (2015), a process in which an ani-
mal species exists within or moves into anthropogenic
landscapes and forms a mutually beneficial but asym-
metric relationships with humans could be considered
as a ‘commensal pathway’ towards domestication. It is
important to note that ‘commensal pathways’ do not
necessarily lead towards domestication, or even to
direct management of animal populations by humans.
We define ‘garden hunting’ as the activity of hunting
or trapping animals from within, or nearby horticul-
tural plots or settlements to which they are attracted
to, which may subscribe to Zeder’s (2015) definition
of a ‘commensal pathway’ (LeFebvre and deFrance
2018).

To examine the effects of agricultural activities on
animals represented in archaeological assemblages,
knowledge of the palaeoenvironment is required. For

our study area, starch grain analysis has established
which plant species, domestic and wild, are found
within archaeological deposits at El Flaco (Pagán-
Jiménez et al. 2020), and sediment cores provide pol-
len, fungal and charcoal records demonstrating evi-
dence for the impact of landscape modification on
the flora within the Cibao Valley (Castilla-Beltrán
et al. 2020, 2018; Hooghiemstra et al. 2018).

El Flaco: Site Overview

Excavations at El Flaco took place between 2013 and
2016 as part of the ERC-funded NEXUS-1492 project.
The site consists of several artificially levelled areas
containing the circular arrangements of postholes
indicative of household spaces. Six earthen mounds
with multi-functional purposes were identified com-
prising layers of accumulated waste forming thick
strata of fine ash from cooking activities, dark soils
probably used for horticulture, and human burials
(Hofman and Hoogland 2015; Hofman, Valcárcel
Rojas, and Ulloa Hung 2020; Keegan and Hofman
2017; Pagán-Jiménez et al. 2020). The palaeobotanical
study of the southernmost mound at the site revealed
preserved starch grains of maize (Zea mays), gourd
(Curcurbita sp.), and arrowroot (Maranta sp.),
which were likely cultivated at or nearby the site
(Pagán-Jiménez et al. 2020). El Flaco overlooks the fer-
tile Cibao Valley, an area that the early fifteenth cen-
tury chronicler, Bartolomé de las Casas, noted for its
intensive agricultural usage, human use of fire in the
landscape, and prolific hutias inhabiting its grasslands
(Las Casas 1875).

Archaeological surveys in Puerto Plata province to
the north and Montecristi province to the northwest
identified a multitude of Indigenous sites containing
Meillacoid, Chicoid or multicomponent ceramics
located in coastal habitats (Herrera Malatesta 2018;
Herrera Malatesta and Hofman 2019; Ulloa Hung
2014). It is important to note that El Flaco is located
in the southern foothills of the Cordillera Septentrio-
nal, and therefore access to these coastal environments
and settlements would have been restricted by the
rugged terrain of this dividing mountain range
(Hofman and Hoogland 2015).

Biogeography of the Area Surrounding El
Flaco

El Flaco is situated between two significant geological
features in the northern Dominican Republic, the Cor-
dillera Septentrional and the Cibao Valley. The Cor-
dillera was formed during the Tertiary Period by the
deposition of sea sediments along the coast, while
the agriculturally fertile Cibao Valley to its south
was mostly formed by alluvial silting during the Qua-
ternary period. The Cordillera Septentrional divides
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the Cibao Valley from the Atlantic coast, following a
northwest-southeast axis from Montecristi and to
Gran Estero (Carmona, Ramírez, and Cano-Ortiz
2010; Mollatt et al. 2004). El Flaco straddles two over-
lapping ecological zones, the Central Subprovince and
the Caribbean-Atlantic Subprovince, and the local
area is populated by semiarid-humid plant commu-
nities including cloudy broad-leafed forest, ombrophi-
lous forest, dry forest and grasslands (Carmona,
Ramírez, and Cano-Ortiz 2010). The location of El
Flaco provided the inhabitants of the site with access
to a plethora of exploitable environments, from mon-
tane rainforest immediately to the north to the agricul-
turally fertile valley to its south.

Around 20–30 km northwest of El Flaco in
western Puerto Plata and eastern Monte Cristi pro-
vinces, much of the northern coastline is comprised
of a low gentle slope to the sea from the Cordillera
Septentrional (Figure 1). This coastal area mainly
consists of sandy-bottomed environments and con-
tiguous pockets of mangrove forests that stretch
between 5 and 10 km in length, and is interspersed
with offshore coral reefs and seagrass beds in shal-
low waters located close to the shoreline (Geraldes
2003; Herrera et al. 2011; Spalding 2010). In this
study, we define coastal habitats as areas where mar-
ine processes such as storm surges, erosion and
deposition and terrestrial processes intermix (Ford
2013), whereas coastal sites are defined as existing
within these habitats, unless access to the sea is
restricted by topography.

Palaeoenvironmental studies indicate that Indigen-
ous landscape changes likely impacted the compo-
sition of floral communities in the region
surrounding El Flaco. Sediment coring from Laguna
Biajaca in the Cibao Valley, 12 km southwest of El
Flaco, suggests a decrease in diversity of palm and
hardwood flora leading up to cal AD 1250. An increase
in charcoal particles indicates that fire usage inten-
sified between cal AD 1150 and 1450, likely due to
an increase in slash-and-burn agricultural activities.
The abundance of certain pollen taxa and a decrease
in charcoal particles suggest a notable decrease in
burning activities and an expansion of high-canopy
plants between cal AD 1500 and AD 1800, which
may be accounted for by the decimation of Indigenous
communities and a cessation of their environmental
practices (Castilla-Beltrán et al. 2020, 2018). Sediment
coring from Los Indios, located adjacent to the Yacque
del Norte River in the Cibao Valley 47 km to the west
of El Flaco, also indicates that farming practices
formed a mosaic of natural and human-altered veg-
etation communities between cal AD 200 and 1525,
with evidence of increasing fire usage around cal AD
1410 (Hooghiemstra et al. 2018).

The insular Caribbean has high degrees of ende-
mism in terrestrial flora and fauna, with the highest
taxonomic diversities in the Greater Antillean islands
of Cuba, Jamaica, Hispaniola, and Puerto Rico that
together constitute roughly 90% of the land area of
the insular Caribbean (Grouard 2010; Kier et al.
2009; Newsom and Wing 2004). Hispaniola alone is

Figure 1. Elevation map showing the location of El Flaco in relation to important geographical features discussed in this paper.
Includes benthic and coastal environments located to the northwest of the site. Mangrove distribution data obtained from Spald-
ing et al. 2010, and benthic habitat data obtained from The Nature Conservancy (Schill et al. 2021).Elevation map showing the
location of El Flaco in relation to important geographical features discussed in this paper. Includes benthic and coastal environ-
ments located to the northwest of the site. Mangrove distribution data obtained from Spalding et al. (2010) and benthic habitat
data obtained from The Nature Conservancy (Schill et al. 2021).
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home to approximately 2050 endemic plant species
(Meijía 2006) and is characterised by high diversity
in its numerous endemic reptiles, endemic and
migratory birds, and mammals. Herpetofauna are
the most diverse with high degrees of endemism
including 147 reptile and 62 frog species found
nowhere else on earth (Hedges 2007, 18; Powell 2012).

