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ABSTRACT

West Pond (26.2 ° N, 77.2 ° W, ca. 5 m elevation) is a shallow, alkaline pond
within the pine rocklands and karst topography of Great Abaco Island, the Bahamas.
Four parallel core sections recovered from the pond in 2003 reveal marl sediments
overlying peat deposits with a paleosol at the base. A radiocarbon date on a fragment of
wood of Pinus caribaea Morelet from the paleosol indicates that the sediment record at
West Pond spans the last ,...,2100 years.
Pollen grains preserved in the West Pond sediments indicate significant
environmental change at the site. While pine pollen accounts for 85-99% of the pollen
grains in samples from the upper half of the profile, samples from the lower half of the
profile are dominated by the pollen of broadleaved taxa, with pine accounting for only 330 % of total pollen. The shift in pollen assemblages from dominance by broadleaved
taxa to dominance by pine roughly correlates with the change from peat to marl
sedimentation, with both changes possibly indicating climate drying beginning after ,...,770
cal yr BP (midpoint of pine rise) or-550 cal yr BP (transition to marl sediments). A
peak in Rhizophora pollen between ,...,1190-1100 cal yr BP may indicate an earlier dry
phase.
Charcoal abundance is relatively low throughout the profile, indicating either low
fire frequency or low charcoal production and transport in and following fires. The
highest charcoal concentrations are in levels dominated by broadleaved taxa, and in the
time of transition to pine-dominated vegetation. Taken together, the pollen and charcoal
data suggest a shift from a tropical hardwood community characterized by a low-
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frequency, high intensity fire regime to a pine-dominated community characterized by
more frequent but lower intensity fires. An initial peak in charcoal concentration at
-1190 cal yr BP may signal first human arrival on Great Abaco Island, possibly during a
period ofregional drought. No maize pollen or other conclusive evidence of prehistoric
agriculture was found in the profile.
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CHAPTER!
Introduction

Paleoecological studies are important for understanding the history of ecosystems
and regions and can contribute to the understanding of present and future vegetation,
climate, and fire regimes. Lake-sediment records developed through analyses of pollen,
charcoal, and plant macrofossils provide key evidence of past vegetation and climate
change. These different proxies can also show anthropogenic influences on the
environment. While a rich literature exists on environmental history from lake and
swamp sediments from mainland areas in the North American tropics (Horn in press a),
few such studies have been completed on the islands of the Caribbean and adjacent
tropical Atlantic. S.P. Horn, K.H. Orvis, and their students and other collaborators are
currently conducting research in the Dominican Republic to reconstruct vegetation,
climate, and fire history from sediments and soils in the central highlands (Orvis et al.
1997, 2005, 2006; Horn et al. 2000; Clark et al. 2002; Kennedy et al. 2005, 2006; and
Horn et al. unpublished data) and at several mid- and low-elevation sites (Lane et al.
2005, 2006; Horn et al. unpublished data). Lake sediment studies also have been
conducted in Haiti (Hodell et al. 1991; Higuera-Gundy et al. 1999), Puerto Rico (Burney
et al. 1994), and Grenada (Barbour and McAndrews 1995) that provide insight on Late
Quaternary vegetation, fire, and climate dynamics in the Caribbean region. Nyberg et al.
(2001, 2002) studied changes in late Holocene precipitation using marine sediment
records, and Haug et al. (2001) reconstructed Intertropical Convergence Zone (ITCZ)
dynamics based on titanium and iron concentrations in a marine core taken from the
1

Cariaco Basin off the Venezuelan coast. Hendry and Digerfeldt (1989) examined coastal
sediments in Jamaica to reconstruct past environments. Kjellmark (1995, 1996)
conducted a study on evidence of environmental history preserved in sediments in blue
holes on Andros Island, the Bahamas.
My thesis adds to this body of literature through a paleoecological study of a
-2100-year sediment record from West Pond, Great Abaco Island, The Bahamas. My
objective in carrying out this study was to provide information on past vegetation, fire
history, and human influence on the landscape. I used multiple proxies to create a more
complete environmental history. I conducted pollen analysis to provide a record of local
and regional vegetation, and pine stomata analysis to determine the local presence of
Pinus caribaea Morelet at West Pond. I used microscopic charcoal analysis to

reconstruct long-term fire history. My charcoal analysis complements an ongoing study
of dendrochronological records of fire history at West Pond (Miller, in preparation), and
provides information on long-term shifts in fire activity that may be useful in the
development of fire management plans for Great Abaco Island. The specific questions I
asked in the study are:
1. Has the vegetation surrounding West Pond changed over time, based on the
pollen record?
2. Does the presence of pine stomata correlate with the pollen record?
3. What is the fire history of the site based on the microscopic charcoal
analyses?
4. Do changes in vegetation seem to correlate with changes in fire activity?
5. Are there indications of climate shifts during the period represented by
the sediment record?
2

6. Is there evidence of human influence on vegetation and fire history through
agriculture or other activities?
7. If anthropogenic influence is apparent, when did it begin and how does the
date of initiation compare to archaeological interpretations?
8. Are sea level changes or water table fluctuations evident in the sediment
stratigraphy, pollen preservation, or pollen assemblages?
My thesis is divided into seven chapters. In Chapter 2, I summarize existing
paleoecological records for the Caribbean and Tropical Atlantic region that are relevant
to my study site. I also review selected methodological papers related to my study.
Chapter 3 describes the geology, climate, vegetation, and human history of the Bahamas,
with specific details about Great Abaco Island. Chapter 4 is a review of the field and
laboratory methods used to conduct multi-proxy analyses of the West Pond sediments.
Chapter 5 presents the results of the pollen, microscopic charcoal, and pine stomata
analyses. Chapter 6 is a discussion of my results and how they fit with other research
conducted in the region in the broader context of vegetation and climate change and
anthropogenic impacts on the environment. In Chapter 7, I conclude this thesis by
summarizing my results and offering some suggestions for future research on Great
Abaco Island.
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CHAPTER2
Literature Review

Paleoecological Studies in the Tropical Atlantic and Caribbean Region

Although a paucity of literature exists on the environmental history ofthe islands
ofthe circum-Caribbean, an abundance ofpublications document lake sediment evidence
ofenvironmental history at mainland sites. In a karst environment in southern Florida
similar to that found on Abaco Island, Watts and Hansen (1994) cored numerous lakes
for paleoecological analysis. Some oftheir records extend to 50,000 yr BP and record
distinct climate shifts, including changes in sea level and local water table levels. Pine
peaks occurred at intervals throughout the records, which the authors correlated with
Heinrich events. Willard et al. (2001) conducted a palynological study in the Florida
Everglades to reconstruct past vegetation to assist in efforts to return the Florida
Everglades to a more "natural" state. They sampled a variety of wetland sub
environments to determine both modem and past vegetation and environmental
conditions. Knowledge ofmodem conditions was used to determine modem analogs for
past pollen assemblages.
In terms of past climate, many ofthe circum-Caribbean sediment records point to
generally wetter climates in the early Holocene compared to the late Holocene. At Buck
Lake on the Florida peninsula (Grimm et al. 2001), Pinus became much more abundant
after 5500 BP, prairie herbs declined, and extensive swamps developed, all trends that
indicate increased precipitation. This increase in Pinus is later than that at more northern
sites whose pollen records were summarized by Grimm et al. (2001); on the coastal plain,
4

Pinus increased between 8500 and 7500 yr BP, suggesting that the Florida peninsula was

drier than sites farther north during the early Holocene.
Several records from the Mayan area of southern Mexico and northern Central
America, as well as the Lake Miragoane record from Haiti, show intervals of drought
during the late Holocene (Brenner et al. 2001). Brenner et al. (2001) discussed the
possibility that the collapse of the Mayan culture approximately 1100 yr BP was due to
abrupt and persistent droughts that exceeded the thresholds of the crops grown by the
Mayans. There is strong evidence for drought at this time in several sediment cores from
the Mayan area of southern Mexico and northern Central America (Hodell et al. 2000,
Brenner et al. 2001).
The 10,300 yr BP oxygen isotope record from Lake Miragoane (Hodell et al.
(1991, 2000) provides a high resolution record of changes in the evaporation/precipitation
ratio that spans the entire Holocene. This record has been interpreted to indicate a dry
climate interval in the circum-Caribbean beginning at 3200 yr BP and ending -1500 yr
BP. From 1500 to 900 yr BP the record indicates wetter climate conditions, followed by
a drying trend continuing to the present day. Short-term drought episodes were recorded
within the generally wetter and drier periods in the Miragoane record.
Pollen was also studied in the Miragoane core (Higuera-Gundy et al. 1999).
Results showed vegetation change before human inhabitation was driven by drying of the
climate in the late Holocene. These results are consistent with other studies (Brenner et
al. 2001) conducted in continental, lowland circum-Caribbean sites, which suggest a
common response to regional climate change. Diatoms and charcoal in sediments from
glacial lakes in Costa Rica also point to late Holocene drying (Hom 1993, Haberyan and
5

Hom 1999, League and Hom 2000). Both highland and lowland records in Costa Rica
suggest drying at about 2400 and 1100-1200 yr BP (Hom and Sanford 1992; Anchukaitis
and Hom 2005). The latter time period is approximately coincident with the Mayan
collapse.

Paleoenvironmental Reconstruction from Marine Cores in the Circum-Caribbean Region

Studies by Nyberg et al. (2002) and Haug et al. (2001) are helpful for
understanding climate dynamics through the Holocene. Nyberg et al. (2002) conducted a
variety ofanalyses on marine cores from south ofPuerto Rico, and found a warming in
sea surface temperatures (SSTs) between 1300 and 1050 yr BP, which might be related to
severe El Nifio conditions in the northern Caribbean Sea. They also found a -2°C
cooling ofSSTs from 600-450 yr BP that they attributed to an increase in the southward
movement ofcold air troughs from mainland North America and an increase in the
strength ofthe trade winds. Haug et al. (2001) used titanium and iron concentration data
from ocean cores taken from the Cariaco Basin on the northern shelfofVenezuela to
determine ifthe ITCZ migrated during the Holocene. They found that it did shift
southward, perhaps because ofthe -21,000-year precession ofthe Milankovitch cycle in
which Southern Hemisphere insolation increased in seasonality, while Northern
Hemisphere insolation decreased in seasonality. They argued that the southward ITCZ
migration resulted in a drier climate during the Little Ice Age, and that there was
evidence for an increase in El Nifio-like conditions in the late Holocene, influenced by a
mean southward shift in the ITCZ in the Pacific basin. Again using marine cores and
titanium and iron concentration data from the Cariaco Basin, Peterson and Haug (2006)
6

found that during the Little Ice Age,-500 years ago, there was a cooling and drying trend
in the Cariaco Basin. This drying trend has persisted to the present day.

