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ABSTRACT

The 1100-year sedimentary record of Laguna Biajaca reveals human-driven landscape changes in the
central Cibao Valley, Dominican Republic, Hispaniola. This sediment-filled cutoff meander is located in
close proximity to pre-Colonial archaeological sites and a Colonial urban hub. It provided a nutrient-rich
floodable locus for agricultural activities for indigenous communities and for the first introduction of Old
World crops and cattle in the Americas. Integration of paleoecological proxies revealed the formation of a
clear-water body surrounded by a palm-rich forested landscape around 1100 cal yr BP. Changes in the
drainage system were linked to human-driven deforestation, which also changed the composition of the
vegetation and fungal communities around the site between AD 1150 and 1500 (800 and 700 cal yr BP).
Pre-Colonial modifications of the landscape were primarily the result of fire-use and small-scale
clearings. Crop cultivation developed between AD 1250 and 1450 (700-500 cal yr BP). Within decades
after Columbus’ arrival in Hispaniola in AD 1492, the first impacts of European colonization included the
abandonment of indigenous sites and the introduction of Old World domesticated animals. During the
15th and 16th centuries the area underwent intensive land-clearing that allowed for larger scale crop
cultivation. An increase of aquatic vegetation points to sediment-filling around AD 1700 (250 cal yr BP).
At that time, cattle breeding expanded and rapidly provoked eutrophication while, concurrently,
monocultures became regionally established. This paper provides a framework of past environmental
dynamics and offers an opportunity to place archaeological findings in a context of natural and
anthropogenic change.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

long-term culture-environment interactions in the interior valleys
of Hispaniola is based on the distribution of archaeological sites

Multi-proxy paleoenvironmental studies of records spanning
the last millennia have the potential to shed light on the complex
relationships between social and environmental phenomena
(Kirch, 2009; Dearing et al., 2015). To date, our understanding of
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and the study of written sources (Armstrong et al., 2009; Delle,
2014; Ulloa Hung, 2014). Only a few studies in the Caribbean
archipelago have successfully linked archaeo-historical evidence
and research questions related to environmental change (e.g. Siegel
et al.,, 2005; Beets et al., 2006; Rivera-Collazo et al., 2015; Siegel
et al., 2015). For instance, mid-to-late Holocene paleoclimato-
logical studies, some including fire-history reconstructions, have
identified human and climatic-driven landscape changes in
Hispaniola: Lake Miragoane (Higuera-Gundy et al., 1999) and
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Laguna Saladilla (Caffrey et al., 2015) in Haiti, and studies in the
Dominican Republic’s Cordillera Central (Horn et al., 2000; Horn
et al., 2001; Clark et al., 2002; Kennedy et al., 2005, 2006, Lane
et al.,, 2008, 2009) and coastal areas (Desjardins, 2007; LeBlanc,
2011; McVay, 2013).

Paleoecological landscape reconstructions can help identify
the impacts of human activities and the timing and effects of the
introduction of exogenous biota on insular settings. The Cibao
Valley, northern Dominican Republic, is an excellent location to
better understand pre-Colonial landscape modification and the
process through which the first colonial landscapes emerged in
the Americas. Moreover, the present-day landscapes of the
northwestern Dominican Republic are considered ecologically
vulnerable (UNEP, 2013), and paleoecological studies of the Cibao
Valley could be essential to help develop new strategies to
manage and prevent further decline.

This paper presents a multi-proxy paleoecological study of the
last 1100 years from Laguna Biajaca sediments, a former meander
cutoff of the Yaque River located in the area of the city of Mao,
northwestern Dominican Republicc. We aim to reconstruct
human-induced landscape modification since the start of the
Late Ceramic Age (ca. AD 950) and to document the landscape
transitions during the Early Colonial Period (AD 1492-1600) and
human impacts on the landscape during the Late Colonial Period
until the present day (AD 1600-present). The objective of this
study is to provide high resolution records of fire-history,
agriculture, grazing and fluvial dynamics in order to explore
the scale and intensity of environmental change, and to
determine the main culture-environmental drivers and feedbacks
of the system.
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2. Setting
2.1. Archaeological and ethno-historical context

Before European contact, indigenous communities altered the
ecosystems of the insular Caribbean, often through exchange and
migration (Steadman et al., 2005; Fitzpatrick and Keegan, 2007).
Archaeological evidence suggests Hispaniola was first occupied
around 5500 years ago by foraging groups labeled as Casimiroid
peoples who settled mostly in coastal areas (Veloz Maggiolo, 1980;
Wilson, 1990; Rouse, 1992). The first arrival of full pottery-making
horticulturalists originating from Puerto Rico is thought to have
occurred ca. AD 950. These people probably first settled in the
coastal areas and were archaeologically related to the Ostionoid
ceramic tradition. Caribbean indigenous societies were diverse and
highly mobile, and during the Late Ceramic Age (AD 1000-1492),
archaeological evidence indicates the existence of dynamic inter-
island networks through which animals, plants goods and ideas
were translocated and exchanged (Rodriguez Ramos and Pagan-
Jiménez, 2006; Hofman et al., 2007, 2014; Hofman and Hoogland,
2011). The Cibao Valley and the northern coast of the Dominican
Republic concentrate evidence of intensive occupation in this
period, as archaeologists have documented numerous archaeolog-
ical sites (e.g. Ulloa Hung and Herrera Malatesta, 2015; Hofman and
Hoogland, 2015; Sonnemann et al.,, 2016; Hofman et al., 2018)
(Fig. 1). Radiocarbon dating suggests that some of these sites were
occupied during and after European contact (Ulloa Hung, 2014).

Most of our knowledge about Taino society derives from
Columbus’ diaries and posterior ethno-historical sources (de
Oviedo y Valdés, 1851; de Las Casas, 1875; Arrom, 2001; Arranz,
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Fig.1. Left panel: map of the central Cibao Valley with the location of Laguna Biajaca, archaeological indigenous sites, Spanish early settlements and the Ruta de Col6n. Right
panel: present-day vegetation and urban hubs. DEM based on an Aster GDEM image: https://gdex.cr.usgs.gov/gdex/. ASTER GDEM is a product of NASA and METI. Vegetation
map from ASTER GDEM is a product of NASA and METI. Vegetation map from Atlas de Biodiversidad y Recursos Naturales de la Repiblica Dominicana.
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2006). For instance, Columbus and his companions described a
densely populated valley where indigenous communities prac-
ticed agriculture of manioc, sweet potato and maize, as well as a
variety of herbs, such as tobacco (Fernandez de Oviedo, 1851; de
Las Casas, 1875). Cultivation took place in gardens or conucos, also
using raised mounds (montones) and irrigation techniques (Cassa,
1989; Keegan, 2013, p. 72; Keegan and Hofman, 2017). The
consumption of these staple crops, as well as chili pepper and
gudyiga (Zamia spp.), has been documented by starch grain
analyses in human dental material and artifacts from southeastern
Hispaniola (Mickleburgh and Pagan-Jiménez, 2012). However,
little is known about the relation of these economic practices to
small and big-scale fire events, and their impact on the Cibao
Valley’s environment.

