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ABSTRACT
Despite decades of archaeological research on Jamaica, little is known
about how settlers influenced landscape change on the island over
time. Here, we examine the impact of human occupation through a
multi-proxy approach using phytolith, charcoal, and stratigraphic analy-
ses. White Marl was a continuously inhabited village settlement (ca.
1050–450 cal yrs BP) with large mounded midden areas, precolonial
house structures, and human landscape management practices. We
have shown that the local vegetation at White Marl was directly
affected by human settlement through the use of agroforestry and
burning, and suggest that fire was used to modify vegetation. Manioc
phytoliths were found throughout human occupation and are broadly
associated with increases in evidence for burning, suggesting fire was
used to modify the landscape and clear vegetation for crop cultivation.
The phytolith assemblages relate to three distinct temporal vegetation
phases: (1) the earliest occupation dominated by arboreal vegetation
(pre-ca. 870 cal yrs BP); (2) a transition to palm-dominated vegetation
(ca. 870–670cal yrs BP); and (3) the latest occupation representing
European colonization associated with a more open, grass-dominated
landscape (after ca. 670 cal yrs BP). These transitions occur independent
of changes in paleoclimate records, suggesting humans were the dom-
inant driver of vegetation change.
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Introduction

Environmental archaeology in the Caribbean has a long history of multidisciplinary
research, combining anthropological, biological, and environmental datasets (LeFebvre,
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Giovas, and Laffoon 2019). Faunal analysis has received particular attention since the
1940s (e.g., Chabanaud 1946) and increasingly since the late 1960s (e.g., Bochaton et al.
2015; Boudadi-Maligne et al. 2016; Giovas 2018; LeFebvre and DeFrance 2014; Pestle
2013; Steadman et al. 2017; Wing 1961, 1972). Comparatively, the recovery of plant
remains by flotation and dry sieving in the Caribbean has been less common (Newsom
and Wing 2004), but has steadily increased since the late 1980s, though it is geographic-
ally patchy (e.g., Bain et al. 2018; Hooghiemstra et al. 2018; Kennedy, Horn, and Orvis
2006; Newsom 1988; Pearsall 1985).
Botanical remains in archaeological sediments can provide important evidence for the

exploitation of economically useful plant taxa and subsistence patterns and help to identify
human influence on local environments. Based on existing studies throughout the
Caribbean, human-induced environmental changes have varied (e.g., Berman and Pearsall
2020; Ciofalo, Sinelli, and Hofman 2019; Pag�an-Jim�enez et al. 2020; Siegel et al. 2018). It is
widely known, however, that early inhabitants cleared and impacted landscapes using fire
(Cochrane 2009; Fitzpatrick and Keegan 2007; Sponsel 1998), a strategy that seems to have
been used for millennia in the Caribbean (Bain et al. 2018; Burney, Burney, and MacPhee
1994; Caffrey and Horn 2015; Richardson 2004; Siegel et al. 2015).
Both macro- and micro-botanical proxies are increasingly used to understand subsist-

ence patterns, plant exploitation, and plant domestication (Castilla-Beltr�an et al. 2018,
2020; Ciofalo, Sinelli, and Hofman 2020; Fitzpatrick 2015; Lane et al. 2009; Newsom
and Wing 2004; Pag�an-Jim�enez 2007, 2013; Pag�an-Jim�enez, Rodr�ıguez-Ramos, and
Hofman 2019; Pag�an-Jim�enez et al. 2020; Siegel et al. 2015). Human–environment inter-
actions are most effectively examined by analyzing phytoliths and a combination of
other micro-proxies such as starch and pollen. Phytolith and pollen research conducted
within the region have shown that anthropogenic modifications of the landscape were
gradual and locally variable (e.g., Siegel et al. 2018).
For example, studies of plant remains in the Dominican Republic from multi-layered

household middens, which are formed from a combination of natural and cultural proc-
esses, have targeted site-wide human–plant relationships and show the consolidation
and configuration of local foodway systems ahead of European colonialism (Pag�an-
Jim�enez et al. 2020). Furthermore, this analysis at two precolonial household mounds
bearing Ostionoid/Meillacoid and Meillacoid/Chicoid ceramics (ca. 870–500 cal yrs BP)
indicates that the inhabitants adopted a polyculture agricultural strategy (Pag�an-Jim�enez
2007; Pag�an-Jim�enez et al. 2020). Ciofalo, Sinelli, and Hofman (2019) also compared
sites in the Dominican Republic along with the Turks and Caicos Islands where con-
temporaneous sites revealed the remains of a range of food-based plants, including
maize, manioc, and gu�ayiga/coontie/zamia. Micro-botanical analyses in The Bahamas
have identified a package of domesticated plants, including Cucurbita (squash), Manihot
esculenta (manioc), Calathea (leren or arrowroot), Zea mays (maize), and Capsicum sp.
(chili) (Berman and Pearsall 2020). Other studies in the region include the identification
of anthropogenic burning in the late Archaic Period (ca. 2700 cal yrs BP) (Sara and
Aguil�u 2003); investigations into the timing of human arrival (Burney, Burney,
and MacPhee 1994) in Puerto Rico; the dispersal of (domesticated food) plants into and
within the region (Berman and Pearsall 2020; Pag�an-Jim�enez et al. 2015), as well as
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local and regional variations in diet, feasting, and ceremonial activities (e.g.,
Mickleburgh and Pag�an-Jim�enez 2012).
Until recently, little was known about how different groups influenced or impacted

landscape change in Jamaica due to a dearth of botanical studies. As such, the primary
goal of the micro-botanical approach adopted here is to disentangle the long-term influ-
ence of anthropogenic disturbance regimes on Jamaica’s landscape by identifying
changes in the vegetation composition utilizing botanical studies. We aim to investigate
the legacy of land use around White Marl (ca. 1050–450 cal yrs BP) by examining how
the initial and subsequent occupation impacted local vegetation at the site (locally to
the sampled trench, ca. 5m2 of the sampling location; see SI for more details). Second,
we aim to assess new phytolith evidence from White Marl and place it within the con-
text of local and regional paleoenvironmental studies to establish whether any landscape
modifications resulted from human-induced disturbances or natural drivers of environ-
mental change such as climate. A further aim is to identify evidence for dietary indica-
tors and alterations in subsistence strategy.
In this paper, we combine independent lines of evidence to document human occupa-

tion, including phytoliths, macro-charcoal, and stratigraphic data from one of the excava-
tion units at White Marl. Previous work in Puerto Rico documented human occupation
and land management from archaeological deposits based exclusively on increases in char-
coal frequencies (Burney 1997; Burney, Burney, and MacPhee 1994). However, utilizing
independent lines of evidence which may relate to human-induced changes, and that com-
bine charcoal analyses with phytoliths and stratigraphy, strengthens this type of investiga-
tion (Siegel et al. 2015). Phytoliths were used instead of pollen due to the dry nature of the
deposits where pollen is unlikely to be well preserved. In addition, phytoliths represent an
in situ vegetation signal, localized to the sampling area (Piperno 2006). Comparatively, pol-
len represents a much wider vegetation signal as many pollen morphotypes can travel hun-
dreds of kilometers from the source (Faegri and Iversen 1989). Here we present the first
extensive phytolith study in Jamaica based on sediments from one of the largest and most
well-studied archaeological sites in Jamaica, the Ta�ıno site of White Marl.