As part of the greater insular Caribbean region,
Hispaniola is unique in belonging to one of the few
oceanic island systems settled by terrestrial mammals.
European colonisation led to the mass extinctions of
many endemic species (Crosby 2003; Turvey et al.
2007, 2017) with Hispaniolan hutia (Plagiodontia
aedium) and solenodon (Solenodon paradoxus) being
the sole surviving endemic mammals (Mcfarlane
et al. 2000; Whidden and Asher 2001). Post-AD
1500 extinctions of endemic mammals include all
West Indies shrews, all but one species of hutia and
all edible rats (Hansford et al. 2012; Mcfarlane et al.
2000; Macphee, Flemming, and Lunde 1999).

The potential for Indigenous management of cer-
tain hutia species has long been speculated by some
researchers (Carlson and Steadman 2009; Colten and
Worthington 2014; LeFebvre and deFrance 2018;
LeFebvre et al. 2019; Oswald et al. 2020; Wilkins
2001; Wing 2008a, 2012). One species, Puerto Rican
hutia (Isolobodon portoricensis), a misnomer as it
likely evolved in Hispaniola and was introduced by
humans to Puerto Rico and the Virgin Islands, often
comprises significant proportions of archaeological
assemblages (Flemming and MacPhee 1999; Morgan
et al. 2019; Wing 2012, 2008b; Wing, Ray, and Kozuch
2002). As determined from isotopic analysis, some
hutia species likely had human-influenced diets, with
a study on I. portoricensis collagen revealing that
53.3% (n = 8) of individuals at El Flaco had high diet-
ary carbon (∂13C) values that were within the range of
domestic dogs from the same site, but distinct from
other examined endemic fauna (Shev, Laffoon, and
Hofman 2021). However, high carbon isotope values
in some individuals does not necessarily indicate
their systematic management and can be associated
with other factors, such as intensive farming which
may have encouraged scavenging behaviours of the
hutia due to an increase in the availability of their
food sources (LeFebvre et al. 2019; Shev, Laffoon,
and Hofman 2021).

Materials and Methods

During excavation, all earth was passed through a
4 mm or 2 mm mesh. Animal bone was separated
during sieving and later sorted by taxonomic class.
Faunal material was counted and weighed, allowing
distribution mapping of broad faunal categories across
the entire excavated area (Figure 2). Zooarchaeological
analysis, involving the identification of taxa beyond

broad faunal categories, was conducted on faunal
remains from three excavation units: 69, 71 and 72.
We chose these three units due to the high amount
of faunal material they contained, and the presence
of features such as hearths and burials. Unit 69, in
the south of the site, was multifunctional and used
for refuse disposal, horticulture, and for burials (Hof-
man and Hoogland 2015; Keegan and Hofman 2017).
The excavated surface area of Unit 69 is 42m2, while a
volume of 40.5m3 was excavated at varying depths
given the sloping nature of the mound. Units 71 and
72 (both 2 × 2 m) were connected in one corner,
included domestic refuse and hearth features and
did not contain burials. Units 71 and 72 are located
within an artificial mound at the western part of the
excavated site, which likely served as a refuse area
for the large housing structure located adjacent to
the east. Unit 71 contained 4.4m3 and Unit 72 5.2
m3 of excavated earth.

We conducted a diachronic study of fauna fromUnits
71 and 72, quantifying material by excavation layer and
interpreting this according to stratigraphic profiles,
archaeological features, and radiocarbon dating.

We took three radiocarbon samples from Unit 71
(n = 1) and Unit 72 (n = 2) to assess the date range
of the western mound which contains these excavation
units. We calibrated the conventional radiocarbon
dates in the OrAU OxCal software (v4.4) using the
IntCal20 calibration curve (Reimer et al. 2020) to pro-
duce probable calendar ages (in BC/AD) at both 95.4%
and 68.3% confidence. Additionally, to provide
reliable temporal boundaries for this context using
the available data we produced Bayesian start and
end dates for this deposit by constructing a simple
single-phase Bayesian model using the OrAU OxCal
software (v4.4) (SI Figure 1). The Bayesian start and
end models are reported at 68.3% confidence, and a
statistical median is provided for each model.

We identified terrestrial vertebrates in collabor-
ation with Sr Juan Almonte and Dr Carlos Suriel at
El Museo Nacional de Historia Natural ‘Prof. Eugenio
de Jesús Marcano’ in Santo Domingo. Rodent identifi-
cations were based on dental morphology, as post-cra-
nia of caviomorph rodents are exceedingly difficult to
accurately identify (Hermanson and Woods 2012,
187). Reptiles were identified using select diagnostic
elements, such as the dentaries, mandibles, frontals,
and some postcrania. Avian remains were few and lar-
gely undiagnostic due to their high degree of fragmen-
tation and poor preservation.

Fish remains were identified using a reference col-
lection currently housed at the NEXUS1492 field unit
at Cruce de Guayacanes, Valverde Province, Domini-
can Republic. Fish skeleton pictorial guides were used:
the online fish skeleton pictorial guides of Osteobase
(http://www.osteobase.mnhn.fr/), FishBase (http://
fishbase.org/), and the Florida Museum of Natural
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History Pictorial Skeletal Atlas of Fishes (http://www.
floridamuseum.ufl.edu/fishatlas/). Due to the lack of
an extensive, locally available, physical reference

collection much of the fish was not identified beyond
the family level. Most identifications were based on the
five paired elements; dentaries, maxillae, premaxillae,

Figure 2. Horizontal distribution map of the weights (g) of recorded faunal remains across all excavated units at El Flaco. Demon-
strates the location of Units 69, 71 and 72 and of postholes indicating dwellings. Stratigraphic layers are combined. (Map by
Simone Casale, copyright NEXUS1492)
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articulars and quadrates, plus special taxa-specific
elements, such as pharyngeal grinders (Leach 1997).
Fish vertebrae were few within the three units (NISP
= 83) and therefore we deemed the lack of vertebrae
identification as a minor limitation.

We calculated the MNI of land crabs (Gecarcinidae
and Ucididae) by counting mandibles and pairing
elements, the majority of which were chelipeds. The
lack of a reference collection however prohibited
identifications to a lower taxonomic order. The assem-
blage is likely comprised of species from the land crab
(Gecarcidinae) family, blue land crab (Cardisoma
guanhumi), black mountain crab (Gecarcinus ruri-
cola), and red land crab (G. lateralis) or belong to
mangrove adapted swamp ghost crab (Ucides corda-
tus), which are all commonly trapped in the same
modern crabberies in the north-western Dominican
Republic (Herrera et al. 2011; Wing 1995).