After the Spanish conquest, the landscapes of the Caribbean
were re-shaped and organized around the extraction of precious
metals and the large-scale production of crops and commodities
for overseas markets (Tanodi, 1971; Crosby, 1972, 2004 ; McCook,
2011). Economic plants and animals were transported by the new
settlers in order to change and manage the island’s environment,
transforming it into more familiar, European-like landscapes
(Kirch, 1982; Watts, 1987; Ejarque et al., 2015). The Early Colonial
period in Hispaniola was marked by the imposition of the
Castilian encomienda socio-political system upon the native
populations, and the increasing influx of enslaved indigenous
populations from the circum-Caribbean and enslaved Africans
(Deive, 2002; Valcarcel Rojas, 2012; Anderson-Cérdova, 2017). The
implementation of encomienda unleashed processes of trans-
culturation and domination (Deagan and Cruxent, 2002; Crosby,
2004) and drastic changes in demography (Dobyns, 1983).
Nevertheless, the extent and pace of the impact on the island’s
ecology, the decrease of native populations due to the devastation
caused by Old World diseases, as well as the new European
economic activities, have not yet been closely examined at
different times and scales (Watts, 1999, p. 37).

The 16th and 17th centuries were marked by Spanish
institutional, and private, investment in the extraction and
production of coveted resources. Gold and silver were the
primary targets. This motivated Spaniards to open routes towards
the island's interior (Pons, 1971; Sued Badillo, 1995). The
production of agricultural goods such as sugar (Saccharum
officinarum; potentially in the pollen record of Poaceae), ginger
(Zingiber officinale; Zingiberaceae) and tobacco (Nicotiana taba-
cum; potentially in the pollen record of Solanaceae) rapidly
followed these efforts, along with the quick expansion of animal
husbandry (Artigas et al., 2012; Del Rio Moreno, 2012). The 17th
century was a period of re-organization of the agricultural
economy of the region, linked to the arrival of new animals,
technologies and agricultural techniques brought to strengthen
the agricultural export economy (Del Rio Moreno, 2012).
Throughout the late 17th and 18th centuries, Hispaniola saw
the emergence of systems of crop monocultures and a plantation
economy for commercial crops that has continued to grow to the
present day. Combined, these have led to the environmental
vulnerability of many areas of the island (UNEP, 2013; Artigas et al.,
2012; Altieri and Nicholls, 2001). These economic activities have
drastically reduced other agricultural strategies, such as mixed
cropping and agroforestry (potentially Pinus, Alnus, Salix etc.),
impacting biodiversity and local ways of life.

2.2. Study site

Laguna Biajaca is an abandoned meander of the Yaque River of
some 400 m length that became filled with sediments after water
currents lost most of their energy. The meander is located at 78 m
above mean sea level (amsl) to the west of the city of Mao, at

19°35’36.4”N, 71°05’12.5”"W (Fig. 1). Currently, the meander is a
marshy area and used as a grazing area for cattle. It is surrounded
by extensive banana (Musa acuminata; Musaceae) and rice (Oryza
sativa; Poaceae) plantations.

Laguna Biajaca lies at the heart of the Cibao Valley,
approximately 1 km from the current course of the Yaque River
close to a cluster of pre-Colonial archaeological sites. At ca. 1 km
distance is a major north-to-south route through Hispaniola, the
so-called ‘Ruta de Colén’ (Fig. 2). This route was most likely a pre-
existing indigenous communication route connecting the coast
with the interior of the Cibao Valley (Guerrero and Veloz
Maggiolo, 1988; Hofman et al., 2018). Many sites in the interior
of the valley have been destroyed through agricultural practices,
explaining the scarcity of archaeological sites compared to the
hills and mountainous areas surrounding the valley, or the coastal
region in the vicinity of La Isabela, the first town established by
the Spanish in the Americas (Fig. 1). The archaeological site of 'Los
Indios' is situated less than a kilometer from Laguna Biajaca,
extending over 4ha (Hoogland and Ulloa Hung, pers. comm.
2017). Pottery of the Chicoid series has been found on the surface
of this site, and one radiocarbon date on a shell produced a date in
the late 15th century.

Climatically, the valley follows the general trends in the
archipelago: a strong seasonality marked by a wet season (May-
November), and a severe dry season (December-April). Tropical
storms and hurricanes occur from June to October, during which
floods and re-organizations of river drainage systems are common.

3. Materials and methods

This paleoenvironmental reconstruction relies on records from
sediments in a meander cutoff. The dynamic drainage system and
general levels of erosion in the study area are reflected in the
grain size record, while the up-fill of the river bed with organic
rich sediments (making the sediment archive) is shown by pollen
of aquatic and wetland taxa, plant macrofossils and total organic
matter (Toonen et al., 2012 ). Composition of the regional and local
vegetation is shown by the pollen, plant macro-fossil and
phytolith records, burning by the charcoal record, and deforesta-
tion by the combination of charcoal, pollen and grain size records.
Increased use of cattle grazing is indicated by spores of
coprophilous fungi, and local agriculture and development of
crops by phytoliths and pollen.

3.1. Coring and sampling

A sediment column composed by two parallel 245 cm long half-
cylindrical cores lifted at maximally 20 cm distance were collected
with a Russian corer of 5 cm diameter and 50 cm length. The half-
cylindrical cores were labelled (BC1, BC2) and photographed before
wrapping them in plastic foil, protected by half pvc-tubes (Fig. S1).
After transport to Amsterdam, sediment cores were stored in a
dark and cold (4°C) room. Our strategy in sampling the two
parallel and identical core halves was to provide records of a suite
of paleoecological proxies that provide complementary parts of the
integrated reconstruction.