Archaeological context

The Caribbean islands were colonized in two major population dispersals possibly from
both Central and South America beginning around 7,000 years ago. The first major
migration was in the Archaic Age (ca. 7000–2500 BP) by semi-mobile groups with lithic
and shell tools and some simple pottery. The early Archaic Age is thought to have been
characterized by a hunter-gatherer-forager food economy and social organization with-
out formalized social or political roles. In contrast to what was previously believed,
research over the past decade has shown that the end of the Archaic Age was not a
rapid technological, political, and societal shift as the result of a migration, but rather a
gradual development of subsistence, material culture, and settlement patterns (Chanlatte
Baik 1995; Keegan 1994, 2006; Newsom and Wing 2004; Pag�an-Jim�enez 2005;
Rodr�ıguez Su�arez and Pag�an-Jim�enez 2008; Wilson 2007).
The second major migration originated in the Lower Orinoco of South America and

brought along characteristic material culture, notably including a distinct and refined
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type of ceramics referred to as the Saladoid series (Petersen, Hofman, and Curet 2004;
Rouse 1986, 1992). This marked the archaeological period known as the Early Ceramic
Age in the region (ca. 2500–1200/1400 BP). The Early Ceramic Age is believed to have
consolidated developments that started in the Archaic Age, including permanent settle-
ments and a food economy based on horticulture and hunting-fishing (Boomert 1999;
Siegel 1992). The precise manner and route of the dispersion of Saladoid material cul-
ture and whether this marks the spread of a distinct group of people (and if so, which
cultural groups are associated with this), is still a matter of debate. Linguistically, evi-
dence strongly suggests that these groups spoke variants of the Arawakan language fam-
ily (Granberry and Vescelius 2004).
Some scholars have argued that Archaic Age groups in the Greater Antilles persisted for

hundreds of years (particularly in Hispaniola and Cuba) after the arrival of Saladoid groups
in Puerto Rico. Archaic Age groups are argued to have played a significant role through
multifocal development of Archaic peoples and interaction with Saladoid peoples
(Rodr�ıguez Su�arez and Pag�an-Jim�enez 2008). Others have argued that Archaic peoples were
responsible for the later development of ceramic styles and technologies of the Ostionoid
and Meillacoid (and eventually “Ta�ıno” societies) (Keegan 2006). The Ostionoid and
Meillacoid ceramic styles mark the beginning of the Late Ceramic Age in this region (1200/
1400–500BP). In the Lesser Antilles, the widespread Saladoid ceramics and other material
culture of the Early Ceramic Age was similarly replaced by significant material culture
diversification during the Late Ceramic Age, producing a variety of pottery styles including
the Suazoid, Troumassoid, or Cayoid series (Bright 2011; Hofman and Hoogland 2004;
Petersen, Hofman, and Curet 2004). In the Late Ceramic Age, social organization in the
Greater Antilles and parts of the northern Lesser Antilles included ingrained hierarchical
status differentiation and regional-scale political organization, thought to be characterized
by “chiefdoms” (Curet 1992; Hoogland and Hofman 1999; Keegan 2000; Wilson 2007).
However, the archaeological evidence of socio-political organization suggests that it was
diverse across the islands. The assumed existence of “chiefdoms” rests largely on interpreta-
tions of early historical documents describing Spanish contacts with and ideas about the
Indigenous peoples of these islands. It is clear from these records, and studies on material
culture style and human and animal mobility, that the region consisted of interlocking
regional networks (Mol 2014).
The island of Jamaica certainly was a part of this Pan-Caribbean system, but it

appears to have been settled relatively late (ca. 1350–1300 BP) compared to the other
islands. To date, no securely dated Archaic or Early Ceramic Age settlements have been
found, although multiple large Late Ceramic Age settlements are known. These sites are
associated with local varieties of Meillacoid ceramics, which are believed to represent
two distinct migrations originating in the area of western Puerto Rico and eastern
Dominican Republic around 1350 BP (Allsworth-Jones 2008; Atkinson 2006; Callaghan
2008; Keegan and Hofman 2017; Napolitano et al. 2019). Significantly, no Ostionan cer-
amics (redware) have been identified in the lower stratigraphic levels of Meillacoid sites
like White Marl (Wesler 2013). While the apparent lack of earlier habitation of Jamaica
is not well understood, it has been suggested that dangerous currents and prevailing
winds discouraged traversing the seas between Jamaica and its nearest neighboring
islands (Allsworth-Jones 2008; Atkinson 2006).
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Archaeobotany in Jamaica

While environmental archaeological techniques are commonly used in other parts of
the Caribbean to assess human–plant relationships, paleobotanical approaches are very
limited in Jamaica. Jamaica remains one of the least studied islands in the Greater
Antilles (Rampersad 2009). There is a relatively short human history in Jamaica that

Figure 1. (A) Inset: Location of Jamaica. Main: Location of White Marl site; (B) White Marl recent exca-
vation areas (Zone A and Zone B) separated by the Nelson Mandela Highway, location of Unit T2-11,
control test pit and museum circled in red.
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was punctuated by distinct vegetation shifts associated with fire, activity resulting from
the earliest colonization of the island (Williams 2019). The human–environment dis-
turbance regimes are associated with the initial arrival of early Meillacoid ceramic bear-
ing populations beginning around 1050 cal yrs BP (Napolitano et al. 2019) and the
European development of industrial sugar cultivation after 440 BP (Horst and Garner
2007). Any shifts in human occupation could potentially be associated with diminished
plant taxa, eradicated or selectively nurtured as a result of active human land manage-
ment (Siegel et al. 2015).
From an archaeological perspective, limited work has been done with regard to

human–environment interactions and the reconstruction of the vegetation prior to
European colonization in Jamaica in the late fifteenth century (Atkinson 2006, 97).
Existing paleobotanical studies for Jamaica have predominantly been utilized at archaeo-
logical sites to identify plants of economic importance in targeted archaeological
contexts only (Newsom and Wing 2004; Siegel et al. 2015, 2018), and extraction of
micro-fossils from archaeological sediments is absent in existing studies. Micro-botan-
ical evidence such as silica phytoliths, pollen, and starch, is currently limited to a study
of the human diet using three dental calculus samples from White Marl (Mickleburgh
et al. 2019). In Jamaica, large multi-proxy paleoenvironmental studies have been con-
ducted on lake cores that incorporate pollen, charcoal, ostracod, and dung fungal spore
data (Williams 2019); however, this present study is the first from Jamaica to analyze
sediments for phytoliths and charcoal directly associated with human occupation. In
this study, we investigate the potential influence of different land use systems on the
local environment and human–plant interrelationships at the site of White Marl using a
multi-proxy micro-botanical approach, following recommendations from recent micro-
botanical research in the region (Pag�an-Jim�enez et al. 2020).

The White Marl site

White Marl is one of the largest and most archaeologically studied precolonial
Indigenous settlements in Jamaica (Allsworth-Jones 2008; Clair 1970; Howard 1956,
1965; Silverberg, Vanderwal, and Wing 1972; Vanderwal 1968). The site, which has
been dated to ca. 1050–450 cal yrs BP (Silverberg, Vanderwal, and Wing 1972) is located
on the south coast of Jamaica around 2.8 miles east of the Spanish colonial capital of
Villa de la Vega (now Spanish Town), and about 8 miles west of Kingston. Its location
on a hilltop close to the Rio Cobre and Fresh River, as well its proximity to Kingston
Harbor, provided access to both terrestrial and marine resources (Aarons 1983;
Allsworth-Jones 2008, Howard 1956) (Figure 1). Like contemporaneous communities
across the Greater Antilles, White Marl is believed to have developed a Ta�ıno chiefdom
socio-political organization structure by ca. 750 cal yrs BP. The area was subsequently
occupied by a series of British colonial sugar plantations and livestock pens, including
the Caymanas Estate and Windsor Pen. The earliest records for the Caymanas Estate
are from 210 to 200 BP (https://www.ucl.ac.uk/lbs/).
Excavations in the late 1950s and 1960s focused primarily on midden areas that were

likely located in excavation area Zone B (Figure 1) based on comparisons with topog-
raphy and early maps of the area. Significant finds included human burials inside large
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mounded middens, faunal assemblages, the first precolonial house structure identified
on the island, green stone axes, decorated shell adornments, and a relatively homogen-
ous and regionally significant ceramic tradition known as the White Marl ceramic style,
which is one of three local variants of the Meillacoid series (see Figure 2D–F of panel)

