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Abstract

Long-term dataareneeded tgroperlyassess the influence of anthropogenic climate
change on Atlantic hurricane frequency, however hurricane reacgdnconsistentrior to the
development of modern monitoring techniques. Paleolimnological igagens from coastal
Caribbearlagoons an be used ttrackchanges irAtlantic hurricane activitypecauseoastal
lagoonscanbecome inundated witbeavaterduring hurricane eventa/hich leaveslistinct
biological and geochemical signals in thr@diments. This study analyzes changdesail
diatom assemblagand chlorophyHa (chl-a) concentrations of a ~1,500 year old sediment core
from Grape Tre®ond, a coastal lagoon located in southern Jamdica.diatom and ckd
profiles were used to evaluate overall changes in salinitypangaryproducton, as well as to
identify potential periods of enhanced hurricane activity. The results of thascksdentified
three periods gbronouncedurricane activity arounti350, 17251785, and 1900925CE,
which were indicated by mixeshlinity diatom assemblages and distinct changes ia chl
concentrations. Additionally, two periods of drought occurdaogng 16501725 and ~1785
1900 were identified by low diatom abundance and decreasedcohicentrationsThese
changes in the diatom assemblage anéh@ancentrations shothat climate variabilitjhas
increasedollowing the onset of the Little IcAge (~14501850 CE), however it is difficult to
distinguish the impacts oécentanthropogenic climate warming on hurricane activity from
those of natural Atlantic climate regimes, such as ENSRIsstudyis one of the first to report
on the diatom spées found in Jamaica, angmonstrates the potential of using fossil diatoms

from coastal lagoon® trackpast storm activity
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Introduction and Literature Review

Atlantic Hurricanes and Climate Change

The relationship between climate change Atidntic hurricane activity is currently a
topic of extensive research and debate (Kossin et al. 2@@&ntic hurricanes, also referred to
as tropical cyclones/storms, originate in the Atlantic warm pool, an area that encompasses the
Gulf of Mexico, the Caribbean, and the Northwest Atlantic where water temperatures are greater
than 28.8C. Recent Atlantic brricanes, such as Katrina, Sandy, and Mattlrewsed
devastating economic, environmental, aondial impacts to coastal and island communities in
the Caribbean, Central America, and eastern North Am@feraeira 2016; Wilson 2014;
Petterson et al. 2006Some researcsuggest thatthe rise in sea surface temperatures (SSTs)
coupled with the increase in the frequency of intense tropical cycéeeasin recemnecords(the
last ~35 years)s a clear indicatiothat anthropogenic climate change isdieg to an increase
in major hurricane events (Goldenberg et al. 2001; Webster et al. 280&kver, this
perspective has been challenged on the basis that the instrumental record is too short and
unreliable to reveal trends in intense tropical hurriGiity (Landsea et al. 2006). Similarly,
there are diverging opinions regarding the futafuenceof climate change othe frequency
and intensity ohurricane activity.Some modelgroject adecrease in hurricane frequency
(Gualdi et & 2008; Knuson et al. 2008) whiletbers showan increase in both the frequency and
intensity of tropical hurricanes, with one mogebjectinga doubling in the frequency of
category 4 and 5 storms by the end of th&@éntury (Bender et al. 2010; Zhao et al. 200
Longterm Atlantic Hurricane Reconstructions

In order to properly assess the impactemfent warmingn tropical hurricane frequency,

long-term data extending beyond the period of anthropogenic climate change (last ~150 years) is



required. Unfortundely, Atlantic hurricane research databases only extend back to 1946 for non
U.S. landfalls, and observational records prior to this year are inconsistent (Solow and Moore
2002). Paleolimnologyhe scientific disciplinghatuses biological, chemical, dphysical

indicators preserved in lake sediment records to reconstruct past environmental conditions of
lake ecosystems (Smol 2008§s the potentidb reconstructong-term trendsn Atlantic

hurricane activity. Paleolimnology has been an ingyd field used to assess ecosystem