3.2. Age-depth model

To develop an age model of the cores we obtained five bulk
sediment Accelerator Mass Spectrometry (AMS) radiocarbon ages
from Beta Analytics laboratory, Florida, USA (obtained from BC2).
An age vs. depth model was obtained by using the Bacon R-Code
based on the INTCAL 13 Calibration curve. The Bacon model
reconstructed the sediment accumulation process in Laguna
Biajaca by using Bayesian statistics (Blaauw and Christen, 2011).
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Fig. 2. A satellite view of the study area produced with Google Maps (right panel). Photograph of Laguna Biajaca and core section (left panels).

3.3. Grain size distributions

To measure grain size distributions (GSDs) we used a set of 48
1cm?® samples taken at 5cm increments along core BC2. The
samples were processed according to Konert and Vandenberghe
(1997). Organic matter and carbonates were removed by treating
the sediment with HCI and H,0,, solutions. Samples were analyzed
with a Helium-Neon Laser Optical system (Helos KR)-Laser Particle
Sizer, Sympatec Inc. at Vrije Universiteit Amsterdam. Results were
reported as different sediment categories depending on grain size.
We chose to represent the results per sample as the median grain
size value, and the percentages of clay, silt, coarse silt and sand
(Prins and Weltje, 1999).

3.4. Total organic content

To measure total organic content (TOC) of the sediments we
used the method of loss on ignition (LOI) following Dean (1974)
and Heiri et al. (2001) in a set of 48 1 cm? samples taken at 5 cm
increments along core BC2. Samples were dried in an oven at 45 °C
for 24 h. Then they were weighed in a high-precision scale, and
burned in a laboratory oven at 450°C during 5h. The burned
samples were weighed, and LOI was calculated.

3.5. Pollen, other palynomorphs and micro-charcoal

For analysis of pollen, other palynomorphs and micro-charcoal,
471 cm® samples from BC2 were taken at 5 cm increments along the
core. Sample processing followed standard procedures, including
sodium pyrophosphate, KOH (to remove organic material), HCI (to
remove carbonates) and an acetolysis mixture (acetic anhydride and
H,S0,4 to remove polysaccharides). The pollen fraction, floating on a

bromoform-alcohol mixture (gravity 2.0) was decanted and washed.
Microscope slides were made with glycerine as a mounting medium.
Pollen grains were examined at 400x magnification. For pollen
identification we used the pollen and spore reference collection of
Institute for Biodiversity and Ecosystem Dynamics, and a variety of
pollen morphological literature including Hooghiemstra (1984) and
Roubik and Moreno (1991). A minimum of 300 pollen grains were
counted in maximally three duplicate microscope slides. Some
intervals, mostly characterized by coarse-grained sediments,
showed poor pollen preservation and some pollen counts were
lower. The lack of information about the recent pollen rain (e.g.
Moscol-Oliveraetal.,2009) and phytoliths (e.g. Piperno, 2006 ) from
undisturbed forests makes it difficult to assess how taxa may be
under- or over-represented in the fossil pollen spectra, and the
effects of change in catchment area due to shifts in river dynamics.

Ten types of fungal spores were systematically counted,
including five coprophilous fungi Sporormiella (HdV-113), Cerco-
phora (HdV-112), Apiosodaria (HdV-169) Sordaria (HdV-1012),
Podospora (HdV-368) and Coniochaeta (HdV-172) as a signal of
the presence of cattle and other herbivores (Schliitz and
Shumilovskikh, 2017; van Geel et al., 2003; Gelorini et al., 2011).
Other documented non-pollen palynomorphs (NPPs) are indicative
of erosion (Glomus sp., HdV-1103), humidity levels and the
presence of decaying organic matter (Potamomyces and Savoriella)
(van Geel, 2002; Montoya et al., 2010). Fern spores were identified
and recorded in all samples. Algal remains were restricted to
Debarya zygospores. All identified fossils were grouped in the
pollen diagram according to their ecological preference. To show
changes in the regional and local vegetation, the pollen sum
includes woody, herbaceous, and aquatic and wetland taxa.
Proportions of fern spores, fungal spores, and other non-pollen
palynomorphs were expressed relative to the pollen sum, allowing
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percentages >100%. For micro-charcoal counting we followed the
guidelines of Finsinger and Tinner (2005): counting 200-300
opaque, black, angular charcoal particles. At the start of preparing a
pollen sample a tablet with a known number of Lycopodium spores was
added to allow the calculation of pollen and micro-charcoal
concentration values. We used TILIA software version 2.0.41 to
plot the results, and CONISS cluster analysis (total sum of squares) to
identify zones in the record (Grimm, 1993). All graphs were sub-
divided using pollen zones, except the phytolith graph.

3.6. Macro-charcoal and plant macro-fossils

For macro-charcoal analysis, 242 samples of 2cm> were
collected at 1cm increments along core BCl. Samples were
dissolved in 10% HCL and sieved over a 250 pwm mesh. An
additional bath in 10% H,0, was applied to samples in which
sediment failed to disintegrate in the previous two steps, which
occurred mostly in samples between 242 cm and 200 cm. Macro-
fossils were extracted for each sample.

Charcoal fragments from each sample were isolated and
photographed using a Leica KL 200 LED Stereoscope. Photographs
of charcoal images were converted to measurements of surface
area (mm?) using Image] (Schneider et al., 2012). Fifteen different
plant macro-fossil morphotypes were defined and counted
throughout the 242 samples. More than 50% of the morphotypes
were identified, allowing to better understand changes in the
vegetation along the margins of the oxbow lake.

3.7. Phytoliths

For phytolith analysis, 30 1 cm® samples were collected at 10 cm
increments along the core. Samples were processed following
Pearsall (2000), using HCl, H,0,, HNO3, KOH and EDTA solutions.
Flotation of phytoliths was achieved by using a bromophrom-
ethanol solution (3.0 specific gravity), and mounted in slides using
Permount. For phytolith classification we used Piperno (2006),
Piperno and Pearsall (1998), Watling and Iriarte (2013), Iriarte et al.
(2010), Morcote-Rios et al. (2016) and Chen and Smith (2013). A
minimum of 250 phytoliths were counted per sample, after which
an extended scanning was carried out for finding rare or
economically important types (Zurro et al., 2016).