Figure 2. (A) aerial view of White Marl 2019, showing locations of excavation trench including Unit
T2-11 and control test pit (orthomosaic composite image made in DroneDeploy); (B) aerial view show-
ing excavation of trench including Unit T2-11 in 2018; (C) aerial view showing extended excavation
trench and Unit T2-11 in 2019, dashed line indicates the sampled profile; (D–E) ceramics from Unit
T2-11 recovered during excavations and sampling, showing typical decorations including incisions,
punctuations and molded clay protrusions; (F) bowl fragment from excavations at White Marl. All aer-
ial photographs taken by drone (DJIMavic Pro) by Zachary J. M. Beier 2018–19.
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(Allsworth-Jones 2008; Atkinson 2006; Clair 1970; Keegan and Hofman 2017;
Silverberg, Vanderwal, and Wing 1972; Wesler 2013; Wilson 2007). At contemporan-
eous sites with Meillacoid ceramics in the northern Dominican Republic and on other
islands in the Greater Antilles, house and burial areas are not separated; middens form
within the settlement area around the houses, and were used as burial areas and agricul-
tural gardens/plots. The characteristic stratigraphy observed at these sites probably rep-
resents evidence of a “complex, engineered landscape” (Pag�an-Jim�enez et al. 2020, 3)
with different episodes of surface leveling for household floors or other activities, depos-
ition of alternating layers of food refuse with artifacts, and intentionally deposited ash
and soil layers (Hofman and Hoogland 2015; Hofman et al. 2018; Pag�an-Jim�enez et al.
2020). Parallels to this can be observed at White Marl, including in the scale and extent
of the intentional deposition of marl layers alternating with cultural strata (Allsworth-
Jones 2008; Howard 1965), although the spatial organization of the site is less
well understood.
Archaeobotanical studies of dental calculus from three of the White Marl burials

from excavation Zone A (see Figure 1, ca. 360–680 cal yrs BP) identified Marentaceae
(arrowroot), Arecaceae (palms), Cannaceae (achira), maize Z. mays, Fabaceae (wild
beans), and possible identification of Theobroma cacao (chocolate) (Mickleburgh et al.
2019). Our investigations focused on one of the more extensive profiles in Zone B
(western profile of T2-11), which commences at the bedrock and extends upwards ca.
2m. Unit T2-11 is located within a large mounded midden/refuse area in the southern
portion of the White Marl development corridor (Figure 3). Excavations led by archae-
ologists from the Jamaica National Heritage Trust (JNHT) and the University of West
Indies (UWI) Mona between 2018 and 2019 in this area recovered a large assemblage of
artifacts within well preserved stratified deposits along with three human burials.

Table 1. Radiocarbon dates from charcoal collected from the western profile of Unit T2-11 in
Zone B.

Sample depth Lab number
Analyzed
material

Conventional
radiocarbon

age Age ranges cal AD
Mean

probability AD Calibrated BP

190 cm Beta � 563181 Charcoal 990 ± 30 BP 68.3% (1 sigma): cal
AD 996–1002,
1020–1047,
1083–1095,
1102–1125,
1140–1148. 95.4
95.4% (2 sigma):
cal AD
994–1052,
1078–1156

AD 1082 868 BP

90 cm Beta � 563180 Charcoal 730 ± 30 BP 68.3% (1 sigma): cal
AD 1267–1292.
95.4% (2 sigma):
cal AD
1227–1247,
1253–1301,
1369–1378

AD 1277 673 BP

Recalibrated using calibration dataset IntCal20 (Reimer et al. 2020). See SI for original calibration details.
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Previous radiocarbon dates on charcoal range from ca. 1400 to 670 cal yrs BP
(Allsworth-Jones 2008; Silverberg, Vanderwal, and Wing 1972; recalibrated using
IntCal20, Reimer et al. 2020, see SI), and ca. 610–390 cal yrs BP (Mickleburgh et al.

Figure 3. Archaeobotanical phytolith sampling, White Marl. (A) view of archaeological excavation in
Sampling Unit T2-11; (B) recording and sampling stratigraphy in Unit T2-11; (C) stratigraphic profile of
Unit T2-11 sampled for phytoliths (21 samples in total) and charcoal for C14 dating; (D) schematic of
the 21 layers sampled for phytolith analysis (for description see Table 2). Black boxes indicate phyto-
lith sample locations and red boxes indicate charcoal samples taken for C14 dating.
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Table 2. Details of samples taken for phytolith analysis; sample number, description, Munsell color,
Munsell description, and sample depth.
Sample number/
Stratigraphic
context number Description Munsell color

Munsell color
description Sample depth (cm)

21 Modern loose
sediment,
shell rich

10YR 5/1 Gray 5

20 More compact
sediment with
fewer shells

10YR 4/1 Dark gray 15

19 Darker sediment,
charcoal rich

10YR 5/2 Grayish brown 26

18 White marl deposit,
larger
shells included

2.5Y 6/1 Gray 37

17 Darker sediment,
charcoal rich

10YR 4/2 Dark grayish brown 52

16 Light marl sediment 2.5Y 6/2 Light brownish gray 69
15 Rocky matrix 10YR 5/2 Grayish brown 78
14 Distinct surface,

including pebbles
and charcoal
on surface

10YR 5/2 Grayish brown 87

13 Darker marl,
charcoal rich

2.5Y 5/2 Grayish brown 93

12 Lighter marl 10YR 8/2 Very pale brown 108
11 Unconsolidated,

darker orange
sediment
with pebbles

10YR 7/3 Very pale brown 115

10 Unconsolidated
lighter sediment

7.5YR 8/2 Pinkish white 130

9 Dark ashy layer 10YR 5/2 Grayish brown 150
8 Unconsolidated

sediment
with cobbles

10YR 6/3 Pale brown 156

7 Unconsolidated
marl deposit

10YR 7/3 Very pale brown 160

6 Ashy marl matrix 10YR 8/3 Very pale brown 170
5 Ashy sediment 10YR 7/1 Light gray 185
4 Rocky matrix with

very little
sediment,
abundant shells

Matrix: 10YR 4/4,
Chalk Inclusions:

10YR 7/3

Matrix: Dark
yellowish brown,
Inclusions: Very
pale brown

192

3 Brown sediment with
pebble inclusions
and shells.
Ceramics first
observed at the
base of this unit.

Matrix: 10YR 3/4,
Chalk Inclusions:

10YR 8/4

Matrix: Dark
yellowish brown,
Inclusions: Very
pale brown

202

2 Sterile orange
sediment with a
layer of small
rocks and pebbles
on top, eroding
parent material

Matrix: 10YR 3/6,
Chalk Inclusions:

10YR 7/6

Matrix: Dark
yellowish brown,
Inclusions: Yellow

211

1 Unconsolidated rocks
above bedrock,
eroding
parent material

2.5Y 8/4 Pale yellow 224

See Figure 3.
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2019, recalibrated using IntCal20, Reimer et al. 2020, see SI). Two new radiocarbon
dates from charcoal were obtained in 2019 from the section sampled for phytolith ana-
lysis used in this study from Unit T2-11 in Zone B. These dates range from ca. 870 to
670 cal yrs BP (Table 1, see SI for recalibration with IntCal20).