Previous Paleoecological Research in the Bahamas

Kjellmark (1995, 1996) conducted research on Andros Island, The Bahamas to
determine the role of anthropogenic and natural fire in the development and maintenance
of the pinewoods on the island. Kjellmark studied modern vegetation, tree-ring samples,
and sedimentary evidence of past vegetation and fire. He established fifteen 50 x 10 m
plots to determine the species composition of the pinewoods and the percent cover of
different species. He determined that the vegetation burns with an average frequency of
six to seven years based on dendrochronological analysis of fire-scarred pines. The
paleoecological portion of his study comprised the use of fossil pollen and charcoal from
three sediment cores to reconstruct the environmental history of the island. Kjellmark
extracted sediment cores from a transect of three blue holes located 1 km, 5 km, and 17
km inland from the east coast of Andros Island. His detailed palynological analyses of
the cores were complicated by the slumping of older sediments from shelves in the upper
portions of the blue holes onto younger sediment accumulating at the bottom. This led to
many dating reversals in his profiles, which made interpretation of the records difficult.
Kjellmark's first site, Rainbow Blue Hole, yielded a 249 cm long core, with a
basal date on terrestrial litter fragments of 1680 ± 60 yr BP. The abundance of pollen of
obligate wetland species, such as Conocarpus erectus and Achrostichum aureum, in the
lower sediments suggested that wetlands were more extensive near the core site prior to
-1500 yr BP. Kjellmark suggested that increased rainfall at the end of Hodell et alia's
7

( 1 99 1 ) Caribbean dry period, -1 500 yr BP, raised the water table and caused the wetland
flora to spread out from the rim of the blue hole. Sediments deposited between 1 500 and
800 yr BP contained pollen of plants that frequently grow on mesic sites on Andros
Island, such as Myrica cerifera. Increases in pine pollen and in spores of the fern
Pteridium aquilinum at 800 yr BP were coincident with an increase in charcoal

concentrations, suggesting an increase in fire frequency and potential anthropogenic
impacts on the environment. At 400-500 yr BP, the time at which native humans were
thought to have been removed by Europeans from the islands, there was a sharp decrease
in pine pollen and charcoal. Pine pollen increased again at 200 yr BP, at the time when
the Bahamas were recolonized by Europeans.
Church's Blue Hole, Kjellmark' s second site, yielded a 205 cm long sediment
core. The base of the core was dated at 4630 ± 40 yr BP, but several intervals of
slumping were apparent in the core, which made interpretation difficult. Kjellmark found
three distinct plant communities had grown around the site. At the bottom of the core,
assemblages included abundant pollen of shrub species that typically grow in open,
generally dry sites, such as Trema lamarkianum, Dodonaea ehrengergii, and Piscidia
type. This plant community transitioned at 1 500 yr BP into one consisting of species
typical of a hardwood thicket interspersed in a widespread pinewood community. Most
notable were increases in Myrtaceae, Ilex, Metopium toxiferum, Salvia bahamensis, and
Arecaceae pollen. At 900-1 000 yr BP, there was a dramatic increase in pine and other
species characteristic of the modern pinewoods community. Kjellmark found little
charcoal throughout the core, although there was a peak coincident with the conversion to
pinewoods at 900-1 000 yr BP that he attributed to human colonization.
8

The third site, Stalactite Blue Hole, yielded a 270 cm long core with a basal date
on terrestrial litter fragments of2390 yr BP. The pollen assemblages at this site reflected
little change in vegetation until relatively recently. Throughout most ofthe core,
assemblages were dominated by taxa characteristic offrequently burned or open
pinewoods such as Trema lamarldanum and Pteridium aquilinum, with some interspersed
obligate wetland species such as Conocarpus erectus and Cladiumjamaicensis,
signifying some area ofwetland around the site. Charcoal was more abundant in the
lower portion ofthe core, although intervals with higher charcoal concentrations did not
show differences in pollen percentages, suggesting that fire may not have had large
impacts on the vegetation.
The results ofKjellmark' s study ( 1 995) on Andros Island showed that each site
responded somewhat differently to changes in climate and human disturbances during the
late Holocene. From 2400-1 500 yr BP, pollen evidence points to vegetation associated
with a drier climate that lowered water tables. A wetter climate between 1 500 and 900 yr
BP was reflected in pollen assemblages from Church's and Rainbow Blue Holes.
Stalactite Blue Hole did not show much change.
Kjellmark found a peak in charcoal at 800 yr BP at Rainbow Blue Hole, the same
time humans were assumed to have first occupied the Bahamas. He found that although
there was an increase in charcoal at that time, the total concentrations ofcharcoal were
low throughout the Rainbow Blue Hole core; suggesting that human activities may not
have had a large impact on the vegetation surrounding this particular site. Another
possibility is that the charcoal was not deposited in significant amounts into the
sediments due to unknown factors. The vegetation surrounding Church's Blue Hole
9

could have been affected by humans, but based on the pollen assemblages, it seems
unlikely that humans had a large impact on the vegetation. The Stalactite Blue Hole core
did not show a strong increase in charcoal concentration after 1 200 yr BP, suggesting that
humans may not have affected this site because of its inland location and the lack of
suitable land for agriculture near the site. Kjellmark concluded that a combination of
human activity and a gradually drying climate through the Holocene contributed to the
expansion of pinewoods on Andros Island.
Other paleoecological studies are currently being conducted on Great Abaco
Island. David West is using a high-resolution sampling technique to study microscopic
charcoal from a core from Split Pond near Marsh Harbour. He is also studying
microscopic and macroscopic charcoal airfall from a controlled bum to determine how
far certain sizes of charcoal travel from fires in the pinewoods. Funding from the
National Geographic Society to S. Hom, K. Orvis, and H. Grissino-Mayer supported the
recovery of sediment cores from two additional sites on Great Abaco Island in January
2006, Emerald Pond and Satellite Pond. I participated in this fieldwork along with S.
Hom, K. Orvis, and S. Deane.

Charcoal as a Proxyfor Past Fire in the Tropics
The use of charcoal as a fire proxy allows the development of a record of long
term variations in fire occurrence that complements and extends the dendrochronological
record of past fire (Whitlock and Larsen 200 1 ). Charcoal is formed when a fire
incompletely combusts organic matter, and fire size, intensity, and severity affect the
production and transport of charcoal into lake sediments. A primary source of deposition
10

is airfall during and shortly after the fire event. Secondary deposition ofcharcoal results
from surface run-off and from lake-sediment mixing during non-fire years (Whitlock and
Larsen 200 1 ). Both microscopic and macroscopic charcoal can be studied in lake
sediments. I focused on the microscopic charcoal captured on pollen slides prepared
from the sediments ofWest Pond. This charcoal is also referred to as pollen-slide
charcoal. I focused on charcoal ofthis size class in the West Pond sediments because
larger (macroscopic) fragments are very rare.
There are a variety ofmethods to quantify microscopic or pollen-slide charcoal in
lake sediments. I chose to use the point counting method outlined by Clark (1 982). The
point count method is a simple and quick technique that uses the number ofpoints
applied per field ofview and other variables such as volume and mass oforiginal sample,
LOI data, marker spore data, and total number ofpollen grains to determine the total area
ofcharcoal for each level. Another advantage to using this method is that
overrepresentation ofcharcoal fragmented during processing is kept to a minimum (Clark
1 982). Charcoal:pollen ratios also can control for time because the ratio should not be
affected by changes in sedimentation rates (Teed 2000). One drawback ofthe point
count method is that the method does not provide information on charcoal particle sizes
or numbers (Hom 1 989).
Sally Hom, Ken Orvis, and students and collaborators have conducted numerous
studies in Costa Rica to reconstruct paleoenvironments from a variety ofsedimentary
proxies, including charcoal. Both microscopic and macroscopic charcoal were studied in
a 1 0, 1 40 yr BP sediment core from a glacial lake at ca. 3480 m elevation in the Chirrip6
paramo ofCosta Rica. Hom ( 1 993) quantified microscopic charcoal on pollen slides
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using point counting. She found charcoal concentration and influx to be higher in the late
Holocene, a trend she attributed to increased human activity in the paramo and
surrounding forests. League and Hom (2000) found a similar pattern ofchange in
macroscopic (>500 µm) charcoal sieved from contiguous 1 cm intervals ofthe same core.
They interpreted the higher charcoal influx in the late Holocene to reflect a drier climate
as well as increased human population density in the region.
Kennedy et al. (2006) examined microscopic charcoal in a 4000-year sediment
record from a high-elevation bog in the Cordillera Central ofthe Dominican Republic.
They found no clear signal ofprehistoric human impacts at the site, perhaps because of
its remote location in the highlands. However, they suggested that charcoal values in the
uppermost sediments could partly reflect historic human activity. Clement and Hom
(2001 ) reconstructed a 3000-year record offires from the sediments ofLaguna Zoncho in
Costa Rica. They found abundant charcoal in zones also containing maize pollen grains,
an indicator ofhuman inhabitance and agriculture. Anchukaitis and Hom (2005)
interpreted abundant microscopic charcoal in a 7. 1 3 m long core (basal date of 1 950 yr
BP) from a nearby lake to indicate considerable biomass burning.

Charcoal Peaks as an Indicator of Human Arrival on Remote Islands

Burney et al. (1 994) suggested that charcoal in sediment cores from remote
oceanic islands may indicate not only changes in human use offire, but also the timing of
initial human arrival, which could correspond to the initial peak in charcoal values. They
developed this idea while studying a 7000-year sediment record from a coastal lagoon in
Puerto Rico. From the timing oftheir charcoal peaks and the existing body ofknowledge
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on human migration in the Caribbean, they concluded that a significant peak in charcoal
at Laguna Tortuguero indicated the arrival ofpeople on the island and their use offire,
beginning about 5300 cal yr BP. Burney et al. ( 1 994) suggested that initial charcoal
peaks in cores from lakes in other oceanic islands could also indicate human arrival.
Later peaks might indicate changes in human population density and use offire.
Kjellmark ( 1 995) found that charcoal peaks in sediments from Andros Island, The
Bahamas, coincided with the estimated timing ofthe arrival ofthe Lucayan Taino
population and the later arrival ofEuropeans. Higuera-Gundy et al. ( 1 999) found a
dramatic increase in charcoal at Lake Miragoane, Haiti after 5945 yr BP. They attributed
this increase to climate, but also considered the possibility that the increase signaled the
first arrival ofhumans, and human-induced fires after settlement.
Burney and Burney (2003) conducted a study on the timing ofhuman arrival on
the Hawaiian island ofKaua'i based on peaks in macroscopic and microscopic charcoal
in sediment cores from nine sites. Their charcoal results indicated that human arrival
occurred at -850 BP, which was in general agreement with the archeological evidence
found near those sites. Burney and Burney (2003) stressed the utility ofusing charcoal
peaks as a method independent from archeology to indicate the arrival ofhumans on
remote islands.