4. Results
4.1. Chronology and sedimentation rate

The age model is based on 4 of the 5 radiocarbon ages (Table 1)
which show a relatively steady sediment accumulation with
intervals of complex sedimentation from 130 to 100 cm (Fig. 3). It
shows that the Biajaca record starts at 1100 cal yr BP, when flow
energy of the water had decreased to levels that allowed
sediments to accumulate. Sedimentation rates remained rela-
tively constant at ca. 1 cm accumulation per 5 years throughout
the record. However, the section of the core from 130 to 100 cm,
coincident with deposits of coarse silt and sand, possibly shows
intrusion of river-borne material explaining the inconsistent
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Fig. 3. Age-depth model of core Biajaca produced with BACON (default settings)
(Blaauw and Christen, 2011 ). Markov Chain Monte Carlo iterations are plotted in the
upper left panel. Black curves are the prior accumulation rate distributions, and the
grey histograms the posterior ones (both in the middle panel). The memory of rate
distributions plotted in the upper right panel. Calibrated 14C dates and age-depth
model are plotted in the lower panel: blue dates are those used in the model, the
black date was left out. Grey area shows 95% confidence intervals. Added vertical
and horizontal lines indicate the estimated time of contact at their intersection
(~AD 1492).

radiocarbon age excluded from the model. These rapid changes of
the lithological characteristics suggest that the meander served as
a temporary drainage system possibly during years with high
precipitation and/or under the influence of hurricanes. Such
composite sediment deposition in this section of the core is
supported by rapid oscillations in pollen percentages of herba-
ceous and woody vegetation and the absence of macrofossils.
Fluvial dynamics likely caused changes in the catchment area and
the introduction of river-borne materials in the sediment archive,
potentially leading to a loss or disturbance of parts of the
sequence during this interval. The age vs. depth model is based on
4 out of 5 radiocarbon dates. The age of the 140-130 cm interval
coincides with the encounter between the Old and New Worlds
and the sediment column shows there a significant lithological
change.

4.2. Grain size distribution and total organic content

Based on data-visualization of variations in median grain size
value and clay-silt percentages, we identified 3 zones in the record
of GSDs, supported by TOC values: 240-205 cm, 200-90 cm, and
90-5 cm (Table S1, Fig. 4).

Table 1

Radiocarbon ages and sample specific information.
Depth (cm) Lab no. Measured Radiocarbon Age IRMS 313C Lithology
224-225 Beta - 420888 1060 + 30 BP —24.8%0 Clay 5041% Silt 4791% Sand 168%
185-183 Beta - 469282 660 + 30 BP —23.7%o Clay 298% Silt 6159% Sand 861%
127-126 Beta - 469283 740 4 30 BP (sample not used in age model) —23.0%0 Clay 307% Silt 6569% Sand 424%
90-91 Beta - 420887 290 + 30 BP —19.4%0 Clay 6093% Silt 3808% Sand 098%
75-76 cm Beta - 469284 430 + 30 BP —21.9%0 Sand 974%
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4.3. Pollen, fern spores and non-pollen palynomorphs

Pollen preservation varied from good to poor throughout
the sediment core. Five samples between 195 and 150 cm did
not contain enough pollen grains to acquire a meaningful
pollen spectrum and were discarded (Table S2). Eleven
samples showed a low pollen sum (~150) but were accepted.
The diagrams for pollen and NPPs (Figs. 5 and 6) show
temporal changes of a selection of the most important taxa.
We merged Cercophora-Apiosordaria and Sordaria-Podospora
types in the diagrams due to their joint occurrence throughout
the record and similar ecological and morphological character-
istics. CONISS cluster analysis recognized 5 pollen zones with
zone boundaries at 200 cm (ca. AD 1200; 750 cal yr BP), 150 cm

%) and organic content by loss on ignition (%).

(ca. AD 1450; 500 cal yr BP), 95 cm (ca. AD 1550; 400 cal yr BP),
and 65 cm (ca. AD 1650; 300 cal yr BP). A concise description of
the pollen zones is provided in Supplementary information
Table S3, and in Fig. 5).

4.4. Charcoal

Charcoal analysis revealed that the influx of macro-charcoal
varied significantly throughout the sequence. The presence of large
and moderate peaks effectively divided the charcoal record into
two parts. Values of micro-charcoal concentration closely match
the peaks in the record of macro-charcoal influx. The average
concentration of micro-charcoal particles is ~100,000 per cm? of
sediment. (Fig. 7, Supplementary information Table S4).
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Fig. 5. Pollen percentage diagram of core Biajaca. The taxa reflecting woody vegetation, herbaceous vegetation, and aquatic and wetland vegetation are included in the pollen

sum. Exaggeration curve is x3.
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4.5. Plant macrofossils

The most common plant macrofossils in the Biajaca sediments
belong to the Cyperaceae, Poaceae and Asteraceae families, as well as
eight types of unidentified propagules (Plate Plate 1). The presence of
distinct seed assemblages and the occurrence of a void interval
allowed to identify four distinct plant macrofossil assemblage zones
based on data-visualization (Fig. 8). Unknown plant macrofossils
received a code (BIA-X) in order of appearance, starting from the
bottom of the core. A concise description of the plant macrofossil
zones provided in Supplementary information (Table S5).

4.6. Phytoliths

Four main phytolith zones were recognized by CONISS cluster
analysis. Phytolith presence is expressed as a percentage of the total
number of phytoliths which were grouped into 5 main sets: (1)
Poaceae short-cell, (2) Poaceae long-cell (mainly Bulliform types),
(3) Zingiberales, (4) palms (5) arboreal (Fig. 9, Supplementary
information Table S6). In the environmental reconstruction, the
development of the palm component of the forest and local grass
systematics gained substantially by the analysis of phytoliths. For
instance, while very few palm pollen grains were identified, the
phytolith record revealed theirlocal presence throughout the record.