Materials and methods

Sampling, stratigraphic analysis, and recording

In July 2019 a total of 21 sediment samples and two charcoal samples for radiocarbon
dating were taken from the western profile of the open trench, Unit T2-11 in Zone B
(Figure 3 and Table 2). This trench represents a series of interleaved cultural, ashy, and
marl layers in a midden where it is likely that extensive landscaping activities contrib-
uted to its formation (see Figure 3 and Table 2). This trench initially measured 1� 1m
and was excavated by the University of the West Indies (UWI) Mona Archaeology team
in the summer of 2018 to approximately 1.5m in depth. The JNHT expanded this exca-
vation to a 2� 2m unit in 2019 and extended excavations to a depth of approximately
2.2m. At the time of sampling, the profile represented a full sequence from the bedrock
extending over 2 m to the modern ground surface. No human remains were recovered
from this excavation unit, but three human burials were documented approximately
3–4m to the east in neighboring units (U2-11-NW, U2-12-NE).
The soil profile was cleaned in July 2019 and the visible stratigraphy was recorded

and sampled for phytoliths using standard procedures (Piperno 2006) (Figure 3). A
description of the stratigraphic layers is detailed in Table 2. Samples were collected
from each identified stratum using sterile protocols (Goldberg and Macphail 2006, 328)
and the Munsell color recorded. For comparative purposes, a small trench was also
excavated away from the archaeological units at White Marl, approximately 100m from
Unit T2-11 (see Figure 2), into a natural soil profile encapsulating the A and B horizons
which were observed as sterile deposits. Five comparative control samples were taken at
10 cm intervals to a depth of 60 cm (see SI for details of control pit samples).

Phytoliths

Silica phytoliths are a micro-botanical proxy composed of opaline silica that forms in
and around plant cells which are well preserved in archaeological sediments. They sur-
vive in most soil conditions, only degrading in extremely alkaline soils or when burned
at very high temperatures (e.g., from 600 to 900 �C; Devos, Hodson, and Vrydaghs
2021). Phytoliths represent a localized vegetation signature because, unlike many pollen
types, they have limited transportation dispersal by wind and water and therefore are
usually assumed to occur in situ (i.e., within <5m2 of original deposition location)
(Shillito 2018).
Phytolith analysis has been successfully integrated in archaeological contexts with

macro-charcoal, stratigraphic analyses, and radiocarbon dating, as well as integrating
with pollen analysis from lake cores which helps reconstruct the environment. This
multi-method integration of proxies is the recommended standard approach to paleo-
environmental investigations (Iriarte et al. 2020; Robinson et al. 2021). Much work has
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been conducted in South America on a wide range of domesticated crops including
squash, maize, manioc, and rice (Ezell, Pearsall, and Zeidler 2006; Hilbert et al. 2017;
Iriarte et al. 2020; Piperno and McMichael 2020), but has not yet become standard
practice in the Caribbean.

Phytolith extraction

The phytoliths were extracted using a modified methodology combining Piperno (2006)
and Rosen (1999), utilizing a combination of 24 h disaggregation and dry ashing.
Approximately 25 g of each sample was sieved through a 500-micron mesh and disag-
gregated with sodium hexametaphosphate (5%) on an orbital shaker for 24 h prior to
clay removal using a settling procedure at hourly intervals. Carbonates were then
removed using 10% hydrochloric acid (HCl), this was followed by removal of organics
using dry ashing in a muffle furnace for 3 h at 500 �C. The phytoliths were then sepa-
rated using sodium polytungstate heavy liquid calibrated to 2.3 specific gravity, and
then dried and 200mg mounted onto glass slides using the mounting medium Entellan.

Phytolith identification, counting, and quantification

Phytoliths were counted and identified at �400 magnification on a Meiji MT4300L
transmitted light microscope and photographed using a Canon EOS 1100D SLR and
EOS Utility software. Phytoliths were compared to the University of Exeter’s guide and
reference collection for identification, in addition to a range of published studies
(Albert et al. 1999; Dickau et al. 2013; Ezell, Pearsall, and Zeidler 2006; Morcote-R�ıos,
Bernal, and Raz 2016; Ollendorf, Mulholland, and Rapp 1988; Piperno 2006; Twiss,
Suess, and Smith 1969; Watling and Iriarte 2013; Watling et al. 2016). For each sample,
a minimum of 200 identifiable phytoliths were recorded where possible; for some sam-
ples this minimum count could not be reached due to extremely low phytolith concen-
trations (this was not possible for two of the 24 samples). Not all phytoliths can be
identified further than Class (i.e., monocotyledon or dicotyledon), but where possible,
the phytoliths were assigned to family, sub-family, and genus and also grouped into
four main categories for analysis: arboreal, palms, grasses/herbs, and crops. The results
are presented as percentages of the total morphotypes identified and graphed using C2
software (Juggins 2007). In addition, degraded, melted, burned, fused, and unidentified
phytoliths were recorded, as well as the presence of diatoms and sponge spicules.
We used the phytolith analysis to document landscape modifications and indicators

of management, establish the drivers for these changes, and present evidence of crops
incorporated into the diet, and furthermore examine any evidence that may indicate
dietary or subsistence change over time. This is conducted by recognizing a range of
staple crops that can be identified from their phytoliths (e.g., squash, manioc, maize,
rice), which might be grown in the vicinity of the site and incorporated into the diet.
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Figure 4. Common and distinctive phytolith forms observed in White Marl archaeobotanical samples, mor-
photypes listed indicated by arrows: (A) arboreal globular granulate (S7, 160 cm); (B) Arecaceae globular
echinates (S17, 52 cm); (C) Poaceae elongate psilate conjoined (S5, 185 cm); (D) Aristoideae bilobe (S21,
5 cm); (E) Bambusoideae spiked rondel (S13, 93 cm); (F) Chloridoideae saddles (S21, 5 cm); (G) Panicoideae
bilobe (S17, 52 cm); (H) Pooideae rondel (S21, 5 cm); (I) Phragmites conjoined stacked bulliforms (S17,
52 cm); (J) Manihot sp. secretory cell phytoliths (S13, 93 cm); (K) Cucurbita (squash) scalloped sphere (S17,
52 cm); (L) Oryza (rice) double peaked glume (S20, 15 cm); (M) Calathea rhizome cylinder (S20, 15 cm); (N)
Unidentified fused phytoliths (S9, 150 cm); (O) Burnt occluded carbon Poaceae keystone (S21, 5 cm).
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Charcoal extraction and quantification

Subsamples of 1 cm3 were taken using a 5 cm3 syringe and sorted into 15ml test tubes.
To disaggregate the charcoal particles from the sediment, the samples were placed in a
hot water bath (80 �C) with 45ml of 5% potassium hydroxide for 15mins. The samples
were washed in a 125 lm sieve until clean then transferred into petri dishes submerged
in water for analysis. All charcoal particles >125mm were counted in the analysis.

Results

This section presents the results of the archaeological samples from White Marl; for a
summary of the control samples please see the SI. The concentration of phytoliths in 19
of the 21 archaeological samples analyzed was very high (see SI). However, the two
deepest samples contained very few phytoliths in comparison to the samples in the
upper stratigraphic layers of the soil profile, and a minimum number of phytoliths was
therefore not obtained even when the whole slide was observed (see SI).
A total of 24 single phytolith morphotypes and six multi-cellular phytolith forms were

identified in the samples from White Marl and the most common types are presented in
Figure 4. The results of the phytolith analyses for the White Marl archaeological profile
T2-11 in Zone B (western profile) (Figure 5) can be divided into three main vegetation
phases (Figure 5), with Phase 1 representing the deepest and oldest samples (192–224 cm),
Phase 2 representing the samples in the center of the profile (93–185 cm), and Phase 3
representing the newest deposits at the top of the profile (5–87 cm). Phase 1 and Phase 2
are dominated by canopy cover phytoliths (arboreal and palms combined) in the oldest
levels. The canopy cover phytoliths represent at least 50% of the phytolith assemblage
from the base of the profile until 78 cm below ground level (pre-ca. 670 cal yrs BP). In
Phase 3, from ca. 670 cal BP, the canopy cover reduces to an average of 29% of the phyto-
liths originating from canopy vegetation (combined arboreal and palm).

