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ABSTRACT

As a continuum from past to present, environmeettahge cannot be understood
by analyzing modern day ecosystems alone. Thenseds of marshes can be used for
analysis of paleoenvironment, as exemplified byiorgs work on the tidal marshes of
the Connecticut River, the Hackensack Meadowlaaad,the Chesapeake Bay. Fewer
such studies have been completed on tidal margthe bludson River Estuary. Using
202 macrofossil samples and 198 loss-on-ignitian@as covering a 900 cm depth
sediment core, a high resolution paleoenvironmeetaird was constructed for the lona
Island Marsh component of the Hudson River Natidstlarine Research Reserve.
Macrofossil samples from seven depths throughauttiie were dated using radiocarbon
accelerator mass spectrometry, and a sedimentatiergraph was extrapolated. The
sediment core contained six distinct paleoecoldgioaes and had a bottom date of 4384
BCE. The modern zone from 1300 to 2000 CE wasacherized by invasive
macrophyte species and increased inorganic sedatemtrates correlated with
anthropogenic impact. Shifts in climate, includthg Medieval Warm Interval at 800 to
1300 CE, were seen through vegetational speciepasition and charcoal levels.
Knowledge of lona Island Marsh’s paleoenvironmeniseful for understanding
paleoclimate and current climate change, realigtegeffects of anthropogenic activity,

and facilitating educated tidal marsh restoratifforts in the Hudson Valley.
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INTRODUCTION

Tidal marshes are valuable archives of environniehtange because they
generally keep pace with changing sea levels idstéaeing subject to erosion, resulting
in uninterrupted sediment accumulation (McCaffragg @homson 1980). They are also
one of the most productive and diverse types ofgstems on the planet (Mitsch and
Gosselink 2007). These characteristics make thsafulistudy sites in the field of paleo-
environment where a rich and continuous historieabrd is needed to reconstruct and
understand the past. In particular, the marshéseoHudson River are high depositional
wetlands with depths ranging from 10-12 m overlés¢ 4000-6000 years, allowing for
high resolution analysis (Newman et al. 1987; Wand Peteet 1999; Pederson et al.
2005; Peteet et al. 2006).

On the eastern coast of the United States, paléo@mvental research includes
studies of the tidal marshes of Connecticut (ThoarakVarekamp 1991; Varekamp and
Thomas 1998), the Hackensack Meadowlands of NeseydCarmichael 1980), and
Chesapeake Bay (Brush et al. 1982; Pasternack 20@d; Willard et al. 2003).

However, not until recent years have detailed swdn the tidal marshes of the Hudson
River begun (Pederson et al. 2005; Peteet et &)208udson tidal marsh studies
presently include a transect from south to noimfdamaica Bay’s JoCo Marsh, Jamaica
Bay’'s Yellow Bar Marsh, and Staten Island’s Artliilt Marsh northward to Piermont
Marsh, Croton Point Marsh, lona Island Marsh, TilBdys Marsh, and Stockport Flats
Marsh (Peteet et al. 2006; Peteet et al. in 20firaBat et al. in prep). Because

Piermont Marsh, lona Island, Tivoli Bays, and Stomit Flats are the four component

sites of the Hudson River National Estuarine ReteReserve (HRNERR), these
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wetland paleorecords are especially meaningful imx¢he sites are designated protected
areas established for longterm research, educaihstewardship (NERR 2008).
Downcore results from pollen and/or macrofossilgsia from the Hackensack
Meadowlands (Carmichael 1980), Piermont Marsh (Psateet al. 2005), and Tivoli
Bays (Sritrairat et al. in prep) all show variasan species composition due to both the
effects of climate change and anthropogenic agtiihe main objective of this study
was to perform a macrofossil analysis on a sediroer® from lona Island Marsh.
Macrofossil analysis reconstructs the changesadal leegetation over time by examining
the fossil seeds, stems, leaves, and other plarioral parts found in the marsh
sediment. Because seeds deposited in the suddoaent of fluvially and tidally
dynamic environments such as estuarine marsheshesvefound to represent the local
mature vegetation (Carmichael 1980; Goman 200Ekifeeeds deposited at depth in the
accumulated sediment of the marshes are assunbedrépresentative of the
communities throughout millennia. Wetland cores\aluable for this type of analysis
because the environment is dynamic, and there egedrly changes in species
composition, distribution, and dominance that eflthanges in surface soil, artificial
destruction, pollution, fluctuating water levelgdasalinity (Senerchia-Nardone et al.
1986). As a HRNERR site, lona Island Marsh prosideraluable regional comparison
for ongoing research at the other three HRNERR sitel for the Hudson Valley. The
macrofossil analysis for lona Island Marsh was usembnjunction with the pollen
analysis that was already completed for the togenudtthe sediment core (Peteet et al.
personal communication). Because seeds are hemdetto not travel as far as pollen,