We applied different methods of quantification for
vertebrates and invertebrates. For vertebrates, the
number of identified specimens (NISP) was calculated,
and samples were weighed. Elements of the same taxa
were paired according to size to calculate the MNI. For
marine invertebrates we only calculated the MNIs as
counting the NISP of fragmented material was unfea-
sible. The MNI, NISPs and biomass of each taxon, or
soft tissue weight in the case of invertebrates, were cal-
culated for the site. All marine invertebrates were
sorted and identified by students under supervision
during the excavation seasons using a reference collec-
tion also housed at the NEXUS1492 field unit.

There are inherent inconsistencies with calculating
biomass from fragmented archaeological material;
however, we applied this metric to provide another
quantification beyond NISP and MNI, which are sub-
ject to their own biases (Domínguez-Rodrigo 2012).
Biomass was calculated using published average
weights of terrestrial vertebrate taxa, with the excep-
tion of Isolobodon portoricensis (n = 230),
I. montanus (n = 1), Brotomys sp. (n = 37), and guinea
pig (Cavia porcellus) (n = 1), for which average body
masses were directly calculated by measuring lower
tooth row length using allometric regression values
as outlined by Hopkins (2008) for rodents of <5 kg
in weight. The anterior centrum width of complete
fish vertebrae (n = 50) was measured to provided rela-
tive estimations of body mass range. Fish body mass,
and soft tissue weights for marine invertebrates were
calculated from centrum width and shell weights
respectively, using the allometric formula Y = aXb (Y
= live weight, X = shell weight/centrum width, a = Y-
intercept, b = slope) following regression values out-
lined for fish vertebrae by Wing (2001) and Colten
and Worthington (2014), and for gastropods, general
bivalves and oysters by Reitz and Wing (2008, 68).
We used published live weights of all identified species
when enough shell was not present to accurately

calculate soft tissue weight, as in the case of queen
conch (Aliger gigas). An analogous average body
mass for land crab of 144.9 g was derived from weight
ranges of Cardisoma guanhami taken over a six month
study by Olalekan (2015). Land crab meat yields were
deduced from fishery studies conducted on live blue
swimming crabs (Portunus pelagicus), which average
29.4% of total body weight (Pathak et al. 2019). To cal-
culate the soft tissue weigh of Queen conch (Aliger
gigas) we applied an average live weight of 2.3 kg of
which approximately 7–8% is meat (Davis 2005).

We recorded bone discolourations to provide an
indication of the temperature to which the bone was
exposed, in order to suggest modes of cooking (Elling-
ham et al. 2015). Bone colour was recorded using a
Munsell soil colour chart.

Results

Faunal Distribution Across the Excavated Area
of El Flaco

The faunal remains of the excavated site included a
wide range of taxonomic classes (Figure 3; Table 1).
The sorted faunal material from the entire excavated
area totalled 14,798 bones, 8,589 of which were ident-
ifiable to taxonomic class, and 18,249 land crab
remains. These were distributed in mainly three
areas, with the majority in the western artificial
mound (Units 70–74), and southern area (including
Unit 69) that show mixed usage. Land crab, the
most numerous of all faunal remains (75.19% of
NISP), are mainly clustered in the western, southern,
and eastern refuse areas. Terrestrial gastropod (Pleur-
odonte sp. and Obeliscus sp.) shells appear to be most
dense in the eastern part of the site. The high density
of land snail in this eastern section may also be an
indication of a greater time of exposure of archaeolo-
gical deposits to open air (Gutiérrez Zugasti 2011;
Newsom and Wing 2004; Wing, Ray, and Kozuch
2002), which may also have negatively impacted the
preservation of animal bone. No further work regard-
ing the taxonomic identification of sorted faunal
material, or other qualitative analysis, was conducted
on material from the entire excavated area of the site.

All the following results relate only to findings from
the three case study excavation units: Unit 69, 71 and
72, which contain 36.3% (NISP = 3114) of the identifi-
able bones, and 51.7% of all land crab remains from
the entire excavated area.

Last-Occurrence Dates

Direct radiocarbon dating of an individual
I. portoricensis from Unit 72, layer 4, indicates a new
last occurrence date of 570 ± 30 BP, updated from
710 ± 50 BP (Mcfarlane et al. 2000). Nesophontes
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paramicrus, a species of West Indies shrew, has a new
relative last occurrence date of between 445 and 550 ±
30 BP, based on radiocarbon dating of archaeological
material in the same contexts in the upper three layers
of Unit 69. The previous last occurrence date was 680
± 50 BP (cal. AD 1295) (Macphee, Flemming, and
Lunde 1999). An extinct lizard, Leiocephalus anon-
ymous, present in Unit 72 layer 2, also has a relative
last occurrence date of 600 ± 30 BP; however, it is sus-
pected to have survived into the sixteenth century
(Pregill 1984).

Terrestrial Vertebrates

Eight mammal taxa are represented including two
domestic species, dog and guinea pig, the latter rep-
resented by one mandible and being one of only
four instances that this species has been recovered
from pre-Columbian contexts in Hispaniola
(LeFebvre and deFrance 2014). Thirty-one
C. familiaris specimens (MNI = 3) were recovered.
The majority of mammal remains were of the Echi-
myidae family of rodents, which includes the subfam-
ily of hutias (Capromyinae). Hispaniolan hutia

(Plagiodontia aedium) is represented by four mand-
ibles (MNI = 3), whereas I. portoricensis dominates
the terrestrial vertebrates (NISP = 438; MNI = 234).
The second-most abundant terrestrial vertebrate is
the edible rat (Brotomys sp.) (NISP = 242; MNI =
131), which may have been one of four highly
esteemed elite foodstuffs known to Indigenous peoples
as ‘mohuy’ (de Oviedo y Valdez 1851, 35). Seven Neso-
phontes paramicrus individuals are present (NISP =
15; MNI = 7), as well as one mandible of a fig-eating
bat (Phyllops falcatus).

Herpetofauna formed a large part of the diet at the
site with a clear preference for large endemic lizard
species, which are still found locally. The largest rep-
tile species is rhinoceros iguana (Cyclura cornuta)
(NISP = 37; MNI = 6); however, the most frequently
occurring reptiles are anguids (Celestus sp.) (NISP
= 165; MNI = 67) and anoles (Anolis sp.) (NISP =
165; MNI = 57), followed by the now extinct Leioce-
phalus anonymous (NISP = 79; MNI = 41). Hispanio-
lan boa (Chilabothrus striatus) (NISP = 24; MNI = 12)
is well represented as is freshwater Dominican
slider (Trachemys stejnegeri viscina) (NISP = 134;
MNI = 7).

Figure 3. Assortment of faunal remains recovered from El Flaco: (a) Isolobodon portoricensismandibles; (b) Aves: left – Hispaniolan
woocock (Scolopax brachycarpus) tarsometatarsus; right – white-winged warbler (Xenoligea montana) humerus; (c) Hispaniolan
boa (Chilabothrus striatus) maxilla and dentary; (d) anguid/galliwasp (Celestus sp.) dentary/mandible; (e) Nesophontes paramicrus
mandible; (f) Dominican giant anole (Anolis baleatus) frontal; (g) Brotomys sp. mandibles; (h) Hispaniolan slider (Trachemys
s. vicina) carapace fragment; (h) parrotfish (Scarinae) lower pharyngeal grinder; (j) land crab (Gecarcinidae) chelipeds. (photo
G. Shev).
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Table 1. Identified vertebrates and invertebrates from excavation Units 69, 71 and 72 from El Flaco. Includes NISP, MNI and biomass/soft tissue weight of all fauna calculated using allometric formulae
and applying regression values from listed publications.