Other Indicators of Human Disturbance in Tropical Sediment Records

Diatoms are an excellent proxy for determining past lake conditions and climate
in the tropics and can be linked to the pollen records from sediments. A study conducted
by Haberyan and Hom (2005) on the 3000-year sediment record from Laguna Zoncho in
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Costa Rica found that shifts in diatom assemblages were very strongly correlated with
pollen and charcoal evidence of agricultural history. The Spanish Conquest of ca. AD
1450 was the clearest influence on the diatom community, with post-Conquest diatoms
reflecting reduced human impacts in the watershed. Bush and Colinvaux's (1994) study
of a 4000-year sediment record from Panama revealed changes in water level due to
fluctuation in precipitation, inferred from their analysis of diatoms. They identified three
distinct drying periods, the most recent of which occurred from ,....,1900 yr BP to the
present. They concluded that these droughts were local events because they did not
correlate with records from nearby locations.
Pollen of maize (Zea mays subsp. mays) is another indicator of human
colonization, agricultural activity, and forest clearance. The pollen is larger than most
pollen types, making it easy to scan slides at a low power for the presence of maize
pollen (Hom in press b). Maize pollen has been found in lakes throughout Costa Rica
(Hom in press b), including the previously mentioned Laguna Zoncho (Clement and
Hom 2001) and Laguna Santa Elena (Anchukaitis and Hom 2005) sites. Carrying out
studies of maize pollen, charcoal, and other microfossils in lake-sediment cores in
conjunction with archaeological studies is useful in interpreting the timing of human
arrival in an area and the beginning of agricultural practices (Anchukaitis and Hom
2005).

Sea Level and Water Table Change and Their Indication in Sediment Records

Fluctuations in sea level have occurred numerous times throughout the Holocene
and have affected the low-lying islands of the Bahamian Archipelago. Fairbanks (1989)
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extrapolated a sea level curve to 18,000 yr BP, which indicated sea level lowering of121
± 5 m during the last glacial maximum. Based on a sea level rise curve by Hendry and
Digerfeldt (1989), sea level 2000 yr BP was less than a meter below present-day sea
level.
The red mangrove, Rhizophora mangle, grows in the upper halfofthe inter-tidal
range, and is a good indicator ofsea level rise and fall. Ramcharan (2004) recovered
cores along a transect from the sea to a more inland location, and analyzed their pollen
content. The presence and abundance ofred mangrove pollen indicated sea level change.
The establishment ofextensive stands ofred mangrove requires a gently sloping
sedimentary intertidal zone, calm water, optimum salinity, and a relatively stable sea
level (Ramcharan 2004). When sea level was lower, red mangrove pollen was found in
cores closer to the sea, and when sea level was higher, red mangrove pollen was present
in the upland cores.

Sedimentation in Karst Environments

To understand the stratigraphy ofthe sediments from West Pond, it is necessary to
review the production ofmarl and peat sediments. Marl is a product of periphyton, a type
ofalgae that clings to other plant bodies (Davis and Ogden 1994, Bronson et al. 2002).
During the dry season, the organic material in the periphyton mass oxidizes, leaving the
calcium carbonate particles behind in a light colored soil. Marl, also known as calcitic
mud, is the main soil ofthe short hydroperiod wet prairie habitats near the edges ofthe
southern Everglades, where the bedrock lies close to the surface. This is similar to the
karst environment found on Abaco Island in the Bahamas, where much ofthe bedrock is
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exposed. Peat is composed of organic remains of dead plants and usually occurs in areas
where the bedrock lies deeper than that on which marl accumulates. Marl and peat soils
are opposites, requiring aerobic and anaerobic soil conditions, respectively. Peat cannot
accumulate in shorter hydroperiod marshes where marl persists, and acid conditions
within a peat soil dissolve marl, preventing its accumulation (Davis and Ogden 1 994,
Bronson et al. 2002).
Willard et al. (1 997) cored sites in the mangrove fringe along Florida Bay to
determine vegetational changes from sawgrass marshes to mangrove stands. Their core
consisted of alternating layers of peat and marl, and they sampled for pollen, mollusks,
and benthic foraminifers. The results showed a shift from a freshwater to brackish
regime at -600 yr BP based on biotic assemblages. This was reflected in the vegetation
by a change from sawgrass vegetation to vegetation dominated by salt-tolerant red and
buttonwood mangroves and other shrubs. They did not directly interpret the significance
of the alternations between peat and marl in their cores. Street-Perrott et al. (1 993) raised
a core dating to the last interglacial from Wallywash Great Pond in Jamaica. The core,
similar to that discussed above, has alternating layers of marl and organics. They
conjectured that the marl units were either deposited in a "well-ventilated, open-water
environment with significant bicarbonate assimilation by submerged macrophytes and
algae" or that the low organic contents of the marls reflected oxidation during periods of
low lake level. They believed that the peats most likely formed when the water table was
too low to allow an open water environment. They tied marl deposition to climate, citing
greater marl deposition and lower ii 1 80 values as evidence of a wetter and possibly
warmer climate during the Late Pleistocene highstands.
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CHAPTER 3
Environmental and Cultural Setting
Study Area
The Bahamas Archipelago is composed of 700 islands and cays, and the two
modem island nations of the Commonwealth of the Bahamas and the Turks and Caicos
Islands (Britton and Millspaugh 1 962, Berman and Gnivecki 1 994; Figure 3. 1 ). Only
approximately 30 of these islands are currently inhabited. The larger islands such as
Andros, Great Abaco, and Grand Bahama are more suitable for human habitation because
of greater resource availability. The archipelago runs approximately 1 ,000 km north to
south, resulting in a strong environmental gradient, with varying temperatures, rainfall
amounts, and vegetation (Correll and Correll 1 982, Kjellmark 1 995). My study site,
West Pond (26.2 ° N, 77.2 ° W, ca. 5 m elevation), is a shallow, alkaline, freshwater pond
located on Great Abaco Island (Figure 3.2, 3.3), one of the northern islands. Great Abaco
Island has an area of 1 ,690 km2 and approximately 1 3,000 residents (Wikipedia 2005).
West Pond has an area of ca. 3 ha and is located approximately 1 km from California
Sound on the west coast of the island (Figure 3.3, 3.4)

Geological and Physiographic Setting
The Bahamas consist of exposed lithified sand dunes that accumulated on
limestone platforms from windblown sediments during the Pleistocene (Keegan 1 997).
The carbonate geology is similar to that of southern Florida, with numerous sinkholes,
underground passages, and other karst features (Byrne 1980, Mylroie 2006). There are
17

G
0

,

No rth A t/ n t, c

0

Oc e n

THE

BAHAMAS

JAMAICA

C a rt b ea n

Se

OOIIINtCA •

RON•

.......

J ...,
catN•
ST, LUCIA
BARfDO
IUngatown
ST. VINCENT AND Bndgeto,wn
THE GRENADINES,'

ENADA
Sl O� GR

TRINIDAD
AND
TOBAGO
c,udad

Figure 3.1 : Map of Caribbean Sea and tropical Atlantic showing the location of
the Bahamian Islands. (www.epicislands.org)
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Figure 3.2 : Location of West Pond and other coring sites on Great Abaco
Island. Map created by K. Orvis from Army Map Service aeronautical chart
and shuttle radar topography.
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Figure 3.3 : Topographic map of West Pond and surrounding landscape. 1 square =
1 km2• Modified from Bahamas 1 :2 5,000 topographic map series, Abaco sheet #24,
Commonwealth of the Bahamas, 1975.
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Figure 3.4: Oblique aerial photograph of West Pond. View is from approximately the SSE.
Photograph by K. Orvis.

no rivers or streams on any of the islands, though numerous lakes, marshes, ocean holes,
solution pits, and banana holes dot the landscape (Correll 1979).
Ocean holes or blue holes are deep circular depressions, with some blue holes
connected by an underground cave system to the ocean. Limestone crusts, or terra rossa
paleosols, are present over the older rock surfaces in the Bahamas, and some have been
exposed by erosional processes. These reddish paleosols serve as records of intervals of
lower-than-present sea level during midglacial and glacial periods because when sea level
was lower, the sand dunes were exposed and then dried out, forming an extremely hard
crust (Hearty and Kaufman 2000). The majority of the rock surface, however, is a rough
surface with plated, pitted, and honeycombed limestone (Watts 1987, Sealey 1994).
The islands have been affected by fluctuations in sea level throughout the
Pleistocene and Holocene. Sea level was as much as 120 m below present levels during
the last glacial maximum (Fairbanks 1989). Fluctuations in sea level have greatly
influenced the geology and geomorphology of the Bahama Archipelago (Fairbanks 1989,
Ellison and Stoddart 1991, Parkinson et al. 1994, Hearty and Kaufman 2000, Potter and
Lambeck 2003, Ramcharan 2004). As sea level dropped during glacial periods and the
banks and reefs were exposed, wind transported oolitic sand and deposited it on the
banks, creating dunes and a beach. A limestone crust formed over the dunes during
glacial periods, cementing the dunes into ridges (Hearty and Kaufman 2000). As sea
level rose again during interglacials, new sediment was deposited on top of the previously
exposed beaches, creating ideal conditions for the continuing formation of sand dunes
and ridges (Sealey 1994). Evidence for sea-level changes includes fossil corals, undercut
coastal cliffs, sea caves, raised beaches, terracing, marine limestone current bedding, and
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offshore peat deposits (Woodroffe 1990, Sealey 1994). Grand Bahama and Great Abaco
Island were connected during periods of low sea level when the shallow Little Bahama
Bank that now separates them was exposed (Correll 1979). Deep ocean chasms surround
Little Bahama Bank and Great Bahama Bank, negating the possibility of the Bahamas
having a dry connection to Florida in the past (Kjellmark 1995). Today the maximum
elevation in the Bahamas is only 100 m (Watts 1987).

Climate

The Bahamas are technically part of the tropical Atlantic, not the Caribbean as is
commonly believed. The archipelago lies on the boundary between the temperate and
tropical zones and its climate is subtropical, with a warm temperate winter and a tropical
summer. The Bahamas Archipelago is a north-south oriented chain of islands, and an
environmental gradient influences the climate of the islands. Average yearly
temperatures are approximately 3-4 °C cooler in the northern islands compared to the
southern islands (Sears and Sullivan 1978). The Bahamas are located between two ocean
currents, the Gulf Stream and the Antilles Current, which warm the air masses crossing
them. These currents create a maritime effect, keeping winter temperatures at a slightly
warmer level than expected on mainland areas at the same latitude (Storr 1964).
The northeast trade winds play a significant role in the climate of the Bahamas,
pushing maritime air masses toward the islands (Sealey 1994). Easterly waves are very
humid low pressure belts traveling within the trade winds, generating huge rainfall events
with >10 cm of precipitation. Many of these easterly waves develop into tropical storms
and hurricanes. The archipelago is also affected by cold fronts from continental air
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masses moving from Canada through the continental United States and thence offshore.
Tropical air masses move north from South America. The area is also impacted
significantly by hurricanes during the summer months. Most recently, hurricanes Frances
and Jeanne caused significant damage to Great Abaco Island in 2004.
Rainfall totals vary from north to south in the Bahamian Archipelago. Sealey
(1994) reported average annual rainfall at Cherokee Sound, Great Abaco Island, as 836
mm, with 119 rain days, but Sears and Sullivan (1978) reported that Great Abaco Island
receives 1600 mm ofaverage annual rainfall. The southern islands on average receive
300-700 mm less rainfall than the northern islands (Sears and Sullivan 1978, Sealey
1994). Summer is the wettest season, with convectional heating, tropical storms, and
easterly waves as the primary sources of rainfall. However, rainfall does occur
throughout the year on Great Abaco Island, with winter rainfall due to cold fronts. The
low reliefof Great Abaco Island precludes any orographic rainfall (Sealey 1994).