response to various anthropogenic influences, as well as to provide baseline conditions prior to
the onset of human disturban@mol 2008) Paleolimnological investigations akso useful to
provide longtermwater quality @ta prior to theise of modern monitorinigchniques
Paleolimnological studies hapeovided insight intdhe longterm effects of environmental
stressors such as acidification, eutrophication, and climate change on lake ecosystems (Smol
2008). Howeverin many casest is difficult to attribute an environmental response to one
particular stressor, as multiple stressors commonly act simultaneously on ecosystems (Smol
2010). A multi-proxy approach using a variety of biological and geochemical indiczdarbe

used for a comprehensive analydipast ecological change and qawtentially isolate the

influences of individuatlisturbance¢Smol 2010).

Preliminary paleolimnological investigations have shown promising results for the use of
various proxieso reconstrat the millennialong hurricane history of coastal/island areas of the
Atlantic. The sediment cores used in these studies are retrieved almost exclusively from coastal
lagoons. In general, coastal lagoons provide excellent potential td stoominduced marine
incursionsbecauséheir close proximity to the ocean makbkem susceptible to marine
washover event®almer 2012 Most paleshurricane reconstructisrhave used geochemical

proxies to determine incidences of mairimeursionevents. Liu and Fearn (2000) determined



periods of intense hurricane activity along the Gulf Coast of Florida over the past 7,000 years by
examining sand layers within sediment cores attributed to magnesionsduringcategory 4

and 5 stormsSimilar mehods were used dyonnelly and Woodruff (2007) tsolate intervals

of frequent intense hurricane strikes in Puerto Rico over the past 5,000 Vbarperiods of
enhanced hurricane activity identified by the authors were-8800, 25001000, 556450, and

250 years before present (Donnelly and Woodruff 200f)estudy from a coastal lagoon in
Cuba used muhproxy data including benthic foraminifera, fossil pollen, particle size analysis,
and macrocharcoal influx values to assessdagesponse to séavel fluctuationsand climate
change as well as infer changes in the frequency of past hurricanes (Peros et all[2015).
particle size analysis showed periods of frequent hurricane activity which correlated with the
intervals determined by Donnelly &diWVoodruff (2007).Lambert et al. (2007) developed a new
method for reconstructing millenniang hurricane histories by using organic geochemical
proxies or organic carbon and nitrogen concentrations anditA@iandii*>°N compositions

which areindependent of the occurrence of sand layers.

Despite some of the aforementioned studies occurring in Caribbean nations,
paledimnological investigtions of coastal environments in the Caribbean are limited compared
to similar investigations in higher latitusiPeros et al. 2015; Palmer 2012). To addiieiss
discrepancythisresearch aimetb reconstruct the hurricane record of Jamaica, West Indies
over the past,500 years To acconplish this goal, this studgmployeda multiproxy approach
using fossildiatom assemblagesd sedimentary chlorophydl concentrations from a dated
sediment core retrieved fro@rape Tree Pond, a coastal lagtmratedapproximately 20 km

east of Kingston, Jamaicdhese dataverecompared to geochemical data from the same



sediment cor¢hat were used to reconstruct Atlantic eane activity (Burn and Palm2015)

and drought events (Burn and Palmer 2014)

Caribbean Climate Dynamics

Jamaica is centrally located within the Caribbean island chain and experiences a seasonal
sub-tropical maritime climateharacterized by a wet season from Magtober and a dry season
from NovemberApril. Annual average temperature remains constant at around 27°C and
rainfall patterns are influenced by the seasonal migration of the Hadle{BGeiland Palmer
2014). During the summer wet season, increased solar radiation raises Caribbean and tropical
Atlantic SSTs, resulting in the northward migration of the Hadley Cell creating conditions
conducive to the intensification of easterly waves thieddevelopment of tropical cyclones.
(Burn and Palmer 2014)Caribbean climate also varies on interannual to interdecadal timescales
as a result of the Atlantic Multidecadal Oscillation (AMO) and EI Nifio Southern Oscillation
(ENSO) events such as El Mifand La Nifia.The AMO is an index of SST anomalies in the
Atlantic basinthatvaries periodically every 680 years, while ENSO events occur eve:y 2
years and the amplitude of these events has been shown to vary on interdeea@ale@0
timescalesluring the last millennium (Burn and Palmer 2015he El Nifio phase of ENSO
results in drought conddns while the La Nifigphasdeads to increased rainfall (Burn and

Palmer 2014).