the macrofossil results are more site specificJevbollen provides a regional overview
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of ecosystem history. Macrofossils can also batifled to the species level more often
than pollen which is usually only identified to tfaamily or genus.

To achieve a more complete paleoenvironmental ggattilona Island Marsh,
loss-on-ignition (LOI) was performed on the seditrgamples to determine the organic
content of the marsh through time. Acceleratorsysgectrometry (AMS) radiocarbon
dating was used to find the age of the individegds through time and to understand
sediment accumulation rate. A complete cesiumgk8iile for a different lona core
from the same location provides another meansefent dating (Peteet and Chillrud
unpublished). The peak in cesium-137 fallout Sadehe profile occurs just before the
1963 nuclear test ban treaty (Mahara 1993).

By reconstructing the paleoenvironment of lonandl&arsh, this study answers
the following questions: (1) How has the vegetasipecies composition in the local area
changed over time? (2) How have the depositiamaatl organic content of the marsh
sediments changed? (3) What does the paleoenvimtaihrecord indicate about
changes in climate? (4) In what ways has anthrepicgactivity impacted the marsh?

(5) How does the paleoenvironmental record at lslaad Marsh compare to the records

of other marshes in the area?
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METHODS

Study site

lona Island, located on the western shore of thésdn River in Rockland
County, New York, is one of the four HRNERR compuaingtes (Figure 1). The lona
Island reserve consists of lona Island, Ring Meagdgalisbury Meadow, and Round
Island. Covering 556 acres, the reserve contaskish intertidal mudflats, brackish
tidal marsh, freshwater tidal marsh, and deciduguiand forests. Doodletown Bight is
its principle tributary (NERR 2004). lona IslandaMh, which is the focus of this study,
refers to the brackish tidal marsh formed by thisBary Meadow and Ring Meadow
portions of the reserve. The marsh, along withleva and mudflats, extends one mile
westward from lona Island to U.S. Highway 9W. A saway extends from 9W in a
northeasterly direction into the marsh near itssaadion and a railroad line bisects the

site in a southeasterly direction (Figure 2).
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Figure 1. Map of the four NERR components for the Hdson River, including lona Island (HRNERR
1992).

Sediment coring
The 00-lonal core was taken in June of 2000 just withe railroad tracks and

slightly south of the causeway that runs east gjindte island, at 41 18’ N and 73 58’
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W. A 5-cm diameter modified Livingstone piston @o(Wright et al. 1984) was used to
retrieve 5.35 m of sediment, after hitting silindaand gravel at the base. The 00-lona2
core was taken on the same field trip 250 m nosthefthe first core, just south of the
causeway, halfway between 9W and the railroad d84N and 73 58’ W (Figure 2). A
modified Livingstone piston corer was again usecketdeve 9.3 m of peat atop gravelly
silt. These two cores were wrapped with polyethgland an outer layer of aluminum

foil in 1 m sections and stored horizontally inefrigerator at Lamont-Doherty Earth
Observatory, NY. The 00-lona2 core is the foduhe macrofossil and LOI analyses in
this study and the pollen diagram that is consulted

Another core, called 01-lona3, was taken from #aeslocation as the 00-lona2
in 2001, using a 60 cm clear plastic pipe (Figurar®l stored in the same way. Cesium-
137 analysis was performed on this core.