(Class) Order Family Species NISP * % NISP MNI % MNI
Sample
weight (g)

Soft tissue
weight (g)

Average live
weight Biomass (g)

% meat weight
invertebrates % Biomass Live weight source

VERTEBRATES
Terrestrial vertebrates
Rodentia Echimyidae (sub:

Capromyinae)
Isolobodon
portoricensis

438 3.49% 234 2.13% 387.5 1012.50 153525.85 13.43% Hopkins (2008)*

Rodentia Echimyidae (sub:
Capromyinae)

Isolobodon montanus 1 0.01% 1 0.01% 1.4 1053.77 1053.77 0.09% Hopkins (2008)*

Rodentia Echimyidae (sub:
Capromyinae)

Plagiodontia aedium 4 0.03% 3 0.03% 5.8 2630.00 7890.00 0.69% Hansford et al. 2012

Rodentia Echimyidae (sub:
Capromyinae)

1330 10.60% 537 4.88% 457.4 1011.54 543196.98 47.50% Hopkins (2008)*

Rodentia Echimyidae Brotomys sp 242 1.93% 131 1.19% 101 344.90 45181.90 3.95% Hopkins (2008)*
Eulipotyphla Nesophontidae Nesophontes sp. 15 0.12% 7 0.06% 1.4 43.00 301.00 0.03% Woods et al. 2020
Rodentia Caviidae Cavia porcellus 1 0.01% 1 0.01% 0.2 626.66 626.66 0.05% Hopkins (2008)*
Chiroptera Phyllostomidae Phyllops falcatus 1 0.01% 1 0.01% 0.1 19.50 19.50 0.00% Tavares and Mancina (2008)
Carnivora Canidae Canis familiaris 31 0.25% 3 0.03% 51 7000.00 21000.00 1.84% Grouard, Perdikaris, and

Debue (2013)
(Mammalia) UIF 17 0.14% 24.3
Squamata Sphaerodactylidae 2 0.02% 1 0.1
Squamata Tropiduridae Leiocephalus

anonymous
79 0.63% 41 0.37% 6.5 15.84 649.44 0.06% Alfonso et al. (2013)

Squamata Tropiduridae Leiocephalus sp. 17 0.14% 9 0.08% 1.2 15.84 142.56 0.01% Alfonso et al. (2013)
Squamata Anguidae Celestus sp. 165 1.31% 67 0.61% 50.8 429.96 28807.32 2.52% Noviello et al. (2020)
Squamata Dactyloidae Anolis baleatus 15 0.12% 7 0.06% 1.6 27.90 195.30 0.02% Shine (1992)
Squamata Dactyloidae Anolis sp. 165 1.31% 57 0.52% 26.7 12.10 689.70 0.06% Shine (1992)
Squamata Teiidae Ameiva sp. 11 0.09% 6 0.05% 0.5 60.00 360.00 0.03% Siders (2014)
Squamata Iguanidae Cyclura cornuta 37 0.29% 6 0.05% 27.4 5735.00 34410.00 3.01% Carey (1975)
Squamata Boidae Chilabothrus striatus 24 0.19% 12 0.11% 4 3500.00 42000.00 3.67% Zootierliste (2021)
Squamata UIF 79 0.63% 13 31.8
Anura Eleutherodactylidae Eleutherodactylus spp. 44 0.35% 12 0.11% 7.7 85.50 1026.00 0.09% Maiorana (2006)
Anura Bufonidae Peltophryne spp. 1 0.01% 1 0.01% 0.3 77.50 77.50 0.01% Lentini (2002)
Testudines Emydidae Trachemys stejnegeri

viscina
134 1.07% 7 0.06% 204.8 2012.50 14087.50 1.23% Jackson (2010)

(Aves) UIF 20 0.16% 2.1
Columbiformes Columbidae Geotrygon montana 3 0.02% 2 0.02% 0.5 149.00 298.00 0.03% Dunning (2007)
Columbiformes Columbidae Geotrygon sp. 1 0.01% 1 0.01% 0.1 149.00 149.00 0.01% Dunning (2007)
Columbiformes Columbidae Columbina passerina 2 0.02% 1 0.01% 0.6 36.40 36.40 0.00% Dunning (2007)
Gruiformes Rallidae Gallinula sp. 1 0.01% 1 0.01% 0.1 383.00 383.00 0.03% The Cornell Lab (2019)
Passeriformes Thraupidae Coereba flaveola 2 0.02% 1 0.01% 0.1 10.01 10.01 0.00% Sibly et al. (2012)
Passeriformes Phaenicophilidae Xenoligea montana 1 0.01% 1 0.01% 0.1 13.50 13.50 0.00% Wiley (2010)
Charadriiformes Scolopacidae Scolopax brachycarpa 1 0.01% 1 0.01% 0.1 6.75 6.75 0.00% Field et al. (2013)*; Takano

and Steadman (2015)
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TERRESTRIAL
VERTEBRATE TOTAL

2884 22.98% 1165 10.59% 1397.20 26461.67 896137.64 78.37%

Marine vertebrates
(Osteichthyes) –
vertebrae

83 0.66% 10.70 77276.80 6.76% Colten and Worthington
(2014)*

(Osteichthyes) UIF 118 0.94% 38.10
Myliobatiformes – – 1 0.01% 1 0.01% 0.5
Carcharhiniformes Sphyrnidae Sphyrna lewini 1 0.01% 1 0.01% 5.4
Carcharhiniformes – – 3 0.02% 3 0.03% 1.9
Carcharhiniformes Carcharhinidae Carcharhinus leucas 2 0.02% 1 0.76% 1.4
Perciformes Haemulidae Conodon nobilis 2 0.02% 1 0.01% 0.2
Perciformes Haemulidae Haemulon plumerii 1 0.01% 1 0.01% 0.3
Perciformes Carangidae Caranx hippos 1 0.01% 1 0.01% 0.7
Scombriformes Sphyraenidae Sphyraena barracuda 1 0.01% 1 0.01% 0.1
Tetraodontiformes – – 1 0.01% 1 0.01% 0.2
Perciformes Trichiuridae Trichiurus lepturus 1 0.01% 1 0.01% 0.2
Scombriformes Scombridae – 2 0.02% 1 0.01% 0.2
Perciformes Lutjanidae Lutjanus synagris 2 0.02% 2 0.02% 2.1
Perciformes Serranidae Epinephelus

adscensionis
4 0.03% 3 0.03% 2.1

Perciformes Serranidae Mycteroperca bonaci 2 0.02% 2 0.02% 0.5
Perciformes Scaridae Sparisoma sp. 2 0.02% 1 0.01% 0.5
Perciformes Scaridae Scarus sp. 1 0.01% 1 0.01% 0.8
Perciformes Scaridae Scarus vetula 1 0.01% 1 0.01% 0.6
Perciformes Scaridae Sparisoma rubripinne 1 0.01% 1 0.01% 0.6
MARINE VERTERBRATE
TOTAL