Vegetation

The modem vegetation ofthe Bahamas varies greatly from north to south, and
even from island to island. There have been few studies on the vegetation of Great
Abaco Island, although the vegetation ofmost other Bahamian islands has been mapped.
The establishment of plant communities depends on three key factors: location,
topography, and substratum, which in turn determine exposure, moisture, and
accessibility (Correll 1979). The northern islands have more lush vegetation because of a
higher yearly rainfall, although the vegetation is rather homogeneous because ofa lack of
high elevations to cause a rainshadow effect (Kjellmark 1995). Plant and seed dispersal
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is influenced by hurricanes, strong winds, water, birds, and human action (Correll 1979).
The flora of the Bahamas is derived primarily from areas to the south and west, in
particular Cuba (Correll 1979).
A variety of plant communities, including a coastal rock community, beach/strand
community, coastal hardwood thickets, pinewood rocklands, savannahs, and freshwater
swamps, are present on the islands (Kjellmark 1995). A coastal rock community exists
on Great Abaco Island near Hole-in-the-Wall and consists of a variety of shrubs and
stunted trees including sea grape (Coccoloba uvifera (L.) L.) (Correll 1979). The
beach/strand community extends from the high tide mark to the coastal hardwood
thickets and is characterized by herbaceous and semi-woody trailing vines, especially
Jpomoea pes-caprae (L.) R. Br., I. stolonifera J.F. Gmel., Canavalia rosea (Sw.) D.C.,
and Ambrosia hispida Pursh. (Correll 1979). The coastal hardwood thickets are mainly
composed of tropical hardwood trees, especially Metopium toxiferum (L.) Krug & Urban,
Coccoloba diversifolia Jacq., Pithecellobium keyensis Britt. ex Britt. & Rose, Jacquinia
keyensis Mez. in Urb., Byrsonima lucida (Mill.) DC, and Erithalis .fruticosa L.
(Kjellmark 1995).
Pine rockland vegetation is restricted to the Bahamas Archipelago and areas of the
Florida Keys and the southeastern Florida peninsula. My core site of West Pond is
presently surrounded by pine rockland vegetation (Figure 3.5). The upper canopy is
strictly Caribbean pine (Pinus caribaea Morelet), and the understory is composed of a
variety of tropical hardwoods including poison wood (Metopium toxiferum (L.) Krug &
Urban), chicken toe (Tabebuia bahamensis (Northrop) Britt.), tetrazigia (Tetrazigia
bicolor (Mill.) Cogn.), and cassada wood (Bumelia salicifolia (L.) Sw.), along with saw
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Figure 3.5: Pine rockland vegetation near West Pond, Great Abaco Island.
Photograph by S. Horn.

palmetto (Serenoa repens (Bartr.) Small). Quicksilver (Thouinia discolor Griseb.), an
invasive, is also present (Correll 1979, Kjellmark 1995).
Savannahs are broad, flat, prairie-like areas dominated by sawgrass ( Cladium
jamaicensis Crantz), with scattered patches of silver palm ( Cocothrinax argentata (Jacq.)

Bailey), and brier tree (Bucida spinosa (Northrop) Jennings). Freshwater swamps are
transitional communities between the pine rocklands and the savannah. They occur
where the water table rises to the surface and are composed of buttonwood mangrove
(Conocarpus erectus L.), myrsine (Myrsine jloridana A. DC.), bush iva (Iva
cheranthifolia H.B.K.), and other shrubs. These hydrophilic shrubs give way to areas

dominated by sawgrass ( Cladium jamaicensis Crantz), silver palm ( Cocothrinax
argentata (Jacq.) Bailey), and brier tree (Bucida spinosa (Northrop) Jennings) (Correll

1979, Kjellmark 1995). There are extensive wetlands, both coastal and inland, on Great
Abaco Island with swampy islands of red mangroves dotted throughout them, and
swamps around their edges. They are usually shallow, rarely more than 3--4 meters deep
(Sealey 1994).

Pre-Columbian Human History

The native people of the northern portion of the Bahamas will be referred to as
Lucayan Taino, as Keegan (1997) described them. The Lucayans have a common
ancestry with the Taino societies of Puerto Rico, Haiti, Dominican Republic, Cuba, and
Jamaica, and the original Tainos can be traced to the Orinoco River in Venezuela as early
as 4100 yr BP. As their population grew, the Tainos expanded into the Antilles around
2500 yr BP. The early settlements were clustered in the central Caribbean, on the
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Leeward Islands, Virgin Islands, and Puerto Rico, which they had reached by 2400 yr BP.
The Lucayan Taino began to colonize the Bahamas and the Turks and Caicos Islands
around 1 400 yr BP and eventually inhabited most of the larger islands and surrounding
cays (Keegan 1 997).
Archeologists have wondered why these people populated the small, arid islands
of the Bahamas, but it is now commonly believed that the undisturbed soil would have
been rich enough to support the growing of root-crops, such as manioc, their staple food
(Keegan 1 997). The climate of the Bahamas, with its low rainfall, would have been
advantageous to the growth of manioc because of a higher starch production when the
rainy season is followed by a pronounced dry season. The population of land animals,
such as hutias, for food would have been high because of the lack of natural predators.
The small size of the islands would have been an advantage to native settlers because of
their heavy reliance on the sea for food. Keegan (1 997) suggested that the first Bahamian
island to be colonized was Great Inagua around 1 200-1 300 yr BP, a time frame
consistent with the interpretation of Berman and Gnivecki ( 1 994 ), who suggested
occupation in the southern islands to have occurred between 1 1 00-1 200 yr BP.
The early settlers of the Bahamas brought with them a variety of plants, including
manioc, sweet potato, chili pepper, guava, cotton, tobacco, annatto, and cocoplum
(Keegan 1 997). The Lucayan Taino settlers in the Dominican Republic are known to
have grown maize (Keegan 1 992, Lane et al. 2005), but I have not found any reports on
whether the natives of Abaco also grew maize (Keegan 1 992). Cultivation altered the
natural vegetation of the Bahamas; Byrne ( 1 980) stated that the natives of the Bahamas
most likely cleared the land with fire. The slash and bum practices that are believed to
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have been used to clear land for planting would have led to increased fires that should
have been recorded in the charcoal records oflake sediments.
Archaeological research provides key data for understanding the migration
patterns ofpeople in the Caribbean. Archeological sites are rare in the Bahamas, but the
evidence that does exist points to colonization ofthe northern islands at approximately
850 yr BP (Berman and Gnivecki 1 994). Byrne ( 1 980) studied the ongoing effect of
human inhabitation on the evergreen woodland ofCat Island, The Bahamas, stating that
archeological evidence shows they arrived on the island at around 950 BP, which is in
agreement with Berman and Gnivecki's assessment. This is much later than in the
Caribbean and makes the Bahamian islands a good laboratory for examining sediment
records ofenvironmental change not affected by human action, as well as the first arrival
ofpeople.

Post-Columbian Human History

Christopher Columbus arrived on the island of San Salvador in the Bahamas in
1 492, forever changing the landscape and opening the path for Spanish colonization
(Craton 1 968). The Spanish were not interested in building colonies, but took the native
Lucayan Tainos captive for slave labor in Spain, which resulted in a rapid depopulation
ofthe Bahamas (Keegan 1 997). The English settled the Bahamas permanently in the
early 1 8th century. Craton and Saunders ( 1 992) reported that a colony was attempted in
1 565 on Great Abaco Island, but a second ship, upon arrival in the colony, reported no
survivors. Subsequent colonies throughout the Bahamas Archipelago were more
successful; colonists cultivated food, fished, whaled, and cleared the land. Pinus
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caribaea was often used for masts in shipbuilding (Craton and Saunders 1992). Pirates

played a role in the settling of the Bahamas; they were often welcomed in the colonies
because of the subsequent influx of money to the local government (Keegan 1997).
Following the decline of the pirates, a more substantial government was installed and the
population size increased dramatically (Craton and Saunders 1992). The settlements on
the islands of the Bahamas continued to grow, and timber and paper industries developed
on the northern islands, where extensive stands of pine were present.
The export of Caribbean pine from Great Abaco Island began in the early 1900s
by the Bahamas Timber Company, which employed 12% of the population of Abaco by
1912 (Dodge 1995). Forest stands were clearcut, such that the logging company was
forced over time to cut timber at greater distances from their mill. By 1916 this became
too costly, leading to the closing of the mill. Although a large percent of Great Abaco
Island had been deforested, Norman's Castle, another timber company, began operations
a few years later. The Abaco Lumber Company also developed at this time. Evidence of
past logging is still visible on Abaco Island today (Dodge 1995).
The Owens-Illinois Corporation, a pulpwood timber operation, arrived in the
1960s and substantially altered the island. They dredged a channel, built a shipping
terminal at Snake Cay, and built worker housing and an airport near Marsh Harbour. The
island government moved from Hope Town to Marsh Harbour to provide Owens-Illinois
Corporation easier access to the government. Owens-Illinois Corporation understood that
their commodity was not an inexhaustible resource and left five prime seed bearing trees
on each acre for the regrowth of the forest. When the majority of trees had been
harvested, the company turned to building a sugar plantation. The forests cut by Owens30

Illinois Corporation are now in a recovery period following the previous harvests for
timber (Dodge 1995).
The Nature Conservancy recently published a report (Myers et al. 2004)
describing the pine rocklands of Andros and Great Abaco Islands, their fire history, and
the steps needed to develop a fire management plan. They found that frequent low
intensity, surface fires at 1 to 7-10 year intervals are required for the maintenance of the
biodiversity of the pine rockland community. The species composing this community
have developed adaptations to fire, such as thicker bark; clusters of needles that protect
buds from the heat; high, open crowns that allow heat to dissipate; and resprouting ability
of shrubs and herbs. Fires prepare the seed bed for pine regeneration by creating gaps.
Animals such as the Bahamian parrot have also adapted to fire by nesting in solution pits,
which protect their chicks from the heat.
Currently, the pine rocklands of Andros and Great Abaco Islands are of uniform
age and the canopies are too thick to allow proper regeneration, and in some places fires
are occurring too frequently to allow seedlings to mature (Myers et al. 2004). The Nature
Conservancy team recommended conservation policies to protect the unique habitat of
the pine rockland community. Although the stands are mostly uniform, they
recommended continuing current fire management practices for the next 5-10 years, with
that time used to develop a fire management plan for the future. They cited public
education about fires as an important step towards protecting the pine rocklands because
most islanders think that the fire is destructive.
The Nature Conservancy is highly interested in any research on the pine rockland
fire history of the Bahamas. Kjellmark (1995) investigated recent fire history on Andros
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Island by studying the species composition of the pine rocklands, collecting data on shrub
regrowth after fires, and collecting fire scar data from pines near his study sites. For her
M.S. thesis directed by Henri Grissino-Mayer, Alison Miller of the University of
Tennessee is carrying out a dendrochronological study of fire-scarred Caribbean pines
found near West Pond and Split Pond on Great Abaco Island. Her preliminary results
suggest that the pine rocklands burn every few years. My microscopic charcoal research
on West Pond will contribute to the understanding of the longer term fire history of Great
Abaco Island.
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CHAPTER 4
Methods

Field Methods

In October 2003, Sally Hom, Ken Orvis, Lisa Wilkins, and I collected four 1
meter long core sections from West Pond using a Colinvaux-Vohnout locking piston
sediment coring system (Colinvaux et al. 1999). Two overlapping, parallel core sections
were taken from a deep point in one portion of the lake (Holes 1 and 2), and two other
parallel core sections were taken from another deep spot in the lake (Holes 3 and 4)
(Figure 4.1). In each location, the parallel core sections were taken 1 m apart. At the
first coring site we took one core section (Hole 1) beginning at the sediment/water
interface and a second, parallel core section (Hole 2) beginning 0.3-0.5 m below the
sediment-water interface. The shallow (<40 cm) nature of the pond made the use of our
customary floating coring platform impossible. An underwater coring platform was used
instead. Two planks of plywood weighed down with cinder blocks were carefully placed
parallel to each other on the sediment surface with 15 cm left undisturbed between them
to provide access to a coring space with its sediments-water interface intact (Figure 4.2).