In 2007, a 10-cm diameter Dachnowski corer was tséake the 1 m long
lona07-RCO1 core from the same coordinates asGHera2 core (Figure 2). At the
same time, a second 1 m length core, lona07-RC8g taken using the Dachnowski
corer at 41 18 N and 73 59’ W, which is south bétcauseway and close to 9W and the
entrance of the marsh. These cores were stofled@half pipe liners and D-tube
containers with a wet sponge to preserve moisavel$ and kept in a refrigerator. X-ray

fluorescence spectrometry analysis is being peddron the lona07-RCO1 core.
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Site of 00-lona2, 01-lona3,
and lona07-RCO1 cores

. Site of 00-lonal core

A Site of lona07-RC02 core

| 800 m |

Figure 2. Topographicahap of lona Island and core locations.

Macrofossils

The 00-lona2 core was vertically split to preseamearchive half. The working
half of the core was then divided into 5 cm longpées for the first meter and then 4 cm
long samples for the remaining meters to make 20%tes of approximately 20 cc. The

samples were soaked overnight in water if extrerdg}y and then washed through
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screens of 0.5 and 0.125 mm or directly washedjusater through the screens if moist.
The seeds, charcoal, insects, foraminifera, anerqtlant parts in the screened sediment
were picked out using tweezers and examined usthgsacting microscope with
magnifications between 20X and 60X. The sample®wtred in distilled water and
kept refrigerated (Watts and Winter 1966).

Macrofossil seeds (Figure 3) found were identifisthg photos, drawings, and
descriptions in seed and fruit identification mdsy8&erggren 1981; Katz et al. 1965;
Knobel 1980; Martin and Barkley 1961; MontgomeryI§ other botanical publications
such agGray’s Manual of BotanyFernald 1970) and Britton and Brown (1970), Ftsse
(1957), Hotchkiss (1970), and the USDA'’s online NI database (USDA PLANTS
2009). Seeds and other plant parts were also aampa a reference collection and
reference slides in the lab. A macrofossil diagress produced using Tilia and
Tiliagraph (Grimm 1992), and the core was dividett isix macrofossil zones based on
visual inspection of broad patterns in vegetatiomposition. The sampling intervals
used in the diagram were corrected for compredsiainoccurred in each meter section

during coring with Equation 1:

Sample interval size (cny) Stretched interval size (cm) [Equation 1]
Core section length (cm)  Corrected core sadgéngth (100 cm

11-12



Figure 3. Macrofossil seeds found in lona Island Mrsh sediment core, clockwise from top left:
Schoenoplectus americanu€ladium mariscoidesPhragmites australisand Unknown seed A.

Radiocarbon dating

Four dried macrofossil samples from various defithsughout the 00-lona2 core
were sent either to the Center for Accelerator Mgssctrometry (CAMS) at Lawrence
Livermore National Laboratory (LLNL) in Californiar the National Ocean Sciences
Accelerator Mass Spectrometry Facility (NOSAMSYiods Hole Oceanographic
Institution (WHOI) in Massachusetts for radiocarlatating (Table 1). Three additional
macrofossil samples have been sent for analysisechjudiciously after the diagram had
been plotted, to date significant transitions igetation. The second group of samples
includes sixCladium mariscoideseeds at 105-100 cm, t&choenoplectus americanus
seeds at 313-309 cm, and dhiaus rigidaneedle plus tw&choenoplectus americanus
seeds at 812-808 cm. Objects least likely to teeen contaminated with older or
younger organic materials, such as seeds with toutgr coats, were selected to be
dated, and objects that were likely to be diffeiardage from the rest of the sample, such

as living plant roots, were avoided. The radiooartates were calibrated into calendar
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year dates using CALIB 5.0.1. from Queen’s UnivgrBielfast (Stuiver et al. 2005), and

results are presented in calendar years before oonena (BCE) and common era (CE).

Loss-on-ignition

LOI has thus far been calculated for the top timet¢ers of the 00-lona2 core. A
1 cc subsample was taken every 5 cm for the topmaeid then every 4 cm for the other
two meters. The wet samples were weighed on a gedamce and then dried at 100 C
for 24 hours. The dry samples were weighed ana ¢henbusted at 450 C for one hour
(Dean 1974). The combusted samples were then eighd the organic content of the

samples was calculated according to Equation 2:

Loss-on-ignition (%) = Dry weighitGembusted weigl x 100 [Equation 2]
Dry weight

Like the macrofossil data, the LOI results werétgld in the macrofossil diagram on
Tilia and Tiliagraph and the intervals were coreelctor shrinkage that occurred to each

meter during longterm storage, using Equation 1.