4.7. Meander abstraction, past fluvial dynamics and vegetation change

4.7.1. Period 1: AD 850-1200 (1100-750 cal yr BP)

Based on the GSD and LOI records, between AD 850-1200 (1100
and 750 calyr BP), the meander of the Yaque River under study lost its
drainage function and became isolated from the main river course.
An open body of water formed, and waterside vegetation was scarce,
explaining the low organic content of the sediments (Fig. 4). Presence
of Characeae oospores is indicative of calcareous waters which were
likely not polluted (Wade, 1990) (Fig. 6). The pollen record shows a
relatively high taxonomic diversity including taxa characteristic of
wet (e.g. Weinmania, Proteaceae, Croton) and dry (e.g. Fabaceae,
Euphorbiaceae) conditions reflecting mixed (seasonal) forest
(Fig. 5). Some of these arboreal taxa are continuously present in
the record, such as Pinus-Podocarpus, Myrtaceae, Myrica, Euphor-
biaceae, Fabaceae, Weinnmania, and form the matrix of the
hardwood forest. Other taxa, such as Proteaceae, disappeared after
AD 1200 from the pollen spectra reflecting an impoverishment of
the forest. Pollen grains of Croton, Meliaceae, Malpighiaceae and
Ilex, reflecting large forest trees, were particularly abundant
between 850 and AD 1250 (1100 and 700 cal yr BP). The phytolith
record is in support of a forested landscape by showing the
dominance of palms, especially abundant until ca. AD 1150 (800 cal
yr BP) (Fig. 9). The presence of Cyathea tree ferns is in support of
relatively dense forest with abundant shade and humid understory
in the interior of the island. Seeds of Eupatorium sp. and cf.
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Plate 1. Illustration of selected pollen, non-pollen palynomorphs, seeds, and phytoliths documented in Laguna Biajaca: Pollen: a. Zea mays, level 145 cm; b. Zea mays, level
155 cm; c. and d. Cerealia-type, level 80 cm; NPPs: e. Glomus sp.; f. Lophosoria; g. Podospora-type; h. Sporormiella; i. Sordaria-type; j. Cercophora/Apiosordaria-type; Phytoliths:
k. Cross Var. 1; 1. Wavy-top rondel; m. Calathea sp.; n. Musaceae; o. Cucurbita sp.; Seeds: p. Solanum sp.; q. BIA-1; . BIA-2; s. BIA-3; t. BIA-5; u. BIA-6; w. BIA-7; x. BIA-8; y. BIA-4.

Asteraceae found throughout this period indicate that the borders of
the abandoned meander were likely covered by a rich herbaceous
vegetation. Macro- and micro-charcoal records suggest that small
fire events occurred regularly in the area around the site (Fig. 7).

4.7.2. Period 2: AD 1200-1450 (750-500 cal yr BP)
Between AD 1200-1450 (750 and 500cal yr BP), the GSD
record suggests that the meander was periodically reactivated.

The higher energy levels are reflected in the silt-rich composition
of the sediment deposits (Fig. 4). The increase of median
sediment grain sizes means that pollen grains are easily corroded,
pollen preservation is poor and organic matter content low in this
interval. Increased precipitation after ca. AD 1200 (ca. 750 cal BP)
(Beets et al., 2006; Lane et al., 2009) and forest clearing may have
contributed to the periodical return of a drainage function. The
pollen spectra show a progressive increase of Asteraceae and
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Poaceae, and a decline of forest taxa, suggesting that the
landscape became more open (Fig. 5). The concentration of NPPs
increased during this period: high percentages of Lophosoria fern
spores, successional species in disturbed areas (Kennedy et al.,
2005; Tryon and Tryon, 1982), and fungal spores of Glomus are
indicative of erosion in the catchment (van Geel et al., 2011;

Almeida-Lefiero et al., 2005) (Fig. 6). Peaks in the abundance of
Sporormiella and Coniochaeta reflect wet conditions, and the
presence of herbivores around site Biajaca (Gelorini et al., 2011).
Presence of the wood-rot fungus Kretzschmaria suggest decaying
organic material and/or wood (van Geel et al., 2013 ) near the water
body. Similarly, presence of Potamomyces fungal spores are
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indicative of wet-to-damp conditions and the presence of
submerged decaying wood (Schliitz and Shumilovskikh, 2013).
The macrofossil record shows that the margins of the gradually
infilling meander became enriched with plants such as Portulaca,
Carex and Eclipta (Fig. 8). The phytolith record shows a decrease in
woody vegetation and an increase of Poaceae Bulliform cell-types
in relation to Poaceae short-cells (Fig. 9). Based on the findings of
Bremond et al. (2005) in East Africa and Borba-Roschel et al.
(2006) in Brazil, the dominance of Bulliform cell-types in Poaceae
can be attributed to water-adapted grasses. Humid conditions are
also supported by an increase in the abundance of Zingiberales
phytolith types, such as Marantaceae and Heliconiaceae, charac-
teristic of margins and humid under-story settings in wet forest
(Piperno et al., 2007). Despite indicators of humid conditions, the
charcoal record shows a continuous and abundant human use of
fire close to Laguna Biajaca as well as more widely throughout the
Cibao Valley (Fig. 7).

4.7.3. Period 3: AD 1450-1550 (500-400 cal yr BP)

Three main peaks of coarse grain sizes during the period from
ca. AD 1450-1550 (ca. 500-400 cal yr BP) show that the meander
was integrated in the drainage of the river during flooding
events (Fig. 4). The pollen record shows alternative high and low
proportions of Poaceae and Pinus-Podocarpus, coincident with
peaks in grain size, coarse silt and sand. This, together with the
absence of macro-fossils and a surprisingly old bulk sediment
radiocarbon age of the sediment at core depth 127 cm, suggests
that the river could have redeposited old material in the sediment
matrix during flooding events. Despite pronounced variability in
the pollen record, an overall decline of Pinus-Podocarpus and an
increase of Poaceae can be identified, indicating a transition
towards an open landscape, as well as a change from a regional
catchment signal to a more local swamp signal. Cyperaceous
vegetation replaced asteraceous vegetation, reflecting expansion
of swamps. Heliophytic taxa of open forest with pioneer qualities,
such as Gunnera and Apiaceae, are indicative of progressing forest
clearance (Fig. 5). Increasing abundance of NPPs (Savoryella-type
on decaying wood) support human impact, and rapidly increasing
proportions of spores of coprophilous fungi are indicative of
increasing numbers of herbivores (Fig. 6). The cessation of macro-
charcoal influx in the meander could also be related to river
activity, but its sustained absence in later periods and the low
concentrations of micro-charcoal suggest that fire was absent from
the vicinities of the site in this period (Fig. 7). The phytolith record
shows the dominance of Panicoideae and Chloridoideae short-
cells, grasses characteristic of agricultural landscapes (Piperno
et al., 2007).

4.7.4. Period 4: AD 1550 to ~1700 (400-275 cal yr BP)

Between AD 1550 and 1700 (400 and 250 cal yr BP) the meander
became increasingly covered by swamp vegetation and filled up
with small-grained (clay) organic rich sediments (Fig. 3). This was
followed by a dramatic increase of Artemisia (pioneers on open
soils) suggesting that forests had been intensively cleared. The
increase of the record of Solanaceae is difficult to interpret, as it
may reflect different components of the landscape such as
pioneering vegetation in almost clear-cut forest, herbs in the
swampy vegetation, or cultivated plants (e.g. tomato, tobacco or
potato) (Fig. 5). The macrofossil record also reflects rapid changes
in the vegetation: seed types BIA-2, 3, 4, and 5 (also present in
previous centuries in lower quantities) became dominant (Fig. 8).
The macro-charcoal record indicates that there were no more local
fires during this century (Fig. 7).