Laboratory Methods

The core sections were returned to the lab still enclosed in their original
aluminum coring tubes. They were opened in the laboratory using a specialized router,
and each core section was divided longitudinally into two halves, one for sampling and
the other for archival purposes. The core sections were then photographed and examined
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Holes I & 2

Figure 4.1 : Approximate locations of core sites at West Pond. Road at lower left in
Figure 3.4 runs along top left corner in this figure. Photograph and marking of core
sites by K. Orvis. The holes in each pair are shown farther apart than they actually
were.
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Figure 4.2 : Underwater coring platform used in West Pond, Great Abaco
Island. The floating material is an algal mat disturbed after we began the
coring process. Photograph by S. Horn.
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for Munsell color, stratigraphy, and texture. My analysis focused on the core sections
from Holes 1 and 2.

Radiocarbon Dating

To determine the chronology of the profile from Holes 1 and 2, Sally Hom and I
submitted three samples to Beta Analytic Laboratory for Accelerator Mass Spectrometry
(AMS) radiocarbon dating. These samples consisted of a small section of peaty organic
material, a seed, and a piece of wood. Michael Wiemann of the Center for Wood
Anatomy Research, USDA Forest Service, identified the wood as a gymnosperm based
on the presence of resin canals. Although two gymnosperms grow on Abaco Island,
Pinus caribaea Morelet and Juniperus barbadensis L. (Correll 1982), the latter species is

quite restricted in its range so we believe the wood we dated to be from Pinus caribaea.
As part of a related study by David West, a fourth date on the West Pond
sediment was obtained from the Arizona AMS laboratory. That sample consisted of
bark. All dates were calibrated using CALIB rev.5.0 (Stuiver and Reimer 1993) and the
dataset of Reimer et al. (2004). S. Hom calculated the weighted means of the calibration
probability distributions (Telford et al. 2004), and I used these single-year age estimates
to calculate sedimentation rates.

Loss-on-Ignition and Microfossil Sample Preparation

I sampled the profile for pollen, pine stomata, and microscopic charcoal analyses
and for water content and loss-on-ignition (LOI, Dean 1974) at 3-4 cm intervals in the
core sections from Holes 1 and 2. I sampled the entire length of both sections from Holes
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1 and 2 to obtain an overlapping LOI sequence, but only analyzed samples from Hole 1
for pollen content. Samples of 0.5 cm3 were removed for the LOI analysis, placed in
preweighed crucibles, weighed, dried for 24 hours at 100° C, and then reweighed to
determine water content. Samples were then ignited in a muffle furnace at 550° C for 1
hour and 1000° C for 1 hour to estimate organic and carbonate content (Dean 1974).
For pollen processing, I used a volume of 1.0 cm3 for the marl and gley
sediments, and 0.5 cm3 for the more organic sediments, based on the expectation that the
organic sediments would contain higher pollen percentages. The samples were processed
using standard methods of pollen processing (HF, HCl, KOH, and acetolysis) described
in Appendix I, with Lycopodium marker spores added to enable calculation of pollen
concentrations (Stockmarr 1971).

Pollen Analysis

The pollen residues were mounted on slides in silicone oil and counted to a
minimum of 250-300 pollen grains per slide, excluding indeterminate pollen grains and
fem spores. I identified pollen grains by examining reference slides of tropical pollen
grains and various published keys, and using a list of Abaco Island plant taxa (Britton and
Millspaugh 1962). I identified pollen grains at 400x magnification to the lowest
taxonomic level possible, but had to group some types together because of similar
morphologies. The Melastomataceae and Combretaceae families include many taxa that
produce similar heterocolpate pollen grains. The Sapotaceae and Meliaceae families
were also grouped together because of morphological similarity.
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Unknown pollen grains were numbered, drawn, and described, and their precise
locations on the slides were noted for later reexamination. Most unknown grains were
rare and represented only a small fraction of total pollen grains. I classified
indeterminate pollen grains using four factors making them unidentifiable: corrosion,
degradation, mechanical damage, or concealment by detritus (Delcourt and Delcourt
1 980).
I classified fern spores by morphology (monolete and trilete) and by exine
sculpturing (psilate, scabrate, verrucate, coarsely verrucate, echinate, bacculate).

Pine Stomata Analysis

Pine stomata are small intracellular fissures and specialized guard cells found on
the epidermis of leaves (MacDonald 200 1 ). Their lignified cells are similar to pollen
grains in size and can be examined using slides prepared for pollen analysis. Their
lignified structure allows them to withstand the chemical processing without damage
(MacDonald 200 1 ). I scanned eight transects per level at 1 OOx magnification and
recorded the number of pine stomata and Lycopodium control spores present.

Charcoal Analysis

I quantified microscopic charcoal on the pollen slides using the point counting
techniques outlined by Clark ( 1 982). Using the ends of my eyepiece reticle, I applied six
points in each field of view, for an average of 1 3 fields of view per transect. I scanned
approximately 45 transects per slide. A "hit" was scored if a charcoal fragment was
touching a point. The number of Lycopodium marker spores present in each field of view
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was also recorded. Calculations were based on Clark (1982) with some modifications by
S. Hom (Appendix II).
I entered all pollen, fem spore, and LOI data into a modified version ofthe
CalPalyn program (Bauer et al. 1991). Diagrams were generated using this program, and
the Postscript output was edited using Adobe Illustrator.
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CHAPTER S
Results
Core Stratigraphy

A total of78.5 cm ofsediment was recovered from Hole 1 , and 62 cm was
recovered from Hole 2, which was offset from Hole 1 by 30 cm to overlap the sections.
The top ofthe Hole 1 core section consists ofmarl, and there is a sharp transition to
organic material at 32 cm, which continues the length ofthe section (Figure 5. 1 , Table
5. 1 ). The Hole 2 core section had a very thin layer ofmarl at the very top, and
immediately transitioned to peaty organics until 9 cm, where there is a layer ofless
organic, possibly gleyed silts (Table 5.2). In Hole 2, at 22 cm, there is another transition
to organic material that reaches to a depth ofca. 39 cm, where there is a transition to
gleyed material. At 52 cm, there is a paleosol. Core sections from Holes 3 and 4, located
about 25 m northeast ofHoles 1 and 2, show stratigraphy similar to that ofHoles 1 and 2
(Figure 5. 1 ).

Radiocarbon Dating

The radiocarbon results (Table 5.3) show one reversal. The AMS date on bark
obtained from the Arizona lab by D. West appears too old and has been excluded from
the depth-age chart (Figure 5.2). Sedimentation rates calculated from the weighted mean
ofthe probability distribution indicate slower sedimentation prior to 1 307 yr BP, and a
very consistent rate ofsedimentation since then.
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Hole 1

Hole 2
Hole 3

Hole 4

Figure 5.1 : Core stratigraphy from Holes 1-4 from West Pond.
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Table 5.1 : Core Stratigraphy of Hole 1, West Pond.
Sediment Description

Munsell Color

mixed colors of algae

5Y7/4, 10R3/3, 10YR4/1

4-32

marl with some organic mottling

10YR6/3

32-77

fibrous organics, becoming coarser
towards bottom of core

10YR2.5/1 to 7.5YR3/1

Depth (cm)

Table 5.2 : Core Stratigraphy of Hole2, West Pond.
Depth (cm)

Sediment Description

Munsell Color

0-9

fibrous organics transitioning to peaty
organics

7.5YR2.5/2

9-22

organic-rich silty marl transitioning to
gleyed silt

2.5Y4/2 to 5Y3/2

22-36

peaty organics transitioning to fibrous
orgamcs

5YR2.5/2

36--41

mixture of fibrous organics and gleyed
silt

5YR2.5/2 and 10Y4/1

41-52

gleyed silt with sand and granules

10Y4/1

52-57

gleyed silt with loose carbonate clasts;
paleosol

5Y8/ l or lighter
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Table 5.3: Radiocarbon dates from samnles from West Pond.
Lab
Number

Material

B-202286

peat

AA 658 1 0

bark

B-202287

plant

Depth
(cm)

Depth in
Profile
(cm)

8 13C

Hole 1

34-3 5

34-3 5

-24.2

610 ± 40

542--659

1

600

Hole 2

15

45

-26.8

2507 ± 44

2366-2390

0.022993

2584

2399-241 1

0.0 1 0 1 34

2439-244 1

0.001 749

2454-2743

0.965 1 25

1 1 95-1 1 95

0.001 034

1 262-1 377

0.998966

1 950-1961

0.01 0964

1 969-1 979

0.009568

1 985-2 1 5 5

0.9454 1 7

2269-2295

0.03405 1

Core

Hole 1

65

65

(%0)

-26.6

Uncalibrated Calibrated Age Area Under Weighted Mean
14C Age
Probability Calibration Age
Range
14
Curve
(cal.
yr
BP)
(yr BP)
( C yr BP)
± 2 (J

1 390 ± 40

material
B-1 8702 1

wood

Hole 2

43-53

73-83

-27.5

2 1 00 ± 40

1 307

2076

0

10

,-.

�

20

30

40

•

50

60

70
80

0

5 00

1 000

1 500

2000

2 500

cal yr BP

Figure 5.2: Age/depth diagram for West Pond sediment profile, showing
sedimentation rates. • indicates the date excluded from analysis.
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Loss-on-Ignition

Loss-on-ignition values correspond closely to the visible stratigraphy of the core.
The marl at the top of the Hole 1 core section is highly inorganic, with non-carbonate
inorganic values of approximately 55% and carbonate contents of 25-30% (Figure 5.3).
The peaty sediments below the marl in Hole 1, and in parts of the core section from Hole
2 (Figure 5.4), have organic contents of 60% or higher. The siltier sediments in Hole 2
show low organic values (<20%). Carbonate content of the silty sediments and the peat
is very low (<10%).