Diatoms as Environmental Indicators

Themainbiological proxy usedn this researchrediatommicrofossils siliceous algae
belonging to the class Bacillariophyceae. Diatoms are excellent paleolimnological indicators
because their frustules preserve readily in sediment, they occur in large quantities in almost all

aguatc environments, and they casuallybe identified to the species level (Smol &tdermer



2010. Importantly, they are sensitive to a wide array of environmental variables and respond
quickly to change due to rapid immigration and reproduction rateshwiake them ideal
indicators for assessing lotgrm trends in water quality (Smol and Stoermer 2010). Diatoms
are abundant in both freshwater and marine water batdgifferent taxa have unique optima
and tolerances to variables suctdapth, saliity, and nutrients (Litchman et al. 2009).
Therefore, therare marked differencdsetween marine and freshwater diatom taxa, because
certainspeciesare favoured idifferent environmental conditior{sitchman et al. 2009).
Diatomsrespond so sensitiveto changes in salinity that they candb&ssified based on their
salinity (halobian) preferences (Horton et al. 2006). Spdasshrive in fully marine

conditions with a salinity exceeding 30 practical salinity units (psweéeered to as

polyhabbous (Horton et al. 2006). Mesohalobous diatoms exist in salt concentrations of
between 0.2 and 30 psu, and oligohalobous species generally occur in salinities of less than 0.2
psu (Horton et al. 2006). Halophobous diatoms are salt intolerant andiadesfcclusively in

fresh water (Horton et al. 2006). These categories can be further divided into oligohalobous
halophilous (prefer weakly brackish waters) and oligohalolidifferent (tolerant of slightly
brackish conditions) (Horton et al. 2006). @ias can also be classified based on habit
preferencéplanktonic, benthic, and epiphytignd many limnological variables, most notably
pH, nutrientconcentrationsand temperature (Horton et al. 2006).

Prior research has examined the effettsarineincursions from tsunamis and
hurricanes on diatom assemblages (Horton and Sawaj)20¥hile it may be assumed that
marine diatom species would dominate tsunami deposits given they are transported by rapid
marine washover events, in actuality diatomtssumami deposits are generally composed of

mixed assemblages of marine, brackish, and freshwate(Haxeon and Sawai 20)0 Diatoms
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in tsunami deposits may also be broken due to the turbubéice incursion (Horton and Sawai
2010. Diatoms can alsbe used to determine the inland extent of tsunamis. For example, in
Niawaikum River(Washington State, USAsand deposits resulg from a tsunami following an
earthquake in 1700 CE extend 3 krtandfrom the mouth of the river, but marine diatoms are
present at least 1 km farther upstream from the sand deposits, suggesting that the tsunami
extended further than previously estimated (Hemybhalley, 1995)The results of this study
illustratethatthe presence oharine diatom#n inland lakes and ponasn be useful indicater

of large marine incursion events.

The identification of storrsurge deposits from hurricanes is similar to tsunamis in that
they both contain unusual sand deposits and show abrupt chiagE®m assemblages (Horton
and SawaR010. For example, a hurricane mud layer in a-s&tsh pond resulting from storm
surges during Hurricane Andrew that made landfall in Louisiana on August 26, 1992 consists of
diatom species from marine, brackish, estuarine, and freshwater sourceagR&8@8). The
authorattributes the composite nature of the hurricane seditog¢hé fact that diatoms were
transported andombinedrom a variety of sourcesudng the storm, resulting in sediment
containing higher diatom species diversityn mixedsalinity environmentgParsons 1998).