230 1.83% 24 0.22% 18.30 0.00 77276.80 6.76%

VERTEBRATE TOTAL 3114 24.81% 1189 10.81% 1415.50 26461.67 973414.44 85.13%
INVERTEBRATES
Terrestrial invertebrates
Decapoda Gercarcinidae and

Ucididae
9437 75.19% 3293 29.94% 6657.2 42.67 144.93 140503.72 12.29% Olalekan (2015)

Marine invertebrates
Ostreida Ostreidae Crassostrea

rhizophorae
1296 11.78% 23606.9 5.36 6941.04 23.46% 0.61% Reitz and Wing (2008, 68)*

Lucinida Lucinidae Codakia orbicularis 470 4.27% 3813.8 8.04 3778.68 12.77% 0.33% Reitz and Wing (2008, 68)*
Cardiida Donacidae Donax denticulatus 478 4.35% 1504.7 3.11 1485.93 5.02% 0.13% Reitz and Wing (2008, 68)*
Lucinida Lucinidae Phacoides pectinatus 132 1.20% 1204.7 9.05 1194.01 4.03% 0.10% Reitz and Wing (2008, 68)*
Ellobiida Ellobiidae Melampus coffea 684 6.22% 242.3 0.29 200.64 0.68% 0.02% Reitz and Wing (2008, 68)*
Mytilida Mytilidae Brachidontes exustus 1398 12.71% 2113.9 1.49 2080.60 7.03% 0.18% Reitz and Wing (2008, 68)*
Venerida Veneridae Chione cancellata 1763 16.03% 9312.2 5.23 9213.82 31.14% 0.81% Reitz and Wing (2008, 68)*
Littorinimorpha Littorinidae Cenchritis muricatus 108 0.98% 180.9 1.42 153.05 0.52% 0.01% Reitz and Wing (2008, 68)*
Cycloneritida Neritidae Nerita sp. 55 0.50% 9.5 0.14 7.78 0.03% 0.00% Reitz and Wing (2008, 68)*
Arcida Arcidae Anadara floridana 44 0.40% 152.6 3.43 150.75 0.51% 0.01% Reitz and Wing (2008, 68)*
Trochida Tegulidae Cittarium pica 1 0.01% 3.8 3.25 3.25 0.01% 0.00% Reitz and Wing (2008, 68)*
Littorinimorpha Cymatiidae Cymatium sp. 2 0.02% 5.6 2.39 4.77 0.02% 0.00% Reitz and Wing (2008, 68)*
Cardiida Cardiidae Trachycardium

muricatum
50 0.45% 167.9 3.32 165.85 0.56% 0.01% Reitz and Wing (2008, 68)*

(Continued )
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Bird remains were mostly non-diagnostic (NISP =
20); however, seven species from five families were
identified, three from the pigeon family, Columbidae
(NISP = 6; MNI = 3). One species, the white-winged
warbler (Xenoligea montana) (NISP = 1) is only
found on Hispaniola (BirdLife International 2021).
Hispaniolan woodcock (Scolopax brachycarpa)
(NISP = 1) was also identified, a species which was
one of many endemic animals that persisted through-
out the late-Holocene but disappeared sometime after
the arrival of Europeans in the region (Steadman and
Takano 2013).

Marine Vertebrates

A total of 23 fish species encompassing 12 genera and
14 families were identified. Most species prefer
inshore, estuarine, and reef habitats, with the excep-
tions being scalloped hammerhead (Sphyrna lewini)
(NISP = 1) and crevalle jack (Caranx hippos) (NISP
= 1) which are coastal pelagic species, though crevalle
jack also frequents brackish waters (Cervigón et al.
1992) (Figure 4). Possibly, the only true pelagic
species is represented by two vertebrae of a fish
from the Scombridae family (tuna, mackeral and
bonitos). The most represented species is rock hind
(Epinephelus adscensionis; NISP = 4; MNI = 3). Two
families are represented by several species, Scarinae
(# of taxa = 4) and Serranidae (# of taxa = 3), but no
species dominates the assemblage. Most of the ident-
ified fish inhabit coastal inshore (31.25% of marine
vertebrate MNI) and reef environments (50% of mar-
ine invertebrate MNI), suggesting that environments
close to the shore were the primary target for
fishing activities. Although freshwater fish could
have feasibly been caught from the Yaque del Norte
River or tributaries no freshwater species were ident-
ified. Nevertheless, the presence of freshwater turtle,
Hispaniolan slider (Trachemys stejnegeri viscina),
suggests that the site’s inhabitants occasionally uti-
lised rivers and streams.

There was likely a range of fishing techniques
employed (Figure 4). Netting was probably a common
practice, with 40% of all identified individual fish
being susceptible to be captured using this method,
due either to their size or their herbivorous diets,
which inhibit the use of hook-and-lines. However, it
must be noted that netting was likely incompatible
with reef environments. Parrotfish (Scarinae) may
have also been captured using traps, a method for
which 13% of identified individual fish (MNI) are
amenable for capture. Hook-and-line methods may
have been employed for most predatory fish (37% of
marine vertebrate MNI), whilst the use of spears, har-
poons or arrows may have been employed for larger
catches, such as requiem sharks (Carcharhinidae),
rays (Myliobatiformes) and groupers (Serranidae).Ta
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Fish weight ranged from 129.3g to 11689.6 g, (μ =
1545.5g, Mdn = 672.8g). Most fish (n = 31, 62%)
weighed under 1 kg, whereas only 7 individuals
exceeded 2 kg in live weight.

Invertebrates

Terrestrial invertebrates, such as land crabs (Gecarci-
nidae and Ucididae; NISP = 9437; MNI = 3293), and
snails (Pluerodonte spp.) (MNI = 5446), account for
the majority of the site’s total MNI, although accord-
ing to biomass calculations (12.3% of site total) land
crabs were the second most important source of
meat. The lack of an adequate reference collection
for land crabs prevented distinguishing between
species, but these taxa all inhabit open forested areas
located behind coastal shores, often favouring man-
grove areas (Hartnoll et al. 2006; Herrera et al.
2011). The significant presence of Pleurodonte sp.
(MNI = 5446) may be an indication of the intensity
of agriculture that was being practiced at the site.