Pollen Concentration and Preservation

Pollen preservation was adequate throughout the profile, except in the silty
material in the lower 16 cm of the profile. These samples contained material that was not
removed during the processing that obscured the view of pollen grains such that I was
unable to count them. Pollen concentrations in samples from Hole 1 that were used for
pollen analysis varied from 20,000 to over 200,000 pollen grains/cm3 wet sediment
(Figure 5.5, Table 5.4). Preservation in the gleyed layers was poor. The uppermost
sediments of Hole 1 had less pollen but the preservation was better than in the lower
sections. The interval between 30 and 37 cm had the highest pollen concentration.
Indeterminate pollen grains comprised less than 4% of all pollen including
indeterminates. The most common category of indeterminate pollen was mechanically
damaged pollen (Table 5.5).
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Figure 5.3: Loss-on-ignition results from Hole 1, West Pond. In this and all other
Hole 1 diagrams, I include the basal date on the profile from Hole 2, which was
taken from an interval that should correspond to ca. 73-83 cm in the Hole 1 profile.
However, no pollen data were obtained from the gleyed silt adjacent to the wood
fragment dated and whether there is a missing time interval between the lowest
pollen sample from Hole 1 and the data at the base of Hole 2 is unknown.
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Figure 5.4: Loss-on-ignition results from Hole 2, West Pond. The depth scale
corresponds to measurements on the core section that began 30 cm below the top of
the core section from Hole 1.
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Figure 5.5: Pollen and spore concentrations in core section from Hole 1, West Pond.
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Table 5.4: Pollen and spore concentrations from Hole 1, West Pond.
Depth
(cm)

Pollen Concentration
(grain/cm3 sediment)

Spore Concentration
(spores/cm3 sediment)

12
15
19
24
28
32
36
39
42
45
48
52
56
60
64
68
72
75

24764
68437
20394
46834
22632
1 24991
2 1 1447
83466
77046
30396
73033
44480
37056
73802
491 78
59585
62600
2 1 054

1 776
1 242
1 080
2 1 64
793
1 66 1
0
265
306
495
0
1 77
720
2050
1 1 76
1 1 59
497
1 37
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Table 5.5: Indeterminate pollen grains and classifications from Hole 1, West Pond.

Depth
(cm)

Total
Indeterminate
Pollen Grains

Mechanical
Damage

12
15
19
24
28
32
36
39
42
45
48
52
56
60
64
68
72
75

10
5
5
2
2
6
3
4
3
9
3
l
8
1
1
0
1
6

6
3
1
2
2
4
3
4
3
6
3
l
4
1

Corrosion

50

Degraded

4
2

2
2

2

1

2
1

1
1
4

Concealed
by Detritus

2

3

Pollen Types and Diversity

I found 24 different pollen taxa in sediments from Hole 1. Pollen diversity ranged
from 2-15 different pollen taxa per level (Table 5.6). The middle ofthe core section had
the highest diversity, and the top of the core had the least number ofdifferent pollen taxa.

Pine Stomata Results

Only one pine stomate was found in all ofthe samples, in the core section from
Hole 1 at 15 cm depth.

Pollen Stratigraphy

The pollen and charcoal diagram (Figure 5.6) reveals large changes in pollen
percentages in the profile. For purposes ofdiscussion, two zones were delineated based
on major shifts in pollen taxa. Pollen assemblages in the lower halfofthe profile are
dominated by broadleaved trees and shrubs, with pine accounting for only 3-30% of total
pollen. The pollen found at the bottom ofHole 1 is predominantly from the
Melastomataceae/Combretaceae families, with some Myrica. At 56 cm, there are sharp
peaks in Rhizophora mangle and Solanaceae pollen. At 48 cm, there are peaks in
Melastomataceae/Combretaceae and Lamiaceae. Peaks in Cyperaceae,
Sapotaceae/Meliaceae, and Elaeocarpaceae occur at 45 cm, and the percentage ofPinus
begins a steady climb. Pinus continues to increase throughout zone 1, accounting for
>85% ofthe pollen assemblage in the upper 36 cm ofthe profile. Most other taxa
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Table 5.6: Pollen diversity found in Hole 1, West Pond.

Depth
(cm)

Number of
Different Pollen
Types

12
15
19
24
28
32
36
39
42
45
48
52
56
60
64
68
72
75

2
7
5
5
5
7
9

10
10

15

13

12

10
10
10

10
6
12
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Figure 5.6: Pollen and charcoal diagram from Hole 1, West Pond. Unshaded curve is 5x exaggeration.

decrease, but there are peaks ofMyrica and Cyperaceae at 1 9 cm. Melastomataceae/
Combretaceae, Rhizophora mangle, Lamiaceae, and Solanaceae are poorly represented in
zone 1 .
Pollen influx is at its highest in the lower portion ofzone 1 (Figure 5.7).
Fem spores are most abundant in the top and bottom sections ofHole 1 (Figure
5.8). Fem spores in the middle portion ofthe Hole 1 core section contribute only 5% of
the total pollen and spore count. Trilete spores are more abundant throughout the profile
than monolete spores.

Charcoal Stratigraphy

The areal density ofmicroscopic charcoal on the pollen slides was extremely low.
Ofthe ca. 2300--4000 points I applied to each slide, only 1 to 24 touched charcoal. For
twelve ofthe eighteen levels examined, the relative error ofthe estimate ofthe areal
density ofcharcoal was 20-50%, calculated as in Clark (1 982). However, six ofthe
samples contained extremely low amounts ofcharcoal and had higher relative errors.
Charcoal concentrations (expressed as charcoal area per wet sediment volume)
and charcoal influx (expressed as charcoal area accumulation per cm2 per year) show
nearly identical patterns (Figure 5.6), in keeping with the fairly consistent rate of
sedimentation at Hole 1 . Charcoal:pollen ratios show a slightly different pattern (Figure
5.6). Charcoal concentrations and charcoal:pollen ratios both peaked at 52 cm. The
charcoal:pollen ratio is also high at 56 cm. The second highest charcoal concentration is
at 42 cm. Charcoal influx was highest in the middle ofthe Hole 1 section (Figure 5.6).
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Figure 5.8: Fern spore diagram from Hole 1, West Pond.
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CHAPTER 6
Discussion

My analyses of pollen and charcoal in the sediments of West Pond provide the first
paleoecological record for Great Abaco Island. Based on the age of the wood at the base of the
profile, the record covers approximately the last 2100 years, most likely reaching beyond the
period of human occupation of the island. The profile shows distinct stratigraphic changes,
including a very marked shift from organic to inorganic sedimentation at 550 cal yr BP, which
correlates with changes in pollen assemblages that began a few centuries earlier. The West Pond
pollen and charcoal diagram shows some similarities to the records developed by Kjellmark on
Andros Island. The major pollen types at West Pond are the same types found to be abundant at
Kjellmark's sites. Some of the trends in charcoal and pollen apparent in Kjellmark's profiles are
also evident at West Pond. Here I discuss those trends, and other aspects of the West Pond
record, using the research questions I posed in Chapter 1 as a framework.

Has the vegetation surrounding West Pond changed over time, based on the pollen
record?

The results of the pollen analysis reveal distinct changes in vegetation at West
Pond during the Late Holocene. The basal pollen zone is characterized by pollen of
hardwood taxa, including Myrica, Melastomataceae/Combretaceae, Sapotaceae/
Meliaceae, and Myrtaceae, along with palms (Arecaceae). The percentage of pine pollen
is extremely low, suggesting that pines were uncommon near the site. Pine pollen is
known for long distance transport (Birks and Birks 1980), and tends to be
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overrepresented in pollen records (Kennedy et al. 2005). During the deposition of zone
2, there may have been fewer pines surrounding West Pond than there are today.
Tropical hardwoods may have been much more prevalent in the rockland landscape that
we identify today as "pine rockland." Pines may have been located at a distance upwind
of West Pond, or sparsely scattered throughout the tropical hardwood thickets, resulting
in low pollen deposition.
From 60-56 cm in zone 2 (-1190-1100 cal yr BP), and again in the lower part of
zone 1 (42-39 cm, -770-700 cal yr BP), there are significant peaks in the pollen of
Rhizophora mangle (red mangrove). Pollen percentages for this taxon increase from less

than a few percent to 20% or higher. Although Rhizophora pollen can be transported by
wind (Flenley 1979), I interpret these peaks to indicate periods in which Rhizophora was
present at West Pond. Today, the most abundant mangrove at the site is Conocarpus
erecta, and much of the Melastomataceae/Combretaceae pollen may derive from this

species. I did not observe red mangrove growing today at the pond (and near-surface
sediments show very little Rhizophora pollen), but the pollen evidence suggests that it did
grow there in the past�
Red mangrove is a salt-tolerant species, and its establishment and spread at West
Pond might have been favored by drought episodes, which would have lowered water
levels and made the pond saltier. The occurrence of a Rhizophora peak at -1190-1100
cal yr BP would seem to support this interpretation, especially given the evidence of
droughts at several circum-Caribbean sites at this time (Chapter 2). However, this peak
in Rhizophora pollen could reflect local conditions, not a regional drought. Warmer sea
surface temperatures from 1300-1050 yr BP could have spawned more hurricanes
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(Nyberg et al. 2002), and perhaps sea spray could have been blown into West Pond by
high winds or a storm surge affecting the west side of the island, increasing the salinity of
the pond and favoring the growth of saltwater-tolerant species. Another possibility is that
at some time in the past West Pond could have had a direct connection with the sea
through karst caves and tunnels, which could have resulted in intrusion of more saline
water into the pond during high tides.
None of the pollen profiles from lakes on Andros Island studied by Kjellmark
(1995) contained Rhizophora pollen. The lack of representation at Kjellmark's inland
sites may provide support for my interpretation that the presence of this type at West
Pond indicates local occurrence, not wind-transport from coastal mangrove stands.
Pollen assemblages from Church's Blue Hole and Rainbow Blue Hole deposited during
the time of deposition of zone 1 at West Pond were primarily dominated by Pinus
caribaea, Myrica cerifera, and Conocarpus erectus. Although pine pollen is sparse in

zone 1, Melastomataceae/Combretaceae pollen that may derive largely from Conocarpus
erectus, and pollen of Myrica, are abundant in the zone as they are in sediments of the

same age at Church's Blue Hole.
A major shift in vegetation from tropical hardwoods to a pine-dominated
landscape occurs at the zone 2/zone 1 boundary (drawn at-770 cal yr BP). This shift is
indicated by a rapid increase in the percentage of pine pollen and the near-complete
absence of pollen of Melastomataceae/Combretaceae, Rhizophora, Lamiaceae,
Asteraceae, and other shrubs above the zone boundary. Kjellmark (1995) also found
increases in Pinus during this time interval at Church's Blue Hole and Stalactite Blue
Hole. The vegetation surrounding West Pond from 770 cal yr BP to the present
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continued to be dominated by Pinus, with an understory oftropical hardwood shrubs and
small trees.

Does the presence of pine stomata correlate with the pollen record?