The study site of this projedgrape Tree Ponds a freshwater lagocend thudreshwater
diatoms are expected to dominal&e presence of eitherarineandor brackish taxaan be

interpreted to ba result of mane waskover events from hurricane activity.

Fossil Pigments
Primary production is the amount of autotrophic biomass produced within a system and is
an important variable in determining ovetake tropic status. Primary producers determine the

amountof energy available within an ecosystem, and changes in primary producer biomass can
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trigger population shifts throughout higher trophic levels. Primary production can be influenced
by a number of abiotic factors, including light availability, tempertand nutrientsFossil
pigments are commonly used to evaluate changes in lake primary production (Leavitt &
Hodgson 2001). Additionally, fossil pigments can be used as indicatdgabaad bacterial
composition andood-web dynamics, as well as imditors for a variety of anthropogenic impacts
such as eutrophication, acidification, and climate chabga\itt and Hodgson 2001). The main
sources of pigments in lakes include benthic and planktonic algal communities, phototrophic
bacterial populationgnd aquatic macrophytes (Leavitt and Hodgson 2001). Chloregpls/t
pigment frequently used tofer pastchanges in wholéake production Increases isediment

chl-a concentratiorhas shown térack eutrophicatiorresponses lakes of varying tropic states
(Michelutti and Smol 20L6Michelutti et al. 201D Additionally, sedimenthl-a levels in

remote Arctic lakes are speculated to have incredisedo longer growing seasons caused by
recentanthropogenievarming(Michelutti et al. 2005). Thistudy usd sedimentchl-a
determinationso reconstrucpast primaryproduction and infer historic trophic status changes of

Grape Tree Pond.

Study Rationale

A previous paleolimnological investigation conducted by Burn and Palmer (2015) used
geochemicatiata from sediment cores taken from Grape Tree Pond to reconstruct Atlantic
hurricane activity over the last ~D8 years. The results from their research show an increasing
trend of hurricane activitwithin the last ~150 yearhowever this receractivity has not
excee@dthe range of natural climatariability displayed during the last millennium (Burn and
Palmer 2015) My researctwill assess if a paleolimnological approach can be used to

reconstruct the hurricane history of Jamaica by examinmggetinporal changes in the diatom
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species distributionf Grape Tree Ponaver the past 1,500 yeard he aims of this research are
to: (1) descrbe the diatom assemblages of Grape Tree Boddssess how the diatom species
distribution has changed ovémg; and (2) use the diatoand chlorophyHa record to assess
salinity and productin changes in Grape Tree Pond, aletermindf these changesan be
related to the past hurricane activity of this region.

This research is unique edatively few stuges havausal diatomsas a proxyor palee
hurricane reconstruction®dditionally, few papers have reported on the diatom assemblages
from this region of the worldneaning this research will expand current scientific knowledge of
diatom speciedistribuionsin Caribbean environment§his investigation will also contribute
to the body of research examining the use of coastal lagatimentsas recordsf hurricane
activity. Due to the millennifong time scale of the sediment record, this study hedfyresolve
inconsistencies in the Atlantic hurricane history of the Caribbean prior to modern monitoring
techniques. Finally, this research will be used to assess the relationship between anthropogenic
climate change and hurricane frequency, which cae bobal implications for natural ghster

mitigation strategies.

Methods
Site Description
Grape TreePonl 1 7 A53 0637 0N, 76A3706060W) Hexl a shal
coastal mangrove lagoon located 20 km east of Kingston on the south coasaicbJ&igure
1). Grape Tree Pond is one of many shallow pahdscomprise the Albion Ponds, all of which
are situated on a limestone catchment bounded by the YRiiarsalluvial fan to the east and

the foothills of the Blue Mountains to the nortidamest (Burn and Paim@014). The lagoon is
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Figure 1. Location Map of Gape Tree Pond, Jamaica. Coordinates for Grape Fond from
Burn and Palmer (2014).

surrounded by dense mangrove forests on all sides except thevdoerth there is a ~100 m

beach of siliciclastic materigkeparating the porfdom the Caribbean (Burn and Paln2614).