Vegetation phase 1: Arboreal-dominated canopy

In the deepest levels, the phytoliths extracted from the sediment samples suggest that
the oldest vegetation in this area of the site was probably dominated by an arboreal can-
opy (224–192 cm, layers 18–21) with an average of 65% arboreal phytoliths recovered
(and only 8% palm on average, pre-ca. 870 cal yrs BP). The phytolith remains in these
layers represent the dominant deposition of arboreal plant remains in these midden
contexts and as such, the phytoliths likely represent the vegetation at the time of the
early occupation at White Marl.

Vegetation phase 2: Palm-dominated canopy

From ca. 870 cal yrs BP, there was a transition to a palm-dominated canopy
(185–78 cm, layers 5–15) with an average of 48% palm phytoliths (and only 14% arbor-
eal on average) which continues throughout Phase 2 until ca. 670 cal yrs BP. Palm spe-
cies are not only useful industrially in construction, but many species are also edible.
This increase in palms can be attributed to an increase in some of these useful species
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at the site which have only been identified from the second vegetation phase (185 cm
upwards). In Phase 1, only low numbers of globular echinate palm phytoliths were iden-
tified, which are not attributed to edible species of palm. In Phase 2 the globular echi-
nate palm phytoliths increase in addition to the identification of globular echinate-hat
type phytoliths which are produced in nine edible species of the genus’ Astrocaryum
and Bactris (Bozarth et al. 2009). In these samples the phytoliths probably originate
from Bactris jamaicana which is native to Jamaica (Adams 1972); the three species of
Bactris restricted to the Caribbean are Bactris plumeriana, Bactris jamaicana, and
Bactris cubensis (Salzman and Judd 1995).

Vegetation phase 3: Open grassland-dominated landscape

The vegetation surrounding the site was further altered with a transition to an open
grass-dominated landscape (69–5 cm, layer 16–21) from ca. 670 cal yrs BP onwards,
with an average of 71% grass phytoliths (only 10% arboreal and 19% palm on average).
While some of the typical surface disturbance indicators were not identified in the sam-
ples (e.g., Asteraceae) the reduction in canopy indicators is clear; the combined palm
and arboreal canopy in these levels was only represented by an average of 29% canopy
cover phytolith morphotypes in this final vegetation phase. This final shift in vegetation
roughly coincides with the emergence of Ta�ıno chiefdoms in the northern Caribbean
around 750 cal yrs BP. All grass sub-families show an increase in Phase 3, but the
phytolith assemblages are dominated by panicoideae grass phytoliths. Domesticated sug-
arcane, genus Saccharum is not known to produce distinctive phytoliths, but is a pani-
coid grass, and sugarcane is introduced only after 440 BP, and therefore could be
responsible for the increase in panicoideae phytoliths in these upper layers in Phase 3.
At ca. 670 cal yrs BP, Phragmites phytoliths also appear in the phytolith assemblages.
There is a small peak in Arecaceae in the uppermost sample (5 cm), although the upper
15 cm of the profile is likely affected by plow disturbance and modern vegetation clear-
ance for the archaeological investigations that have been on-going since the 1960s.

Figure 5. Results of the phytolith analysis from Unit T2-11, White Marl. Results expressed as a per-
centage of the total phytolith morphotypes identified. Charcoal (in black) is presented as overall
counts per 1 cm3 > 125 um. Radiocarbon dates at depths of 190 and 90 cm. Hashed lines indicate
main vegetation phases. Overall data summary indicative of three main vegetation phases highlighted
by gray box.
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Crops

Phytoliths from four crops were recovered in our samples from profile T2-11 at White
Marl: manioc, squash, Oryza sp. (rice), and leren/arrowroot (see Figure 4j–m). Manioc was
identified from 10 of the samples at White Marl, initially at 192 cm (pre-ca. 870 cal yrs BP).
The majority of the manioc was recovered during the second vegetation phase dominated
by palms ca. 870–60 cal yrs BP (manioc was recovered in 7/11 samples in this phase).
Squash was identified from two samples at a depth of 192 cm, ca. 870 cal yrs BP, and at
52 cm after ca. 670 cal yrs BP. Rice was only identified in one sample after ca. 670 cal yrs
BP (15 cm depth) which is within the plow zone and likely colonial in origin. Leren (arrow-
root) was identified in three samples, before ca. 870 cal yrs BP (202 cm depth), and in two
of the latest samples after ca. 670 cal yrs BP (5 cm and 15 cm, respectively). Maize phytoliths
were not identified from these samples analyzed. Overall, the crops identified represent a
small percentage of the phytolith assemblages; however, we know that some of the crops
are extremely low producers of phytoliths (e.g., manioc, see Ezell, Pearsall, and Zeidler
2006) so may be underrepresented. In the earliest arboreal vegetation phase, the crops rep-
resented only 0.2% of the phytolith assemblage. The highest percentage of crops occurred
in the second phase of vegetation dominated by a palm canopy (0.5% crops on average),
with only manioc recovered during this phase. In the latest grass-dominated phase, the
crops represented an average of 0.4% of the phytolith assemblage.

Burning indicators

There is a high number of unidentifiable “fused” phytoliths in the samples (Figure 4N),
particularly in the second vegetation phase which was dominated by palms (Figures 5

Figure 6. Grape Tree Pond climate record (Burn and Palmer 2015) (also indicating the Medieval Warm
Period (Medieval Climate Anomaly, MCA) and Little Ice Age (LIA)) plotted against burning proxies (char-
coal counts, fused unidentifiable phytoliths, burnt occluded carbon phytoliths) and vegetation summaries
(arboreal, palms, grasses/herbs), with percentage of manioc and new White Marl radiocarbon dates (at
90 cm and 190 cm). The Grape Tree Pond record has been cropped between 650 and 500 cal yrs BP to
reflect the age resolution of the soil samples. Hashed lines indicate transitions between vegetation phases
1, 2 and 3. Av¼ averages for each phase for burning indicators and manioc.
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and 6). These types were also observed ubiquitously in archaeological deposits at two
contemporaneous sites in the Dominican Republic (see Pag�an-Jim�enez et al. 2020).
These unidentifiable fused phytoliths, or pyrolyzed phytoliths, show traces of melting or
burning probably relating to lower temperature burning. The pyrolytic process is a slow
combustion carried out at low oxygen supply, between 300 and 700 �C (Boateng et al.
2015; Li and Delvaux 2019) . These “fused phytoliths” identified at White Marl have
been interpreted as an indicator of past burning activities. During sampling, many
layers were observed as visibly burned or ashy (Figure 3). The number of fused phyto-
liths generally peak at the same depths as peaks in the soil charcoal counts (Figure 6,
with the exception of 52 cm). Occluded carbon burned phytoliths are an additional
proxy for fire activity and were also observed throughout the profile from 13 of the 21
samples. The peaks in burned phytoliths do not directly relate to peaks in fused phyto-
liths and charcoal; however, these peaks are broadly stratigraphically related (always
within 15 cm of the charcoal and fused phytolith peaks; see Figure 6). In the deepest
stratigraphic layers, there were no fused phytoliths and minimal charcoal (five and six
charcoal fragments in samples from 224 and 211 cm; Figure 6). The first peak in char-
coal and fused phytoliths coincides with the vegetation transition from arboreal- to
palm-dominated canopy and a concomitant increase in grasses (185 and 192 cm). It also
coincides with the first visible appearance of ashy material as described in the field
descriptions of the stratigraphy (see sample 5, Table 2, and Figure 3). These repetitive
thick layers of ash, which often contain mollusks, pottery, and faunal remains (first
occurrence at 185 cm; stratigraphic/sample 5, then at 170, 150, 93, 52 cm, see Table 2)
are separated by unconsolidated marl sediments sometimes containing small rocks or
cobbles (at 160, 156, 130, 108, 69, and 37 cm; see Table 2).
At White Marl within the palm-dominated vegetation phase (Phase 2), fire indicators