RESULTS
The macrofossil sample from the bottom of the dated Iona Island Marsh to be
6834 + 65 years old (Table 1). The cesium-137iler@Figure 4) showed the 1963 bomb
peak to be at 17.5 cm, which was calibrated tor@&fter accounting for compression,
using Equation 1. A sediment accumulation rat@lyraas created using linear
interpolation between the radiocarbon and cesiuihdi®es (Figure 5). The graph shows

that between 4384 BCE and 1963 CE, the sedimentedte was fairly constant, staying
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below 0.20 cm/yr. However, since 1963, the sedtatem rate has increased

dramatically to 0.78 cm/yr.

Table 1. AMS carbon-14 data including sample desgstions and calibrated dates.

Lab ID Sample Items analyzed Uncorrected Calibrated 2- Calendar age

Number depth “C year B.P. sigma age range (cal years)
(cm) age (cal years)

83754 55-50 3 Schoenoplectus sp. 145+ 40 1796 CE-1892 1844 + 48 CE

(CAMS) seeds CE (36%)

83229 70-65 1 sedge node, 2 105 + 40 1679 CE-1764 1722 +58 CE

(CAMS) charcoal pieces CE (33%)

83756 162-157 2 sedge nodes 1550+ 60 399 CE-634 CE 516 +117 CE

(CAMS) (100%)

29006 900-894 Rhizomes 5500 + 40 4449 BCE-4319 4384 + 64 BCE

(NOSAMS) BCE (87%)

Relative percent area represented by the caleadgeris shown in parentheses ().

0,

Depth (cm)
o

0 1000 2000 3000 4000 5000
Cs-137 (pCilkg)

Figure 4. Cesium-137 profile for 01-lona3 core (Pektt and Chillrud unpublished).
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The macrofossil results showed that the vegetatidona Island Marsh has
developed through 6 distinct zones of species dsisges (Figure 6). Dates for the
zones were estimated using the sedimentation raphg Fossil seeds were abundant
throughout the core and found in every sample, whighlargest count for one species
being 178Schoenoplectus americansiseds at 553-548 cngchoenoplectus americanus
also had the greatest relative abundance througheutore, followed b¢Zladium
mariscoides The percent loss-on-ignition, sampled from 80 cm in 65 samples,

ranged from 20% to 73% and is presented in thetest column.

0 0.78 cmlyr
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Figure 5. Sedimentation rate graph for 00-lona2 cae.
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Zone I-1 (900-808 cm; 4384 BCE to ~4180 BCE)

Upland species not found in the rest of the caoh asJuniperus virginiana
Pinus rigidg Carya tomentosaDstrya virginiana Vaccinium sp andGaylussacia sp
were found in this zoneRinus rigidawas especially well documented, with cone scales,
needle scales, seeds, and both single needle fragued fascicles of three needles
found. The needle fragments were most abundatit,upito 11, 12, 14, and 17
estimated whole needles found per sample. UpuoHmus rigidaseeds were observed
per sample Pinus strobusalthough also found further up the core, was sedms zone
as well.

Charcoal was more abundant in this zone than ¢ivaut most of the rest of the
core, and peaked towards the middle of the zo2& aieces. This mid-zone peak was
similarly seen in the abundanceSxdhoenoplectus americanuSchoenoplectus
americanusvas found in every sample, in moderately abundardunts, as compared to
its abundance in Zones 2 and 4. Samples contaieteen 10 and 68choenoplectus
americanusseeds each. There was also a moderate amo8ohoénoplectus robustus
compared to its abundance in the rest of the edfepugh it was much less abundant
thanSchoenoplectus americanappearing once in four of the samples. A leihdicu

Carex spand a few unidentified seeds were also present.