Grape Tree Pond ia closed basin that receives water from precipitation, surface runoff
and groundwater flow. The Pond receives most precipitation during the summeseesog
(May-October)and may experience periods of extended drouglmgltine dry winter season
(NovemberApril) whenevaporation exceeds precipitation (Burn and Palmer 2014). However,
the constant groundwater flow protects the pond from dryingrairely (Burn and Palmer

2014).
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Water chemistry measuremetd&enat the sedimentvater interfacavere ollected on
July 8", 2013 at thresites inGrape Tree Pondsing a YSI 556MPS muiparameter handheld
meter(Burnand Palmer 2014)Tablel provides the averagalues of each parameter based on
thesedata At the time of measuremerhe pond was ~56m deep, brackish (salinity 159
with a pH of 8.6 indicatingvell-buffered conditions (Burn and Palmer 2014)gh meartotal
dissolved solidsTDS = 17,092 mgt) and high conductivity29,492 uS cm) indicate high
concentrations of dissolved inorga salts (Burn and Palmer 201Zhe lagoon was also
experiencing anaerobic conditions at the time of measurement as indicated by theshagje
water temperature (31.4°Qdpw average dissolved oxygen content (3.51 ¥gb saturation

51.8%) and avage oxygen redox potenti@RP)of +48.00(Burn and Palmer 2014).

Table 1. Average water chemistry measurements from the sediwetiet interface (50 cm) of
three sites in Grape Tree Pond taken July 8th, 2013 using a YSI 556 M#-pananeter
handheld meter. Data used for these averages first published by Burn and Palmer (2014).

Parameter Average measurement at
sedimentwater interface (50 cm)
Temperature (°C) 31.4
Conductivity 4S/cm) 29,492
TDS (mg/l) 17,086
Salinity @ ) 1595
DO- (mg/l) 3.51
DO> (% saturation) 51.8
pH 8.61
ORP (mV) +48.00

SampleField Collection

Three sediment cores (GT1, GT2, and GT3) were taken®mape Tree Ponith 2011
using a Colinvau/ohnout drop hammer modifigaston corer (Burn and Paén2014. GT3
was the core used in this stufiyr chl-a and diatom analysiand is 217 cm in length. The core
was plit and ®ctioned at 1 cm intervals and stonedVhirl-pak® bagsat4°C until the time of

processing.
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RadiocarborDating

A sediment cag chronology foiGrape Tree Pondiaspreviously produce@ly Burn and
Palmer (2014) using five accelerator mass spectrortfi@ry d at e s well-Nr@séryed and
identifiableterrestrial plant macrofossils from core GT1. A composite sediment record was
constructed by crossorrelating the ediment stratigraphic changestbé three cores (Burn and
Palmer, 2014) An agedepth malel was constructed by Burn and Palmer (2014) usisimooth
splinefitted through the calibrated radiocarbon dates from four of the terrestrial plant

macrofossils.

Chlorophylta

Spectrallyinferred chlorophylla concentrationsverepreviously determinetbllowing
methods provide in Michelutti et al(2010). Briefly, freezedried sedimerstweresieved
through 125 um messizeand transferred tglass vias. Sediment samples were analyzed
spectroscopically over the range of 400 to 2500 nm using a Model 6500 series Rapid Content
Analyzer (FOSS NIRSystems Inclijiferred chla concentrations wergetermined using the
relationship between the peak area between 650 and 700 nm and calculated using the equation
given in Michelutti et al (2010)To assess the relationship betweenacbbncentrations and
salinity, afigure displaying the relationship between inferredahbncentration (mg/g dry
weight) and Chlorine (Countsfrom the years 1200 to 2000 @&s provded by Dr. Michael

Burn (personal communication, March 10, 2p17

Diatom microfossiPreparation
Approximately 0.02 g ofreezedriedsedimenfor each 1.0 cm intervalasplaced in a
glass vial andreated with 10% hydrochloric acid to remove carboneéerial (Battdvee et al.