from the phytoliths and charcoal peak in similar locations in the profile, but are not per-
fectly correlated. This may be due to post deposition taphonomy. There are some coinci-
dental peaks in charcoal and peaks in fused phytoliths. At 150 cm these include: 509 fused
phytoliths, and 1,806 charcoal fragments; and at 87–93 cm: 136–185 fused phytoliths and
1,358–1,545 charcoal fragments (Figure 6). In these locations either ash or charcoal was
noted in the field descriptions (see Table 2, samples 9, 13, 14). On average, the highest
number of fused phytoliths and charcoal fragments occurred during the palm-dominated
vegetation phase with 211 fused phytoliths and 993 charcoal fragments (see Figure 6).
In the final grass-dominated vegetation phase (Phase 3), there was a general trend

toward reduced numbers of both fused phytoliths and charcoal. However, even though
there is a reduction in burning proxies extracted from the sediment samples, charcoal
was observed in the profile description in sample 17 (52 cm; see Table 2), which corre-
sponded to a peak in macroscopic charcoal (2,455 charcoal fragments at 52 cm; see
Figure 6). Additionally, charcoal was observed in the profile description in sample 19
(26 cm) and there was a peak in burned phytoliths (n¼ 13 at 26 cm; Figure 6).

Vegetation changes and climate

The main vegetation phases and burning indicators from White Marl have been plotted
against climatic data for lake level change at Grape Tree Pond (Burn and Palmer 2015,
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Figure 6) and the predominant climate patterns of the Medieval Climate Anomaly
(MCA) and Little Ice Age (LIA) (Figure 6). Currently, a direct comparison between the
two records is difficult given the different temporal resolution of both datasets and that
our sequence from White Marl is reliant on, and therefore constrained by, only two
radiocarbon dates. However, in general, there appears to be some relationship between
climatic variability and the main changes in dominant vegetation types identified
between our phases in the phytolith data. The climatic record indicates a wetter envir-
onment in the LIA, where there is a concomitant increase in grass and decrease in palm
phytoliths (Figure 6).
The mosaic of grasses in Phase 3 include increasing C3 pooideae grasses, which pre-

fer cold wet growing environments, and the continued low level of C4 chloridoideae
grasses that prefer dry environments. Panicoid grasses also increase in Phase 3 (LIA; see
Figures 5 and 6), which grow in wet and warm conditions.
There is an emergence of Phragmites (reeds) at the transition from Phase 2 to 3 (at

87 cm; Figure 5) and persistence in Phase 3 (15 cm, 37 cm and 69 cm; Figure 5) may be a
consequence of climatic change, with a general trend toward wetter conditions in the LIA.

Discussion

Despite a growing number of studies examining human–environment interactions in
the Caribbean (Berman and Pearsall 2020; Castilla-Beltr�an et al. 2018; Ciofalo, Sinelli,
and Hofman 2020; Mickleburgh and Pag�an-Jim�enez 2012; Pag�an-Jim�enez et al. 2020;
Piperno 2002; Sara and Aguil�u 2003; Siegel et al. 2015), to date there is limited archaeo-
botanical evidence from Jamaica. The current assumption is that the Indigenous occu-
pants removed and altered the natural vegetation in order to establish settlements and
areas for cultivation, and to create useful productive subsistence landscapes (Atkinson
2006). On other Caribbean islands, the Indigenous populations in the Late Ceramic Age
exploited diverse environments relying on agriculture and fishing with the settlements
increasingly shifting away from coastal areas to hilltop and riverine locations (de Armas
et al. 2015; Fitzpatrick and Keegan 2007; Hofman et al. 2018; Keegan and Hofman
2017; Pag�an-Jim�enez et al. 2020; Sonnemann, Ulloa Hung, and Hofman 2016). At
White Marl, like most other sites on the island, the emphasis has traditionally been
placed on the recovery of faunal remains, and while charcoal has previously been col-
lected from the White Marl contexts for dating, no interpretations pertaining to past
human–vegetation–fire linkages have been conducted. Three phases identified from the
phytolith and charcoal analyses characterize the human-induced interactions with the
environment at White Marl which include intentional burning (see Figure 7).
In this study, the earliest phytolith data in the deepest layers of the sampled profile

(e.g., at 224 and 211 cm)—which were identified visually as the eroded natural geologic
material (C horizon/eroded parent material)—suggest sparse vegetation deposition in
this location. This is indicated by the lack of phytoliths (less than statistically viable for
analyses), the absence of fused or burnt phytoliths, and extremely limited charcoal frag-
ments, suggesting minimal fire activity at the site during this time. The phytoliths that
were identified in the earliest samples in Phase 1 were dominated by arboreal forms
with some input of grasses. This material is likely the first organic component within
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the soil matrix and represents an established forest community in this location, with
similarities to other sites in the Caribbean (Pag�an-Jim�enez et al. 2020, 9). Together,
these data indicate a signature of naturally occurring vegetation, with little to no
anthropogenic influence in this location of the site in the earliest sampled levels, sug-
gesting that these deposits, which sit directly on the bedrock, perhaps pre-date human
occupation at White Marl that is thought to have taken place ca. 1050 cal yrs BP.
Furthermore, this signal is supported by the absence of ceramic materials recovered in

Figure 7. Diagrammatic representation of three vegetation phases at White Marl, as indicated by
phytolith and charcoal results.
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the deepest context in this unit (sample 1; Figure 3), the first ceramics being recovered
at ca. 210 cm depth in the transition between stratigraphic units 2 and 3 (see Figure 3).
In the overlying strata, there is evidence for an actively managed landscape in the

form of human modifications and management of the vegetation. This is represented in
the phytolith assemblages by three main vegetation phases and their associated fire
proxies. This repetitive sequence of marly sediment and interspersed ashy layers at
White Marl have been observed at contemporaneous Meillacoid sites in the Dominican
Republic where the “layers of fine ash” were separated by “whitish gravelly fill,” which
has been interpreted as leveling material (Pag�an-Jim�enez et al. 2020). These sites in the
Dominican Republic have similar complex engineered landscapes with cleared and lev-
eled areas for house construction (Pag�an-Jim�enez et al. 2020, 4). The origin of the whit-
ish gravelly sediment has been interpreted as deriving from leveling activities during
house construction, and the ashy layers deposited either from the cooking huts, or
developed in situ as active kitchen areas (Pag�an-Jim�enez et al. 2020, 4). However, these
ash layers could have formed during localized tree clearance across these sites.
Furthermore, in the Dominican Republic sites, burials were recovered from these depos-
its, which can also be seen at White Marl. The formation of these ash/midden deposits
with burials incorporated into them appears to be a characteristic both at this site and
across the region, which could suggest the importance of the interaction between
humans and their surrounding environment (Allsworth-Jones 2008; Stokes 2002).
Initially an arboreal-dominated vegetation canopy around White Marl is indicated by

the phytolith assemblage pre-ca. 870 cal yrs BP (Phase 1). The initial vegetation modifi-
cation from ca. 870 cal yrs BP was associated with the expansion of the palm-dominated
canopy (Phase 2), including the introduction of at least one species of edible palms
(Bactris) at the expense of arboreal tree cover, in addition to increased manioc and
peaks in fire proxies. In this palm-dominated phase the increase of fused phytoliths and
charcoal suggests that during this time there was increased burning, or increased depos-
ition of burned materials at the sampling location, particularly of palm vegetation. The
use of palm trees as a fuel, as is represented by the phytolith remains in these deposits,
suggests that high numbers of trees were being removed and burned, and probably
therefore represent local vegetation. This shift in vegetation in Phase 2 to an increased
palm canopy indicates probable anthropogenic changes in vegetation composition
around White Marl. Palms are frequently utilized around the world in antiquity and
modern times, both in rural construction and other human activities such as rituals
(Jarzombek 2013, 99, 111, 562).
Crop phytoliths increase in Phase 2 also suggesting anthropogenic influence. As these

are assumed to be consumed, and we see an increase through time, the hypothesis is
that they are domesticated crops, although the phytoliths have only been identified to
genus (with the exception of Calathea). There is a possibility, however, that these crops
were collected as wild species from around the site.
The new phytolith data suggest that inhabitants of White Marl from ca. 870 cal yrs