Zone |-2 (808-692 cm; ~4180 BCE to ~3400 BCE)
This zone differs from the previous in having mdamd species except for a
singlePinus strobuseed. It had high species richness in termselCiiperaceae

(sedge) family, with lenticulaCarex sp, Schoenoplectus american®hoenoplectus

11-18



robustus Scirpus atrovirensEleocharis palustrisandCladium mariscoideall present.
Schoenoplectus robustusached its peak abundance in this zone with eleaeples
having up to six seeds eacBchoenoplectus americanwas also more abundant in this
zone than the previous one, in a gradually incnegisend as the top of the zone is
reached with a maximum of 143 seeds. Charcoaldevere generally lower than the
previous zone, with one sample containing 49 piécesnost other samples containing

less than 20 pieces.

Zone -3 (692-633 cm; ~3400 BCE to ~2900 BCE)

This was the smallest zone, spanning only 59 kkiwas characterized by
Unknown seed C, an approximately 1.5 x 1.0 x 1.2¢umeate brown seed with sparse
vertical seams that was unique to this zone. Uwkneeed C was found in seven
samples in abundances of up to 25 seeds each.zdmesalso had the greatest abundance
of lenticularCarex sp as compared to its abundance throughout theftdisé core,
appearing in eight samples, peaking with 13 seel82687 cm and 18 seeds at 675-671
cm. It had a relatively high abundanceEbéocharis palustri@s compared to the rest of
the core, with four samples having up to six sead$. Another characteristic of this
zone, compared to the previous and the next zevaes|ower levels cBchoenoplectus
americanus Although every sample h&thoenoplectus americantiey all contained
71 or fewer seeds. Charcoal levels in this zone wmnilar to the previous, while insect
parts were slightly more common, found in most dasipOther species found in low

amounts wer&choenoplectus robustasdCladium mariscoides
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Zone |-4 (633-304 cm; ~2900 BCE to ~600 BCE)

Comprising of 329 cm of sediment, this zone spdrat®ut 2300 years. There
was a return to the high levels®thoenoplectus americanas seen in Zone |-2.
Schoenoplectus americanwas found in every sample, with up to 178 seedsaaple,
making it even slightly more abundant than prevpug&leocharis palustri€ontinued to
be more abundant than it was in the other zoneh,five of the samples having up to 5
seeds each. This was also the first zone to 6gperus polystachypwiith four samples
near the top of the zone having up to six seeds. ebenticularCarex spwas found in
15 samples throughout the zone, but in less abumgemtities than in the previous zone,
with a maximum of four seeds per sample. Ogreraceaepecies found in small
amounts wer&choenoplectus robustBcirpus atrovirensa paleScirpus sp and
Cladium mariscoides

Upland species unique to this zone wBetula sp andNyssa sylvatica A Pinus
strobusseed and needle scale were also found. Oneud&ntiRolygonum spseed, five
unknown seeds, and one foraminifera test was s€ébis. zone contained the largest
amount of moss, with ten samples having up to Eiggs each. Charcoal was seen less
frequently than in previous samples, but the gstatmount of charcoal in the entire
sediment core was found at 374-370 cm, at 105 piethere was a similar level of

insect parts as in the previous zone.

Zone 1-5 (304-100 cm; ~600 BCE to ~1300 CE)
There were several shifts in this zone compareddgrevious onesCladium

mariscoidesvas the dominant species found in almost everypkgmith up to 49 seeds
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in each. Scirpus atrovirensvas also abundant, found in twenty samples wittagaimum
of 163 seeds per sampl8&choenoplectus americanughich was previously the
dominant species, had a large drop in abundantie tne greatest number of seeds in a
sample only 33. However, it was present in alneesty sample in lower quantities.
Scirpus robustydound in all previous zones, disappeared inzbise. LenticulaCarex
sp. stayed at a similar level as in the previous zaselid the level o€yperus
polystachyosvhile Eleocharis palustriecame less abundant, with only three samples
containing one seed each.
Another unique aspect of this zone was the appearaf trigonou$olygonum
sp., found in three samples with up to three seedk.e@his was the only zone with the
aquatic cfProserpinaca pectinatdound in eight samples in the top half of theecat
up to six seeds per sample. A few unknown seepigca of moss, and a foraminifera
test were documented as well. Insect parts reattteddpeak abundance in this zone.
Only about half the samples in this zone had clangeesent, with most samples
having less than eight pieces each, other tharsample with twenty-four pieces at 269-
265 cm. Percent LOI data were also availableHmr zone, with the amount of organic
matter fluctuating but then increasing from a ldw20% to a high of 73% at the top of

the zone.