In the period between AD 1650-1750 (300 and 200 cal yr BP)
GSDs show clay-rich deposits indicative of lake conditions with
standing water; the meander was now definitively isolated from

the Yaque River drainage system (Fig. 3). Signals in the pollen
record pointing to an open landscape became even more
abundant: high proportions of Poaceae, abundant ‘meadows’ with
Artemisia, and a decrease of arboreal pollen. Pinus-Podocarpus
became less abundant in the forest and remaining arboreal
elements are Myrtaceae, Weinmannia, Clethra, Fabaceae, Rubiaceae
(Warszewiczia in particular) and Euphorbiaceae, again reflecting a
mixed forest with taxa characteristic of wet to dry habitats (Fig. 5).
The macrofossil and phytolith records show continuity in relation
to the previous century with the exception of a decrease in palms in
the second half of the century. Fire rarely occurred in the area
adjacent to the meander, possibly because this area had been
cleared already, but the micro-charcoal record suggests that fire
was common in the Cibao Valley.

4.7.5. Period 5: CE 1750 to present-day (200 to —50 cal yr BP)

During the period from AD 1750 to present-day (200 to —50 cal
yr BP), the marsh filled up with clayish sediment and became
eutrophic, stimulating swamp vegetation and development of
organic rich sediments. Dominant waterside and aquatics are
Typha, Sparganium, Sagittaria, Polygonum, and the alga Debarya.
The abundance of Sparganium in the first part of this period and its
posterior decline could reflect increasing eutrophication
(Medeanic and Dillenburg, 2005) (Fig. 5). Assemblages of spores
of coprophilous fungi show that during the last two centuries large
herbivores were continuously present (Fig. 6). Taxa with pioneer
qualities, such as Warzewiczia, Borreria, Alchornea, Verbenaceae
and Acanthaceae appear in the pollen record and point to degraded
forest. The plant macrofossil record includes seeds of Poaceae, the
aquatics Polygonum and Alismataceae, and Eleocharis characteristic
of watersides (Fig. 8). The appearance in the record of Musaceae
(banana) phytoliths is matched by a decrease of palms in the forest
and woody vegetation around the site (Fig. 9). This forest decrease
coincides with a peak in macro- and micro-charcoal suggesting the
use of fire at a local and regional scales. During the last two
centuries there is no evidence of local fire.

5. Discussion: culture-environment dynamics

High temporal resolution multi-proxy analyses of records
spanning the last millennia have the potential to improve
understanding of the diverse drivers of change and feedback
mechanisms between social and natural phenomena (Dearing
et al., 2015). Explaining landscape change as a process of human
and environmental factors requires the integration of biotic and
abiotic proxies in sediment records with archaeo-historical data. It
is also central to pay special attention to fire history and the direct
and indirect effects of economic activities in the landscape (Bush
et al., 2016; Gosling et al., 2017). In this study, the identification of
maize pollen grains (Lane et al., 2008), maize-cob phytoliths and
domestic Cucurbita sp. phytoliths (Piperno, 2006; Iriarte et al.,
2010) constitute direct evidence of pre-Colonial economic activi-
ties (Plate). In colonial times, agriculture relates to the presence of
Solanaceae and Cerealia-type pollen, as well as Musaceae
phytoliths reflecting banana cultivation.

Various climatic regimes have been documented in Hispaniola
(Table 2): from ca. AD 350 to 1050 (ca. 1600 to ca. 900 cal yr BP)
increasing aridity marked by drought events; a period of decreasing
aridity to relative wetness from ca. AD 1050 to 1250 (900 to 700 calyr
BP); relatively moist conditions from ca, AD 1250 to ca. 1600 (ca. 700
to 350 cal yr BP); and since ca. AD 1600 (ca. 350 cal yr BP) relatively
dryconditions. In contrast to other paleoenvironmental records from
Hispaniola, in site Biajaca human influence dominates throughout
the record; Demographic changes related to the encounter between
the Old and the New World human populations and the introduction
of crop plants create sharp contrasts in the record, while shifts in the
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Table 2

Climate and human-driven environmental changes as seen in selected paleoecological records in Hispaniola and the circum-Caribbean area (after Lane et al., 2009).

Period Regional Other Paleo-records from Hispaniola Circum-Caribbean Paleo-records
climate
AD 350-1050 Increasing - Las Lagunas: Decrease in fire-return intervals, decrease lake levels, - Cariaco Basin: decrease in regional precipitation
(1600-900 cal yr BP) aridity drought events 1200-1000 yr BP (Lane et al., 2009). (Haug et al., 2001).
- Lake Miragoane: Depressed charcoal values but an increase of dry = - Mayan Terminal classic collapse linked to repetitive
forest taxa (Higuera-Gundy et al., 1999). drought events (Hodell et al., 2001).
AD 1050-1250 Decreasing - Las Lagunas: Human-driven deforestation and erosion, maize pollen
(900-700cal yr BP) aridity (Lane et al., 2009).
- Lake Miragoane: High charcoal values linked to the arrival of
agriculturalists (Higuera-Gundy et al., 1999).
AD 1250-1600 Relatively - Las Lagunas: Ecosystem recovery after human impacts (Lane et al., - Cariaco Basin and Puerto Rico: increased precipitation
(700-350cal yr BP)  moist 2009). linked to higher sea surface temperatures (Haug et al.,
- Lake Miragoane: 500 yr BP maize pollen (Higuera-Gundy et al., 1999). 2001; Nyberg et al., 2002).
AD 1600 to present-day Arid - Las Lagunas: Oxygen isotopes show increased aridity and shallow lake - Cariaco Basin: very dry conditions indicated by metal

(350 cal yr BP to
present- day)

levels (Lane et al., 2009).

(Caffrey and Horn, 2015)

- Laguna Saladilla: 44 cal yr BP Charocal peak indicating deforestation

concentrations (Haug et al., 2001).
- Aguada X’caamal, Mexico: decrease lake level and
increase aridity (Hodell et al., 2005)

sequence are not directly associated with climatic changes. The
earliest part of the record shows an already managed environment,
but clearings were limited and a large proportion of original
vegetation was still intact. All lines of evidence combined point to
three main moments of change as shown in Table 3 and Fig. 10.
Landscape change during the last millenniumin the Cibao Valley was
driven by human impact and re-organizations of trajectories of the
Yaque River to which increased precipitation and tropical storms
potentially contributed.