BP practiced agroforestry, increasing the concentration of useful palms and crops in
and around the site. This is similar to contemporaneous sites in the northern
Dominican Republic where similar interspersed ashy and marl layers are observed, and
agroforestry was also interpreted from the phytoliths (Pag�an-Jim�enez et al. 2020). The
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phytolith data indicate clear instances of palm enrichment and predominance alongside
crops (e.g., Zone FA-II, El Flaco). It was suggested that occupants at these sites in the
Dominican Republic were consciously increasing food plant production through agro-
forestry practices and a clear cultural sustenance of palms (Pag�an-Jim�enez et al. 2020,
8–12). In contrast to the inhabitants at these two sites, the inhabitants of White Marl
appear to have dramatically affected general forest and vegetation composition.
Significantly, at White Marl, the final phase after ca. 670 cal yrs BP (Phase 3) represents
a more open grassland-dominated vegetation with continued representation of crops.
The latest deposits in the sequence are probably affected by disturbance and therefore

also represent colonial and modern-day occupation, a more open environment with
lower levels of trees, but continued evidence for low-level burning. Burning continued
at a reduced rate in Phase 3, suggesting that there was more limited burning or lower
amounts of burned materials deposited in this final phase where there are fewer trees,
with the phytoliths indicative of a more open grassland. The reduction in burned mate-
rials could result from availability of materials, a change in fuel practices or an alterna-
tive function/use of this area of the site. The dominant phytoliths in this phase (grasses)
could reflect the surrounding natural vegetation. An increase in grasses and reduction
in canopy would impact the availability of fuel and therefore intensity of burning.
Ethnographic and ethnohistorical studies in both North and South America show sed-
entary agricultural communities relocating after around 15–20 years of occupation due
to diminished fertility in agricultural soils and increased distance to firewood. These vis-
ual observations, and peaks in burning proxies in Phase 3 at White Marl, seem to repre-
sent some continuation of burning and potential kitchen activities throughout the final
occupation phase at White Marl.
In addition to the three broader transitions in vegetation cover, the phytolith data

from this study provide new insights into changes in past subsistence strategies at
White Marl. Arecaceae (palm) phytoliths were identified in all samples, but edible palms
are only represented with certainty from the second vegetation phase onwards (from ca.
870 cal yrs BP) indicating a human-driven change in the landscape which relies more
on palms, including edible palms.
A range of plants that were edible and most likely consumed by the White Marl

inhabitants were identified from the phytoliths at White Marl: manioc, squash, rice, and
leren/arrowroot. This is unlikely to represent the full suite of edible species consumed
at White Marl based on dental calculus evidence (Mickleburgh et al. 2019), evidence
found at contemporary sites on other Caribbean islands (e.g., Pag�an-Jim�enez et al.
2020), and what is known about precolonial crop plant use in the region generally
(Newsom 1993; Newsom and Wing 2004).
Manioc was the dominant crop identified in the phytolith profile at White Marl and

was once assumed to be the dominant crop in the precolonial Caribbean (Berman and
Pearsall 2020; Howard 1956; Parry 1955; Pope et al. 2001; Rouse 1992; Vanderwal
1968). Early assumptions of manioc cultivation and consumption at White Marl were
inferred from ceramic artifacts which are identical in form to the griddles used in the
Caribbean for baking manioc bread at the time of European conquest (Silverberg,
Vanderwal, and Wing 1972). However, griddles have long been shown to have been
used for a variety of starchy plants, and are no longer considered de facto indicators for
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manioc consumption (Berman and Pearsall 2020; Ciofalo et al. 2018; Ciofalo, Sinelli,
and Hofman 2019; DeBoer 1975; Rodr�ıguez Su�arez and Pag�an-Jim�enez 2008). In add-
ition, the analysis of stone tools from the insular Caribbean and French Guiana recov-
ered manioc starch from only 10% of the stone tools analyzed (Pag�an-Jim�enez 2011).
Furthermore, the region-wide study of starch grains extracted from human dental calcu-
lus samples spanning ca. 2300–350 cal yrs BP found that the existence of a sole staple
food plant in the precolonial Caribbean is unsupported, refuting traditional narratives
that manioc-dominated plant-based subsistence in the region (e.g., Mickleburgh and
Pag�an-Jim�enez 2012; Pag�an-Jim�enez and Mickleburgh 2022).
In the past, manioc had proved to be elusive in the phytolith record; however, man-

ioc produces low numbers of distinctive heart-shaped phytoliths (pectate forms) from
the secretory cells in the root, leaf, and fruit of the genus Manihot (Ezell, Pearsall, and
Zeidler 2006). The new phytolith results presented here have identified manioc in half
of the layers from this excavation unit, suggesting that it may have been an important
crop at White Marl. We assume that based on its importance as a food crop, and its
recovery in an environment with significant anthropogenic influence, that manioc was
indeed being consumed.
In the light of this finding, we emphasize the importance of integrating multi-proxy

datasets such as dental calculus, stone tools, pottery residues, and macro-botanicals to
develop a more holistic understanding of crop cultivation and consumption. For
example, maize starches were identified in the dental calculus (Mickleburgh et al. 2019)
but no maize phytoliths were identified from the sediment phytoliths, and vice versa for
manioc. The small size and low concentration of distinctive manioc phytoliths could
result in their misidentification or absence from other phytolith studies. The disparity
in the results from a range of different proxies highlights the importance of adopting an
interdisciplinary approach. The combined results indicate that manioc was grown and
probably consumed at the site or close to the site, whereas the absence of maize in the
phytolith profile suggests it may have been grown either in a different location within
the site, or grown away from the site and brought in and consumed. Perhaps maize was
grown in the lower flood plains closer to the Rio Cobre where the soil was better suited
for growing this nutrient demanding crop (Crawford et al. 1998). Alternatively, its
absence in these layers could have resulted from artificial landscape modifications and
the movement and reworking of sediments at White Marl intentionally by the occu-
pants (i.e., the deposits where maize was grown could have been removed and deposited
elsewhere on site, in locations not sampled by this pilot study). Only one stratigraphic
profile was analyzed and therefore further testing at the site might clarify the presence
and absence of certain crops.
The absence of manioc in the dental calculus is unsurprising as the numbers of phy-

toliths and starch grains extracted from calculus are often small (often only dozens
rather than hundreds; see Cummings, Yost, and Sołtysiak 2018; Piperno 2006, 163), and
sometimes only single starch grains or phytoliths are recovered per tooth (e.g., Henry
2011). So, while the results can provide dietary insight, the remains do not fully repre-
sent the breadth of what is consumed or the proportional contribution of each plant.
Cultivation of starchy staple crops could occur in isolated areas which have been recog-
nized from similar sites as “home or kitchen gardens” (de Las Casas 1909; Newsom and