2001). The slurries were aled to set# and then aspirateohd diluted with distilled water.
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This process was repedtuntil the slurrieseachedh pH of 7. The slurries were then treated

with a solution of nitric and sulfuric acids to remove organittengBattarbee et a2001).
Approximately 15 mlof the acid solution was added to each vial. The vials were then placed in
an 80°C water bath for approxim@yegwo hours(Battarbee et aR001). After the samples

settled, the acid solution waspiratecand distilled water was added. Thi®cess was repeated
until a pH of 7 was reached. The sample residue was suspended in distilled wasidentil

preparation (Battarbee et 2001).

Approximately 0.2 mbf each slurry @repipetted oo cover sligs, at varying dilutions,
allowing the diatoms to settle and the watielevaporate (Battarbee et 2001). Different
dilutionsare necessary in orderti@ave ananageablaumber of valves the field of view.
Once the coverslips were dried, they were mounted on slides using a small Nagghrax a

permanent mounting mediu(Battarbee et ak001).

DiatomCountsand Scans

Diatoms were examined using light microscajmgeroil immersionat 100 Xobjective
(magnification of x1000) A minimum of~300 diatomvalves were counted at ever§dm
interval resulting in a total &3 intervals. A count of 30600 valves is recommended for
routine analysis (Battarbee et 2D01). Counting evgrl0 cm was determined to be sufficient to
assess the long term water quality changésrape Tree Rad while also being able to be
completed within the time consiinés of this project. Intact frustules were counted as 2 valves
and fragments consisting of more than half of a diatom were included in the counts (Battarbee et
al. 2001). Valves were identied to the species level basedtaronomic guides primarily of
Krammer and Lang8ertalot (19861991) In rare instances where valvesuld not be

identified tothespecies leveltheywere categorized by gen(Battarbee et ak001). Diatoms
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which resembleda particular specidsut could not be idetiied with complete certainty are

|l abell ed with that speci elsadditomethefdetdildddiaieand by n
counts.everysingleinterval of the sediment coreas scanned for dian taxathatmay indicate

marine influences. All intervals were scanned on the coverslighich theoriginal slurry was

mounted The number of transects scanned was representative of the number of diatom valves

counted (approximately 300).

Analyss

The relative abundance of each species was calculated for each interval by dividing the
number of valves of each species byttital number of valves countaeshd multiplying by 100
A stratigraphic profile washen createdisplayingspecies which ha®@5 % a b u nalleastc e i n
one interval.Relativeabundances andferredchl-a (mg/g dry weight)wereplotted againsthe
age deptiprofile created fromt*C ages reportkby Burn and Palmer (2014Rotentialhurricane
eventsnferred from the diatomssenblage were also indicate€hanges in water quality
conditionsof Grape Tree Pondereassessellased on theoelogy of the diatom species present

at each interval as well as the changes in species distribution throughout the core.

Results
RadiocarborDating

14C datinganalysis conducted by Burn and Palmer (2014) placasathaage of the
Grape Tree Pondompositesedimentecordat approximately 1@ yeardefore presentThe
terrestrial plant macrofossils used € dating occurred at 64 cri43 cm, 176181 cm and®22
cm and had ages of 200, 41®70, and 1188'C years before present (BP) respectively (Burn
and Palmer 2014)Table 3. The calibrated yeafsr 200, 4101070, and 1188C years BP

with the highest probability are 172810,14471528, 14301522, 9361012, and 77-B00
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calendaryears CE respectively (Burn and Palmer 2014). Thaberatedyears are the most

heavily weighted ithe agedepth model created Burn and Palme{2014) (Appendix L

Table 2. Depth (cm), age (14C yr BP) and calibrated years CE auitresponding probability of
four terrestrial plant macrofossils from Grape Tree Pond. Table adapted from Burn and Palmer
(2014).