5.1. Late-Ceramic Age: AD 1000-1492 (zones 1 & 2)

Based on ethnohistorical and increasing archaeological evi-
dence, the Late Ceramic Age can be defined as a period of
colonization of the inner valleys of Hispaniola by full horticultur-
alists who created and maintained complex socio-political
relationships (Veloz Maggiolo, 2003; Wilson, 1990). The occur-
rence of local and regional fires and the local presence of crop
plants during the Late Ceramic Age are consistent with substantial
human activity in the Cibao Valley during the centuries prior to
European colonization. This confirms previous results from
western Hispaniola (Higuera-Gundy et al., 1999) and the Cordillera
Central (Lane et al., 2008). The first pollen and phytoliths of maize
in the sequence date to around AD 950 (1000 cal yr BP). Around AD
1100 (850 cal yr BP) rhizome cylinder phytoliths of Calathea sp.
could indicate the cultivation of the economic species known as
lerenes (Calathea allouia), though these phytoliths could also have
been produced by a wild species (Calathea lutea) associated to the
understory of humid forests in the Neotropics (Chandler-Ezell
et al,, 2006; Santiago Brilhante et al., 2013). As this evidence is
scarce compared to a later pre-Colonial period, it possibly reflects
small-scale crop production for local use. The record suggests that

pre-Colonial economic activities had opened the landscape at
many places and favored erosion.

Ca. AD 1150 (800 cal yr BP), progressive forest degradation and
the reorganization of the river course had profound impacts on the
local and regional environment. The main drivers of this
transformation were the change in the fluvial course and the
increasing erosion linked to human-driven deforestation, reflected
by the first micro- and macro-charcoal peaks in the record. One
main feedback loop between the increased precipitation in wet
seasons and the use of fire for forest-clearing by indigenous people
could have led to the vulnerability of the local area to erosion
caused by seasonal floods. A particularly intense fire event may
have prompted a rapid change in local conditions towards an open,
fern-rich marshy landscape. The increase in humidity indicators
and the appearance of water-adapted grasses rapidly followed.

The first direct evidence of agriculture in this period is the
presence of phytolith of domesticated squash (Cucurbita sp.;
Cucurbitaceae) ca. AD 1250 (700cal yr BP), followed by the
sustained influx of maize pollen grains until AD 1450 (500 cal yr
BP). Crop fields may have been located close to the meander and
could reflect the pre-Colonial practice of inter-cropping. According
to ethnohistorical sources, it is likely that these agricultural fields
were planned in the form of gardens -conucos- or raised mounds,
and held other staple crops such as manioc or cassave (Manihot
esculenta) and sweet potato (Ipomoea sp.) (Fernandez de Oviedo,
1851; de Las Casas, 1875). The proximity to the archaeological site
of Los Indios (<2 km), which might have been an important node in
the pre-Colonial route from the valley to the northern coast, allows
a connection to be proposed between the cultivation of the area
and occupation of the site. The charcoal record indicates persistent
burning from ca. AD 1150 (800 cal yr BP) to ca. AD 1450 (500 cal yr
BP), with special intensity at the beginning and the end of this

Table 3
Summary of cultural and environmental transitions inferred from the multi-proxy record of Laguna Biajaca in the Cibao Valley, Dominican Republic.
Transition Fast processes Long-term processes Potential drivers and Stabilization Evidence
threshold feedbacks
Ca. AD 1150 Reorganization of the river  Forest degradation Anthropogenic fires, Enriched soils Decrease of forest taxa, increase in

(800 cal yr BP) course and increasing
erosion

floods
Ca. AD 1500

(450 cal yr BP)

Arrival of Old World
domesticated animals and
rapid decline of fire-use
Meander sediment infill,
increase in fire-use

Weeding processes and
expansion of parches of
pioneer taxa
Deforestation and lake
eutrophication

Ca. AD 1700
(250 cal yr BP)

deforestation,
intensification of seasonal

Depopulation, collapse of
the indigenous economic
system

Intensive human land-use,
expansion of monocultures

suitable for pre-
Colonial cultivation

humidity indicators, arrival of water-
adapted grasses

Establishment of
the first Colonial
crop cultivation
Present-day
landscape

Change in abundance of coprophilous
fungi and charcoal, dominance of
weeds and pioneer taxa

Abundance of aquatics and wetland
species, coprophilous fungi and
agricultural indicators
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period. This fire signal could be related to the use of slash-and-burn
horticulture, a practice argued to be central to the Taino economy
during the Late Ceramic Age (Chanlatte Baik, 2003; Gebelein,
2011). This contrasts other landscape management strategies in
the Neotropics, such as the fire-free land-use of savannas in
Amazonia during pre-Colonial times (Iriarte et al., 2012).

5.2. Contact and early-colonial period: AD 1492-1600 (zone 3)

Ca. AD 1500(450 cal yr BP) profound culture-environmental
change in the Cibao Valley derived from the dramatic encounter
between indigenous peoples and European colonizers, which
likely developed at different rhythms in different areas. The sudden
depopulation of the Cibao Valley meant the collapse of the
indigenous economic system and the dawn of a new era of land
management. Immediate environmental imprints - or fast
processes- included a change in the NPP record marked by the
occurrence of peaks of coprophilous fungi (Podospora-Sordaria
types, Cercophora-Apiosordaria types, Coniochaeta and to a lower
extent, Sporormiella) and Savoriella-type ascospores (Fig. 6). Also,
macro-charcoal values around these depths show the absence of
charcoal deposition at the local scale, which contrasts with
previous significant fire events. The cease of fire-use in the vicinity
of the Biajaca site suggests that neighboring agricultural fields
were abandoned due to economic change towards a cattle-grazing
economy. The decrease of anthropogenic indicators and the
emergence of new woody vegetation components in the landscape
until around AD 1550 (400 cal yr BP) might reflect the response
time between the indigenous demographic and socio-political
collapse and the advent of significant numbers of European
migrants and enslaved labor force.