22 S. ELLIOTT ET AL.



Wing 2004; Pag�an-Jim�enez et al. 2020). However, the wider study of contexts from
across the site is required to support this interpretation at White Marl.
The first appearance of manioc in the phytoliths and the subsequent peaks in manioc

phytoliths broadly coincide with increases and peaks in charcoal and burned and fused
phytoliths, suggesting fire was present and possibly used as a tool to modify the land-
scape and clear vegetation for crop cultivation. The area around White Marl is naturally
dry and susceptible to fire as it is located in the rain shadow of the Blue Mountains,
and it seems reasonable that peoples would select fire resilient crops. Manioc tubers are
well-adapted to fire and are often referred to as a “disturbance adapted plant” (Pujol
et al. 2002). The tuberous roots store underground reserves, enabling rapid regrowth
after fire and other disturbances (Rival and McKey 2008). Studies have shown that
when fields are cleared manioc seeds still remain. When these fields are subsequently
burned it stimulates manioc germination approximately two weeks after the burning
occurs (Pujol et al. 2002). Some research suggests that domesticated manioc could have
inherited a germination biology that was “pre-adapted” to shifting cultivation and is
particularly well suited to habitats in which fire is used, such as in slash and burn
(Pujol et al. 2002, 367, 375). At White Marl, the contexts sampled and analyzed in this
study represent midden areas and may have been affected by landscape reworking.
Without further investigation, however, we cannot rule out whether there were discrete
areas of cultivation within the site itself. The identification of manioc from the phyto-
liths throughout the record coinciding with a decline in arboreal taxa, combined with
peaks in the fire indicators (charcoal, fused and burned phytoliths), suggests that the
manioc–fire linkages were key components of the land use strategy and subsistence
strategy at White Marl.
The variety of crops represented by the phytoliths increased after ca. 670 cal yrs BP

during the third phase of vegetation which was dominated by open grassland; however,
these assemblages are likely influenced by plowing and the colonial and modern-day
occupation at White Marl, with manioc, squash, and leren (arrowroot), and European
introduced rice, identified in all of the most recent levels.
Phytoliths from the Zingiberales order were also recovered, specifically from the fam-

ily Marantaceae. The only genus within this family that was positively identified from
the phytoliths extracted from the sediment samples was Calathea (arrowroot). The
tubers of leren/arrowroot are edible and it is classed as a minor food crop in precolonial
times (Iriarte et al. 2020). Arrowroot tubers, like manioc, are fire adapted and the selec-
tion of this crop seems logical. Starch has been recovered from dental calculus samples
taken from other sites in the insular Caribbean (de Armas et al. 2015; Mickleburgh and
Pag�an-Jim�enez 2012) and starch produced by the family Marantaceae and genus
Calathea have been identified from Guadeloupe ca. 1500–600 cal yrs BP (Mickleburgh
and Pag�an-Jim�enez 2012). Maize and wild beans (Fabaceae) were not identified from
the sediment phytolith analysis at White Marl, although they were identified in the den-
tal calculus from burials at White Marl, which evidenced the consumption of maize,
wild beans, and possible Theobroma cacao (cocoa) (Mickleburgh et al. 2019).
The modifications in vegetation composition appear to correlate with climatic shifts

(Figure 6) though the response is the opposite to what might be predicted. We would
expect any increase in precipitation versus evaporation during the LIA to have increased
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the relative percentage of closed-canopy trees and palms versus grasses (Davis et al.
1997; Grossman, Iremonger, and Muchoney 1993). Indeed, wet conditions on the north-
east coast of Jamaica today are, in part, responsible for the presence of contemporary
continuous closed-canopy rainforest communities. Given that the response of the local
vegetation contradicts what we would expect if climate were the driving force, we con-
clude that human activity was the cause of the observed changes in vegetation. Within
the mosaic of increased grasses in Phase 3, C4 chloridoideae, C3 pooideae, and C4 pani-
coideae grasses were identified. The panicoid grasses grow in wet and warm conditions,
and so while the overall vegetation composition is not what would be expected for these
climatic conditions, the composition of the grass assemblage (more panicoid than pooi-
deae grasses) may correlate with precipitation and climatic shifts.
The increase in panicoid grasses in Phase 3 could also be related to the introduction

of sugarcane to the area after 450 BP. Domesticated sugarcane (genus Saccharum), is a
panicoid grass which almost doubles at the beginning of Phase 3 and further increases
during this phase, suggestive of sugar cultivation in the area. The slight drying condi-
tions likely made this area suitable for sugarcane cultivation and livestock farming and
colonizers’ exploitation of the area could have led to the clearance of the canopy for
this purpose. This grass-dominated ecosystem persists to the present day, suggesting
that the historic land use practices associated with industrial agriculture, alongside pre-
sent-day denser habituation in the area, had a lasting legacy on the modern vegetation
at White Marl.
The emergence of Phragmites, which is a wetland species that grows in year-round

wet environments (at the end of Phase 2 and in Phase 3) could reflect a trend toward a
wetter climate which is represented in the Grape Tree Pond climate record (Burn and
Palmer 2015). Alternatively, the presence of these materials, which are well documented
in many areas of the world as common materials in construction, textiles, and boat
building (Jarzombek 2013, 285–6), may have resulted from human selection.

Conclusion

The results from micro-botanical analyses at White Marl provide evidence for distinct-
ive signals of human–environment interactions in this area of the site. We have shown
that the local vegetation at White Marl was directly impacted by human settlement.
Overall, the new phytolith results indicate that there was a diverse polyculture subsist-
ence strategy at White Marl which is in keeping with what is known from botanical
studies at other Meillacoid sites in the region (e.g., Pag�an-Jim�enez et al. 2020).
Here we have shown evidence for temporal vegetation change driven by humans

rather than the climate. The evidence from White Marl shows a transition from the
pre-human floral environment encountered at initial colonization of pre-ca. 870 cal yrs
BP, through subsequent European colonial occupation and sugar cultivation after ca.
670 cal yrs BP. In this study, we identified three clear phases of vegetation change which
reflect human-driven environmental modifications. This includes the increasing import-
ance of palms and first evidence for persistent manioc remains throughout occupation
of White Marl. The evidence for the relationship between burning and manioc suggests
that fire may have been used as a tool to modify the landscape, clear vegetation for
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crop cultivation, and likely to promote manioc germination. Based on the economic
importance of this crop, we can assume it was incorporated into the diet alongside ter-
restrial protein as indicated by the White Marl faunal remains, which include hutia
(Geocapromys brownii), land crab, and reptiles (Wing 1972), in addition to some marine
resources likely sourced from Kingston harbor (Mickleburgh et al. 2019). More research
is currently underway to explore the relationships between marine, terrestrial, and agri-
cultural resource management, which includes stable isotope analysis on remains of the
Jamaican Hutia or Coney (Shev, Laffoon, and Hofman 2021) and new lake core records
from the island that can be compared with White Marl.
Later, polycrop cultivation was also identified at White Marl, including squash, leren,

and eventually rice in the colonial occupation deposits. Our results show the consistent
presence of manioc throughout the period of occupation at White Marl. Where manioc
is absent in the starches extracted from dental calculus (Mickleburgh et al. 2019), it is
deposited in sediments as evidenced by the phytolith remains. Various studies have
shown that other starchy foods were equally or more important in the precolonial diet
in the Greater Antilles (Berman and Pearsall 2020; Ciofalo et al. 2018; Ciofalo, Sinelli,
and Hofman 2019; de Armas et al. 2015; Mickleburgh and Pag�an-Jim�enez 2012; Pag�an-
Jim�enez et al. 2020; Pag�an-Jim�enez and Mickleburgh 2022). Increasingly, botanical evi-
dence in the region points to no single staple plant or crop being utilized ubiquitously
across contemporary sites, but rather the use of a range of crops which varied on a site
by site basis (Pag�an-Jim�enez and Mickleburgh 2022). Further research at White Marl
may reveal the role of manioc and other crops within the plant component of the diet.
The latest vegetation transition, dominated by increased canopy clearance and preva-

lence of grasses with peaks in fire proxies persisted to modern times, suggesting that
the land clearance associated with industrial production of sugarcane (suggested by the
increase in panicoid grasses), likely had the most significant impact on the landscape
over a millennium, and was a persistent feature in modern vegetation. Agroforestry was
initiated by increasing palms and crops and then eventually opening up the canopy
where grasses increased prior to colonial occupation. The panicoid grasses (which
include sugarcane) show a marked increase corresponding with the colonial plantation
economy and industrial-scale land use that permanently transformed the
local vegetation.
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