The Indigenous people living at El Flaco targeted
twenty coastal-dwelling species of marine gastropods
and bivalves. Venus clam (Chione cancellata, MNI =
1763) dominates, accounting for 31.1% of marine
invertebrate soft tissue weight, whilst another bivalve,
Mangrove oyster (Crassostrea rhizophorae, MNI =
1296) is also well represented (23.5% of soft tissue
weight). Small gastropods, Melampus coffea (MNI =
684) and Cenchritis muricatus (MNI = 108), were
gathered, yet their small size likely meant that little
nutrition was gained from these species, and they
may have been gathered accidently because they inha-
bit nearshore environments exploited for more econ-
omically important molluscs. Queen conch (Aliger
gigas) is represented by MNI = 24 and comprises
14% of the edible meat weight of marine invertebrates,
yet throughout the Caribbean conch middens are
often found close to the coast so this species may
have been frequently butchered prior to transpor-
tation to the site (Newsom and Wing 2004; Posada

et al. 2007). Conch shell was also manipulated and
used as tools throughout the Caribbean region
(Newsom and Wing 2004). The near absence of gas-
tropods, such as West Indian whelk (Cittarium pica)
(MNI = 1), an important food elsewhere in the Carib-
bean (Robertson 2003), suggests that rocky intertidal
areas were rarely targeted. The taxonomic compo-
sition of the marine invertebrate assemblage supports
a heavy exploitation of mangrove forests, sandy-bot-
tom, and seagrass environments as determined from
the high proportions of venus clam, mangrove oyster,
and the presence of conch (Aliger gigas) (Figure 5).

Evidence of Burning

Only 6.3% (NISP = 196) of identifiable vertebrate
specimens showed clear signs of burning, with Anolis
sp. demonstrating the highest frequency of all genera
(10.3%, NISP = 17). This was followed in frequency
of burning by Anguids (Celestus sp.) (7.9%, NISP =
13), and Echimyidae (hutias and edible rats) (7.5%,
NISP = 154). Of burnt bones, 46.9% (NISP = 92) are
of reddish-brown to dark brown hue (Munsell 7-
5YR–7-5YR8/3) possibly indicating cooking tempera-
tures of between 300°C and 400°C (Ellingham et al.
2015; Quatrehomme et al. 1998; Shipman, Foster,
and Schoeninger 1984; Wahl 1981). Land crab remains
demonstrate the highest rate of burning (10.4%, NISP
= 987) of all animal remains.

Biomass

The calculation of biomass provides another method
of examining the relative dietary importance of taxa
beyond NISP and MNI. Terrestrial animals, including
land crabs, account for a biomass of 1036.6 kg, or at
90.7% of the total site biomass, a figure disparate to
the total site MNI that place this group at 40.5% of
the total. Marine invertebrates account for 2.6% of
the total biomass, whilst marine vertebrates account
for 6.8%.

Figure 4. Fishing techniques and habitat preferences of identified fish taxa following criteria of Wing (1972).
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One terrestrial vertebrate dominates, Isolobodon
portoricensis, accounting for 13.4% of the site biomass.
When all Echimyidae postcrania (hutias and edible
rats) are combined they account for 65.7% of the site
biomass. Land crab, although the most numerous of
terrestrial animal remains, were the second highest
in biomass, accounting for only 12.3% of the total,
therefore their overrepresentation in NISP and MNI
does not indicate that these animals formed most of
the diet. Additionally, taphonomic processes may
have favoured the preservation of heavily calcified
land crab chelipeds (Locatelli 2013) over more gracile
vertebrate remains.

Diachronic Study of Units 71 and 72

In Unit 71 most identified vertebrates are found
(NISP = 72) in layer 9, the majority of which are
hutia, while land crab remains are minimal (NISP =
51) compared to later deposits, increasing to NISP =
266 in layer 4 (Figure 6). This layer corresponds to a
stratum consisting of ash and charcoal deposits, and
a mix of silt and fine gravel. Radiocarbon dating
(Table 2) of a I. portoricensis mandible from this
layer yielded a conventional 14C date of 670 ± 30 BP
(cal. AD 1277–1322, 37.8% probability; cal. AD
1356–1392, 42.3% probability). The sole guinea pig
mandible recovered from this unit comes from Layer
10. Vertebrates are relatively few in upper layers,
while land crab increases up to layer 4 which consisted

of slightly ashy earth deposits containing relatively less
charcoal. Based on stratigraphic profiles this layer
likely corresponds to Unit 72, layer 4, with radiocar-
bon dating of another hutia mandible giving a conven-
tional date of 570 ± 30 BP.

Marine invertebrate MNIs decrease in the upper
layers of Unit 71, with evidence of a relative decrease
above layer 9, like that of vertebrates, but with perhaps
a greater presence of queen conch (Aliger gigas) in
upper layers. However, given the relatively short date
range with overlapping calibrated dates, these differ-
ences may be associated with different activities
being conducted in this area of the site and may not
be representative of changes to overall subsistence
strategies. Several features are present within Unit
71, including hearths at layers 8 and layer 3. Layers
4 and 9, with the most faunal remains, directly underly
these hearths and therefore are likely linked to these
features.

In Unit 72 the highest quantity of identified ver-
tebrates is within layer 10 (NISP = 119), which corre-
sponds stratigraphically to layer 9 in Unit 71 and
therefore likely dating to 670 ± 30 BP (Table 2; Figure
7). Land crab is present in similar quantities in layer
10, corresponding to layer 9 in Unit 71. There is
again an increase in land crab consumption culminat-
ing in layer 4, dating to 570 ± 30 BP. Layer 9 contains
most marine invertebrates but is dominated by Mel-
ampus coffea, which has little nutritional yield. Layer
3, as in Unit 71, has relatively few faunal remains.

Figure 5. MNIs and biotope preferences for all marine invertebrates from Units 69, 71 and 72. Note only two species exclusively
inhabit rocky intertidal zones and are only found in small numbers, Cittarium pica (MNI = 1) and Diodora jaumei (MNI = 6).
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An I. portoricensis mandible yielded a radiocarbon
date of 600 ± 30 BP which is earlier than the sample
from layer 4 but with considerable overlap in cali-
brated date ranges, indicating that these upper layers
were likely contemporaneous. These layers corre-
spond to silty deposits containing gravel, ash and
charcoal. Unit 72, like Unit 71, appears to demonstrate
a trend of decreasing reliance on marine invertebrates,
with an increase in land crab in the upper layers.

Based on the available chronological data, the start
date for this deposit is modelled at cal AD 1255 to
1361 (68.3% probability), with a median of cal AD
1278 (Figure 8). The end date for this deposit is mod-
elled at cal AD 1334 to 1439 (68.3% probability), with
a median of cal AD 1401. As a result, these events can
be securely established as belonging to a timeframe
somewhere between cal AD 1255 and 1439. However,
it is important to note that the inclusion of additional
chronological data in the future may impact these
boundaries. The raw calibrated distribution plots,
Bayesian start and end models, and the code used to
produce the data is available online (SI 2).

Generally, most marine molluscs and vertebrates
were deposited sometime around cal AD 1278, while
land crab usage increased progressively, peaking
sometime in the late fourteenth century. A change in
faunal exploitation is not clear as this mound was in
use for a relatively short time compared to the occu-
pational date range of the site.