The conjoined action of domesticated animals and the
European settlers led to long-term processes of landscape
transformation. In particular, the increase in the presence of
Artemisia points to progressive forest clearing and the subsequent
substitution by patches of taxa with pioneer strategies. The action
of cattle likely favored pioneer and weedy taxa, spreading the
seeds that grew in the river-disturbed open areas along the Yaque
River, and perhaps, in the abandoned conucos (Watts, 1987).
Nevertheless, the influence of periodic river deposits prevents a
clear ordering in the sedimentary archive of these short-term
processes. The overall decrease of Pinus-Podocarpus could be
related to forest degradation due to deforestation, but also the
change from open water to marsh may have contributed to a
change in the fossil pollen spectra. Planned archaeological work in
surrounding archaeological sites could help to better understand
the timing and effects of the abandonment of the indigenous
habitation sites, as well as those linked to the growth of colonial
urban hubs such as the city of Mao.

5.3. Late-colonial period: AD 1600-present day (zones 4 & 5)

The colonial occupation of the vicinities of Laguna Biajaca led to
the implementation of European agricultural techniques and crops,
while the recent occupation is marked by the adaptation of the valley
to cattle grazing and extensive monocultures of mainly banana and
rice, for which recently extensive hydrological systems have been
built. The abundance of Solanaceae and Cerealia-type pollen ca. AD
1550 (ca. 400 cal yr BP) indicates the establishment of European
crops in the river valley. Although Solanaceae pollen is also
complemented by the presence of a Solanum sp. seed, the species
remains unclear, and it is possible that our evidence reflects crop
plants (tomato, tobacco, potato) or was produced by a wild species.

Ca. AD 1700 (250cal yr BP), Laguna Biajaca experienced the
effects of intensive human land-use: grazing caused deforestation
and eutrophication of the stagnant water bodies, and expanding
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monocultures caused deforestation and, recently, excessive use of
pesticides. Indeed, abundant aquatics and the alga Debarya suggest
a process of sediment accumulation and human and livestock-
induced eutrophication of the lake. The increasing influx of macro-
charcoal, peaking dramatically ca. AD 1750 (200 cal yr BP), and the
appearance of Musaceae phytoliths in the record seem to reflect an
intensive land-clearing process for the creation of banana
plantations. It is plausible that humans have actively drained
the oxbow lake after the definitive isolation of the meander from
the active river course. Using the area for grazing must have
triggered the development into a wetland, favoring waterside and
aquatic plants (Typha, Polygonum, Eleocharis) over others (Sparga-
nium) and eutrophication. The subsequent sudden decrease of
Sparganium coincides with an increase in coprophilous fungi, as
well as Tetraploa spores -with various possible aquatic and marshy
host-plants- indicating shifts in water conditions and the
establishment of grazing areas. Local humid environments
prevailed in the lake area, while surrounding areas were cleared
with fire for the establishment of monocultures. This landscape has
prevailed until the present day, in which banana and rice
monocultures dominate a great part of the central Cibao Valley
along the Yaque River.

5.4. Paleoecology, conservation and heritage

This study focused on how human action and diverse
environmental factors shaped the landscape of the central Cibao
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Valley during the last millennia. The environmental record from
Laguna Biajaca improves our understanding of the different
strategies of landscape management employed by pre-Colonial
indigenous communities and European colonizers and its impact
on the environment. It also stresses the need to combine diverse
lines of evidence in order to both generate comprehensive
hypotheses and understand how social and natural aspects of
landscapes interact through time.

Currently, climate change, aridification (UNEP, 2013) and
overexploitation are main vulnerabilities in Hispaniola’s land-
scape. The expected increase in drought frequency (Bates et al,,
2008) and tropical storm occurrence potentially have devastating
effects in the coastal and interior zones (Knutson et al., 2010).
Erosion, land degradation and loss of productivity are especially
affecting the dry Haiti-Dominican Republic border zone, which is
particularly vulnerable to extreme weather events (UNEP, 2013).

By assessing the degree of ecological change related to diverse
cultural transformations in the Cibao valley, our results show the
long and short-term variability of natural systems. The integration
of different regional records can be used as guidelines for
conservation managers seeking to restore Hispaniola’s landscapes
(Nogué et al., 2017). For instance, the discouragement of slash and
burn practices, the implementation of agroforestry, and the
restoration of pre-Colonial forests in the northern Dominican
Republic could have long-term benefits for biodiversity and local
communities. This could also be beneficial to better prevent
erosion and changes in the river course. While this study focused
on environmental change, further integration of archaeo-historical
and paleoenvironmental studies will improve our understanding
of the legacies of the past that are still present in our current
cultural landscape (e.g. Foster et al., 2003; Pesoutova and Hofman,
2016).

6. Conclusions

Multi-proxy analysis of a 240cm long sediment core from
Laguna Biajaca at the heart of the Cibao Valley reflects
environmental change during the last 1100 years and reveals
changes from pre-Colonial to post-Colonial times. Due to its
location along the Ruta de Colén, this sediment-filled meander
witnessed some of the most fundamental cultural transformations
of the last millennium on the island. This nutrient-rich floodable
locus for horticulture, agriculture, grazing and wood collection
shaped the local lifeways of pre-Colonial and Colonial migrants.
Results show that the studied meander became isolated from the
Yaque Rivers course and developed into a clear-water lake in a
palm-rich forested landscape. Changes in forest composition and
spectra of fungal spores between AD 1150-1250 (800 and 700 cal
yr BP) were linked to decreasing local fluvial activity and human-
driven deforestation. The ever-changing drainage pattern left
abundant marches in the Cibao Valley, reflected in the establish-
ment of communities of herbaceous taxa, and the decrease of
woody vegetation. While anthropogenic impacts on the landscape
were relatively small during pre-Colonial time, from AD 1250 to
1450 (700 to 500 cal yr BP) indigenous people periodically used
fire, probably within a slash and burn system, to cultivate
economic plants like maize and squash (Cucurbita sp.). A few
decades after the arrival of the Europeans, horticultural activities
ceased and the indigenous sites surrounding the lake were largely
abandoned. Contemporarily, domesticated animals from the Old
World were introduced. In the Early Colonial period, patches of
land in the central Cibao Valley were cleared in order to create
fields for European cultivars. By that time, the oxbow lake had
become definitively isolated from the drainage system and
aquatics started the process of terrestrialization. During the last
centuries cattle breeding caused eutrophication of the lake and

much forest in the Cibao Valley was burned to facilitate
monocultures, such as banana plantations. This environmental
history is relevant to allow for a historically contextualized
assessment of present-day socio-economic problems related to
the increasing landscape deterioration, as well as to enhance the
value of cultural landscape as a heritage, by shedding light into
indigenous and colonial land-use legacies.
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