Zone I-6 (100-0 cm; ~1300 CE to 2000 CE)
This recent zone also showed several shifts cosaparprevious zones. Weedy
seeds fronPhragmites australisTypha sp and lenticulaPolygonum spbecame more

common. LenticulaPolygonum spappeared in five samples, with one or two seeds
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found each timeTypha spappeared earlier th&hragmites australiat the bottom of

the zone, but it was less abundant, with ten saedwximum in four samples whereas
Phragmites australigppeared in fourteen samples of up to 137 seetlis Pa australis
drastically increased from the bottom to the togphefzone, ranging from 3 to 137 seeds.

The species of theyperaceadamily were much less abundant in this zone, with
only a few lenticulaCarex sp, trigonousCarex sp, Cyperus polystachypand pale
Scirpus spseeds foundCladium mariscoidegvas present in five samples near the
bottom of the zone at five or fewer seeds per saraptl then disappeared from the
sediment.Schoenoplectus americandsund in almost every sample of the core prior to
this time, appeared in drastically lower quantibéso more than six seeds per sample in
the lower half of the zone and was not found inupper half.

Unknown seed A, an approximately 1.0 x 0.5 x Orb aval fuzzy gray seed was
the most abundant species found in this zone auwdexiclusive to it. It was found in
sixteen samples with a maximum of 40 seeds andhaxerall increasing trend to the
top of the zone, starting from a low presence af $&#eds. Unknown seed B, an
approximately 2.5 x 2.0 x 2.0 mm slightly obovate tolored hard seed with a cream
interior, was also exclusive to this zone. It i@sd in six samples with a maximum of
nine seeds each.

There were nine samples with one or two unknowdseach and one sample
with a piece of moss. Insect parts were sliglggslabundant than the previous zone.
Charcoal was found in most samples, with 17 beweggreatest number of pieces in one

sample. Percent LOI showed a decreasing trerfteimmount of organic matter in the
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sediment moving towards the top of the zone, framgh of around 44% to a low of

around 25%.

DISCUSSION

Changes in species composition and the percenfagganic sediment were
observed throughout the lona Island Marsh sedimesmard and are likely to be
indicators of changing climatic conditions and hanrapact. Between the formation of
the marsh around 4384 BCE and the arrival of tts¢ fiumans around 3500 BCE (NERR
2004), changes in the marsh can solely be attabuatshifts in environmental conditions.
Two major shifts in marsh composition occurred dgrihe pre-human period. Between
about 4384 and 4180 BCE (Zone I-1), there was anddnce oPinus rigidaand
elevated charcoal levels, both suggesting a waameédrier climate. The large presence
of upland species not found in the rest of thersedt core may also be a sign of a
different physical environment, such as a shifvater levels or depositional
environment that allowed the upland seeds to watshthe marsh. At Lake Mohonk, 50
miles to the northwest in the Hudson Valley, a deance of pitch pine and shallow
aguatics indicate dry conditions (Peteet et al920®Regional evidence for a warmer and
drier climate at this time in the northeastern Usswocumented from sites which
showed an increase @aryapollen throughout the northeastern US (Deevey 1939
Maenza-Gmelch 1997; Shuman et al. 2004). Betwbenta180 and 3400 BCE (Zone
I-2), thePinus rigidadisappeared and charcoal levels were lower, stigges shift in