The only pine stomate was found at 15 cm in the West Pond profile. This is the
level with the lowest charcoal concentration, though it is impossible to know whether this
is ofany significance. I expected that pine stomata in the West Pond sediments would
provide a proxy for the local presence ofpines. However, I found stomata too rare for
this proxy to be useful. Pine pollen was not abundant in the lower halfofthe sediment
core, and perhaps the lack ofpine stomata indicates that the trees contributing to the
pollen rain at the time were not located near West Pond. The presence ofonly one pine
stomate is incongruous with observations made during field work ofnumerous Pinus
caribaea growing directly adjacent to West Pond, in locations where the needles should

fall in the water. Perhaps some unknown factors, such as water chemistry, prevailing
wind direction, or consumption by aquatic animals, prevented the deposition and/or
preservation of stomata in West Pond. These factors may influence the deposition and/or
preservation of pine stomata in tropical lakes more generally. Pine stomata are common
in the sediments ofboreal lakes (MacDonald 2001), but few studies have been conducted
on pine stomata in tropical lake sediments (Remus et al. 2006).

What is the fire history of the site based on the microscopic charcoal analyses?

The results from the microscopic charcoal analysis revealed very little charcoal
throughout the profile. Charcoal:pollen ratios and influx values for West Pond are
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significantly lower than values found in some other tropical lakes. Hom (1993) reported
charcoal influx values in glacial lakes of the Chirrip6 paramo of Costa Rica that reached
ca. 20 mm2/cm2/year at Lago de las Morrenas and ca. 300 mm2/cm2/year at Lago
Chirrip6, as compared to a maximum value of 7.2 mm2/cm2/year at West Pond.
Charcoal:pollen ratios at Lago del las Morrenas ranged from ca. 200-14,000 µm2
charcoal:pollen grain (Hom 1993) as compared to ca. 100-3800 µm2 charcoal:pollen
grain at West Pond. Charcoal concentrations are Laguna Tortuguero, Puerto Rico,
expressed on a wet volume basis (Burney et al. 1994), were also much higher than
corresponding values at West Pond, ranging from ca. 250-4250 mm2/cm3 at Laguna
Tortuguero as compared to ca. 4 to 170 mm2/cm3 at West Pond.
The lack of charcoal in the upper sediments was surprising because of the close
proximity of fire-scarred trees to the edge of West Pond, as observed during field work in
2003. The dendrochronological research by Kjellmark (1995) on Andros Island, and the
study conducted by The Nature Conservancy (Myers et al. 2004) both point to the
likelihood of fires burning pine rockland such as that surrounding West Pond every 7-10
years, and the ongoing thesis research at West Pond by A. Miller is consistent with those
estimates. I expected fires occurring adjacent to West Pond would deposit significant
amounts of airborne charcoal in the lake. However, Whitlock and Larsen (2001)
suggested that ground fires that scar but do not kill trees may not produce an abundance
of charcoal because charred particles are not carried high aloft, as they are in destructive
crown fires. Another reason for the absence of significant amounts of charcoal in the
sediment of West Pond may be the lack of overland flow, which would inhibit secondary
charcoal deposition as outlined by Whitlock and Larsen (2001). No rivers exist on Great
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Abaco Island because the karst environment, with its numerous cracks and depressions,
collects and drains rainfall at a rate fast enough to prevent ponding and runoff (Sealey
1994). The results ofD. West's airfall charcoal analysis on Abaco Island will shed light
on the direct deposition ofcharcoal produced during fires in the pine rocklands, and in
doing so may improve interpretation ofthe West Pond charcoal record.
The fire record from West Pond suggests some variations in fire activity reflected
in varying levels ofcharcoal concentration and charcoal:pollen ratios. Charcoal
concentrations and charcoal:pollen ratios remained relatively low between -2100 cal yr
BP (base ofprofile) and ,...,1200 cal yr BP (60 cm), suggesting low fire frequency during
this interval. Charcoal c.oncentration steadily increased between ,...,1200 and ,...,1000 cal yr
BP (52 cm), the level at which the highest charcoal concentration was recorded.
Kjellmark (1995, 1996) found an increase in charcoal concentration in the sediments of
Church's Blue Hole at 900 yr BP that he attributed to human colonization. The evidence
offire at West Pond decreased briefly between -1000 and -770 cal yr BP. The second
largest peak in charcoal area was recorded at ,..., 770 cal yr BP ( 42 cm), the zone 2/zone 1
boundary). Charcoal concentrations are generally lower in zone 1 than in the upper part
ofzone 2, and both charcoal area and charcoal:pollen ratios decline sharply at -550 cal yr
BP (32 cm). Although charcoal:pollen ratios fluctuate after -550 cal yr BP, charcoal
concentrations are uniformly low. This may indicate lower fire activity after -550 cal yr
BP. Kjellmark (1995) also found charcoal to decrease at this time in his core from
Rainbow Blue Hole.

62

Do changes in vegetation seem to correlate with changes infire activity?
Changes in vegetation at West Pond do correlate with changes in fire activity
during certain time intervals. The highest charcoal concentration, recorded at -1 000 cal
yr BP, corresponded to slight peaks in the pollen ofPinus, Myrtaceae, and Trema. The
second largest peak in charcoal concentration, recorded at -770 cal yr BP, corresponded·
to increasing pine pollen percentages. The percentage of pollen of Trema, a hardwood
tolerant to fire (Kjellmark 1 995) shows similarity to the charcoal concentration curve,
and may be linked to fires that favored the tree.
I expected to see a stronger correlation between charcoal concentration and pine
pollen percentage, given the strong relationship between pines and fire (Agee 1 998). On
Andros Island, some changes in charcoal concentrations seem to match changes in pine
percentages. For example, Kjellmark (1 995) found a decrease in pine pollen and
charcoal concentrations between 400 and 500 yr BP in the sediment from Rainbow Blue
Hole. At West Pond, the general picture is ofgreater evidence for fire in pollen zone 2,
which is the interval oflowest pine percentages. The pollen taxa that do correlate with
higher charcoal values include many wetland plants, suggesting that charcoal values may
in part be reflecting changes in lake level, with higher lake levels favoring the delivery of
charcoal to the core site.
Another possibility is that changes in charcoal concentrations and influx values
reflect a change in fire regime from a high intensity, low frequency fire regime in the
earlier part ofthe record (when the vegetation included more hardwood taxa) to a fire
regime in the upper part ofthe record (time ofpine rockland vegetation) in which fires
were more frequent but oflower intensity. Such a switch in fire regime could explain the
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apparent discrepancy between pine pollen abundance and charcoal abundance at West .
Pond.

Are there indications of climate shifts during the period represented by the
sediment record?

Hodell et al. (1991) inferred from the Miragoane sediment record that the climate
of the Caribbean was drier from 2400-1500 yr BP than today. Brenner et al. (2001) also
found that the climate was drier at this time in the Mayan lowlands, pointing to a regional
climate shift. When combined with a slightly lower sea level, which would have resulted
in a lower water table, this dry interval should have affected low elevation ponds in the
Bahamas. Kjellmark (1995) found evidence of this drier period on Andros Island in
pollen assemblages from Rainbow Blue Hole, where a lower water table would have
exposed a mud flat, allowing wetland plants to grow. He also found an increase in fire
frequency during this interval at Stalactite Blue Hole. The lowest three pollen samples in
the West Pond record correspond to the latter part of this interval, from-1860-1470 cal
yr BP. The pollen assemblages show high percentages of wetland taxa such as
Melastomataceae/Combretaceae, Myrica, and Asteraceae, suggesting that this was not a
markedly dry interval. The charcoal concentration is also extremely low during this
interval, suggesting that the climate was not dry enough for the vegetation to burn
frequently.
Peaks in Melastomataceae/Combretaceae, Myrica, Cyperaceae, Asteraceae and
Amaranthaceae pollen in West Pond between 1500 and 900 cal yr BP suggest a wetter
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climate because many of these taxa include wetland species. These results are consistent
with the regional evidence for a wetter climate at this time (Hodell et al. 1991). Charcoal
concentration remained relatively low during this period of wetter climate. The
exception is the peak in charcoal and Rhizophora pollen from-1190-1100 cal yr BP that
may correspond to a drought interval.
The transition from a wetter climate to a drying period from 900 yr BP to the
present that Hodell et al. (1991) identified in the Miragoane record seems to be apparent
at West Pond. Charcoal concentration drops after its ,..,1000 cal yr BP peak but is higher
from-1000 to-630 cal yr BP than in lower sections of the profile. The fire-resistant tree
Trema also increases at-1000 cal yr BP. At-770 cal yr BP (zone 2/zone 1 boundary)

the major shift in pollen dominance from tropical hardwoods to pine occurs. Pines are
drought resistant and this shift could indicate climate drying. Kjellmark also found this
drying period recorded in the charcoal data from his study sites. The interpretation of
zone 1 as indicating a drier climate is consistent with the evidence of Little Ice Age
drying and cooling in the circum-Caribbean after-500 yr BP, discussed by Peterson and
Haug (2006).
The alternation between peat and marl sediments evident in the core sections
could be a climatic indicator because the production of peat requires a longer hydroperiod
than marl. The presence of peat in a core section could therefore indicate a wetter
climate, and marl could indicate a drier climate. In the West Pond profile, the shift from
peat to marl occurs at 32 cm, or-550 cal yr BP. This distinct shift in sedimentation
comes somewhat later than the shift to pine dominance, but both shifts seem consistent
with the interpretation of a drier climate after 900 yr BP. The shift in sedimentation
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correlates very well with the climate interpretations from the Cariaco Basin (Peterson and
Haug 2006).
Local geomorphic changes in the karst surrounding West Pond could have also
resulted in the alternation between wet and dry periods. Collapsed tunnels or caves
beneath West Pond could have influenced the water level in the pond either by allowing
the water to drain out or by blocking the drainage of water.

Is there evidence of human influence on vegetation andfire history through
agriculture or other activities, and if anthropogenic influence is apparent, when did it
begin and how does the date of initiation compare to archaeological interpretations?

Based on work by Burney et al. (1994) and Burney and Burney (2003) on spikes
in charcoal concentration as an indicator of human arrival on islands, the West Pond
charcoal record suggests that human arrival on Abaco Island occurred at-1190 cal yr BP
(-60 cm), when charcoal concentration shows a sharp increase. Kjellmark (1995) found
an increase in pine pollen and charcoal concentration in the sediments of Church's Blue
Hole at 850 yr BP that he attributed to human colonization. This suggests that humans
may have first arrived on Abaco and Andros Islands at about the same time, although
dating difficulties at Kjellmark's sites preclude a precise comparison. From
archeological evidence, Keegan (1997) suggested that humans first arrived in the
Bahamas on Great Inagua Island, the southernmost island, between 1200 and 1300 yr BP,
Berman and Gnivecki (1994) suggested humans occupied San Salvador between 1100
and 1200 yr BP, and Byrne (1980) suggested that humans arrived on Cat Island -950 yr
BP. The suggested time frame seems to match very well with charcoal at both Church's
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Blue Hole and West Pond. However, the low absolute amount of charcoal at West Pond
means that I need to be somewhat cautious in my interpretation. Analyses of charcoal in
cores from other ponds on Abaco Island will provide a test of my interpretation. If the
spike in charcoal at-60 cm (-1190 cal yr BP) at West Pond indicates human arrival on
the island, we should see peaks at this time in other records. It is interesting to note that
evidence from West Pond suggests that initial human arrival on Great Abaco Island may
have occurred during a time of regional drought.
A peak in charcoal concentration recorded at 42 cm (-770 cal yr BP) that
corresponds to a peak in the pollen of Myrica and Asteraceae could perhaps indicate the
clearing of shrubs and trees for the planting of gardens. However, no maize pollen was
found in the sediments of West Pond. In paleoecological studies in the neotropical
mainland, the presence of maize pollen in the sediments of lakes has been interpreted to
indicate that maize was being grown adjacent to the lake, perhaps along the very
shoreline (Hom in press b). The absence of maize pollen at West Pond does not preclude
its cultivation elsewhere on the island; from the pollen data we know only that it was not
grown in the immediate vicinity of West Pond, in sufficient abundance to have been
deposited in the lake.
Kjellmark (1995) found a decrease in pine pollen and charcoal concentrations
between 400 and 500 yr BP in the sediment from Rainbow Blue Hole that he attributed to
the removal of native inhabitants by the Spanish for slavery. The steady decline in
charcoal concentration during this time interval at West Pond could indicate depopulation
on Abaco Island for this same reason.
Kjellmark (1995) found a charcoal peak and an increase in pine pollen-200 yr
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BP which he attributed to recolonization of Andros Island by the English. I did not find
an increase in charcoal concentration at that time, which corresponds approximately to
the uppermost sample at 12 cm, but pine pollen reaches its highest percentage then.