Discussion

The faunal assemblage from Units 69, 71 and 72 at El
Flaco suggests that the inhabitants mainly hunted or
trapped locally available terrestrial animals and sup-
plemented their diets with distantly acquired marine
foods. Marine resources were sourced predomi-
nantly from mangrove forests, sandy-bottom
inshore environments, and inshore reef systems.
Although vertebrates and marine invertebrate taxa
numbers fluctuate over time, their relative percen-
tages remain similar in each layer and do not clearly
suggest an overexploitation of any one taxa or
environment. The presence of marine animals serves
as evidence of persistent interaction with coastal
areas; however, fishing and shellfish gathering were
likely not important subsistence strategies for the
inhabitants of this small, horticultural settlement.
The presence of a smaller mangrove-adapted gastro-
pod (Melampus coffea) that had little nutritional
yield may reflect the non-optimal foraging of inex-
perienced members of the community, such as chil-
dren (Keegan et al. 2019).

The only clear change in faunal exploitation
observed is an increasing predation on land crab
during the creation of the western artificial mound.
These observations are contrary to the decrease in
land crab exploitation during the Saladoid – post-Sal-
adoid cultural transition in much of the Caribbean,

Figure 6. Distribution of faunal material according to excavation layer within Unit 71; (a) the NISP of vertebrate classes; (b) crab
(Gecarcindae and Ucididae) NISP; (c) MNI of marine invertebrate species.
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which for example is seen throughout Puerto Rico
and Guadeloupe (Grouard 2001; Wing 2001).
Although, a similar anachronistic phenomenon of
increasing land crab consumption was observed
from sample columns at La Jácanas, Puerto Rico, dat-
ing to cal AD 1088 (DuChemin 2013). In the Domin-
ican Republic, large modern land crab exploitation
areas exist within mangrove and coastal areas of
Montecristi province where these three species are
found abundantly (Herrera et al. 2011). An increase
of land crab consumption may reflect the broadening
of exchange networks with coastal communities
between AD 1280 and 1380, but there is no clear
increase in the consumption of marine foods to sup-
port this. An expansion in land crab trapping may
also relate to the increasingly moist conditions pre-
sent in Hispaniola between cal AD 1250 and 1600
(Castilla-Beltrán et al. 2018; Lane et al. 2009),
which may have bolstered populations of land crab
species that are particularly susceptible to climatic
fluctuations (McGaw et al. 2019; Olalekan 2015).
However, given the relatively short duration of
usage for the mounds comprising Units 71 and 72,
further analysis of other contexts within the site
will improve our understanding regarding changes
in foodways or the exploitation of ecosystems.

An increase of land crab and a decrease in marine
invertebrates does not mean that different environ-
ments were targeted, as all these marine resources
may have feasibly been accessed from the same region.
Montecristi province, along with containing abundant
mangroves is home to the largest reef formation in the
Dominican Republic, reaching 64.2 km in length
(Geraldes 2003), so possibly all reef-dwelling fish
identified may also have broadly come from this
region. Southwest Puerto Plata province also contains
mangrove and reef systems and can be considered as a
continuation of similar biomes and therefore serves as
another candidate.

Observations of bone discolouration due to heat
indicated that a lot of the fauna were subject to cook-
ing temperatures of between 300°C and 400°C,
suggesting that roasting meat over an open flame
may have been a popular technique of food prep-
aration. Hutia, land crabs and some lizard species
were either occasionally roasted over open flame or
their remains were commonly disposed of in hearths
and burnt after consumption. Most specimens did
not demonstrate observable signs of burning, perhaps
reflecting methods of cooking that did not reach temp-
eratures leading to bone discolouration or that did not
expose bone directly to flame, such as boiling in ‘pep-
per pots’ at temperatures below 200°C (Ellingham
et al. 2015; Kalsbeek and Richter 2006).

The presence and relative quantities of some ver-
tebrate species may reflect the impact of human
niche construction activities and garden huntingTa
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strategies. Most meat came from terrestrial ver-
tebrates, particularly hutia. This sharply contrasts
with the coastal site of En Bas Saline (AD 1200–
1530), northern Haiti, where only 24 I. portoricensis
individuals are represented (NISP = 123) and rarely
comprise more than 1% of the identified fauna within
each sample, whereas marine taxa largely dominate
the assemblage (LeFebvre 2015). I. portoricensis, the
dominant vertebrate at El Flaco, was likely

synanthropic according to its ubiquity in many
archaeological sites. This is supported by a genomic
study of human coprolites from Saladoid-Huecoid
contexts at Sorcé, Vieques that identified zoonotic
parasites likely transmitted from hutia to humans
(Wiscovitch-Russo et al. 2020). It was likely a
ground-dwelling species of hutia (Cooke and Crowley
2018; DuChemin 2013; Garner 2002; Newsom and
Wing 2004), and therefore it may have benefited

Figure 7. Distribution of faunal material according to excavation layer within Unit 72; (a) the NISP of vertebrate classes; (b) crab
(Gecarcindae and Ucididae) NISP; (c) MNI of marine invertebrate species.

Figure 8. Modelled Bayesian start and end date ranges produced using the available conventional radiocarbon ages. All ranges
are shown at 68.3% confidence and statistical medians are illustrated as crosses.
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from the clearance of high-canopied flora. Las Casas
(1875, 384) also mentions how hutia were found in
great number in the tall grasses of the Cibao Valley
when Europeans first arrived, noting also the systema-
tic burning of the landscape. Palaeoenvironmental
studies from northern Hispaniola support this early
historical mention of fire usage, confirming an
increase in agricultural activity and evidence of more
fire in the landscape around cal AD 1150 (Castilla-Bel-
trán et al. 2020, 2018). Slash-and-burn farming likely
created mosaic environments and may have bolstered
populations of hutia, while cultivated garden plots
possibly attracted them to human settlements.

Isotopic investigation of human and animal bone
collagen from El Flaco positively determined that
some hutias had diets that led to isotopic values simi-
lar to that of humans (Shev, Laffoon, and Hofman
2021). These similarities are indicated by relatively
high carbon isotope values falling into the range of
humans and domesticated dogs from El Flaco, but
being very different from other analysed faunal species
that are not considered to have been managed by Indi-
genous peoples (Newsom and Wing 2004). Nonethe-
less, due to the high degree of variance of isotopic
values within hutia populations it is unlikely this is
associated with their systematic management. These
data, although not discounting that some hutia may
have been purposefully fed, or possibly tamed, more
likely suggests that some hutias were attracted to and
habitually scavenged from human garden plots
(Shev, Laffoon, and Hofman 2021). Similar phenom-
ena, such as the increase in agouti (Dasyprocta lepor-
ina) and overall reliance on terrestrial animals in
Late Ceramic contexts at the site of Roseau in Basse
Terre, Guadeloupe, has also been hypothesised as
being the result of garden hunting practices (Bochaton
et al. 2021). Based on our evidence we hesitate to
suggest that some endemic animals were undergoing
a process of nascent domestication. Instead we con-
sider garden hunting as a viable explanation for the
composition of the faunal assemblage, and of how
some animals, such as I. portoricensis, demonstrate
dietary similarities with humans while at the same
time they were also an important source of food for
Indigenous peoples.