Terrestrial Plant Depth (cm) Age (14C yr 20 Call i b| Probability (%)
Macrofossil # BP) Yr CE

64 200 17291810 51.6

143 410 14301522 83

176181 1070 936-1021 74

222 1180 771-900 86.1

Chlorophylta

There is an apparent inverse relationship between inferreadadricentratia and
Chlorine content (Figer2. Sedimentary cktrends from GT3 show general increasef
~0.09 mg/g dry weighirom 550 CEto around 1500 CHollowed by a decrease in about 0.08
mg/g dryweight aroundL750, with a final increasat the top of the coref abou 0.06 mg/g dry
weight(Figure 3. A notable decrease in ealoccurs at-1350, corresponding witlin increase
in chlorine content. Distinct peaks in énbccur ~1727 and just prior to 1900, which also

correspond to decreases in chlorine content.

Diatom Analysis

A total of 37 taxa were identified throughout the sedimentary profilGrape Tree Pond
(Appendix 3. A total of 12 taxa were identified as having greater than 5% abundance ir at leas
one interval counted (Figurg.3Species with >5%bandance includeAmphora ovés,
Amphorasp, Cyclotella meneghiniana, Envekadea vanlandinghamiila€s subhamulataff.,
Halamplora coffeaéormis, Mastogloia brauniaff., Mastogloia pseudosmithii, Navicula

erifuga, Ntzschia amphibia, Nitzschsp., andNitzschia microcephaléFigure 4.
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Figure 2. Inferred chlorophyla concetration (mg/g dry weight) anchtorine content (Count3
of Grape Tree Pond from 12@D00 CE Note: dlorine scale inverted for visual purposes.
Figure provided by MBurn (personal communication, March 10, 2017)

C. meneghinianavas the most abundant diatom as it was found in every countable
interval atgreater than 50% relative abundance, excemrmuind the year 174Bhere it had a
relativeabundance of 26%d-rom~1750 b ~180Q there is a decrease in abundanc€ of
meneghinianand an increase in abundance of species sulth bsaunii, M. pseudosmithii, A.
ovalis, and F. subhamulat#f. This section of the core also has low inferredaldvels(Figure
3). From~16%0-175Q when diatoms are in low concentratiptigere is decrease in el
followed by a distinct spike in cid just prior to~1750. Similarly betweer17751900, chia
levels are low and then start to gradually incregimwed by a distinct spike iohl-a, which
corresponds with a low diatom abundance in that interval and then a resurgence of diatoms
starting at ~1900. At1350 there is a notable decreas€imeneghinianand a simultaneous

increase iMmphorasp, F. subhamulataff., H. coffeagéormis, andNitzschiasp. This change in

Chlorine (Counts=)
(Normalised data)
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diatom distribution coincides with a dramatic decrease wacltrom~550 to 1200whenC.
meneghinianabundances are at around&®@x4 thereare higher concentrations f
coffeaéormis, N. erifuga, and N. @riocephala. During~1925C. meneghinianas around 70%
relative abundance and there is a higher relative abundahtenfphibiaandH. coffeaeformis
E. vanlandingham abundance remains relatively steady throughout the &isgom

abundance was velgw between the years ~1650750 and ~18061900.
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Relative Abundance

Figure 3. Stratigraphy of thtomrelative abundances of major tax®% relative abundance in at least one interval) and inferred
chiorophylta (mg/g dry weght) of Grape Tree Pond plotted agaitis corresponding aggepth profilecalculatedrom 4C analysis
by Burn and Palmer (2014)ntervals of low diatom abundance are shaded light gteg.arrows indicate potentigériods of
pronouncedtorm eventsletermined from the diatom assemblage aneagiofile.
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Figure4.Common di at om t anaGrapedEeéPoadBealmindzaied en each
individual image Cyclotella meneghinian@A-D); Nitzschia microcephaléE); Amphorasp. (F);
Mastogloia pseudosmithiG-1); Mastogloia braunii(J-K); Navicula erifugalL); Halamphora
coffeaeformigM); Amphora ovaligN); Nitzschia amphibigO); Fallacia subhamulataff. (P);
Envekadea vanlandinghan(®).

























