the hydrologic regime.
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The next shift in species composition was seehemeriod between 3400 and
2900 BCE, shortly after the first Native Americarsved in the area at 3500 BCE
(NERR 2004). Unknown seed C was found only in #oise, so it is possible that it was
a species brought to the area by the Native Ammesicachoenoplectus americanus
declined during this interval, which could be atocmne of Native Americans using the
marsh and decreasing its dominance. However, ther@ explanation in the macrofossil
or cultural record as to why the species differartbat appeared about 3400 to 2900
BCE (Zone I-3) were not characteristic of the oyiag interval from 2900 to 600 BCE
(Zone I-4), which was also quite similar to theypoeis assemblage 4180 to 3400 BCE
(Zone I-2). Thus, environmental change is the nppobable reason for the vegetational
shifts, and a better understanding of the ecolddliese marsh species will enhance our
understanding of the nature of these changes. Waseno marked increase in charcoal
starting at this depth of the core, and charcoedltewere higher in previous zones, so it
is likely that fires used by the Native Americamsidhe later European settlers did not
have a huge impact on the record whereas warmdseaiod droughts in the climate
record did affect charcoal levels on a larger scale

Another interesting shift in local species compositvas found at about 600
BCE to 1300 CE (Zone I-5), where the previously d@ntSchoenoplectus americanus
was found at even lower levels than during apprexaty 3400 to 2900 BCE (Zone [-3),
andScirpus atrovirenandCladium mariscoidebecome the two dominant species. The
LOI for this zone showed very high levels of orgasediment, with peaks at 73%, 72%,
and 56%.Cladium mariscoideprefers oligohaline conditions with a salinity@b-5

ppt, which is the level of salinity found at lorsddnd marsh today (Virginia DCR 2006).
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Higher salinity levels suggest a warmer and driienate, and although the marsh is still
brackish today, n€ladium mariscoidess present. Lack dfladiumtoday is probably
due to competition by invasive species suchygshaandPhragmitesn recent millennia.
The abundantladium mariscoideand elevated percentage of organic sediment (up to
73% in the upper part of Zone I-5) from 800 to 18O corresponds to the Medieval
Warm Interval which appeared in Piermont Marsh aisia of abundant charcoal along
with increasedinusandCarya(Pederson et al. 2005). An interesting difference
between this interval at lona and Piermont is gearc content, which was elevated at
lona but declined at Piermont, probably due toedéhces in their depositional
environments. While Piermont recorded an incréagsorganic sediment presumably
due to erosion-driven drought in the estuary, leat@rded the opposite, presumably due
to increased production from the dominanc€ladium

The modern era of the marsh between about 130000 €E (Zone I-6) was
marked by human influence. This was the only aeitle Phragmites australisTypha
sp., Unknown seed A, Unknown seed B, and very IBitdoenoplectus americanus
making it feasible that it marked the arrival ofr&peans who carried in new species and
changed the habitat for old species. 1300 CEoweler, too early for known European
arrival on lona Island, which has been recordeitb88 CE (NERR 2004). 1300 CE
correlates to about 100 cm in the sediment corgwdiso marks the point when LOI
dropped from 73% to 33%. This decline may havenlokee to Native American
disturbance. European arrival has often been decoin pollen records of the
northeastern United States with a ris@&mbrosia(ragweed), a weedy species that

flourishes as land is deforested (Brugam 1978; @drael 1980; Russell et al. 1993;
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Pederson et al. 2005). In the pollen diagramterG0-lona2 core, thmbrosiarise was
seen at 60 cm depth (Figure 7), which was extragadlan the sedimentation rate graph
to roughly equal 1700 CE, making it a plausible tharopean arrival in 1683 increased
the abundance &mbrosiaat lona Island marsh. Also at 60 cm on the palliexgram
was the beginning of a large riseligpha another weedy species that likely benefited
from human disturbance. There was a smaller pe@kphapreviously, which can be
attributed to natural variability or to Native Ane@an disturbance. The human induced
peak reached 50% fdiyphapollen counts whereas the natural peak reachedHas
20%.