Are sea level changes or water tablefluctuations evident in the sediment stratigraphy,
pollen preservation, or pollen assemblages?

The main indication in the West Pond profile of water table fluctuations is the
stratigraphic change from peat to marl. The shift in Hole 1 from peat to marl occurs at
-550 cal yr BP, which is coincident with the Little Ice Age cooling and drying trend
Peterson and Haug (2006) discussed.
The influence of sea level change was not directly evident from the sediment
stratigraphy or pollen preservation. The peaks in pollen of the saltwater-tolerant
Rhizphora during zone 2 and the lower part of zone 1 could indicate shifts toward a more

brackish environment caused by drought or the intrusion of saltwater due to an
underground connection with the sea. As mentioned earlier, local geomorphic changes
could have influenced the water table at West Pond, and warmer sea surface temperatures
between 1300 and 1050 yr BP could have spawned more hurricanes (Nyberg et al. 2002),
and perhaps sea spray could have been blown into West Pond by high winds, increasing
the salinity of the pond and resulting in the growth of saltwater-tolerant species.
However, the timing of the Rhizophora peak at-1 190-1100 cal yr BP, a time period of
drought at several circum-Caribbean sites, suggests that climate may have been the
driving force.
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CHAPTER 7
Conclusions

The vegetation surrounding West Pond on Great Abaco Island, The Bahamas
shifted from a hardwood forest to a Pinus caribaea-dominated forest with a hardwood
understory at -770 cal yr BP. Fluctuations in pollen assemblages, microscopic charcoal
concentrations, and sediment type throughout the profile correlate to some extent with
inferred regional climate shifts during the Late Holocene. Pine dominance and marl
sediments suggest that the last -550 years at the site were drier than previous intervals.
A spike in charcoal and Rhizophora pollen between -1190-1100 cal yr BP may
correspond with evidence of drought at this time in other records from the region.
The fire history near West Pond likely was influenced by humans, beginning with
their arrival on the island as early as -1190 cal yr BP. The pollen record does not
indicate crop cultivation directly adjacent to West Pond. The time frame of human
activity on the landscape of Great Abaco Island is consistent with the idea that the natives
first occupied the southernmost islands of the Bahamas and migrated northward (Berman
and Gnivecki 1994, Keegan 1997).
Future research on sediment cores from Great Abaco Island could help confirm
some of my interpretations. A study on diatoms would help determine past changes in
salinity that could relate to water table fluctuations. The absence of pine stomata in the
sediments of West Pond is incongruous with research on stomata concentrations in boreal
lakes, and further study is needed to understand the factors that influence the deposition
of stomata in West Pond. Microscopic charcoal analyses of sediment cores from other
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lakes on Great Abaco Island could improve understanding of charcoal deposition. If
significant concentrations of microscopic charcoal are found in a different lake, this
might suggest that the low concentrations of charcoal in West Pond are due to the
particular topography of the area surrounding West Pond or to limnological factors. The
analysis of sediment cores from other lacustrine sites such as Satellite Pond and Emerald
Pond on Great Abaco Island could shed light on the significance of the transition between
marl and peat sediment at -550 cal yr BP and would help determine if the stratigraphy of
West Pond reflects regional or only local environmental change.
The analysis of other sediment cores could also help determine if my estimation
of human arrival on Great Abaco Island ,...,1190 cal yr BP is correct. Finding pollen or
stable carbon isotope evidence (Lane et al. 2004) of maize cultivation in other sediment
profiles would provide a better understanding of where the Lucayan Taino cleared the
land for agriculture, and what crops they grew.
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APPENDIX A: Pollen Processing Procedure

The following procedure was used to process sediment samples from West Pond
for pollen and microscopic charcoal analysis. Samples were processed in 1 5 ml
Nalgene® polypropylene centrifuge tubes. The centrifuge used was an IEC model CL
benchtop centrifuge with a 6 x 1 5 ml swinging bucket rotor. All centrifugations were
carried out at the highest speed.
1.

Add 1 Lycopodium tablet to each centrifuge tube.

2.

Add a few ml 1 0% HCl, and let reaction proceed; slowly fill tubes until there is
about 1 0 ml in each tube. Stir well, and place in hot water bath for 3 minutes.
Remove from bath, centrifuge for 2 minutes, and decant.

3.

Add hot distilled water, stir, centrifuge for 2 minutes, and decant. Repeat for a
total oftwo washes.

4.

Add about 1 0 ml 5% KOH, stir, remove stick, and place in boiling bath for 1 0
minutes, stirring after 5 minutes. Remove from bath and stir again. Centrifuge 2
minutes and decant.

6.

Wash 4 times with hot distilled water. Centrifuge for 2 minutes each time.

7.

Fill tubes about 1/2 way with distilled water, stir, and pour through 1 25 µm mesh
screen, collecting liquid in a labeled beaker underneath. Use a squirt bottle of
distilled water to wash the screen, and to wash out any material remaining in the
centrifuge tube.

8.

Centrifuge down material in beaker by repeatedly pouring beaker contents into
correct tube, centrifuging for 2 minutes, and decanting.

9.

Add 8 ml of49-52% HF and stir. Place tubes in boiling bath for 20 minutes,
stirring after 1 0 minutes. Centrifuge 2 minutes and decant.

1 0.

Add 1 0 ml 1 0% HCl. Stir well, and place in hot water bath for 3 minutes. Remove
from bath, centrifuge for 2 minutes, and decant.

11.

Add 10 ml hot Alconox® solution, made by dissolving 4.9 cm3 dry commercial
Alconox® powder in 1 000 ml distilled water. Stir well and let sit for 5 minutes.
Then centrifuge and decant.
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12.

Add more than 10 ml hot distilled water to each tube, so top of water comes close
to top of tube. Stir, centrifuge for 2 minutes, and decant.
Assuming that no samples need retreatment with HF, continue washing with hot
distilled water as above for a total of 3 water washes.

13.

Add 10 ml of glacial acetic acid, stir, centrifuge for 2 minutes, and decant.

14.

Make acetolysis mixture by mixing together 9 parts acetic anhydride and 1 part
concentrated sulfuric acid. Add about 8 ml to each tube and stir. Remove stirring
sticks and place in boiling bath for 5 minutes. Stir after 2.5 minutes. Centrifuge
for 2 minutes and decant.

15.

Add 10 ml glacial acetic acid, stir, centrifuge for 2 minutes and decant.

16.

Wash with hot distilled water, centrifuge and decant.

17.

Add 10 ml 5% KOH, stir, remove sticks, and heat in vigorously boiling bath for 5
minutes. Stir after 2.5 minutes. After 5 minutes, centrifuge for 2 minutes and
decant.

18.

Add 10 ml hot distilled water, centrifuge for 2 minutes, and decant for a total of 3
washes.

19.

After decanting last water wash, use the vortex genie for 20 seconds to mix
sediment in tube.

20.

Add one drop safranin stain to each tube. Use vortex genie for 10 seconds. Add
distilled water to make 10 ml. Stir, centrifuge for 2 minutes, and decant.

21.

Add a few ml TBA, use vortex genie for 20 seconds. Fill to 10 ml with TBA, stir,
centrifuge for 2 minutes, and decant.

22.

Add 10 ml TBA, stir, centrifuge 2 minutes and decant.

23.

Vibrate samples using the vortex genie to mix the small amount of TBA left in the
tubes with the microfossils. Centrifuge down vials.

24.

Add several drops of 2000 cs silicone oil to each vial. Stir with a clean toothpick.

25.

Place uncorked samples in the dust free cabinet to let the TBA evaporate. Stir
again after one hour, adding more silicone oil if necessary.
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26.

Check samples the following day; if there is no alcohol smell, cap the samples. If
the alcohol smell persists, give them more time to evaporate.
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APPENDIX B: Charcoal Point Counting Calculations
Calculations below are based on Clark (1982), with modifications in some cases by S.
Hom. This appendix is based on an unpublished laboratory handout by S. Hom prepared
February 8, 2005 and modified May 3, 2006.
Areal density of charcoal on the slide (P) (e.g., the estimated probability that a random
point will fall on charcoal):
P = C/N
The accuracy, or relative error, of the estimate of P (Sp/P):
(Sp/P) = '1(1 -P)IC

Areal of charcoal (total) in mm2 in all the fields of view you counted (At):
Af = P x Fat
Estimated area of charcoal in mm2 in the entire pollen sample (Aps)
Aps = M x Af
Mc
Charcoal area in mm2 expressed on the basis of volume of wet sediment (Ace):
Acc = ApsN
Charcoal area in mm2 expressed on the basis of wet sediment mass (Awm):
Awm = Aps/W
Charcoal area in mm2 expressed on the basis of dry sediment mass (Adm):
Adm = Aps/W(l -Pw)
Charcoal area in mm2 expressed on the basis of annual influx (Acy):
Acy = Ace * sedimentation rate expressed in cm/yr
Charcoal: Pollen ratio (C:P) expressed as mm2 charcoal per pollen grain:
C:P

=

Mpo x Af
Me x Pope
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Charcoal: Pollen ratio (C:P) expressed as µm2 charcoal per pollen grain:
C:P = Mpo x Af x 1 02
Me x Pope

Po = points applied in each field of view
F = the number of fields of view you looked at
N = total number of points applied (equal to Po x F)
Fa = area in mm2 of each field of view
Fat = Total area in mm2 on slide in which you looked at charcoal (equal to Fa x F)
C = the number of applied points that "touched" charcoal
V = volume in cm3 of original wet sediment sample processed for pollen
W = mass in g of original wet sediment processed for pollen (from LOI sheet)
Pw = percent water in the wet LOI sample from same level as pollen sample
M = number of Lycopodium marker spores added to original sample processed for
pollen
Mc = the number of Lycopodium marker spores you counted in the fields of view in
which you did the point counting.
Mpo = the number of Lycopodium marker spores you counted in the pollen count from
the same level.
Pope = the total number of pollen grains (excluding spores and indeterminates) counted
in the pollen count from the same level.
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