The presence of other taxa in the three studied units
at El Flaco may also be the result of garden hunting.
Two insectivorous lizard genera, anoles (Anolis spp.)
and anguids (Celestus spp.) may have been attracted
to garden plots due to an abundance of terrestrial
snails and other agricultural pests. Anguids are oppor-
tunistic predators but mostly target prey within their
preferred habitat of leaf litter areas, often making
use of human-made clearings. Some endemic species
of Hispaniolan anoles demonstrably thrive better
within anthropogenic landscapes (Incháustegui,
Schwartz, and Henderson 1985; Powell, Ottenwalder,

and Incháustegui 1999). It may be that the presence
of these species in such relatively large quantities is
the result of localised hunting or trapping within gar-
den plots or mosaic plant communities close to the
settlement. According to Linares (1976), the presence
of certain bird species may reflect an attraction to
anthropogenic mosaic environments, like in the case
of pigeons (Columbidae) which are represented in
the El Flaco assemblage, although identified avian
taxa were only few. Little is known about the behav-
iour of the second-most represented vertebrate at El
Flaco, the edible rat (Brotomys sp.), though an isotopic
study by Cooke and Crowley (2018) suggests an arbor-
eal lifestyle with a frugivorous diet of largely hom-
ogenous sources for Brotomys voratus. It is possible
that their presence within the assemblage may also
be the result of an attraction to fruit trees, which
were cultivated by Indigenous peoples throughout
the Caribbean (Newsom and Wing 2004). It is likely
that the inhabitants of El Flaco spent little time hunt-
ing far from their settlement and were more reliant on
easily catchable prey that were attracted to human
horticulture.

The large quantity of marine invertebrates, as well
as land crabs which are found prolifically nearby man-
grove areas and forests bordering the coastline (Olale-
kan 2015), suggest that there was consistent
transportation of animal resources from the coast to
the hinterland. The likely region of origin for much
of the mangrove-inhabiting fauna is northern Monte-
cristi and southwest Puerto Plata, located approxi-
mately 25 km to the northwest. The Montecristi
coastal region is known for its large mangrove forests,
but it is thought that it has much less agricultural
potential compared to the Cibao Valley partly due to
its more arid climate (Herrera et al. 2011; Hoy and
Fisher 1974). An exchange of resources between El
Flaco and the coast to the northwest was therefore a
good possibility. As supported by evidence from
examinations of cultural material from the site (Falci
et al. 2020; Hofman, Valcárcel Rojas, and Ulloa
Hung 2020), this study confirms that El Flaco was
likely one node within a larger network of intercon-
nected settlements engaged in the trade of locally
acquired or cultivated products, specific to their
regions.

In comparing inland El Flaco to coastal En Bas
Saline, distinctions can be made primarily with the
ratios of marine to terrestrial fauna. This is likely a
reflection of the main food production activities that
were taking place at each site, with the latter placing
more emphasis on the harvesting of sea-based
resources. The assemblage at El Flaco, located in the
agriculturally productive interior Cibao Valley, con-
tains more locally acquired terrestrial animals than
coastal sites. It is likely that most terrestrial species
were easily hunted or trapped close to the site as
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they may have been attracted to human activities, as
has been previously demonstrated with the isotopic
evidence of hutia from the site sharing dietary simi-
larities with the human inhabitants (Shev, Laffoon,
and Hofman 2021). Although not discounting hunt-
ing, fishing and the gathering of shellfish as common
activities, this study suggests that the primary labour
focus at El Flaco was on horticulture, while coastal
resources, particularly land crab and marine bivalves,
were available via local exchange networks.

It is possible that agricultural produce from the hin-
terland was exchanged for marine resources obtained
from coastal settlements, with kinship ties facilitating
these networks of exchange. A recent ancient DNA
study indicates population sizes in Hispaniola were
much smaller than previously surmised, with low gen-
etic differentiation and genetically closely related
peoples buried relatively far apart (Fernandes et al.
2020). It may be those connections between groups
inhabiting the interior and the coast were familial,
with members of both groups part of extended kinship
groups that may have helped facilitate the exchange of
resources. El Flaco likely served as only one node
within a system of mobility and exchange in which
resources were moved between coastal communities
bountiful in marine resources, and the agriculturally
productive hinterland of the Cibao Valley.

Conclusion

Our study of the faunal remains from the precolum-
bian ‘hamlet’ of El Flaco has revealed a plethora of
information regarding the subsistence strategies of
the site’s inhabitants. Our data also suggest the Indi-
genous inhabitants of northern Hispaniola practiced
active trade with peoples occupying different ecologi-
cal zones, indicating the existence of complex regional
interconnections prior to the European invasion of the
island. We have provided updated last occurrence
dates for some taxa that went extinct after the Euro-
pean invasion, such as Isolobodon portoricensis, Neso-
phontes paramicrus and Leiocephalus anonymous,
examined the spatial distribution of fauna across the
excavated area of the site, and utilised previously con-
ducted palaeoenvironmental studies to improve our
interpretations of human-animal relations in the
region. Our findings suggest that terrestrial animals
were primarily targeted and provided the greatest
source of meat for the inhabitants of El Flaco. These
animals, particularly endemic rodents such as hutias
and edible rats, were likely attracted to horticultural
plots either within or nearby the settlement. The prac-
tice of garden hunting meant that Indigenous peoples
likely did not venture far, nor spent too much time
trapping or hunting animals, meaning that the pri-
mary labour focus was likely on plant food pro-
duction. Alongside the abundance of terrestrial

fauna, significant quantities of land crab and shellfish
were recovered, suggesting that networks of exchange
facilitated the trade of resources from coastal areas
beyond the Cordillera Septentrional into the hinter-
land of the Cibao Valley.

Previous isotopic work has established that some
hutias were possibly scavenging horticultural produce
from humans or were possibly tamed and purposefully
fed by humans. To further elucidate these relation-
ships, more isotopic research is needed, such as
employing Bayesian dietary mixing models to estab-
lish the relative proportions of certain types of plants
that were consumed. In addition, examining the iso-
tope ecology of humans and hutia in early archaeolo-
gical contexts that predate the supposed introduction
of widespread agriculture during the Ceramic Age
would be greatly beneficial to assess the differences
between a wild diet and one influenced by human
activities. Further studies of faunal remains from
sites in Hispaniola, both located on the coast and in
the interior of the island, will undoubtedly improve
our understanding of regional differences in food pro-
curement as well as establish the existence of exchange
networks between settlements occupying different
regions and environments. Our study, in considering
previous work on palaeoenvironmental reconstruc-
tions and the isotope ecology of animals, highlights
the need to acknowledge the impact Indigenous
peoples had on their environments and resident ani-
mals. Doing so within a broader explanatory frame-
work of human niche construction allows us to
better contextualise and interpret faunal assemblages,
and more holistically assess human-animal relations
prior to the European invasion of the Americas.
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