The 60 cm rise in Unknown seed A suggests thatatso a weedy species,
possibly an invasive introduced from Europe sineegas only found in the top meter of
the core. Correlative with this increase at 60 cas®hragmites australisan invasive
hybrid of the nativd®hragmitesand a species from Europe (Saltonstall 2002). ndwk
seed Bshowed a small rise beginning around 60 cm as wlking it a candidate for a
weedy invasive. Finally, the LOI showed a shaigpdat 60 cm from around 45% to
about 30% and below. Human activity, especialltemms of clearing, farming, and road
building is known to increase inorganic sedimenis tb increased runoff. The West
Shore Railroad, that is still in use across lotenid today as the Hudson Subdivision of
CSX Transportation, was built in 1882 (Stalter 19@®1d undoubtedly contributed to the
inorganic increase.

lona Island played a role during the Revolutionafgr (1775-1783) as a strategic
defense post (Clarke and Rapuano 1976). Vegetatsicleared from shores along the

Hudson River for battles during the war and treesavbburned to produce charcoal to
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make iron (Cronon 1983). The island was purchagetbhn Beveridge in 1849 and his
son-in-law began to cultivate wine grapes on the i@Binnewies 2001). Commercially
growing grapes would also involve clearing the lahdative species. By the mid 1800s,
a large amount of commercially grown fruit was lggamoduced on the island and during
the Civil War it was converted to a resort hoteE@RR 2004). The island became a
popular day retreat spot for tourists who liked ¥iveyards, carousel, ferris wheel, and
picnic grounds (Dunwell 1991). All of these histat events account for the declines in
Pinus Tsuga Betulg Carya andQuercuspollen in the era after European arrival (Figure
7).

The heavy anthropogenic activity continued in 1898en the Navy purchased
the island and started constructing a munition®ttype next year, which was used in
World War | and World War 1l. Enough naval munit®owere stored on lona Island to
supply both the American and British troops in Atkantic Ocean during World War |,
and after World War Il, many decommissioned war argichant ships were anchored in
the Hudson River at Jones Point, just south of Istzand (Binnewies 2001). During the
early 1900s, Round Island was attached to the sout#nd of lona Island using fill
(NERR 2004). The island was bought by the Palisdalerstate Park Commission in
1965. It was connected to the mainland in the $380a two lane auto road making it
easier for people to enter as prior to this timeeth foot wide road that existed was

flooded twice daily (Clarke and Rapuano 1976).
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The macrofossil record at the very top of the ¢érgure 6) showed a strong
domination byPhragmites australiseven replacing th€ypha spwhich had originally
expanded under human disturbance at the beginhiigre 1-6. This reflects that out of
all the native and introduced speciBlragmites australiss most successful in the
modern environment of lona Island marsh, one dotathay human disturbance of the
largest scales, ranging from wars, to railroadsyuimroads. Unknown seed A is also
thriving at the same level as when it first ros&€ame 1-6.

Paleoenvironmental shifts caused by both changelemate and human activity
like those seen thus far in lona Island Marsh vedse seen in Piermont Marsh (Pederson
et al. 2005) and the Hackensack Meadowlands (Charicd980). Like the lona Island
record, the Piermont record showed a Medieval Watarval, occurring roughly
between 800 and 1350 CE. Unlike lona Island, #regntage of organic sediment was
much lower at Piermont during this period. Thisigst likely due to a difference in
species composition. The Piermont pollen recasd bhd a similaAmbrosiarise due to
European settlement found at about 1687 CE. FKindié modern zone of the Piermont
record showed dominance byphaandPhragmitesin the same way these weedy
species dominated the modern zone of lona Islard@buman impact.

The Hackensack Meadowlands record nearby also spattexns of climate
change with vegetation shifts between brackishfesghwater environments (Carmichael
1980). The variation in foraminifera species foumthe Hackensack sediment core

indicates a changing salinity regime throughoutgast 2600 years at the marsh as well.
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This marsh showed the drastic effects of anthropiegactivity with the great increase of
invasive species in the past two centuries.

A possible future study would be to look at the m&aussils in the top meter of
lona Island marsh in a few decades from todayceSiana Island has been designated a
component of the HRNERR, bought by the Palisadesdtate Park Commission, and
designated a bird sanctuary with human intrusimitéid to the west of the railroad
tracks, it is possible that there will be shiftspecies composition back to early
European disturbance levels, especially with tdecarestoration efforts. The current
rapidly changing climate will also undoubtedly pkyole in changing species
composition.

To build on the data from this project, the ecatagimplications of the various
changes in species composition, LOI, and sedimenteates throughout the 00-lona2
sediment core require further investigation. Aidaidl AMS dates and a more detailed

record of foraminifera would be helpful in determig salinity.
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